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Because of their ability to retain data without power applied, non-volatile memories have become 
an integral part of almost every digital system in use today. EPROMs have been the memory of 
choice because of their flexibility and low cost. Their only drawback has been their inability to be 
reprogrammed in system. Although EEPROMs do offer this capability, higher cost has prohibited 
their widespread use. 

Flash memories offer the system designer a new alternative. For the first time designers have a 
cost effective, reprogrammable non-volatile memory for use in their systems. AMO was one of the 
first companies to manufacture first generation 12.0 V Flash memories and today ranks second 
worldwide in Flash shipments. 

In 1992 AMO announced a revolutionary new product, the Am29F010. This product incorporates 
AM O's proprietary negative gate erase technology to completely eliminate the need for the 
12.0 V programming supply. The early acceptance of this device, which conforms to all JEOEC 
standards, confirms our belief that this technology will become the model for all Flash memories 
in the future. 

By developing leadership high speed and high density products, AMO has become the world's 
largest supplier of EPROMs. A brief glance through the pages of this databook will convince you 
of AM D's commitment to Flash memories. Our broad offering of superior Flash components and 
cards will enable us to strengthen our position as a major Flash memory supplier. 

Walid Maghribi 
Division Vice President 
Non-Volatile Memories 

Iii 



~AMO 

iv 



TABLE OF CONTENTS l2ij 

Flash Memories Selector Guide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi 

Flash Memories Cross Reference Guide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix 

Introduction to AMD's ExpressFlash Service . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x 

Third Party Support Products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xv 

Flash Memories in Die Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xvi 

Section 1 

Section 2 

Section 3 

Section 4 

Section 5 

5 V, Sector Erase Flash Memories 
Am29F010 .................................................. . 
Am29F040 .................................................. . 
Am29F400 .................................................. . 
Reprogrammable Flash BIOS Design Using AM D's Am29F01 O ........ . 
Design-In with AMD's Am29F010 ................................ . 
5.0 V-Only Flash Memory Negative Gate Erase Technology ........... . 

12 V, Bulk Erase Flash Memories 
· Am28F256 .................................................. . 
Am28F512 .................................................. . 
Am28F010 .................................................. . 
Am28F010A ................................................. . 
Am28F020 .................................................. . 
Am28F020A ................................................. . 
Embedded Algorithms in Flash Memories .......................... . 
Achieving 100,000 Cycle Endurance: ............................. . 

A Report on Flash Endurance and Reliability 
Generation and Control of VPP Programming Voltage for Flash ......... . 
Thin Small Outline Package ..................................... . 

Flash Memory PC Cards 
AmC001 FLKA ............................................... . 
AmC002FLKA ............................................... . 
AmC004FLKA ............................................... . 
AmC001 AFLKA .............................................. . 
AmC002AFLKA .......... •· ................................... . 
AmC004AFLKA .............................................. . 
AmC001 BFLKA .............................................. . 
AmC002BFLKA .............................................. . 
A Short Guide Through the Standard of PCMCIA/JEIDA .............. . 

Published Flash Articles 

1-3 
1-34 
1-38 
1-41 
1-55 
1-62 

2-3 
2-35 
2-67 
2-99 

2-131 
2-163 
2-195 
2-198 

2-201 
2-207 

3-3 
3-38 
3-73 

3-108 
3-146 
3-184 
3-222 
3-225 
3-228 

Automated Algorithms Enhanced Flash-Based PC Card Programming 4-3 
Making EPROM/Flash Trade-Offs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-6 
Reprogramming Adds Some Flash to Cellular Communication . . . . . . . . . . . 4-8 
Flash Memory Cards Energize Portables . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-9 

Physical Dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1 

Table of Contents v 



vi 

FLASH MEMORIES SELECTOR GUIDE 

l 

Flash 
Memories 

Components 

l 

12 v 
Program/Erase 

f- 256K 

Am28F256 

t-- 512K 

Am28F512 

f- 1024K 

Am28F010 
Am28F010A 

'--I 2048K 

Am28F020 
Am28F020A 

5V' 
Program/Erase 

t-- 1024K 

29F010 

'--I 4096K 

29F040 
29F400 

. 

1 
PCM CIA 

Type I Cards 

12 v 
Program/Erase 

l 

I-- 1 Mbyte 

AmC001FLKA 
AmC001AFLKA 

t-- 2 Mbyte 

AmC002FLKA 
AmC002AFLKA 

~B 
AmC004FLKA 
AmC004AFLKA 

5V 
Program/Erase 

f- 1 Mbyte 

AmC001 BFLKA 

'--1 2 Mbyte 

AmC002BFLKA 



Flash Memories - 12 V Program/Erase 

Part Access 
Number Organization Time (ns) 

Am28F256-75 32Kx 8 70 
Am28F256-90 32Kx 8 90 
Am28F256-95 32Kx 8 90 
Am28F256-120 32Kx 8 120 
Am28F256-150 32Kx 8 150 
Am28F256-200 32Kx 8 200 

Am28F512-75 64Kx 8 70 
Am28F512-90 64Kx 8 90 
Am28F512-95 64Kx8 90 
Am28F512-120 64Kx 8 120 
Am28F512-150 64Kx 8 150 
Am28F512-200 64Kx 8 200 

Am28F010-90 128K x 8 90 
Am28F010-95 128K x 8 90 
Am28F010-120 128K x 8 120 
Am28F010-150 128K x 8 150 
Am28F010-200 128K x 8 200 

Am28F01 OA-90 128K x 8 90 
Am28F01 OA-95 128K x 8 90 
Am28F01 OA-120 128K x 8 120 
Am28F01 OA-150 128K x 8 150 
Am28F01 OA-200 128K x 8 200 

Am28F020-90 256Kx 8 90 
Am28F020-95 256Kx 8 90 
Am28F020-120 256Kx 8 120 
Am28F020-150 256Kx 8 150 
Am28F020-200 256K x 8 200 

Am28F020A-90 256K x 8 90 
Am28F020A-95 256K x 8 90 
Am28F020A-120 256K x 8 120 
Am28F020A-150 256K x 8 150 
Am28F020A-200 256K x 8 200 

Notes: 
1. Temperature Range 

C = Commercial (0°C to 70°C) 
I ... Industrial (-40°C to +85°C) 

Endurance 

10K 
10K 
10K 
10K 
10K 
10K 

10K 
10K 
10K 
10K 
10K 
10K 

10K 
10K 
10K 
10K 
10K 

100K 
100K 
100K 
100K 
100K 

10K 
10K 
10K 
10K 
10K 

100K 
100K 
100K 
100K 
100K 

E = Extended Commercial (-55°C to + 125°C) 

Temp Package 
Range 1 Type2 

c D, L, P,J, E, F 
C, I, E,M D,L,P,J,E,F 
C,I D,L,P,J,E,F 
C, l,E,M D,L,P,J,E,F 
C, l,E,M D, L, P,J, E, F 
C, l,E,M D, L, P,J, E, F 

c D,L,P,J,E,F 
C, l,E,M D, L, P,J, E, F 
C, l,E D,L,P,J,E,F 
C,l,E,M D, L, P,J, E, F 
C, l,E,M D, L, P,J, E, F 
C,l,E,M D, L, P,J, E, F 

c D, L, P,J, E, F 
c D, L, P,J, E, F 
C, l,E,M D, L, P,J, E, F 
C, l,E,M D,L,P,J,E,F 
C, I, E,M D, L, P,J,E,F 

c D,L,P,J,E,F 
c D,L,P,J,E,F 
C, l,E,M D,L,P,J,E,F 
C, l,E,M D, L, P,J, E, F 
C, l,E,M D, L,P,J,E,F 

c D,L,P,J,E,F 
c D, L, P,J, E, F 
C, I, E,M D,L,P,J,E,F 
C, I, E,M D,L,P,J,E,F 
C, I, E,M D,L,P,J,E,F 

c D,L,P,J,E,F 
c D,L,P,J,E,F 
C, l,E,M D,L,P,J,E,F 
C, l,E,M D,L,P,J,E,F 
C, l,E,M D,L,P,J,E,F 

M =.Military (-55 to + 125°C) most products available in both APL and DESC versions. 

2. Package Type 
D = Ceramic DIP 
L = Rectangular Ceramic Leadless Chip Carrier 
P = Plastic DIP 
J = Rectangular Plastic Leaded Chip Carrier 
E = Thin Small Outline Package - standard pin-out 
F = Thin Small Outline Package - reverse pin-out 

AMO~ 

Pin Supply Programming 
Count Voltage Voltage 

32 5V± 5% 12 V± 5% 
32 5V±10% 12 V± 5% 
32 5V± 5% 12 V± 5% 
32 5 V± 10% 12 V± 5% 
32 5V±10% 12 V± 5% 
32 5 V± 10% 12 V± 5% 

32 5V± 5% 12 V± 5% 
32 5V±10% 12 V± 5% 
32 5V± 5% 12 V± 5% 
32 5V±10% 12 V± 5% 
32 5V±10% 12 V± 5% 
32 5V±10% 12 V± 5% 

32 5 V± 10% 12 V± 5% 
32 5V± 5% 12 V± 5% 
32 5 V± 10% 12 V± 5% 
32 5 V± 10% 12 V± 5% 
32 5 V± 10% 12 V± 5% 

32 5 V± 10% 12 V± 5% 
32 5V± 5% 12 V± 5% 
32 5 V± 10% 12 V± 5% 
32 5V±10% 12 V± 5% 
32 5 V± 10% 12 V± 5% 

32 5V±10% 12 V± 5% 
32 5V± 5% 12 V± 5% 
32 5 V± 10% 12 V± 5% 
32 5 V± 10% 12 V± 5% 
32 5 V± 10% 12 V± 5% 

32 5V±10% 12 V± 5% 
32 5V± 5% 12 V± 5% 
32 5V±10% 12 V± 5% 
32 5V±10% 12 V± 5% 
32 5V±10% 12 V± 5% 

vii 
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Flash Memories - 5 V Program/Erase 

Part 
Number Organization 

Am29F010-45 128K x 8 
Am29F010-55 128K x 8 
Am29F010-70 128K x 8 
Am29F010-90 128K x 8 
Am29F010-120 128K x 8 

Am29F040-70 512K x 8 
Am29F040-90 512K x 8 
Am29F040-120 512K x 8 

Am29F400-70 512K x 8, 256K x 16 
Am29F400-90 512K x 8, 256K x 16 
Am29F400-120 512K x 8, 256K x 16 

Notes: 
1. Temperature Range 

C .. Commercial (0°C to 70°C) 
I .. Industrial (-40°C to +85°C) 

Access 
Time 
(ns) 

45 
55 
70 
90 

120 

70 
90 

120 

70 
90 

120 

Endurance 

100K 
100K 
100K 
100K 
100K 

100K 
100K 
100K 

100K 
100K 
100K 

E = Extended Commercial (-55°C to + 125°C) 

Temp Package Pin 
Range1 Type2 Count 

c D,L, P,J, E, F 32 
C, D,L,P,J,E,F 32 
C, E,M D,L,P,J,E,F 32 
C, E,M D, L, P,J, E, F 32 
C, E,M D, L, P,J, E, F 32 

C, D, L, P,J, E, F 32 
C, E,M D, L, P,J, E, F 32 
c. E,M D, L, P,J, E, F 32 

C, D,L,P,J,E,F 44 
C, E,M D,L,P,J,E,F 44 
C, E,M D,L,P,J,E,F 44 

M .. Milnary (-55 to + 125°C) most products available in both APL and DESC versions. 

2. Package Type 
D • Ceramic DIP 
L = Rectangular Ceramic Leadless Chip Carrier 
P = Plastic DIP 
J .. Rectangular Plastic Leaded Chip Carrier 
E = Thin Small Outline Package - standard pin-out 
F = Thin Small Outline Package-: reverse pin-out 

PCMCIA Type I Flash Memory PC Cards 

12 V Program/Erase 
Part Access 

Number Organization 1 Time (ns) 

AmC001FLKA 1 Mx8,512Kx16 250 
AmC002FLKA 2 M x 8, 1 M x16 250 
AmC004FLKA 4 M x 8, 2 M x16 250 

AmC001 AFLKA 1 M x 8, 512K x 16 250 
AmC002AFLKA 2 M x 8, 1Mx16 250 
AmC004AFLKA 4 M x 8, 2 M x 16 250 

5 V Program/Erase 
Part Access 

Number Organization Time (ns) 

AmC001 BFLKA 1 Mx8,512Kx16 150 
AmC0028FLKA 2 M x 8, 1 M x16 150 

Notes: 

Endurance 

10K 
10K 
10K 

100K 
100K 
100K 

Endurance 

100K 
100K 

Temp Pin Program/ 
Range2 Count Erase3 

c 68 Software 
c 68 Software 
c 68 Software 

c 68 Embedded 
c 68 Embedded 
c 68 Embedded 

Temp Pin Program/ 
Range1 Count Erase2 

c 68 Embedded 
c 68 Embedded 

1. CIS: Card Information Structure stored in a separate 512 Byte EEPROM 
2. Temperature Range: C =Commercial (0°C to 60°C) 
3. Program/Erase: Software =Software controlled Flashrne and Flasherase Algorithm 

Embedded = Embedded Program and Embedded Erase Algorithm 

viii 

Supply Programming 
Voltage Voltage 

5v±10% 5 V± 10% 
5v±10% 5V± 10% 
5v±10% 5V± 10% 
5v±10% 5 V± 10% 
5v±10% 5 V± 10% 

5V±10% 5V± 10% 
5v±10% 5V± 10% 
5v±10% 5 V± 10% 

5v±10% 5 V± 10% 
5v±10% 5 V± 10% 
5V±10% 5 V± 10% 

Supply Programming 
Voltage Voltage 

5V±5% 12V±5% 
5V±5% 12V±5% 
5V±5% 12V±5% 

5V±5% 12 V±5% 
5V±5% 12 V±5% 
5V±5% 12 V±5% 

Supply Programming 
Voltage Voltage 

5V±5% 12V±5% 
5V±5% 12 V±5% 



FLASH CROSS REFERENCE GUIDE 

256K 
Intel 

N28F256A-120 
N28F256A-150 
N28F256A-200 

P28F256A-120 
P28F256A-150 
P28F256A-200 

512K 
Intel 

N28F512-120 
N28F512-150 
N28F512-200 

P28F512-120 
P28F512-150 
P28F512-200 

D28F512-150P1C4 
D28F512-200P1 C4 

TN28F12-200P1 C4 
TD28F12-200P1 C4 

1 Megabit 
Intel 

N28F010-90 
N28F010-120 
N28F010-150 
N28F010-200 

P28F010-90 
P28F010-120 
P28F010-150 
P28F010-200 

D28F010-150P1C4 
D28F010-200P1 C4 

E28F010-90 
E28F010-120 
E28F010-150 
E28F010-200 

F28F010-90 
F28F010-120 
F28F010-150 
F28F010-200 

TN28F010-200P1 C4 
TD28F010-200P1 C4 

Publication# 17128 Rev. A AmendmenVO 

Issue Date: Se tember 1992 

AMO 

Am28F256-120JC 
Am28F256-150JC 
Am28F256-200JC 

Am28F256-120PC 
Am28F256-150PC 
Am28F256-200PC 

AMO 

Am28F512-120JC 
Am28F512-150JC 
Am28F512-200JC 

Am28F512-120PC 
Am28F512-150PC 
Am28F512-200PC 

Am28F512-150DC 
Am28F512-200DC 

Am28F512-200JI 
Am28F512-200DI 

AMO 

Am28F010-90JC 
Am28F010-120JC 
Am28F010-150JC 
Am28F010-200JC 

Am28F010-90PC 
Am28F010-120PC 
Am28F010-150PC 
Am28F010-200PC 

Am28F01 0-150DC 
Am28F010-200DC 

Am28F010-90EC 
Am28F010-120EC 
Am28F010-150EC 
Am28F010-200EC 

Am28F010-90FC 
Am28F010-120FC 
Am28F010-150FC 
Am28F010-200FC 

Am28F010-200JI 
Am28F010-20001 

2 Megabit 
Intel AMO 
N28F020-90 Am28F020-90JC 
N28F020-120 Am28F020-120JC 
N28F020-150 Am28F020-150JC 
N28F020-200 Am28F020-200JC 

P28F020-90 Am28F020-90PC 
P28F020-120 Am28F020-120PC 
P28F020-150 Am28F020-150PC 
P28F020-200 Am28F020-200PC 

E28F020-90 Am28F020-90EC 
E28F020-120 Am28F020-120EC 
E28F020-150 Am28 F020-150EC 
E28F020-200 Am28F020-200EC 

F28F020-90 Am28F020-90FC 
F28F020-120 Am28F020-120FC 
F28F020-150 Am28F020-150FC 
F28F020-200 Am28F020-200FC 

Memory Cards 
Intel AMO 

IMC001FLKA AmC001FLKA 
IMC002FLKA AmC002FLKA 
IMC004FLKA AmC004FLKA 

Note: Refer to the Product Selector Guide 
on page vi for additional offerings. 
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Introduction to AMD's 
ExpressFlash TM Service 

INTRODUCTION 
AMD's ExpressFlash service is a helpful new way to 
offer the system manufacturer flexibility and lower cost 
in the manufacturing process. No matter how Flash 
memory is used in your system, AMD's ExpressFlash 
service will benefit your manufacturing process. Flash 
devices procured via the ExpressFlash program are 
rigorously tested with your code under both AC and DC 
operating conditions at worse case temperature prior to 
shipment. Because Flash products ordered through the 
ExpressFlash service are shipped board-ready with 
factory guaranteed quality, your ship-to-stock or 
Just-In-Time programs can be easily implemented. 

AMD's ExpressFlash service offers the same pre-pro­
gramming convenience as AMD's ExpressROM™ 
Memories with the added advantage of in-system 
reprogrammability. Whether your entire code is finalized 
by the time you place your order or not, AMD's 
ExpressFlash service will work for you. After AMD's 
Flash devices are delivered and installed in your 
system-you have the added flexibility to reprogram the 
devices in-system at any time. 

AMD's ExpressFlash service is ideally suited for a 
variety of applications. For example, with AMD's 
ExpressFlash service, a PC manufacturer's boot code 
can be programmed in a portion of the AMO Flash 
device while the rest of the device remains blank. Upon 
delivery the Flash devices can be directly installed in 
your systems. After the remainder of the code is 
finalized, it can then be loaded in-system. At this point, 
even the original boot code can be altered should a 
"bug" be discovered or a change be required. This 
process reduces manufacturing cycle time, overhead, 
and improves both time-to-market and system 
availability. 

For systems requiring fully protected blocks of code, 
AM D's Am29Ffamily is ideal. With AM D's ExpressFlash 
service, your code can be protected from further 
alteration right at AMD's factory. In the system, the 
protected portion of code looks just like a ROM. Please 
refer to AM D's Am29F family of datasheets for further 
details. 

x 
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Since Flash devices are fully tested in the plastic 
packages, all speed grades offered for standard Flash 
devices are available through the ExpressFlash 
program as well. 

ExpressFlash Service Lowers Cost 
The ExpressFlash service eliminates or reduces costs 
in several areas. These include programming, testing, 
marking and labeling. Standard programming of blank 
devices may reveal other hidden expenses such as 
costs associated with possible programming yield 
losses, capacity constraints, labels and other supplies, 
rework, inventory and associated queue time, handling, 
maintenance, labor and personnel, transit costs, 
inspections, floor space and other overhead. AMD's 
ExpressFlash service adds value by eliminating or 
reducing all these costs. 

Our mission at AM Dis to provide services and products 
which enable you to build the cost-competitive systems 
you need to win in your markets. The ExpressFlash 
service is yet another value-added program offered by 
AMO to help you accomplish your goals. As the world's 
#1 supplier of EPROMs, AMO appreciates the value of 
cost-efficient manufacturing. Compressing time-to­
market cycles, improving yields and providing the 
highest levels of quality are invaluable strategies for 
today's system manufacturer. At AMO we are proud to 
offer another tool to give our customers this strategic 
advantage. 

ExpressFlash Flow 
AM D's ExpressFlash service takes Flash devices from 
inventory in our off-shore testing facility and continues 
the processing as shown in Figure 1. This process is 
offered for all package types and speed grades. Please 
refer to AM D's Flash datasheets for valid combinations. 
For die orders, please contact your local AMO sales 
representative. 

Publication# 17125 Rev. A Amendment/a 
Issue Date: September 1992 



Mark according to 
customer requirement 

(if desired) 

Program per 
customer requirement 

100% electrical test 
at temperature 
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(if desired) 

Ship 

17125A-1 

Figure 1. ExpressFlash Flow 

Ordering Flash Devices Using the 
Express Flash Service 
The following procedure outlines the method for 
ordering a Flash device using the Express Flash service. 
For more information, please contact your local AMD 
sales representative. 

1) Send in the Code 
Please have your field sales representative provide you 
with the latest version of the ExpressFlash Code 
Approval Form (see Figure 2). This form will provide all 
the necessary information required for processing your 
order. After receiving this form, fill out the Code 
Transmittal and Ordering Information sections. Then 
send the form with two (2) master copies of each code 

AMDl1 

being ordered to your field sales representative. To 
minimize the verification turnaround process, supply 
two master copies of each code using standard Flash 
devices identical in architecture and density as the 
Flash device being ordered. Two master copies per 
code are required in order to guarantee proper code 
transmission. Please be sure the checksum is clearly 
identified on each master Flash device. 

2) AMD Checks the Code and Generates a 
Verification Flash Device 

We check that both Flash devices contain the same 
code to make certain there was not a mix-up in shipping 
your codes to the factory as well as ensuring that the 
integrity of your code has been preserved. After 
confirming this, a unique 5-digit code designation is 
assigned. The AMD part number is formed by adding 
the 5-digit code designation as a suffix to the Flash 
device number. See below: 

Am29F010-45JC 

Device I Number ___ ___. 

xxxxx 

Lcode 
Designation 

AMD then logs in your code with the 5-digit code 
designation and generates a verification Flash device. 
The verification Flash device along with one of your 
master Flash devices and the ExpressFlash Code 
Approval Form should be back in your hand for final 
approval within 2-3 days. The other master Flash 
device remains at AMD for our records. Please note: the 
verification Flash device is simply a means of 
transferring the code and is not necessarily indicative of 
the Flash device being ordered. 

3) Confirm the Copy and Place the Order 
Once the verification Flash device is approved, sign the 
Approval Section of the ExpressFlash Code Approval 
Form and return it to AMD with your purchase order. 
Upon receipt of the signed form and a purchase order, 
AMD enters the order and begins production. Logged 
codes are maintained for 60 days and then deleted if 
there is no purchase order placed. 

Introduction to AMD's ExpressFlash Service xi 



~AMO 
TERMS AND CONDITIONS 
You should be aware of the following when ordering 
Flash devices using the ExpressFlash service. 

1. AMO will maintain customer code confidentiality. 

2. AMO will absorb all initial set-up costs. 

3. All orders are subject to minimum quantities. The 
minimum quantity for initial orders is 5,000 pieces. 

4. AMO may begin production 14 days in advance of 
the AMO scheduled ship date covered by a purchase 
order and requires 14 days minimum notification 
from the AMO scheduled ship date for code 
changes. The customer is liable for all work-in-proc­
ess covered by the same purchase order. 

5. No schedule changes may be made within 14 days 
of AMO scheduled ship date. 

6. All unpackaged die product procured by the cus­
tomer is for use exclusively in the customer's end 
products. Any other use of die product must be ap­
proved in writing by AMO. 

7. Code changes with Work-In-Process will require ad­
ditional charges and may affect delivery schedules. 

8. All other terms and conditions which normally apply 
to AM D's Flash devices (if any) also apply using 
AMD's ExpressFlash service. 

xii Introduction to AMD's ExpressFlash Service 
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ExpressF/ash ™ Code Approval Form 
CODE TRANSMITTAL AND ORDERING INFORMATION SECTION l Rev. 1 5/12/92 

Please complete items 1 thru 9. To minimize the verification turn-around process, supply 2 master copies of 
each code using Flash Devices of the same architecture and density as the Flash Device being ordered. Also, 
be sure the checksum is clearly identified on each master Flash Device. 

CODE TRANSMITTAL SECTION 

1. Company Name: ____________ _ 2. Date: 

3. Incoming Master's Part #: _________ _ 4. Master's Checksum: _______ _ 

ORDERING INFORMATION SECTION 

Please check the appropriate Flash Device data sheet for valid combinations and mark appropriate boxes 
below; Vee is +/-10% unless otherwise noted with* for +/-5%. 

5. Part#: 0 Am28F256 0 *70ns 
0 Am28F512 0 *70ns 
0 Am28F010 
0 Am28F010A 
0 Am28F020 
0 Am28F020A 
0 Am29F01 o 0 45ns 

0 90ns 
0 90ns 

0 55ns 

0 *90ns 
0 *90ns 
0 *90ns 
0 *90ns 
0 *90ns 
0 *90ns 
0 70ns 

0 Sector information ____________ _ 
0 Other ________________ _ 

0 120ns 
0 120ns 
0 120ns 
0 120ns 
0 120ns 
0 120ns 
0 90ns 
Protected? 

6. Package and Temperature: 0 Plastic DIP 0 Commercial (0°C to +70°C) 
0 PLCC 0 Industrial (-40°C to +85°C) 
0 TSOP Standard Pinout 
0 TSOP Reverse Pinout 

0 Other 

7. AMO Standard Part Number: 

8. Customer Ordering Part Number: ------------

0 150ns 0 200ns 
0 150ns 0 200ns 
0 150ns 0 200ns 
0 150ns 0 200ns 
0 150ns 0 200ns 
0 150ns 0 200ns 
0 120ns 
0 Yes 0 No 

9. Please indicate the exact marking and complete the blank sections (12 characters per line including spaces, 
© = 2 spaces if required). 

AMO Logo 

Date Code 

APPROVAL SECTION TERMS AND CONDITIONS l 
AMO will maintain customer code confidentiality. AMO will absorb all initial set-up costs. 
AMO may begin production 14 days in advance of the AMO scheduled ship date covered by a purchase order and requires 
14 days minimum notification from the AMO scheduled ship date for code changes. 
The customer is liable for all work-in-process covered by the same purchase order. 
No schedule changes may be made within 14 days of AMO scheduled ship date. 
All unpackaged die product procured by the customer is for use exclusively in the customer's end products. 
Any other use of die product must be approved in writing by AMO. 
All orders are subject to minimum quantities. 
Code changes with Work In Process will require additional charges and may affect delivery schedules. 

AMO Standard Part#: Am ___________ _ 

Customer Signature:--------------­

Name (Print): ----------------

Checksum: _________ _ 

Date: ___________ _ 

Title:-----------

Figure 2. 17125A-2 
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THIRD PARTY 
SUPPORT PRODUCTS 

MEMORY CARD DRIVE READER/PROGRAMMER 

Company/Address/Phone 

Adtron Corp. 

128 West Boxelder Place Sutie 102, Chandler, AZ 85224 
Phone: (602) 926-9324 Fax: (602) 926-9359 

Databook Inc. 

Tower Building, Terrace Hill, Ithaca, NY 14850 
Phone: (607) 277-4817 Fax: (607) 273-8803 

SCM Microsystem GmbH 

Berta von Suttnerweg 1 D-8033 Martinsried West Germany 
Phone: (089) 856-1363 Fax: (089) 856-1412 
or 
FraunhoferstraBe 11 a 8033 Martinsried West Germany 
Phone: (089) 859-8702 Fax: (089) 859-5806 

MEMORY CARD SOFTWARE SUPPORT 

Award Software Inc. 

130 Knowles Drive 
Los Gatos, CA 95030 
Phone: (408) 370-7979 

Phoenix Technologies Ltd. 

Fax: (408) 370-3399 

846 University Ave, Norwood, MA 02062 
Phone: (617) 551-4175 Fax: (617) 551-3743 

MEMORY CARD MECHANICAL HARDWARE 

DuPont Electronics 

14 T.W. Alexander Drive, P.O. Box 13999 Research 
Triangle Park, NC 27709 
Phone: (800) 237-2374 

xv 
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Flash Memories in Die Form Advanced 

Micro 
Devices 

DISTINCTIVE CHARACTERISTICS 
• 100% testing of AC & DC parameters 

• Operating temperature ranges: 
- Commercial 0°C to 70°C 
- Industrial -40°C to +85°C 
- Military-55°C to +125°C 

GENERAL DESCRIPTION 
AMO offers it's family of flash products in die form for 
hybrid or multichip module applications requiring supe­
rior performance and in-system reprogrammability in 
addition to small die size. Each die is 100% AC and DC 
tested at wafer sort to guarantee full device functionality 
over commercial or military temperature ranges. AM D's 
Flash technology reliably stores memory contents even 

PRODUCT SELECTOR GUIDE 

• Advanced CMOS Flash memory technology 

• High typical yield-98% after assembly 

• Full data sheet compatlblllty 

• Die visual Inspection per MIL-STD-883, 
Method 2010 Condition B 

after 10,000 erase and program cycles, with some prod­
ucts offering up to 100,000 cycle endurance. Features 
such as "5 volt-only" program and erase, Sector erase 
architecture and Embedded Program™/Embedded 
Erase™ algorithms are also available. Specific product 
information is available in the product data sheets. 

Die Ordering Access Endurance Program/ Embedded Data Sheet 
Part Number Organization Time 

Am28F256-XC/3 256K (32K x 8) 200 ns 

Am28F512-XC/1 512K (64K x 8) 200 ns 

Am28F010-XC/4 1M (128K x 8) 200 ns 

Am28F01 OA-XC/5 1 M (128K x 8) 200 ns 

Am29F010-XC/3 1M(128Kx8) 120 ns 

Am28F020-XC/1 2M (256K x 8) 200 ns 

Am28F020A-XC/2 2M (256K x 8) 200 ns 

xvi 

Cycles 

10,000 

10,000 

10,000 

100,000 

100,000 

10,000 

100,000 

Erase Voltage Algorithms Reference 

12 V±5% 

12 V±5% 

12 V±5% 

12 V±5% 

5V±10% 

12 V±5% 

12 V±5% 

No Am28F256 

No Am28F512 

No Am28F010 

Yes Am28F010A 

Yes Am29F010 

No Am28F020 

Yes Am28F020A 

Publication# 17126 Rev. A Amendment/O 

Issue Date: August 1992 



PRELIMINARY AMO~ 
ORDERING INFORMATION 

AMO Flash Memories are available in several operating ranges. The order number (Valid Combination) is formed by a 
combination of: 

AM28F010 -X c t DIEl.D. 

TEMPERATURE RANGE 
C = Commercial 
I = Industrial 
M =Military 

PACKAGE TYPE 
X = Waffle Packed Die 

DEVICE NUMBER/DESCRIPTION 

Note: Exposure of Flash die to ultraviolet light may effect device functionality. 

DIE SIZE AND BONDING PAD LOCATIONS 

oODOo 
31 29 28 'Z1 29 

210 

ODDO 0 
7 8 5 4 3 

o• 
D 
1 

oe ~o 
10 11 1213 14 15 18 17 18 1e 20 21 22 23 

0000000 000000 D 

Am28F256-XC/2 
256K (32K x 8) Flash Memory 

1 OK endurance cycles 
Flashrite ™/Flaserase TM Programming 

Die Size: 0.200 x 0.143 inches 
Reference: Am28F256 data sheet 

0 ODO O 0 
7854NC 1 

oODOo 
31 29 28 'Z1 29 o• 250 

De ~o 
10 11 12 13 14 15 18 17 11 19 20 21 22 23 

DDDDOOD 000000 D 

Am28F512·XC/1 
512K (64K x 8) Flash Memory 

1 OK endurance cycles 
Flash rite ™/Flaserase TM Programming 

Die Size: 0.200 x 0.143 inches 
Reference: Am28F512 data sheet 

Flash Memories in Die Form xvii 
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DIE SIZE AND BONDING PAD LOCATIONS 

DODOO 0 Ol s • 3 2 1 

Os 

o1~ 
D ,, 12 13 1• 1s 1s 

DDo O 0 0 

D DODD 
32 31 2928 21 o :o 

:o 
17 18 111 20 21 220 

o ooooD 

Am28F010-XC/4 
1 Megabit (128K x 8) Flash Memory 

1 OK endurance cycles 
Flashrite ™/Flaserase TM Programming 

Die Size: 0.187 x 0.252 inches 
Reference: Am28F010 data sheet 

nooooo 
T8&432 oa 

0 
32 

ODDO 
31 2928 21 o :o 

o,: 11 12 13 14 15 18 17 18 111 20 21 22'M ~ 
0 DODD ODO DD ODD 0 

Am29F010-XC/3 
1 Megabit (128K x 8) Flash Memory 

5 Volt-only program & erase 
1 OOK endurance cycles 
Embedded Algorithms 

Die Size: 0.181 x 0.21 O inches 
Reference: Am29F01 O data sheet 

DODOO D 
018 5 ' 3 2 1 

08 

0 ODDO 
32 31 2928 27 0 :o 

01110 

0 11 12 13 14 15 18 
:o 

17 18 111 20 21 22 0 
DDo O 0 D o 00000 

Am28F010-XC/5 
1 Megabit (128K x 8) Flash Memory 

1 OOK endurance cycles 
Embedded Algorithms 

Die Size: 0.187 x 0.252 inches 
Reference: Am28F01 OA data sheet 

xviii Flash Memories in Die Form 
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DIE SIZE AND BONDING PAD LOCATIONS 

DODD 
5 4 3 2 

0 0 D D D 
011 

32 31 ~ 2:aD 
07 21D 

De 

011 

D1213 14 15 111 17 18 111 20 21 

D 0 0 0 0 OD DO 

Am28F020-XC/1 
1 Megabit (256K x 8) Flash Memory 

1 OK endurance cycles 
Flashrite ™/Flaserase TM Programming 

Die Size: 0.213 x 0.374 inches 
Reference: Am28F020 data sheet 

OD 0 D D DD D D 
5 4 3 2 

D11 
32 31 ~ 2:aD 

D1 210 

Os 

011 

01213 14 15 111 17 18 111 20 21 

DD D 0 0 DO DD 

Am28F020A-XC/2 
2 Megabit (256K x 8) Flash Memory 

1 OOK endurance cycles 
Embedded Algorithms 

Die Size: 0.213 x 0.374 inches 
Reference: Am28F020A data sheet 

Flash Memories in Die Form 

AMDl1 
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TERMS AND CONDITIONS OF SALE FOR 
AMO NON-VOLATILE MEMORY DIE 
All transactions relating to AMD Products under this 
agreement shall be subject to AMD's standard terms 
and conditions of sale, or any revisions thereof, which 
revisions AMD reserves the right to make at any time 
and from time to time. In the event of conflict between 
the provisions of AMD's standard terms and conditions 
of sale and this agreement, the terms of this agreement 
shall be controlling. 

AMD warrants articles of it's manufacture against defec­
tive materials or workmanship for a period of ninety (90) 
days from date of shipment. This warranty does not ex­
tend beyond AMD's customer.and does not extend to 
die which has been affixed onto a board or substrate of 
any kind. The liability of AMD under this warranty is lim­
ited, at AM D's option, solely to repair or to replacement 
with equivalent articles, or to make an appropriate credit 
adjustment not to exceed the original sales price, for ar­
ticles returned to AMD, provided that: (a} The Buyer 
promptly notifies AMD in writing of each and every de­
fect or nonconformity in any article for which Buyer 
wishes to make a warranty claim against AMD; (b} Buy­
er obtains authorization from AMD to return the article; 
(c} the article is returned to AMD, transportation charges 
paid by AMD, F.O.B. AM D's factory; and (d} AM D's ex­
amination of such article discloses to its satisfaction that 
such alleged defect or nonconformity actually exists and 
was not caused by negligence, misuse, improper instal­
lation, accident or unauthorized repair or alteration by 
an entity other than AMD. The aforementioned provi­
sions do not extend the original warranty period of any 
article which has either been repaired or replaced by 
AMD. THIS WARRANTY IS EXPRESSED IN LIEU OF 
ALL OTHER WARRANTIES, EXPRESSED OR IM­
PLIED, INCLUDING THE IMPLIED WARRANTY OF 
FITNESS FOR A PARTICULAR PURPOSE, THE IM-

PLIED WARRANTY OF MERCHANTABILITY AND OF 
ALL OTHER OBLIGATIONS OR LIABILITIES ON 
AMD'S PART, AND IT NEITHER ASSUMES NOR 
AUTHORIZES ANY OTHER PERSON TO ASSUME 
FOR AMD ANY OTHER LIABILITIES. THE FOREGO­
ING CONSTITUTES THE BUYERS SOLE AND EX­
CLUSIVE REMEDY FOR THE FURNISHING OF DE­
FECTIVE OR NON CONFORMING ARTICLES AND 
AMD SHALL NOT IN ANY EVENT BE LIABLE FOR 
DAMAGES BY REASON OF FAILURE OF ANY PROD­
UCT TO FUNCTION PROPERLY OR FOR ANY SPE­
CIAL, INDIRECT, CONSEQUENTIAL, INCIDENTAL 
OR EXEMPLARY DAMAGES, INCLUDING BUT NOT 
LIMITED TO, LOSS OF PROFITS, LOSS OF USE OR 
COST OF LABOR BY REASON OF THE FACT THAT 
SUCH ARTICLES SHALL HAVE BEEN DEFECTIVE 
OR NON CONFORM ING. Buyer agrees that it will make 
no warranty representations to its customers which ex­
ceed those given by AMD to Buyer unless and until Buy­
er shall agree to indemnify AM Din writing for any claims 
which exceed AMD's warranty. Buyer acknowledges 
that electrical testing of die is limited to D.C. testing at 25 
degrees C unless otherwise specified. As such, data 
sheet limits for packaged and tested devices do not ap­
ply to die sales and are not guaranteed by AMO unless 
otherwise specified. Buyer also assumes all responsibil­
ity for successful die prep, die attach and wire bonding 
processes. Due to the unprotected nature of the AMD 
Products which are the subject hereof, AMD assumes 
no responsibility for environmental effects on die. 

AM D products are not designed or authorized for use as 
components in life support appliances, devices or sys­
tems where malfunction of a product can reasonably be 
expected to result in a personal injury. Buyer's use of 
AMD products for use in life support applications is at 
Buyers own risk and Buyer agrees to fully indemnify 
AMD for any damages resulting in such use or sale. 

xx Flash Memories in Die Form 



1 5 V, SECTOR ERASE 
FLASH MEMORIES 

Am29F01 O . . . . . • . • • . . . . . . . . . . • . . . . . . . . . . . . . . • . . . . . . . . • . • . . . . • . . . • . . . . . . . . • . 1-3 
Am29F040 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-34 
Am29F400 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-38 
Reprogrammable Flash BIOS Design Using AMD's Am29F010 ...................... 1-41 
Design-In with AM D's Am29F01 O . . • . . . . . • . . . . . . . . . . . . • . . • . . . . . • . . . . • . . • . . . . . . . 1-55 
5.0 V-Only Flash Memory Negative Gate Erase Technology . . . . . . . . . . . . . . . . . . . . . . . . . 1-62 

5 V, Sector Erase Flash Memories 1-1 



l1 AMO 

1-2 5 V, Sector Erase Flash Memories 



~ 
Am29F010 
131,072 x 8-Bit CMOS 5.0 V-Only, Sector Erase Flash Memory 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• 5.0V±10% write and erase 
- Minimizes system level power consumption 

• Compatible with JEDEC-standard commands 
- Uses same software commands as E2PROMs 

• Compatible with JEDEC-standard byte-wide 
pinouts 
- 32-pin PLCC/LCC 
- 32-pin TSOP 
- 32-pin DIP 

• Minimum 100,000 write/erase cycles 

• High performance 
- 45 ns maximum access time 

• Sector erase architecture 
- 8 equal size sectors of 16K bytes each 
- Any combination of sectors can be 

concurrently erased. Also supports full 
chip erase 

GENERAL DESCRIPTION 
The Am29F01 O is a 1 Megabit, 5.0 V-Only Flash mem­
ory organized as 128K bytes of 8 bits each. The 
Am29F01 O is offered in a 32-pin package which allows 
for upgrades to 4 Megabit densities in the same pin out. 
This device is designed to be programmed in-system 
with the standard system 5.0 V Vee supply. 12.0 V VPP is 
not required for program or erase operations. The 
device can also be reprogrammed in standard EPROM 
programmers. 
The Am29F01 O offers access times between 45 ns and 
120 ns, allowing operation of high-speed micro­
processors without wait states. To eliminate bus conten­
tion the device has separate ch~enable (CE}, write 
enable (WE} and output enable (OE} controls. 
The Am29F010 is entirely pin and command set com­
patible with JEDEC standard 1 Megabit E2PROMs. 
Commands are written to the command register using 
standard microprocessor write timings. Register con­
tents serve as input to an internal state-machine which 
controls the erase and programming circuitry. Write 

PRODUCT SELECTOR GUIDE 

Family Part No: 

Ordering Part No: Vee = 5.0 V ± 5% -45 
Read Voltage Vee= 5.0V±10% 

Max Access Time (ns) 45 

CE (E) Acess (ns) 45 

OE (G) Access (ns) 25 

• Embedded Erase™ Algorithms 
- Automatically pre-programs and erases 

the chip or any sector 

• Embedded Programn·• Algorithms 
- Automatically programs and verifies data 

at specified address 

• Data Polling and Toggle Bit feature for 
detection of program or erase cycle 
completion 

• Low power consumption 
- 20 mA typical active read current 
- 30 mA typical program/erase current 
- 25 µA typical standby current 

• Low Vee write Inhibit::;; 3.2 V 

• Sector Protection 
- Hardware method disables any combination 

of sectors from program or erase operations 

cycles also internally latch addresses and data needed 
for the programming and erase operations. Reading 
data out of the device is similar to reading from 12.0 V 
Flash or EPROM devices. 

The Am29F01 O is programmed by executing the pro­
gram command sequence. This will invoke the Embed­
ded Program algorithm which is an internal algorithm 
that automatically times the program pulse widths and 
verifies proper cell margin. Typically, each sector can be 
programmed and verified in less than 0.3 seconds. 
Erase is accomplished by executing the erase com­
mand sequence. This will invoke the Embedded Erase 
Algorithm which is an internal algorithm that automati~ 
cally preprograms the array if it is not already 
programmed before executing the erase operation. 
During erase, the device automatically times the erase 
pulse widths and verifies proper cell margin. The entire 
memory is typically erased and verified in three seconds 
(including pre-programming). 

Am29F010 

-55 -70 -90 -120 

55 70 90 120 

55 70 90 120 

30 30 35 50 

Publication# 16736 Rev. C AmendmenVO 

Issue Date: Se !ember 1992 

This document rontains information on a product under development at Advanced Micro Devices, Inc. 
The information is intended to help you to evaluate this product. AMD reserves the right to change 

1-3 or disrontinue work on this proposed product w~hout notice. 
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Any individual sector is typically erased and verified in 
1.3 seconds (including pre-programming). 
This device also features a sector erase architecture. 
The sector mode allows for 16K byte blocks of memory 
to be erased and reprogrammed without affecting other 
blocks. 

The device features single 5.0 V power supply operation 
for both read and write functions. Internally generated 
and regulated voltages are provided for the program 
and erase operations. A low Vee detector automatically 
inhibits write operations during power transitions. The 
end of program or erase is detected by Data Polling of 
D01 or by the Toggle Bit feature on DOs. Once the pro­
gram or erase cycle has been completed, the device 
internally resets to the read mode. 

AMD's Flash technology combines years of EPROM 
and E2PROM experience to produce the highest levels 
of quality, reliability and cost effectiveness. The 
Am29F01 O memory electrically erases the entire chip or 
all bits within a sector simultaneously via Fowler­
Nordhiem tunneling. The bytes are programmed one 

BLOCK DIAGRAM 

Vee 

Vss 

__. 

byte at a time using the EPROM programming mecha­
nism of hot electron injection. 

Flexible Sector-Erase Architecture 
• 16K bytes per sector 
• Individual-sector, multiple-sector, or bulk­

erase capability 
• Individual or multiple-sector protection is 

user definable 

1--~~~~~~~~~~~~-i 

16K Bytes Per Sector 

1--~~~~~~~~~~~~~ 

1--~~~~~~~~~~~~~ 

1--~~~~~~~~~~~~~ 

1FFFFh 

1BFFFh 
17FFFh 
13FFFh 
OFFFFh 
OBFFFh 
07FFFh 
03FFFh 
OOOOOh 

167368-18 
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CONNECTION DIAGRAMS 

CERDIP/PDIP PLCC/LCC 

NC Vee 
A16 WE(W) I~ 
Ais 

~ ~ ~ (.) 8jW (.) NC ct<tctZ > $:: z 
Ai2 Ai4 

A1 Ai3 A1 • A,4 

As Aa As A13 

As Ag As 27 Aa 

A4 Ai1 A4 26 Ag 

A3 OE(G) A3 25 A,, 

A2 A10 A2 24 OE(G) 

A1 CE(E) 
A1 23 A10 

001 
Ao 22 CE(E) 

Ao 
DOo 21 007 

DOo OOs 

001 00s 
~NcnMvl.()<0 

002 004 gg~gggg 

Vss 003 
167368-2 167368-3 

TSOP 
A11 1 C) 32 OE 
Ag 2 31 A10 
As 3 30 CE 

Ai3 4 29 001 
A14 5 28 OOs 
NC 6 27 OOs 
WE 7 26 004 
Vee 8 29F010 25 003 
NC 9 Standard Pinout 24 Vss 
A16 10 23 002 
A1s 11 22 001 
A12 12 21 OOo 
A7 13 20 Ao 
As 14 19 A1 
As 15 18 A2 
A4 16 17 A3 

OE 1..,. 32 A,, 
A10 2 31 Ag 
CE 3 30 As 

007 4 29 A13 
00s 5 28 A14 
OOs 6 27 NC 
004 7 26 WE 
003 8 29F010 25 Vee 
Vss 9 Reverse Pinout 24 NC 
002 10 23 A16 
001. 11 22 A1s 
OOo 12 21 A12 

Ao 13 20 A7 
A1 14 19 As 
A2 15 18 As 
A3 16 17 A4 

167368-5 
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LOGIC SYMBOL 

1-6 

Ao-A16 

CE(E) 

OE(G) 

WE(W) 

DOo- D01 

PRELIMINARY 

Table 1. Am29F01 O Pin Configuration 

Pin Function 

Ao-A16 Address Inputs 

D00-D01 Data Input/Output 

CE Chip Enable 

OE Output Enable 

WE Write Enable 

Vss Device Ground 

Vee Device Power Supply (5.0 V ± 10% or± 5%) 

NC No Internal Connection 
167368-20 

Am29F010 



ORDERING INFORMATION 
Standard Products 

PRELIMINARY AMO~ 

AMO standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: 

Valid Combinations 

AM29F010-45 PC, JC, EC, FC 

AM29F010-55 PC, Pl, JC, JI, 
EC, El, FC, Fl 

AM29F010-70 
PC, Pl, JC, 
JI, PCB, PIS, 

AM29F010-90 JCB, JIB, PE, 
PEB, JE, JES, 

J 

DEVICE NUMBER/DESCRIPTION 
Am29F010 

OPTIONAL PROCESSING 
Blank = Standard processing 

B = Burn-in 

TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
I = Industrial (-40 to +85°C) 
E = Extended (-55 to + 125°C) 

PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded Chip 

Carrier (PL 032) 
E = 32-Pin Thin Small Outline Package 

(TSOP) Standard Pinout (TS 032) 
F = 32-Pin Thin Small Outline Package 

(TSOP) Reverse Pinout (TS 032) 

SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 

1 Megabit (128K x 8-Bit) CMOS Flash Memory 
5.0 V Program and Erase 
16K Byte Sectors 

Valid Combinations 
Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo­
cal AM D sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations, and to obtain additional data on 
AMD's standard military grade products. 

AM29F010-120 
EC, El, FC, Fl, EE, 
EEB,FE,FEB 

Am29F010 1-7 
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MILIT ARV ORDERING INFORMATION 
APL Products 
AMO products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by a combination of: 

1-8 

AM29F010 -70 /8 x t LEAD FINISH 
A = Hot Solder Dip 

PACKAGE TYPE 
X = 32-Pin Ceramic DIP (CD 032) 
U = 32-Pin Rectangular Ceramic Leadless 

Chip Carrier (CLR 032) 

DEVICE CLASS 
/B = Class B 

SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 

~---- DEVICE NUMBER/DESCRIPTION 
Am29F010 
1 Megabit (128K x 8-Bit) CMOS Flash Memory 
5.0 V Program and Erase 
16K Byte Sectors 

Valid Combinations 
Valid Combinations 

AM29F010-70 

AM29F010-90 /BXA, /BUA 
AM29F010-120 

Am29F010 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations, or to check on newly 
released combinations. 

Group A Tests 

Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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Table 2. Am29F01 O User Bus Operations 

Operation CE OE WE Ao Al Ag 1/0 

Auto-Select Manufacturer Code (1) L L H L L V10 Code 

Auto-Select Device Code (1) L L H H L V10 Code 

Read L L H Ao Ai Ag Dour 

Standby H x x x x x HIGHZ 

Output Disable L H H x x x HIGHZ 

Write L H L Ao Ai Ag D1N(2) 

Enable Sector Protect L V10 L x x V10 x 
Verify Sector Protect (3) L L H L H V10 Code 

Legend: 
L = V1L, H = V1H, X = Don't Care. See DC Characteristics for voltage levels 

Notes: 

1. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Tables 3 and 4. 

2. Refer to Table 4 for valid DIN during a write operation. 

3. Refer to the section on Sector Protection 

Read Mode 
The Am29F01 O has two control functions which must be 
satisfied in order to obtain data at the outputs. CE is the 
~er control and should be used for device selection. 
OE is the output control and should be used to gate data 
to the output pins if a device is selected. 

Address access time (tAcc) is equal to the delay from 
stable addresses to valid output data. The chip enable 
access time (tcE) is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en­
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable for at least tAcc-toE time). 

Standby Mode 
The Am29F01 O has two standby modes, a CMOS 
standby mode (CE input held at Vee± 0.5 V), when the 
current consumed is less than 100 µA; and a ITL 
standby mode (CE is held at V1H) when the current 
required is reduced to approximately 1 mA. In the 
standby mode the outputs are in a high impedance 
state, independent of the OE input. 

If the device is deselected during erasure or program­
ming, the device will draw active current until the opera­
tion is completed. 

Output Disable 
With the OE input at a logic high level (V1H), output from 
the device is disabled. This will cause the output pins to 
be in a high impedance state. 

Autoselect 
The autoselect mode allows the reading out of a binary 
code from the device and will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching 
the device to be programmed with its corresponding 
programming algorithm. This mode is functional over 
the entire temperature range of the device. 

To activate this mode, the programming equipment 
must force V10 (11.5 V to 12.5 V) on address pin Ag. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from V1L to V1H. All ad­
dresses are don't cares except Ao and Ai. 

The manufacture and device codes may also be read 
via the command register, for instances when the 
AM29F010 is erased or programmed in a system with­
out access to high voltage on the Ag pin. The command 
sequence is illustrated in Table 4 (refer to Autoselect 
Command section). 

Byte 0 (Ao = V1L) represents the manuf acture's code 
(AMD=01 H) and byte 1 (Ao = V1H) the device identifier 
code (Am29F010=20H). These two bytes are given in 
the table below. All identifiers for manufactures and de­
vice will exhibit odd parity with the MSB (DO?) defined 
as the parity bit. In order to read the proper device codes 
when executing the autoselect, Ai must be V1L (see 
Table 3). 
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Table 3. Am29F010 Autoselect Codes 

Type A16 A1s A14 A1 Ao 

Manufacture Code x x x V1L V1L 

Am29F01 O Device Code x x x V1L V1H 

Sector Protection Sector Addresses V1H V1L . Outputs 01 H at protected sector addresses 

Write 
Device erasure and programming are accomplished via 
the command register. The contents of the register 
serve as inputs to the internal state machine. The state 
machine outputs dictate the function of the device. 

The command register itself does not occupy any ad­
dressable memory location. The register is a latch used 
to store the commands, along with the address and data 
information needed to execute the command. The com­
mand register is written by bringing WE to V1L, while CE 
is at V1L and OE is at V1H. Addresses are latched on the 
failing edge of WE, while data is latched on the rising 
edge of the WE pulse. Standard microprocessor write 
timings are used. 

Refer to AC Write Characteristics and the Erase/Pro­
gramming Waveforms for specific timing parameters. 

Sector Protection 
The Am29F010 features hardware sector protection. 
This feature will disable both program and erase opera­
tions in any number of sectors (0 through 7). The sector 
protect feature is enabled using programming equip­
ment at the user's site. The device is shipped with all 
sectors unprotected. Alternatively, AMO may program 
and. protect sectors in the factory prior to shipping the 
device (see AMD's ExpressFlash™ Service section of 
this databook). 

To activate this mode, the programming equipment 
must force V10 on address pin Ag and control pin OE. 
The sector addresses (A16, A1s, and A14) should be set 
to the sector to be protected. Table 4 defines the sector 
addresses for each of the eight (8) individual sectors. 
Programming of t~rotection circuitry begins on the 
falling edge of the WE pulse and is terminated with the 
rising edge of the same. Sector addresses must be held 
constant during the WE pulse. 

To verify programming of the protection circuitry, the 
programming equipment must force V10 on address pin 
A9 with CE and OE at V1L and WE at V1H. Reading the 
device at a particular sector address (A16, A1s and A14) 

Code 
(HEX) D01 DOs DOs 004 003 002 001 DOo 

01H 0 0 0 0 0 0 0 1 

20H 0 0 1 0 0 0 0 0 

01H* 0 0 0 0 0 0 0 1 

Table 4. Sector Addresses Table 

A16 A15 A14 Addr Range 

SAo 0 0 0 OOOOOh-03FFFh 

SA1 0 0 1 04000h-07FFFh 

SA2 0 1 0 08000h-OBFFFh 

SA3 0 1 1 OCOOOh-OFFFFh 

SA4 1 0 0 1 OOOOh-13FFFh 

SAs 1 0 1 14000h-17FFFh 

SAs 1 1 0 18000h-1 BFFFh 

SA1 1 1 1 1 COOOh-1 FFFFh 

will produce 01 H at data outputs (D00-D01) for a pro­
tected sector. Otherwise the device will read OOH for un­
protected sector. In this mode, the lower order 
addresses, except for Ao and A1, are don't care. 
Address location 02H is reserved to verify sector protec­
tion of the device. Address pin A1 must be held at V1H 
and Ao at V1L (please refer to Table 3). Address location 
OOH and 01 Hare reserved for autoselect codes. If aver­
ify of the sector protection circuitry were done at these 
addresses, the device would output the manufacturer 
and device codes respectively. 

It is also possible to determine if a sector is protected in 
the system by writing the autoselect command. Per­
forming a read operation at particular sector addresses 
(A16, A1s, A14) and with A1 = V1H and Ao= V1L (other ad­
dresses are a don't care) will produce 01 H data if those 
sectors are protected. (Please refer to Table 3). Other­
wise the device will read OOH for an unprotected sector. 
Please ref er to the section on Sector Protection Algo­
rithms for more details. 

Command Definitions 
Device operations are selected by writing specific 
address and data sequences into the command 
register. Table 5 defines these register command 
sequences. 
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Table 5. Am29F010 Command Definitions 

Bus Fourth Bus 
Write First Bus Second Bus Third Bus Read/Write Fifth Bus Sixth Bus 

Command Cycles 
Write Cycle Write Cycle Write Cycle Cycle Write Cycle Write Cycle 

Sequence Req'd Addr Data Addr Data Addr Data Addr Data Addr Data Addr Data 

Read/Reset 4 5555H AAH 2AAAH 55H 5555H FOH RA RD 

Auto select 4 5555H AAH 2AAAH 55H 5555H 90H OOH/01H 01H/20H 

Byte Program 4 5555H AAH 2AAAH 55H 5555H AOH PA PD 

Chip Erase 6 5555H AAH 2AAAH 55H 5555H 80H 5555H AAH 2AAAH 55H 5555H 10H 

Sector Erase 6 5555H AAH 2AAAH 55H 5555H 80H 5555H AAH 2AAAH 55H SA 30H 

Notes: 
1. Address bit A1 s = X = Don't Care. Write Sequences may be initiated with A 15 in either state. 

2. Address bit A16 = X = Don't Care for all address commands except for Program Address (PA) and Sector Address (SA). 
3. Bus operations are defined in Table 2. 
4. RA =Address of the memory location to be read. 

PA =Address of the memory location to be programmed. Addresses are latched on the falling edge of the WE pulse. 

SA= Address of the sector to be erased. The combination of A16, A15, A14 will uniquely select any sector. 
5. RD = Data read from location RA during read operation. 

PD = Data to be programmed at location PA. Data is latched on the falling edge of WE. 

Read/Reset Command 
The read or reset operation is initiated by writing the 
read/reset command sequence into the command reg­
ister. Microprocessor read cycles retrieve array data 
from the memory. The device remains enabled for reads 
until the command register contents are altered. 

The device will automatically power-up in the read/reset 
state. In this case, a command sequence is not required 
to read data. Standard microprocessor read cycles will 
retrieve array data. This default value ensures that no 
spurious alteration of the memory content occurs during 
the power transition. Refer to the AC Read Characteris­
tics and Waveforms for the specific timing parameters .. 

Autoselect Command 
Flash memories are intended for use in applications 
where the local CPU alters memory contents. As such, 
manufacture and device codes must be accessible 
while the device resides in the target system. PROM 
programmers typically access the signature codes by 
raising As to a high v·oltage. However, multiplexing high 
voltage onto the address lines is not generally desired 
system design practice. 

The device contains an autoselect operation to supple­
ment traditional PROM programming methodology. 
The operation is initiated by writing the autoselect com­
mand sequence into the command register. Following 
the command write, a read cycle from address XXXOH 
retrieves the manufacture code of 01 H. A read cycle 
from address XXX1 H returns the device code 20H (see 
Table 3). A read cycle from address XXX2H returns in­
formation as to which sectors are protected. All manu­
facturer and device codes will exhibit odd parity with the 
MSB (001) defined as the parity bit. 

To terminate the operation, it is necessary to write the 
read/reset command sequence into the register. 

Byte Programming 
The device is programmed on a byte-by-byte basis. 
Programming is a four bus cycle operation. There are 
two "unlock" write cycles. These are fallowed by the pro­
gram set-up command and data write ~les. Ad­
dresses are latched on the falling e~ of WE, while the 
data is latched on the rising edge of WE. The rising edge 
of WE begins programming. Upon executing the Em­
bedded Program Algorithm command sequence the 
system is not required to provide further controls or tim­
ings. The device will automatically provide adequate 
internally generated program pulses and verify the 
programmed cell margin. The automatic programming 
operation is completed when the data on D01 is equiva­
lent to data written to this bit (see Write Operation Status 
section) at which time the device returns to the read 
mode. Data Polling must be performed at the memory 
location which is being programmed. 

Programming is allowed in any address sequence and 
across sector boundaries. 

Figure 1 illustrates the Embedded Programming 
Algorithm using typical command strings and bus 
operations. 

Chip Erase 
Chip erase is a six bus cycle operation. There are two 
"unlock" write cycles. These are followed by writing the 
"set-up" command. Two more "unlock" write cycles are 
then followed by the chip erase command. 

Chip erase does not require the user to program the de­
vice prior to erase. Upon executing the Embedded 
Erase™ Algorithm command sequence the device auto­
matically will program and verify the entire memory for 
an all zero data pattern prior to electrical erase. The sys­
tem is not required to provide any controls or timings 
during these operations. 
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The automatic erase begins on the rising edge of the last 
WE pulse in the command sequence and terminates 
when the data on 001 is "1" (see Write Operation Status 
section) at which time the device returns to read the 
mode. 

Figure 2 illustrates the Embedded Erase Algorithm us­
ing typical command strings and bus operations. 

Sector Erase 
Sector erase is a six bus cycle operation. There are two 
"unlock" write cycles. These are followed by writing the 
"set-up" command. Two more "unlock" write cycles are 
then followed by the sector erase command. The sector 
address (any address location within the desired sector) 
is latched on the falling edge of WE, while the command 
(data) is latched on the rising edge of WE. A time-out of 
100 µs from the rising edge of the last sector erase com­
mand will initiate the sector erase command(s). 

Multiple sectors may be erased concurrently by writing 
the six bus cycle operations as described above. This 
sequence is followed with writes of the sector erase 
command 30H to addresses in other sectors desired to 
be concurrently erased. A time-out of 100 µs from the 
rising edge of the WE pulse for the last sector erase 
command will initiate the sector erase. If another sector 

Write Operation Status 

erase command is written within the 100 µs time-out 
window the timer is reset. Any command other than sec­
tor erase within the time-out window will reset the device 
to the read mode, ignoring the previous command string 
(refer to Write Operation Status section for Sector Erase 
Timer operation). Loading the sector erase buffer may 
be done in any sequence and with any number of sec­
tors (0 to 7). 

Sector erase does not require the user to program the 
device prjor to erase. The device automatically pro­
grams all memory locations in the sector(s) to be erased 
prior to electrical erase. When erasing a sector or sec­
tors the remaining unselected sectors are not affected. 
The system is not required to provide any controls or 
timings during these operations. 

The automatic sector erase b~s after the 100 µs time 
out from the rising edge of the WE pulse for the last sec­
tor erase command pulse and terminates when the data 
on D01 is "1" (see Write Operation Status section) at 
which time the device returns to read mode. Data polling 
must be performed at an address within any of the sec­
tors being erased. 

Figure 2 illustrates the Embedded Erase Algorithm us­
ing typical command strings and bus operations. 

Table 6. Hardware Sequence Flags 

Status 

Autb-Programming 

In Progress Programming in Auto Erase 

Erasing in Auto-Erase 

Exceeded 
Auto-Programming 

Time Limits Programming in Auto-Erase 

Erasing in Auto-Erase 

DQ1 
Data Polling 

The Am29F01 O features Data Polling as a method to in­
dicate to the host system that the Embedded Algorithms 
are in progress or completed. 

During the Embedded Programming Algorithm, an at­
tempt to read the device will produce complement data 
of the data last written to D01. Upon completion of the 
Embedded Programming Algorithm an attempt to read 
the device will produce the true data last written to 001. 
Data Polling is valid after the rising edge of the fourth 
WE pulse in the four write pulse sequence. 

During the Embedded Erase Algorithm, D01 will be "O" 
until the erase operation is completed. Upon completion 
data at D01 is "1". For chip erase, the Data Polling is 
valid after the rising edge of the sixth WE pulse in the six 
write pulse sequence. For sector erase, the Data Poll-

DQ1 DQs DQs DQ4 DQ3 DQ2-DQ0 

D01 Toggle 0 0 0 

0 Toggle 0 0 1 
Reserved for 
future use 

0 Toggle 0 1 1 

D01 Toggle 1 0 0 
Reserved for 0 Toggle 1 0 1 future use 

0 Toggle 1 1 1 

!!!£Lis valid after the last rising edge of the sector erase 
WE pulse. 

The Data Polling feature is only active during the Em­
bedded Programming Algorithm, Embedded Erase Al­
gorithm, or sector erase time-out (see Table 6). 

See Figure 11 for the Data Polling timing specifications 
and diagrams. 

DQs 
Toggle Bit 

The Am29F01 O also features the "Toggle Bit" as a 
method to indicate to the host system that the Embed­
ded Algorithms are in progress or completed. 

During an Embedded Program or Erase Algorithm cy­
cle, successive attempts to read data from the device 
will result in DOs toggling between one and zero. Once · 
the Embedded Program or Erase Algorithm cycle is 
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completed, 006 will stop toggling and valid data will be 
read on successive attempts. During programming, the 
Toggle Bit is valid after the rising edge of the fourth WE 
pulse in the four write pulse sequence. For chip erase, 
the Toggle Bit is valid after the rising edge of the sixth 
WE pulse in the six write pulse sequence. For Sector 
erase, the Toggle Bit is valid afterthe last rising edge of 
the sector erase WE pulse. The Toggle Bit is active dur­
ing the sector time out. 

See Figure 12 for the Toggle Bit timing specifications 
and diagrams. 

DQs 
Exceeded Timing Limits 

DOs will indicate if the program or erase time has ex­
ceeded the specified limits. Under these conditions DOs 
will produce a "1 ". The program or erase cycle was not 
successfully completed. Data Polling is the only operat­
ing function of the device under this condition. The CE 
circuit will partially power down the device under these 
conditions (to approximately 2 mA). The OE and WE 
pins will control the output disable functions as de­
scribed in Table 2. To reset the device, write the Reset 
command sequence to the device. This allows the sys­
tem to continue to use the other active sectors in the 
device. 

QQ4 
Hardware Sequence Flag 

If the device has exceeded the specified erase or pro­
gram time and 005 is "1 ", then 004 will indicate which 
step in the algorithm the device exceeded the limits. A 
"O" in D04 indicates in programming, a "1" indicates an 
erase. 

DQ3 
Sector Erase Timer 

After the completion of the initial sector erase command 
sequence the sector erase time-out will be~03 will 
remain low until the time-out is complete. Data Polling 
and Toggle Bit are valid after the initial sector erase 
command sequence. 

If Data Polling or the Toggle Bit indicates the device has 
been written with a valid erase command, 003 may be 
used to determine if the sector erase timer window is still 
open. If 003 is high ("1 ")the internally controJled erase 
cycle has begun; attempts to write subsequent com­
mands to the device will be ignored until the erase 
operation is completed as indicated by Data Polling or 
Toggle Bit. If 003 is low ("O"), the device will accept ad­
ditional sector erase commands. To insure the com­
mand has been accepted, the software should check 
the status of 003 prior to and following each· subsequent 

sector erase command. If 003 were high on the second 
status check, the command may not have been ac­
cepted. 

Data Protection 
The Am29F01 O is designed to offer protection against 
accidentalerasure or programming caused by spurious 
system level signals that may exist during power transi­
tions. During power up the device automatically resets 
the internal state machine in the Read mode. Also, with 
its control register architecture, alteration of the memory 
contents only occurs after successful completion of spe­
cific multi-bus cycle command sequences. 

The device also incorporates several features to 
prevent inadvertent write cycles resulting form Vee 
power-up and power-down transitions or system noise. 

Low Vee Write Inhibit 
To avoid initiation of a write cycle during Vee power-up 
and power-down, a write cycle is locked out for V cc less 
than.3.2 V (typically 3.7 V). If Vee< VLKO, the command 
register is disabled and all internal program/erase cir­
cuits are disabled. Under this condition the device will 
reset to the read mode. Subsequent writes will be ig­
nored until the V cc level is greater than VLKO. It is the us­
ers responsibility to ensure that the control pins are logi­
cally correct to prevent unintentional writes when Vee is 
above 3.2 V. 

Write Pulse "Glitch" Protection 
Noise pulses of less than5 ns (typical) on OE, CE or WE 
will not initiate a write cycle. 

Logical Inhibit 
Writing is inhibited by holding any one of OE= V1L, CE= 
V1H or WE = V1H. To initiate a write cycle CE and WE 
must be a logical zero while OE is a logical one. 

Power-Up Write Inhibit 
Power-upofthedevicewithWE =CE= V1L and OE= V1H 
will not accept commands on the rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 

Sector Protect 
Sectors of the Am29F01 O may be hardware protected at 
the users factory. The protection circuitry will disable 
both program and erase functions for the protected sec­
tor(s). Requests to program or erase a protected sector 
will be ignored by the device. 
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EMBEDDED ALGORITHMS 
Embedded Programming Algorithm 

1-14 

Increment Address 

Start 

Write Program Command Sequence 
(see below) 

Data Poll Device 

No 

Programming Completed 

Program Command Sequence (Address/Command): 

5555H/AAH 

2AAAH/55H 

5555H/AOH 

Program Address/Program Data 

167368-14 

Figure 1. Embedded Programming Algorithm 

Table 7. Embedded Programming Algorithm 

. Bus Operations Command Sequence Comments 

Standby (Note 1) 

Write Programming Valid Address/Data Sequence 

Read Data Polling to Verify 
Programming · 

Am29F010 
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EMBEDDED™ ERASE ALGORITHM 

No 

Start 

Write Erase Command Sequence 
(see below) 

Data Poll from Device 

Erasure Completed 

AMO~ 

Chip Erase Command Sequence 
(Address/Command): 

Individual Sector/Multiple Sector 
Erase Command Sequence 

(Address/Command): 

5555H/AAH 

2AAAH/55H 

5555H/80H 

5555H/AAH 

2AAAH/55H 

5555H/10H 

5555H/AAH 

2AAAH/55H 

5555H/80H 

5555H/AAH 

2AAAH/55H 

Sector Address/30H 

Sector Address/30H . . . 
Sector Address/30H 

Figure 2. Embedded Erase Algorithm 

Table 8. Embedded Programming Algorithm 

Bus Operations Command Sequence Comments 

Standby 

Write Erase 

Read Data Polling to Verify 
Erasure 

Am29F010 

Additional sector 
erase commands 
are optional 

167368-15 
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DATA POLLING ALGORITHM 

Start 

No 

Yes 

Pass 

Note: 167368-16 

1. D01 is rechecked even if DQs = "1" because D01 may change simultaneously with DOs. 

Figure 3. Data P<?lllng Algorithm 

TOGGLE BIT ALGORITHM 

No 

No 

167368-17 

Note: 

1. DO& is rechecked even if DOs = "1" because DOs may stop toggling at the same time as DQs changing to "1 ". 

Figure 4. Toggle Bit Algorithm 

PARALLEL DEVICE ERASURE 

Since the device is completely self-timed, devices can 
be erased or programmed in parallel without 
consideration of other devices in the system. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Ceramic Packages ............. -65°C to +150°C 
Plastic Packages ............... -65°C to + 125°C 

Ambient Temperature 
with Power Applied . . . . . . . . . . . . -55°C to + 125°C 

Voltage with Respect To Ground 
All pins except Ag (Note 1) . . . . . . . -2.0 V to +7.0 V 

Vee (Note 1) .................. -2.0 V to +7.0 V 

Ag (Note 2) .................. -2.0 V to +14.0 V 

Output Short Circuit Current (Note 3) . . . . . . 200 mA 
Notes: 

1. Minimum DC voltage on input or l/O pins is-0.5 V. During 
voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 
and 1/0 pins is Vee + 0.5 V. During voltage transitions, 
outputs may overshoot to Vee + 2.0 V for periods up to 
20ns. 

2. Minimum DC input voltage on Ag pin is -0.5 V. During 
voltage transitions, Ag may overshoot Vss to -2.0 V for 
periods of up to 20 ns. Maximum DC input voltage on Ag 
is + 13.5 V which may overshoot to 14.0 V for periods up 
to 20 ns. 

3. No more than one output shorted at a time. Duration of 
the short circuit should not be greater than one second. 

Stresses above those listed under "Absolute Maximum Rat­
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera­
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex­
tended periods may affect device reliability. 

MAXIMUM OVERSHOOT 
Maximum Negative Overshoot 

+0.8 v 

-0.5 v 

20 ns 

OPERATING RANGES 
Commercial (C) Devices 

Case Temperature (Tc) .......... 0°C to +70°C 

Industrial (I) Devices 
Case Temperature (Tc) ........ -40°C to +85°C 

Extended (E) Devices 
Case Temperature (Tc) ....... -55°C to +125°C 

Military (M) Devices 
Case Temperature (Tc) ....... -55°C to +125°C 

Vee Supply Voltages 
Vector Am29F010-45 " ...... +4.75 V to +5.25 V 

Vector Am29F010-55, 70, 
90, 120 .................. +4.50 V to +5.50 V 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

20 ns 

20 ns 167368-6 

Figure 5. Maximum Negative Overshoot Waveform 

Maximum Positive Overshoot 

Vee+ o.5 V 

2.0V 

20 ns 

20 ns 

20 ns 

Figure 6. Maximum Positive Overshoot Waveform 

Am29F010 

167368-7 
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DC CHARACTERISTICS-TTL/NMOS COMPATIBLE 

Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

lu Input Load Current V1N = Vss to Vee, ± 1.0 µA 
Vee= Vee Max. 

ILO Output Leakage Current Vour = Vss to Vee, ± 1.0 µA 
Vee= Vee Max. 

los Output Short Circuit Vee= Vee Max., 100 mA 
Current (Note 1) Vour = 0.5 V 

lcc1 Vee Active Current for Read CE = V1L, OE = V1H 30 mA 
(Note 2) 

lcc2 Vee Active Current for CE = V1L, OE = V1H 50 mA 
Program or Erase (Note 3) 

ICC3 Vee Standby Current Vee= Vee Max, CE= V1H 1.0 mA 

V1L Input Low Level -0.5 0.8 v 
V1H Input High Level 2.0 Vee v 

+ 0.5 

V10 Ag Voltage for Autoselect Vee= 5.0 V 11.5 12.5 v 
VoL Output Low Voltage loL = 12 mA 0.45 v 

Vee= Vee Min. 

VoH Output High Level loH=-2.5 mA 2.4 v 
Vee= Vee Min. 

VLKO Low Vee Lock-out Voltage 3.2 v 
Notes: 
1. Not more than one output should be tested at one time. Duration of the short circuit should not be more than one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by the tester ground degradation. (This parameter is sampled 
and not 100% tested, but guaranteed by characterization.) 

2. The Ice current listed includes both the DC operating current and the frequency dependent component (@ 6 MHz). The 
frequency component typically is less than 2 mAIMHz, with OE at V1H. 

3. Ice active while Embedded Algorithm (program or erase) is in progress. 
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DC CHARACTERISTICS-CMOS COMPATIBLE 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

lu Input Load Current Vee= Vee Max., ± 1.0 µA 
V1N = Vss to Vee 

ILo Output Leakage Current Vee = Vee Max., ± 1.0 µA 
Vour = Vss to Vee 

los Output Short Circuit Vee= Vee Max., 100 mA 
Current (Note 1) Vour = 0.5 V 

lcc1 Vee Active Current for Read CE = V1L. OE = V1H 30 mA 
(Note 2) 

lcc2 Vee Active Current for CE = V1L, OE = V1H 50 mA 
Program or Erase (Note 3) 

lce3 Vee Standby Current Vee= Vee Max., CE = Vee± 0.5 V 100 µA 

VIL Input Low Level -0.5 0.8 v 
V1H Input High Level 0.7 Vee Vee v 

+0.5 

V10 Ag Voltage for Autoselect Vee= 5.0 V 11.5 12.5 v 
VoL Output Low Voltage IOL= 12.0 mA 0.45 v 

Vee = Vee Min. 

VoH1 loH = -2.5 mA, Vee= Vee Min. 0.85 
Vee 

VOH2 Output High Voltage loH=-100µA, Vee= Vee Min. Vee 
-0.4 

VLKO Low Vee Lock-out Voltage 3.2 v 
Notes: 
1. Not more than one output should be tested at one time. Duration of the short circuit should not be more than one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by the tester ground degradation. (This parameter is sampled 
and not 100% tested, but guaranteed by characterization.) 

2. The Ice current listed includes both the DC operating current and the frequency dependent component (@ 6 MHz). The 
frequency component typically is less than 2 mAIMHz, with OE at V1H. 

3. Ice active while Embedded Algorithm (program or erase) is in progress. 
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AC CHARACTERISTICS-READ ONLY OPERATIONS CHARACTERISTICS 
Parameter 
Symbols 

Test -45 -55 -70 -90 -120 
JEDEC Standard Description Setup (1) (1) (2) (2) (2) Unit 

IAVAV tRC Read Cycle Time 45 55 70 90 120 ns 

IAVQV IACC Address to Output Delay CE= VIL 45 55 70 90 120 ns 

(max) OE= VIL 

tELQV ICE Chip Enable to Output OE= VIL 45 55 70 90 120 ns 
(max) 

IGLQV !OE Output Enable to 25 30 30 35 50 ns 
(max) Output 

IEHQZ IDF Chip Enable to Output 10 15 20 20 30 ns 
(max) High Z (Note 3) 

IGHQZ IDF Output Enable to Output 10 1~ 20 20 30 ns 
High Z (Note 3) 

IAXQX tOH Output Hold Time From 0 0 0 0 0 ns 
Addresses, CE or OE, 
Whichever Occurs First 

Notes: 
1. Test Conditions: 2. Test Conditions: 3. Output driver disable time. 

Output Load: 1 TTL gate and 30 pF 
Input rise and fall times: 5 ns 
Input pulse levels: 0.0 V to 3.0 V 
Timing measurement reference level 

Input: 1.5 V 
Output: 1.5 V 

Note: 

Device 
Under 
Test 

For -45: CL = 30 pF including jig capacitance 

Output Load: 1 TTL gate and 100 pf 
Input rise and fall times: 20 ns 
Input pulse levels: 0.45 V to 2.4 V 
Timing measurement reference level 

Input: 0.8 and 2.0 V 
Output: 0.8 and 2.0 V 

5.0 v 

Diodes = IN3064 
or Equivalent 

For all others: CL= 100 pF including jig capacitance 

Figure 7. Test Conditions 
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PRELIMINARY AMO~ 
AC CHARACTERISTICS-WRITE/ERASE/PROGRAM OPERATIONS 

Parameter Symbols 

JEDEC Standard Description -45 -55 -70 -90 -120 Unit 

IAVAV tWC Write Cycle Time 45 55 70 90 120 ns 

IAVWL IAS Address Setup Time 0 0 0 0 0 ns 

tWLAX IAH Address Hold Time 35 45 45 45 50 ns 

IOVWH IDS Data Setup Time 20 20 30 45 50 ns 

tWHDX !OH Data Hold Time 0 0 0 0 0 ns 

ICES Output Enable Setup Time 0 0 0 0 0 ns 

lRead 0 0 0 0 0 ns 
Output Enable 

IOEH Hold Time J Toggle and Data Polling 10 10 10 10 10 ns 

tGHWL tGHWL Read Recover Time Before Write 0 0 0 0 0 ns 

IELWL tcs CE Setup Time 0 0 0 0 0 ns 

tWHEH tCH CE Hold Time 0 0 0 0 0 ns 

tWLWH tWP Write Pulse Width 25 30 35 45 50 ns 

tWHWL tWPH Write Pulse Width High 15 20 20 20 20 ns 

IWHWH1 IWHWH1 Programming Operation (min) 14 14 14 14 14 µs 

IWHWH2 tWHWH2 Erase Operation (min) (Note 1) 2.2 2.2 2.2 2.2 2.2 sec 

tvcs Vee Set Up Time 2 2 2 2 2 µs 

IVLHT Voltage Transition Time (Note 2) 4 4 4 4 4 µs 

tWPP Write Pulse Width (Note 2) 10 10 10 10 10 ms 

!OESP OE Setup Time to WE Active (Note 2) 4 4 4 4 4 µs 

!CSP CE Setup Time to WE Active (Note 3) 4 4 4 4 4 µs 

Notes: 
1. This also includes the preprogramming time. 

2. These timings are for Sector Protect/Unprotect operations. 

3. This timing is only for Sector Unprotect. 

Am29F010 1-21 



;t1 AMO PRELIMINARY 

KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

Must Be Will Be 
Steady Steady 

\\\\\ May Will Be 
Change Changing 
from H to L from H to L 

///// May Will Be 
Change Changing 
from L to H from L to H 

™ 
Don't Care; Changing, 
Any Change State 
Permitted Unknown 

1B-fil Does Not Center 
Apply Line is High-

Impedance 
"Off" State 

KS000010 

SWITCHING WAVEFORMS 

tOE 

(tOH) 

High Z 
Output Valid Outputs 

HighZ 

167368-9 

Figure 8. AC Waveforms for Read Operations 
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PRELIMINARY AMO~ 
SWITCHING WAVEFORMS 

Data Polling 

Addresses 

!OF 

Data 

toH 
5.0 v 

tcE 
Notes: 167368-10 
1. PA is address of the memory location to be programmed. 

2. PD is data to be programmed at byte address. 

3. 007 is the output of the complement of the data written to the device. 

4. Dour is the output of the data written to the device. 

5. Figure indicates last two bus cycles of four bus cycle sequence. 

Figure 9. Program Operation Timings 

SWITCHING WAVEFORMS 

Addresses 2AAAH SA 

Data 

tos 10H/30H 

Vee ~tves ~ 167368-11 

Note: 
1. SA is the sector address for Sector Erase. Addresses =don't care for Chip Erase. 

Figure 10. AC Waveforms Chip/Sector Erase Operations 
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SWITCHING WAVEFORMS 

tOE 

tOEH 

tcE 

High Z 
Data In 

------ twHWH 1or2 +--------
167368-12 

Figure 11. AC Waveforms for Data Polling during Embedded Algorithm Operations 

SWITCHING WAVEFORMS 

tOH tOE 167368-13 

Note: 
This is an example of the Toggle Bit write operation status when valid data out is "O". 

Figure 12. AC Waveforms for Toggle Bit during Embedded Algorithm Operations 
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PRELIMINARY AMO~ 
SECTOR PROTECTION ALGORITHMS 
Sector Protection 
The Am29F01 O features hardware sector protection 
which will disable both program and erase operations to 
an individual sector or any group of sectors. To activate 
this mode, the programming equipment must force V10 
on control pin OE and address pin Ag. The sector ad­
dresses should be set using higher address lines A16, 
A1s, and A14. The ~ection mechanism 'begins on the 
falling edge of the WE pulse and is terminated with the 
rising edge of the same. 

It is also possible to verify if a sector is protected during 
the sector protection operation. This is done by setting 
CE and OE at V1L and WE at V1H (Ag remains high at V10). 
Reading the device at address location XXX2H, where 
the higher order addresses (A16, A,s, and A14) define a 
particular sector, will produce 01 H at data outputs 
(DOo-001) for a protected sector. 

Sector Unprotect 
The Am29F01 O also features a sector unprotect mode, 
so that a protected sector may be unprotected to incor­
porate any changes in the code. All sectors should be 
protected prior to unprotecting any sector. 

To activate this mode, the programming equipment 
must force V10 on control pins OE, CE, and address pin 
Ag. The address pins A6, A1, and A12 should be set to 
A1 = A12 = V1H, and A6 = V1L. The unprotection mecha­
nism begins on the falling edge of the WE pulse and is 
terminated with the rising edge of the same. 

It is also possible to determine if a sector is unprotected 
in the system by writing the autos elect command. Per­
forming a read operation at address location XXX2H, 
where the higher order addresses (A16, A1s, and A14) de­
fine a particular sector address, will produce OOH at data 
outputs (D00-D01) for an unprotected sector. 
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Increment 
PLSCNT 

PRELIMINARY 

Start 

Set Up Sector Addr 
(A16, Ais, Ai4) 

PLSCNT = 1 

OE= V10 

Ag= V10 

Activate WE Pulse 

Time Out 10 ms 

Power Down OE 
WE= V1H 

CE= OE= V1L 

Ag should remain V10 

Read from Sector 
Addr = SA, Ai Ao= 10 

Yes 

Remove V10 From Ag 
Write Reset Command 

Sector Protection 
Complete 

Figure 13. Sector Protection Algorithm 
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PRELIMINARY 

Notes: 

Increment 
Sector Addr 

No 

Start 

Protect All Sectors 

PLSCNT = 1 

Set Up Sector 
Unprotect Mode 

A12 = A7 = V1H, As = VIL 

Set 
OE = CE = Ag = V10 

Activate WE Pulse 

Time Out 10 ms 

Set OE = CE = V1L 
Remove V10 from Ag 

Write Autoselect 
Command Sequence 

Set Up Sector Addr SAo 
Set A1Ao = 10 

Read Data 
from Device 

Write Reset 
Command 

Sector Unprotect 
Completed 

SAo = Sector Address for initial sector 

SA7 = Sector Address for last sector 
Please refer to Table 4 for details. 

Write Reset 
Command 

Figure 14. Sector Unprotect Algorithm 

Am29F010 

Increment 
PLSCNT 

No 

Device 
Failed 

AMO~ 

167368-21 
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~AMO PRELIMINARY 

SWITCHING WAVEFORMS 

A1s.---.... X )E 
A15, SAx SAy 
A14---- ~-------------------------------------------------", 

Ao 

12V-----------~---
5V ---- · 

Ag 
---- tVLHT 

12V-------------

5V 

tOESP 

Don't Care 

Data---------------------------+-----1 

1-28 

SAx = Sector Address for initial sector 
SAy = Sector Address for next sector 

Figure 15. AC Waveforms for Sector Protection 

Am29F010 
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PRELIMINARY AMO~ 
SWITCHING WAVEFORMS 

~:;:______.X 00/0000000llZ :~ 
Ao ZZIOllOWOOllOOOZ·:~...____­

ZZZZ71//ZZ1Zl//ZZ1ZZ10ZZ1 :";:! 

5 v- - -
Ag 

sv-----­
OE 

sv -------.. 
CE 

: zzzzzzzzzz 

twPP 

tcsP 

Data----------------lti.~ 
/ 

Execute Auto Select 
Command Sequence 

Figure 16. AC Waveforms for Sector Unprotect 

Am29F010 
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~AMO PRELIMINARY 

AC CHARACTERISTICS-WRITE/ERASE/PROGRAM OPERATIONS 
Alternate CE Controlled Writes 

Parameter Symbols 

JED EC Standard Description -45 -55 -70 

tAVAV WIC Write Cycle Time 45 55 70 

tAVEL tAS Address Setup Time 0 0 0 

tELAX tAH Address Hold Time 35 45 45 

tDVEH tos Data Setup Time 20 20 30 

tEHDX tDH Data Hold Time 0 0 0 

tOES Output Enable Setup Time 0 0 0 

1Read 0 0 0 
Output Enable 

tOEH Hold Time lToggle and Data Polling 10 10 10 

tGHEL tGHEL Read Recover Time Before Write 0 0 0 

WILEL WIS WE Setup Time 0 0 0 

tEHWH WIH WE Hold Time 0 0 0 

tELEH tCP CE Pulse Width 25 30 35 

tEHEL tCPH CE Pulse Width High 15 20 20 

WIHWH1 WIHWH1 Programming Operation (min) 14 14 14 

WIHWH2 WIHWH2 Erase Operation (min) (Note 1) 2.2 2.2 2.2 

tvcs Vee Set l.Jp Time 2 2 2 

Note: 
1. This also includes the preprogramming time. 

1·30 Am29F010 

-90 -120 Unit 

90 120 ns 

0 0 ns 

45 50 ns 

45 50 ns 

0 0 ns 

0 0 ns 

0 0 ns 

10 10 ns 

0 0 ns 

0 0 ns 

0 0 ns 

45 50 ns 

20 20 ns 

14 14 µs 

2.2 2.2 sec 

2 2 µs 



PRELIMINARY AMO~ 

Addresses 

Data 

5.0V 

Notes: 
167368-23 

1. PA is address of the memory location to be programmed. 

2. PD is data to be programmed at byte address. 

3. DQ7 is the output of the complement of the data written to the device. 

4. Dour is the output of the data written to the device. 

5. Figure indicates last two bus cycles of four bus cycle sequence. 

Figure 17. Alternate CE Controlled Program Operation Timings 
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~AMO PRELIMINARY 

ERASE AND PROGRAMMING PERFORMANCE (Note 2) 
Limits 

Parameter Min. Typ. Max. Units Comments 

Chip/Sector Erase Time 1 10 (1) sec Excludes OOH programming 
prior to erasure 

Sector Programming Time 0.3 sec 

Chip Programming Time 2 12.5 sec Excludes system-level overhead 

Erase/Program Cycles 100,000 Cycles 

Byte Program Time 14 µs 

60 ms 
(Note3) 

Notes: 
1. The Embedded Algorithm allows for 60 second erase time for military temperature range operations. 
2. The Embedded Algorithms allow for a longer chip program and erase time. However, the actual time will be considerably less 

since bytes program or erase significantly faster than the worst case byte. 
3. DQs = "1" only after a byte takes longer than 60 ms to program. 

LATCHUP CHARACTERISTICS 

Min. Max. 

Input Voltage with respect to Vss on all pins except 1/0 pins 
(Including Ag) -1.0 v 13.5 v 
Input Voltage with respect to Vss on all 1/0 pins -1.0 v Vee+ 1.0 V 

Current -100 mA +100 mA 

Includes all pins except Vee. Test conditions: Vee= 5.0 V, one pin at a time. 

LCC PIN CAPACITANCE 
Parameter 

Symbol Parameter Description Test Setup Typ. Max. Unit 

C1N Input Capacitance V1N = 0 6 7.5 pF 

Gour Output Capacitance Vour = O 8.5 12 pF 

C1N2 Control Pin Capacitance V1N = 0 7.5 9 pF 

Notes: 
1. Sampled, not 100% tested. 

2. Test conditions TA= 25°C, f = 1.0 MHz 

TSOP PIN CAPACITANCE 
Parameter 

Symbol Parameter Description Test Setup Typ. Max. Unit 

C1N Input Capacitance V1N = 0 6 7.5 pF 

Gour Output Capacitance Vour = 0 8.5 12 pF 

C1N2 Control Pin Capacitance V1N= 0 7.5 9 pF 

Notes: 

1. Sampled, not 100% tested. 

2. Test conditions TA= 25°C, f = 1.0 MHz 
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PRELIMINARY AMO~ 
PLCC PIN CAPACITANCE 

Parameter 
Symbol Parameter Description Test Setup Typ. Max. Unit 

C1N Input Capacitance V1N = 0 4 6 pF 

Cour Output Capacitance Vour = 0 8 12 pF 

C1N2 Control Pin Capacitance VPP = 0 8 12 pF 

Notes: 
1. Sampled, not 100% tested. 

2. Test conditions TA= 25°C, f = 1.0 MHz 

PDIP PIN CAPACITANCE 
Parameter 

Symbol Parameter Description Test Setup Typ. Max. Unit 

C1N Input Capacitance V1N = 0 4 6 pF 

Cour Output Capacitance Vour = 0 8 12 pF 

C1N2 Control Pin Capacitance VPP = 0 8 12 pF 

Notes: 
1. Sampled, not 100% tested. 

2. Test conditions TA= 25°C, f = 1.0 MHz 

DAT A RETENTION 

Parameter Min. Units Test Conditions 

Min. Pattern Data Retention Time 10 Years 150°C 

20 Years 125°C 
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CONDENSED 

i·'·tU:M+'~'i·';l~t.Si[.]~+ ~ 
Am29F040 
524,288 x 8-Bit CMOS 5.0 V-Only, Sector Erase Flash Memory 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 

• 5.0 V ± 10% write and erase 
- Minimizes system level power requirements 

• Compatible with JEDEC-standard commands 
- Uses same software commands as E2PROMs 

• Compatible with JEDEC-standard byte-wide 
pin outs 
- 32-pin PLCC/LCC 
- 32-pin TSOP 
- 32-pin DIP 

• Minimum 100,000 write/erase cycles 

• High performance 
- 70 ns maximum access time 

• Sector erase architecture 
- 8 equal size sectors of 64K bytes each 
- Any combination of sectors can be 

concurrently erased. Also supports full 
chip erase 

GENERAL DESCRIPTION 
The Am29F040 is a 4 Mbit, 5.0 V-Only Flash memory 
organized as 512K bytes of 8 bits each. The Am29F040 
is offered in a 32-pin package. This device is designed 
to be programmed in-system with the standard system 
5.0 V Vee supply. 12.0 V VPP is not required for 
write or erase operations. The device can also be 
reprogrammed in standard EPROM programmers. 

The standard Am29F040 offers access times between 
70 ns and 120 ns, allowing operation of high-speed 
microprocessors without wait states. To eliminate bus 
contention the device has separate chip enable (CE), 
write enable (WE) and output enable (OE) controls. 

The Am29F040 is entirely pin and command set 
compatible with JEDEC standard 4 Mbit E2PROMs. 
Commands are written to the command register using 
standard microprocessor write timings. Register con­
tents serve as input to an internal state-machine which 
controls the erase and programming circuitry. 

PRODUCT SELECTOR GUIDE 

Family Part No: 

Ordering Part No: Vee = 5.0 V ± 5% 
Vee = 5.0 V ± 10% 

Max Access Time (ns) 

CE (E) Access (ns) 

OE (G) Access (ns) 

• Embedded Erase™ Algorithms 
- Automatically pre-programs and erases 

the chip or any sector 

• Embedded Program TM Algorithms 
- Automatically writes and verifies data 

at specified address 

• Data Polling and Toggle Bit feature for 
detection of program or erase cycle 
completion 

• Low power consumption 
- 20 mA typical active read current 
- 30 mA typical write/erase current 
- 25 µA typical standby current 

• Low Vee write inhibit s 3.2 V 

• Sector protection 
- Hardware method disables any combination 

of sectors from write or erase operations 

Write cycles also internally latch addresses and data 
needed for the programming and erase operations. 
Reading data out of the device is similar to reading from 
12.0 V Flash or EPROM devices. 

The Am29F040 is programmed by executing the 
program command sequence. This will invoke the 
Embedded Program Algorithm which is an internal 
algorithm that automatically times the program pulse 
widths and verifies proper cell margin. Typically, each 
sector can be programmed and verified in less than one 
second. Erase is accomplished by executing the erase 
command sequence. This will invoke the Embedded 
Erase Algorithm which is an internal algorithm that 
automatically preprograms the array if it is not already 
programmed before executing the erase operation. 
During erase, the device automatically times the erase 
pulse widths and verifies proper cell margin. The entire 
memory is typically erased and verified in three seconds 
(if already completely programmed). 

Am29F040 

-75 
-70 -90 -120 

70 90 120 

70 90 120 

30 35 50 
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ADVANCE INFORMATION AMO~ 
If the device is blank, the entire memory is typically 
erased and verified in 10-11 seconds. Any individual 
sector is typically erased and verified in two seconds (if 
already completely preprogrammed). If the sector is 
blank, it is typically erased and verified in three seconds. 

This device also features a sector erase architecture. 
The sector mode allows for 64K byte blocks of memory 
to be erased and reprogrammed without affecting other 
blocks. 

The device features single 5.0 V power supply operation 
for both read and write functions. Internally generated 
and regulated voltages are provided for the program 
and erase operations. A low Vee detector automatically 
inhibits write operations on the loss of power. The end of 
program or erase is detected by Data Polling of D01 or 
by the Toggle Bit feature on DOG. Once the end of a 
program or erase cycle has been completed, the device 
internally resets to the read mode. 

AMD's Flash technology combines years of EPROM 
and E2PROM experience to produce the highest levels 
of quality, reliability and cost effectiveness. The 
Am29F040 memory electrically erases the entire chip or 
all bits within a sector simultaneously via Fowler-

BLOCK DIAGRAM 

Ve 

Vs 
e_. 

Nordhiem tunneling. The bytes are programmed one 
byte at a time using the EPROM programming mecha­
nism of hot electron injection. 

Flexible Sector-Erase Architecture 
• 64K Bytes per sector 
• Individual-sector, multiple-sector, or bulk-erase 

capability 
• Individual or multiple-sector protection is user 

definable 
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~AMO ADVANCE INFORMATION 

CONNECTION DIAGRAMS 

CERDIP/PDIP 

A18 Vee 

A1s WE 

A1s A11 

A12 A14 

A1 A13 

As Aa 

As Ag 

A4 A11 

A3 OE 

A2 A10 

A1 CE 

Ao 001 

OOo 00s 

001 00s 

002 004 

Vss 003 

17113A·3 

A11 1• 
Ag 2 
Aa 3 

A13 4 
A14 5 
A17 6 
WE 7 
Vee 8 
A18 9 
A16 10 
A15 11 
A12 12 
A1 13 
As 14 
As 15 
A4 16 

OE 1 ... 
A10 2 
CE 3 

001 4 
00s 5 
OOs 6 
004 7 
003 8 
Vss 9 
002 10 
001 11 
OQo 12 

Ao 13 
A1 14 
A2 15 
A3 16 
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32 OE 
31 A10 

30 CE 
29 D01 
28 OOs 
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26 004 
25 003 
24 Vss 
23 002 
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21 OOo 
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30 Aa 
29 A13 
28 A14 
27 A11 
26 WE 
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24 A10 
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LOGIC SYMBOL 

Ao-A10 

CE(E) 

OE(G) 

WE(W) 

ADVANCE INFORMATION AMO~ 

Table 1. Am29F040 Pin Configuration 

Pin Function 

Ao-A10 Address Inputs 

D00-DQ7 D00-D01 Data lnpuVOutput 

CE Chip Enable 

OE Output Enable 

WE Write Enable 

Vss Device Ground 

Vee Device Power Supply 
(5.0 V ± 10% or± 5%) 

17113A-7 NC No Internal Connection 
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CONDENSED 

1·'·1W~M+'~'i·';if,biM~• 
Am29F400 ~ 
4-Megabit 524,288 x 8-Bit/262, 144 x 16-Bit 
CMOS 5.0 V-Only, Sector Erase Flash Memory 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• 5.0 V ± 10% write and erase 

- Minimizes system level power requirements 
• Compatible with JEDEC-standard commands 

- Uses same software commands as E2PROMs 
• Industry-standard ROM pinout 

- 44-pin SOP 
• Minimum 100,000 write/erase cycles 
• High performance 

- 70 ns maximum access time 
• Sector erase architecture 

- Uniform sector size 
- Any combination of sectors can be con-

currently erased. Also supports full chip erase 
• Embedded Erase TM Algorithms 

- Automatically pre-programs and erases 
the chip or any sector 

GENERAL DESCRIPTION 
The Am29F400 is a 4 Mbit, 5.0 V-only Flash memory 
organized as 256K bytes of 16 bits each. Under control 
of the BYTE input, the device may also be read as 512K 
bytes of 8 bits each. When the BYTE input is LOW, AB 
functions as the least significant address input and 512K 
bytes of data can be accessed. The 8 bits of data will 
appear on DOo-007. The Am29F400 is offered in a 
44-pin plastic SOP package. This device is designed to 
be programmed in-system with the standard system 
5.0 V Vee supply. 12.0 V VPP is not required for write or 
erase operations. The device can also be reprogram­
med in standard EPROM programmers. 

The standard Am29F400 offers access times between 
70 ns and 120 ns, allowing operation of high-speed 
microprocessors without wait states. To eliminate bus 
contention the device has separate chip enable (CE), 
write enable (WE) and output enable (OE) controls. 

The Am29F400 is entirely pin and command set 
compatible with JEDEC standard 4 Mbit E2PROMs. 
Commands are written to the command register using 

PRODUCT SELECTOR GUIDE 
Family Part No: 

Ordering Part No: Vee = 5.0 V ± 5% 
Vee = 5.0 V ± 10% 

Max Access Time (ns) 

CE (E) Access (ns) 

OE (G) Access (ns) 

• Embedded Program TM Algorithms 
- Automatically writes and verifies data 

at specified address 
• Data Polling and Toggle Bit feature for 

detection of program or erase cycle 
completion 

• Low power consumption 
- 30 mA typical active read current 
- 40 mA typical write/erase current 
- 25 µA typical standby current 

• Low Vee write inhibit s 3.2 V 
• Sector protection 

- Hardware method disables any combination 
of sectors from write or erase operations 

standard microprocessor write timings. Register con­
tents serve as input to an internal state-machine which 
controls the erase and programming circuitry. 
Write cycles also internally latch addresses and data 
needed for the programming and erase operations. 
Reading data out of the device is similar to reading from 
12.0 V Flash or EPROM devices. 

The Am29F400 is programmed by executing the 
program command sequence. This will invoke the 
Embedded Program Algorithm which is an internal 
algorithm that automatically times the program pulse 
widths and verifies proper cell margin. Erase is accom­
plished by executing the erase command sequence. 
This will invoke the Embedded Erase Algorithm which is 
an internal algorithm that automatically preprograms the 
array if it is not already programmed before executing 
the erase operation. During erase, the device automati­
cally times the erase pulse widths and verifies proper 
cell margin. The entire memory is typically erased and 
verified in three seconds (if already completely 
programmed). 

Am29F400 
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A D VA N C E I N F 0 R M AT I 0 N AMO~ 
If the device is blank, the entire memory is typically 
erased and verified in 10-11 seconds (x8) and 5-B 
seconds (x16). 

This device also features a sector erase architecture. 
The sector mode allows for blocks of .memory to be 
erased and reprogrammed without affecting other 
blocks. 

The device features single 5.0 V power supply operation 
for both read and write functions. Internally generated 
and regulated voltages are provided for the program 
and erase operations. A low Vee detector automatically 
inhibits write operations on the loss of power. The end of 
program or erase is detected by Data Polling of D01 or 
by the Toggle Bit feature on DOs. Once the end of a 
program or erase cycle has been completed, the device 
internally resets to the read mode. 
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all bits within a sector simultaneously via Fowler­
Nordhiem tunneling. The bytes are programmed one 
byte at a time using the EPROM programming mecha­
nism of hot electron injection. 

Flexible Sector-Erase Architecture 
• Individual-sector, multiple-sector, or bulk-erase 

capability 
• Individual or multiple-sector protection is user 

definable 

fioo~oa,, 
s ____. _J Erase Voltage l _J Input/Output 

J l 1 Generator 1 Buffers 

J ~ ~ 

E---. State 
Control K1 

Command "' ~ :J .--+ Register H PGM Voltage ] / E- c Generator 

~ ~ + __.. Chip Enable Data 

l Output Enable s~ Latch 
'? 

Logic __.. 

1 
.... 1 "")' 

~ A 
STB d Y-Decoder ~ Y-Gating 

d 

l ] I Timer l r 

Vee Detector e 
s J---
s 

~ ...... X-Decoder Cell Matrix AB 

) L 
a -y 
t J---
c 
h 

f 17096A-2 

Am29F400 1-39 



~AMO ADVANCE INFORMATION 

CONNECTION DIAGRAMS 

NC 
NC 

A11 

A7 

As 

As 

A4 

A3 

A2 

A1 

Ao 

CE 

Vss 

OE 

OOo 

OOa 

001 

DOg 

D02 

0010 

003 

0011 

LOGIC SYMBOL 

AB 

Ao-A11 

000-001s 

1-40 

CE(E) 

OE(G) 

WE(W) 

BYTE 

1 • 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

17096A-4 

44 NC 
43 WE 
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41 Ag 

40 A10 

39 A11 

38 A12 

37 A13 

36 A14 

35 A15 

34 A16 

33 BYTE 

32 Vss 

31 001s/AB 

30 007 

29 0014 

28 00s 

27 0013 

26 OOs 

25 0012 

24 004 

23 Vee 
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Table 1. Am29F400 Pin Configuration 

Pin Function 

AB Address Input {BYTE Mode) 

Ao-A11 Address Inputs 

D00-D01s Data Input/Output 

CE Chip Enable 

OE Output Enable 

WE Write Enable 

Vss Device Ground 

Vee Device Power Supply 
(5.0 V ± 10% or± 5%) 

NC No Internal Connection 

BYTE Byte/Word Switch 

Am29F400 



Reprogrammable Flash BIOS Design 
Using AM D's Am29F010 ~ 

Advanced 
Micro 

Devices 
Application Note 
by Kumar Prabhat 

This application note describes the general oveNiew and various system level issues for a repro­
grammable Flash BIOS design. Any system designer, whether notebook or desktop system, will 
benefit from this discussion. This application note also describes the AMO Am29F010 5.0 V-only, 
sector erase part and why it is an ideal choice for a reprogrammable BIOS design. 

INTRODUCTION TO BIOS 
Every individual computer system consists of three ba­
sic blocks - Hardware, Hardware Specific Firmware 
commonly nam~d BIOS and System Software. 

Application 
Software 

_L 

Operating 
System S!W 

(DOS, OS/2, UNIX) 

I 
Firmware 

(Specific to H!W) 
Known as BIOS 

J 
Hardware 

17078A-1 

BIOS is a hardware dependent software normally stored 
in an EPROM, which provides an interface between 
specific hardware and system software. It interfaces 
with various hardware components like core logic chip­
set, graphics controller, the keyboard and disk drive. 
Any application software and operating system software 
(i.e., DOS, OS/2 and UNIX) runs above it and uses vari­
ous BIOS procedures. IBM has defined various BIOS 
procedures to control specific peripheral functions. 
Some of them are mentioned as follows: 

INT 13H 
INT 17H 
INT 10H 
INT 16H 
INT 14H 

Disk Drive Control 
Printer Control 
VGA Control 
Keyboard Control 
Serial Communication Control 

Publication# 17078 Rev. A Amendment/O 
Issue Date: September 1992 

To use the BIOS procedure you load the parameters re­
quired by the procedure and then execute the INT# in­
struction that accesses that procedure. For example, 
you can use the BIOS INT 1 OH procedure for 15 differ­
ent functions related to the CRT display. Some of these 
functions are: set display mode, set color palette, write 
dot and write character to screen. You specify the func­
tion you want by loading the number for that function in 
the AH register before executing the INT 10H 
instruction. 

All of the 80X86 procedures boot up from the BIOS lo­
cated at the very top of the 1 Mbyte memory map which 
is FOOOOH- FFFFFH. In addition 64K bytes of space ly­
ing in the address range EOOOOH - EFFFFH is provided 
for any BIOS extension. 

The BIOS also contains various initialization routines to 
initialize system components like the serial port, OMA 
Controller and Interrupt Controller. During power-on it 
does the Power On Self Test (Posn routines. It also 
checks for basic system RAM functionality. If the system 
passes the RAM functionality, the BIOS will copy itself to 
the top 64K byte area of 1 Mbyte main memory. This is 
known as shadowing BIOS which improves the system 
performance since the BIOS code is run at DRAM 
speeds instead of slower ROM speeds. 

WHY THE NEED FOR 
REPROGRAMMABLE BIOS 
The concept of a personal computer is changing rapidly 
as technology progresses. Yesterday's high-end sys­
tems are becoming today's standard platforms and new 
technologies have brought enhanced system capabili­
ties into the user's hands. The fastest growing segments 
of the computer market are in Notebooks and other port­
able PCs. Increasing demands for sophisticated hard­
ware and intelligent power saving algorithms have 
increased the complexity of BIOS code. In the desktop 
computers area, the enhanced support of EtherneV 
SCSI Controller on the PC motherboard also increases 
the need for BIOS modifications to support sophisti­
cated peripherals. On the high-end, EISA systems need 
to store hardware specific configurations which are tra­
ditionally stored in battery-backed-up SRAMs. Today's 
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PC BIOS is no longer a standard product except for the 
basic 64K byte compatibility portion. The remaining 64K 
byte area has a significant potential to change with the 
addition of Power Management software and new setup 
utilities. To summarize, we see the potential change in 
BIOS code at every stage of manufacturing like design, 
debugging, testing and production. Code modifications 
with EPROMs do not provide a cost effective and timely 
solution since a UV Eraser and a separate EPROM pro­
grammer are required. 

Flash Memories offer a superior solution for this kind of 
application. Code prototyping time is significantly re­
duced because Flash Memories can be updated with 
new code in a manner of seconds while still in the sys­
tem. Board level diagnostics, final system test, and cus­
tomer specific configuration code can all be 
down-loaded into the Flash memory electrically on the 
assembly line. Devices may be soldered directly to the 
system board. This reduces the cost associated with the 
BIOS socket and also eliminates the need to disassem­
ble the system and replace socketed devices. More­
over, it will remove the prohibitive costs associated with 
a field service call. When updates to system code or sys­
tem reconfiguration is necessary, these costly service 
calls may be replaced with remote updates or by distrib­
uting floppy disks with new data. 

AMO FLASH MEMORY 
This section provides a brief overview of AM D's 5.0 V­
only Flash memory and in particular, AM D's Am29F01 O 
5 V-only, Sector Erase part. 

AMD's 5.0 V-Only Flash Memory 
Technology 
This section illustrates the fundamentals of AM D's Flash 
Memory Technology. AM D's Flash memory technology 
is very similar to that of our UV EPROM. The main differ­
ence is associated with the Fowler-Nordheim tunneling 
erase mechanism. 

During program operations AMD's Flash memories 
transfer and store charge on a floating gate in a manner 
similar to EPROM. This provides data retention that is 
equivalent to that of EPROM devices. The device is pro­
grammed by raising the control gate and drain terminal 
to a high voltage. The source terminal is grounded. The 
voltage potential across the channel attracts channel 
electrons from the source area towards the drain. At the 
drain region, some of these channel electrons become 
"hot" electrons and are swept up through the thin oxide 
where they are trapped on the floating gate. The elec­
trons stored on the floating gate create an electric field 
which turns off the memory transistor and represents a 
logic zero. 

AMD's 5.0 V-only, Flash memory uses Negative Gate 
Erase Technology for erase operations in order to mini­
mize the current drawn from the erase change pump. 

AMD's Negative Gate Erase technique actually pro­
vides the same electric fields to the Flash memory cell 
and uses the same erase mechanism as its 12.0 V Flash 
devices. A negative voltage of-10.5 Vis applied to the 
control gate while the source terminal is at 5.0 V sup­
plied by the system Vee supply. Negative Gate Erase is 
used in order to reduce the current drawn from the erase 
charge pump. The band-to-band tunneling current 
(10-20 mA peak) comes directly from the system Vee 
supply through the Array around terminal. This is the 
most efficient way to use an existing system Vee supply. 
The current required from the Negative Gate Erase 
charge pump is less than 1OµAat-10.5 V. This signifi­
cantly reduces the internal power consumption in rela­
tion to conventional 12.0 V approaches. 

The Am29F010 
This section describes the various features of the 
Am29F010. 

General Description 
The Am29F01Oisa1 Mbit 5.0 V-only "Flash" electrically 
erasable, electrically programmable read only memory 
organized as 128K x 8 bits. It is a 32-pin device which 
allows upgrades to 4 Mbit densities. The device has uni­
form sector architecture with 100,000 minimum endur­
ance cycles per sector. 

The Am29F010 is entirely pin and software compatible 
with the 5.0 V-only JEDEC standard. Commands are 
written to the command register using standard micro­
processor write timings. Register contents serve as in­
put to an internal state-machine which controls the 
erase and programming circuitry. Write cycles also in­
ternally latch addresses and data needed for the pro­
gramming and erase operations. With the appropriate 
command sequence written to the register, standard mi­
croprocessor read timings output array data, access the 
auto-select codes or output data for erase and program 
verification. Reading data out of the device is similar to 
reading from 12 V Flash or EPROM devices. · 

Embedded Algorithms 
The Am29F01 O is programmed and erased using Em­
bedded Algorithms, which completely automates the 
program and erase operation. The Am29F01 O is pro­
grammed by executing the Program Command se­
quence (see Appendix A). The Embedded 
Programming™ Algorithm automatically times the pro­
gramming pulse width and verifies the proper cell mar­
gin. Chip erase is done by executing the erase 
command sequence. The Embedded Erase™ Algorithm 
automatically verifies if the entire array is programmed 
and if it is not, the algorithm will automatically pre-pro­
gram it before beginning electrical erase. 

The Am29F010 features Data Polling and Toggle Bit 
functions as a method to indicate to the host system 
when the Embedded Algorithms are in progress or com-
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pleted. During the Embedded Program Algorithm an at­
tempt to read the device will produce compliment data of 
the data last written to D07. Upon completion of the Em­
bedded Program Algorithm, an attempt to read the de­
vice will produce the true data last written to D07. 
During the Embedded Erase Algorithm, D07 will be "O" 
until the erase operation is completed. Upon completion 
of Embedded Erase Algorithm data at D07 will be "1". 
The device also features a ''Toggle Bit" as another 
method to indicate to the host system when the Embed­
ded Algorithms are in progress or completed. During an 
Embedded Program or Erase Operation, successive at­
tempts to read data from the device will result in D06 
toggling between one and zero. Once the Embedded 
Program or Erase Operation is completed, D06 will stop 
toggling and valid data will be read. Upon completion of 
the Embedded Algorithm the device returns to the read 
mode. The Am29F01 O will also indicate through D05, if 
the program or erase time has exceeded the specified 
limits. Under these conditions D05 will produce "1" 
which will indicate that the program or erase cycle was 
not successfully completed. Then D04 will indicate 
which algorithm exceeded the limits. A "O" in D04 indi­
cates a programming failure, a "1" indicates an erase 
failure. 

The automatic nature of the Embedded Algorithms pro­
vide various benefits over standard algorithms. Embed­
ded Algorithms increase the system level performance 
significantly by reducing the CPU's overhead associ­
ated with the repetitive nature of standard algorithmic 
commands. This frees up the CPU to execute other sys­
tem level tasks. 

Sector Based Architecture 
The Am29F010 also features a sector erase architec­
ture. The whole memory content of the device is divided 
into eight sectors of equal size. The sector architecture 
allows for 16K byte segments of memory to be erased 
and reprogrammed without affecting other sectors. The 
device also supports hardware sector protection. This 
feature will disable both program and erase operations 
in any number of sectors (0 through 7). Please refer to 
the data sheet for more details on sector protection. 

Sector erase requires a six bus cycle command similar 
to standard E2PROMs (see Appendix A). There are two 
unlock write cycles followed by writing the "set-up" com­
mand. Two more unlock write cycles are then followed 
by the sector erase command. On this sixth bus cycle, 
sector address defined by higher address lines A 16, 
A 15andA14 is latched on the falling edge of WE, while 
the sector erase command (30h) is latched on the rising 
edge of WE Multiple sectors may be erased concur­
rently by writing the six bus cycle command as de­
scribed above followed by a sector erase command with 
other sector addresses. A time-out of 100 µs from the 
rising edge of the WE pulse of the last sector erase com­
mand will initiate the sector erase operation. If another 
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sector erase command is written within the 100 µs time­
out window the timer is reset. Any command other than 
sector erase within the time-out window will reset the 
device to the read mode, ignoring the previous com­
mand string. The device will indicate this time-out 
through the D03 pin. If D03 is high the internally con­
trolled erase cycle has begun, and attempts to write ad­
ditional commands to the device will be ignored until the 
erase operation is completed as indicated by the Data 
Polling or Toggle Bit. If D03 is low, the sector erase 
timer window is still open and the device will accept ad­
ditional sector erase commands. The system software 
should check the status of D03 prior to and following 
each sector erase command. 

Am29F01 O - An Ideal Choice 
• The Am29F010 has an access time of as fast as 

45 ns which will provide true 0 wait state perform­
ance in very high speed designs without download­
ing the code to the Shadow RAM. 

• The device incorporates Embedded Algorithms 
which reduces software overhead for system de­
signer and it also increases system performance 
since CPU will be free to do other tasks during 
reprogramming operations. 

I! The device provides a minimum of 100 ,000 write en­
durance cycles per sector. This kind of high endur­
ance is especially important in the emerging markets 
of embedded flash disks and removable cards. 

m Since the Am29F010 is a 5.0 V-only device, it elimi­
nates the need for DC to DC converter circuitry to 
translate the system level voltage level from 5.0 V to 
12.0 V for write and erase operations. This also sim­
plifies the hardware design, results in reduced board 
space and reduces the system cost by approxi­
mately $4.00 to $5.00. 

m As the power consumption is proportional to the 
square of operation voltage, 5.0 V operation reduces 
the power consumption significantly during program­
ming and erase operation. 

• Sector erase architecture is another added advan­
tage which is valued by many system designers. 
The Am29F01 O provides a system designer eight 
sectors to use in their designs in order to add more 
functions to the system. It also eases the design and 
debugging process by allowing a system designer to 
erase a single sector during code modification. This 
brings the program modularity to the system. 

a The device also incorporates several features to pre-
vent inadvertent writing of the part. 

During the power-up and power-down, a write 
cycle is locked out for Vee less than 3.2 V (typi­
cally 3.7 V). Under these conditions, the com­
mand register is disabled and all internal 
program/erase circuits are disabled. 
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- The device ignores the noise_E!:!lses or .Q!!.!fhes 

of less than 5 ns (typical) on OE, CE or WE and 
will not initiate a write cycle. 

- During power-up of the device even with WE= 
CE= V1L and OE= V1H, the device will not accept 
commands on the rising edge of WE The inter­
nal state machine is automatically reset to the 
read mode. 

NC Vee 
A16 WE(W) 

A1s NC 

A12 A14 

A1 A13 

As Aa 

As Ag 

A4 A11 

A3 OE(G) 

A2 A10 

A1 CE(E) 

Ao 001 

OOo 006 

001 00s 
002 004 

Vss 003 

Packaging Details 
AMD's Am29F010 is being offered in three standard 
32-pin packages: Plastic Dual In-Line Package (PDIP), 
Plastic Leaded Chip Carrier (PLCC), Leadless Chip 
Carrier (LCC) and Thin Small Outline Package (TSOP). 
See Figures 1 and 2 for pin-out details. 

~ ~ ~ (.) 8 IW (.) 
<<<Z>~Z 

A1 A14 

As 28 A13 

As 27 As 
A4 26 Ag 

A3 25 A11 

A2 24 OE 

A1 23 A1o 

Ao 22 CE 

OOo 21 007 

~NCl)<'>vU'l<O 

00 cnoooo oo>oooo 
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Figure 1. Am29F010 DIP, PLCC and LCC Pin-Out 
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A11 1• 32 OE 
Ag 2 31 A10 
As 3 30 CE 

A13 4 29 001 
A14 5 28 OOs 
NC 6 27 OOs 
WE 7 26 004 
Vee 8 29F010 25 003 
NC 9 Standard Plnout 24 Vss 
A16 10 23 002 
A15 11 22 001 
A12 12 21 OOo 
A7 13 20 Ao 
As 14 19 A1 
As 15 18 A2 
A4 16 17 A3 

OE 1 ... 32 A11 
A10 2 31 Ag 
CE 3 30 As 

007 4 29 A13 
OOs 5 28 A14 
OOs 6 27 NC 
004 7 26 WE 
003 8 29F010 25 Vee 
Vss 9 Reverse Plnout 24 NC 
002 10 23 A1s 
001 11 22 A1s 
OOo 12 21 A12 

Ao 13 20 A7 
A1 14 19 As 
A2 15 18 As 
A3 16 17 A4 
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Figure 2. Am29F010 TSOP Pin-Out 
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Thin Small Outline Package 
The TSOP is the industry's leading edge plastic, surface 
mountable memory package. System requirements for 
higher density and smaller, high density memory arrays 
are driving this packaging trend. It is becoming the stan­
dard choice for hand-held equipment and palmtop/ lap­
top computers as well as memory cards. This package 
comes in standard and reverse 32-pin options and is 
available in the 8 mm x 20 mm x 1.27 mm package out­
line. In addition to the TSOP's low height profile, maxi-

mum board space is achieved with the dual-in-line and 
standard/reverse pinouts. Board layers can be reduced 
because traces are routed under the two sides of the 
package that do not have leads. This allows packages to 
be mounted side-by-side and end-to-end. All pins ex­
cept chip enable pins can be connected in parallel. This 
is accomplished by using standard and reverse pin-out 
packages in an alternating sequence as shown in 
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Figure 3. Optimum Board Layout with TSOP 
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SYSTEM LEVEL DESIGN ISSUES 
This section describes various system level design con­
siderations for the support of reprogrammable BIOS. 

CPU 
Am386 

Addr 

M/10, DIC, W/R 

CA31 - CA2 

CD31-CDO 

Chip 
Set 

AMO~ 
Hardware Design Consideration 
This section describes the modifications required in the 
standard PC-AT motherboard to support the Flash 
BIOS. Below is the block level diagram of a PC-AT mo­
therboard supporting reprogrammable Flash BIOS. 

SA0-SA19 

SD0-SD1s 

ROMCS 
------CE 

M/10 

W/R 

Discrete 
Logic 

Am29F010 

74F245 
Buffer 

(Optional) 
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Figure 4. PC-AT Motherboard with Flash BIOS 

Looking at the above block diagram we come across 
two main considerations for supporting the Flash based 
reprogrammable BIOS: 

• All write accesses to EPROM address space are di­
rected to the ISA bus and effectively discarded. 
Since standard PC chip sets do not generate 
MEMWRwith ROMCS. WE for Flash EPROM must 
be generated externally. 

• Standard PC motherboards do not support writes to 
the BIOS EPROM. If the chip set data buffer works 
only in one direction, a data buff er is required that 
works in both read and write directions in order to 
support Flash BIOS. 

WE generation for Flash EPROM can be generated by 
using simple discrete circuitry to decode the BIOS ad­
dresses range (EOOOOH - FFFFFH), M/10, and W/R. 
Figure 5 shows the generation of WE signal. 

CA19 
CA18 
CA17-.....__, 

W/R WE 
M110--oo------,j~,,; 
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Figure 5. WE Generation Circuit 
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Considerations for In-System 
Programming 
In traditional PC motherboard design, the EPROM con­
taining BIOS, is normally socketed and disassembled 
from the board. Flash EPROMs eliminate the need to 
disassemble the system and replace the socketed de­
vice in order to update System BIOS. Flash devices may 
be soldered directly to a printed circuit board since they 
support in-system programming. 

Before soldering the Flash memory on the board, the 
manufacturer may initially program the boot code and 
any other codes which have to be protected. Boot codes 
may be protected using external programming equip­
ment or by AM D. To activate these modes, the program­
ming equipment must force 12 V on the device. The 
particular sector will be selected using high order ad-

FFFFFH 
1 Mbyte DOS Map 

64K BIOS Location 

64K BIOS Extension 

232K f 
l 

Adaptor Space 

6 40K User Area 

000 OOH 

dress lines A14, A15 and A16. Once the device is sol­
dered into the board, the rest of the programming is 
done by using the local CPU. The Boot code is not 
meant to be changed once it is protected. However, its 
content may be altered by using the Sector Unprotect 
feature of the device and then reprogram the device with 
a new code. Please refer to the data sheet for more de­
tails on sector protect and unprotect. 

Software Design Consideration 
Let us take the BIOS design example using the AM D's 
Flash device Am29F010 as shown in Figure 6. BIOS 
Code has been divided into various modules like Boot 
Code, System BIOS, VGA BIOS, Power Management 
Code etc., and each sector may be used for individual 
modules. 

Am29F010 

Boot Code 16Kb 

System BIOS 

System BIOS 

Additional BIOS Services 

VGA BIOS 

VGA BIOS 

Power Management Code 

Configuration Utilities 
~ 

16K 

"""' 

~ 32K 

.,,,I 

16K 

l 
J 

32K 

16K 

16K 
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Main 
BIOS 

Figure 6. BIOS Design with Am29F010 

1·48 Reprogrammable Flash BIOS Design Using AMD's Am29F010 



Please note that the only difference between the stan­
dard BIOS and Flash BIOS is the addition of Boot Code 
located in a separate sector. The Boot Code resides in 
the system address FCOOOh- FFFFFh and contains the 
minimum code needed to boot up the system so that 
other blocks can be reprogrammed if required. Boot 
Code consists of: 

• 16-byte jump vector 

• BIOS check sum routine 

• Recovery code 

The Recovery Code contains various initialization rou­
tines and basic minimum routines for system start-up. 

- System timer 
- DMNlnterrupt function 
- Keyboard 
- Floppy drives 

• During power on Boot Code takes control of the 
system 

- It uses the BIOS checksum routine to check 
for valid main BIOS. 

AMO~ 
• If the main BIOS is valid, system RAM is checked 

and the main BIOS code is copied into the system 
DRAM memory and continue the boot operation. 
This feature is known as shadow memory and is 
used by most PC designs. 

• If BIOS checksum determines an invalid BIOS, the 
system gives control to the recovery code for boot 
operation. The recovery code initializes the system 
RAM and floppy drive. Using basic minimum rou­
tines, it boots up the system from floppy drive and 
displays the message to insert the BIOS update disk­
ette. 

• The BIOS update diskette will contain: 

- Reprogramming utility 
- BIOScode 

• The reprogramming utility is loaded into system 
RAM and used to reprogram the main BIOS from the 
diskette. 

The above procedure may be also used to modify the 
main BIOS code. 
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Appendix A 
Flowcharts for Am29F01 O Programming and 
Erase Algorithm 

Start 

Write Erase Command Sequence 

Data Poll from Device 

No 

Erasure Completed 

Chip Erase Command Sequence 
(Address/Command): 

Sector Erase Command Sequence 
(Address/Command): 

1-50 

5555H/AAH 

2AAAH/55H 

5555H/80H 

5555H/AAH 

2AAAH/55H 

5555H/10H 

5555H/AAH 

2AAAH/55H 

5555H/80H 

5555H/AAH 

2AAAH/55H 

Sector Address/30H 

Sector Address/30H 

• • • 
Sector Address/30H 
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Embedded Erase Algorithm 
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Start 

Write Program Command Sequence 

Data Poll Device 

No 

Increment Address 

Programming Completed 

Program Command Sequence (Address/Command): 

5555H/AAH 

2AAAH/55H 

5555H/AOH 

Program Address/Program Data 
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Embedded Programming Algorithm 
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No 

Fail Pass 

17078A-10 
Note: 

1. 001 is rechecked even if DQs = 1 because DQ1 may change simultaneously with DQs. 

Data Polling Algorithm 

Start 

Fail Pass 

17078A-11 
Note: 

1. DO& is rechecked even if DQs = 1 because DOs may stop toggling at the same time as DQs changing to "1 ". 

Toggle Bit Algorithm 
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Appendix B 
lnterchangability of Intel's 28F001 BX and 
AMD's Am29F010 

INTERCHANGABILITV OF INTEL AND 
AMO PART IN THE SAME DESIGN 
Let us compare the AMD's 5.0 V Flash device 
Am29F010 vs. Intel's Boot Block part 28F001 BX in 
terms of hardware and software compatibility. 

AMO Am29F010 

:::r;JcJ Vee 
A1s WEB 

A15 

A12 A14 

A1 A13 

As As 

As Ag 

A4 A11 

A3 OEB 

A2 A10 

A1 CEB 

Ao DQ1 

DQo DQs 

DQ1 DQs 
DQ2 OQ4 

Vss 003 

The differences in pin-out are: 

- Am29F010 does not have VPP pin. It has been 
changed to NC 

- Intel device 28F001 BX has one added pin PWD 
for deep power down mode 

Hardware level compatibility issues 
Here is the pin out shown for both AMD and Intel Flash 
devices. 

Intel 28F001 BX 

:::::v#i::: Vee 
A16 WEB 

A1s iRWP:i 
A12 A14 
A1 A13 

As As 

As Ag 

A4 A11 

A3 OE 

A2 A10 

A1 CE 

Ao DQ1 

Dao oas 

DQ1 oas 
DQ2 OQ4 

Vss OQ3 

17078A-12 

Since pins 1 and 30 are NC for AM D part Am29F01 O and 
these two pins are not connected internally, the AMD 
Flash device Am29F010 may be used as a drop in re­
placement for a design supporting Intel Boot Block 
Flash device 28F001 BX. 

Reprogrammable Flash BIOS Design Using AMD's Am29F010 1-53 



~AMO 
Software Level Compatibility Issues 
AM D's Am29F01 O and Intel 28F001 BX has different set 
of command definitions (5 V commands vs. 12 V com-

mands). However, both the devices have similar com­
mands for reading manufacturer l.D. This may be 
explained better by the following table and flowchart. 

Command Structure for Reading l.D. 

1st Bus Cycle 2nd Bus Cycle 3rd Bus Cycle 4th Bus Cycle 

(Write Cycle) (Write Cycle) (Write Cycle) (Read Cycle) 

Addr Data Addr Data Addr Data Addr Data 

5555H AAH 2AAAH 55H 5555H 90H OOOOH Mfgl.D. 

AMO Unlock Cycle Unlock Cycle l.D. Command 0001H 

Intel Ignored Ignored l.D. Command 0089H 

• The initial two bus cycles are unlock cycles for 
AMD's 5.0 V-Only Flash part Am29F010. They are 
undefined commands for Intel 28F001 BX, so ig­
nored by the Intel device and the device remains in 
Read Mode. 

The above discussion confirms that a software code 
written to read Manufacturer l.D. for AMO Flash device 
Am29F01 O may be also used to read Manufacturer l.D. 
for Intel Flash device 28F001 BX. 

• The address on the 3rd bus cycle for Intel Boot Block 
device 28F001 BX is XXXXH (don't care) and 90h 
code puts both devices in l.D. mode. 

Read 
Manufacturer l.D. 

r 
"" 

AMO 
No 

l.D.? 

\.. -' r 
Yes 

• 
Use Am29F01 O \.. 

Algorithm 

1 
"""' 

Intel 
l.D.? 

-' I Yes 

Use 28F001 BX 
Algorithm 

No 

1 
Error 

Flowchart to Support Both AMO Am29F010 and Intel 28F001 BX 

Copyright© 1992 Advanced Micro Devices, All rights reserved. 
AMO is a registered trademark of Advanced Micro Devices, Inc. 
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Product names used in this publication are for identification purposes only and may be trademarks of their respective companies. 
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Design-In with AMD's Am29F010 ~ 
Application Note 
by Kumar Prabhat 

Advanced 
Micro 

Devices 

This application note describes the key features and system level benefits of using AMD's 
Am29FO 10, 5.0 V-only Sector Erase Flash Memory. It also explains how to use AM D's Am29FO 10 in 
an existing Intel Boot Block 2BFO 1 OBX Flash based design and discusses the various hardware and 
software issues. 

BENEFITS OF AMD'S AM29F010 
m Since the Am29F01 O is a 5.0 V-only device it elimi­

nates the need for DC to DC converter circuitry to 
translate the system voltage level from 5.0 V to 
12.0 V, forwrite and erase operations. This simplifies 
the hardware design, results in reduced board 
space, and lowers the system cost by approximately 
$4.00 to $5.00. Please refer to Appendix B for DC/ 
DC converter circuitry required for 12 V flash device. 
5.0 V-only programming also reduces the total sys­
tem level power consumption. Below is a summary 
of the system level power calculations for the 
Am29F01 O vs. 12.0 V Flash devices during 
reprogramming. 

Device Level Reprogramming Power Consumption 

Am29F010 12.0 V Flash Memory 
Vee Power Vee Power 
= 5.0 V (Vee) = 5.o V (Vee) 

x 40 mA (Ice) x 30 mA (Ice) 
= 200 mW = 150 mW 

DC/DC Converter Reprogramming Power 
Consumption 

Am29F010 12.0 V Flash Memory 
Vpp Power Vpp Power 

not required = 12.0 v (Vpp) 

x 30 mA (IPP) + 

DC to DC converter efficiency 
=450-720 mW 

12.0 V Flash memories require more system level 
power since 5.0 V to 12.0 V conversion circuitry is not 
100% efficient. The typical efficiency of the DC to DC 
converter is between 50% to 80%. 

Total System Level Power Consumption 
(Reprogramming) 

Flash Device DC/DC 
Memory Type Level Converter 

Am29F010 200 mW o 

12.0 V Flash 150mW 450-720 mW 

Publication# 17097 Rev. A Amendment/O 
Issue Date: September 1992 

Total System 
Level Power 

200mW 

600-870 mW 

• The Am29F01 O provides a minimum of 100,000 
write endurance cycles per sector. This kind of high 
endurance is especially important in the emerging 
markets of embedded Flash disks and removable 
memory cards. Typical endurance last well beyond 
the 100,000 cycle minimum. 

• The 16 Kbyte sector erase architecture is another 
added advantage which is valued by many system 
designers. This feature provides the capability to se­
lectively rewrite portions of the memory array while 
leaving the rest of the memory contents fixed. This 
architecture simplifies the design and debugging 
process by providing program modularity to the 
system. Individual sectors may also be hardware 
protected. 

El The Am29F010 has an access time of as fast as 
45 ns which will provide true 0 wait state perform­
ance in very high speed designs. 

11 The device incorporates AMD's Embedded Algo­
rithm which reduces software overhead for the sys­
tem designer. It also increases system level 
performance since the CPU will be free to do other 
tasks during reprogramming operations. 

• The device also incorporates several features to pre­
vent inadvertent write cycles. 

- During power-up and power-down, write cycles 
are locked out when Vee is less than 3.2 V (typi­
cally 3.7 V). Under these conditions, the com­
mand register is disabled and all internal 
program/erase circuits are disabled. 

The device ignores noise pulses or glitches of 
less than 5 ns (typically) on control signals OE, 
CE and WE and will not initiate a write cycle. 

- During power-up of the device even with WE= CE 
= V1L and OE= V1H, the state machine will not ac­
cept commands on the rising edge of WE The in­
ternal state machine is automatically reset to the 
read mode. 
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DESIGN-IN WITH AMD'S AM29F010 

Hardware Pin-Out Details 
The Am29F010 is available in 32-pin DIP/PLCC/TSOP 
packages. The pin-out is compatible with JEDEC 
standard 1 Mbit E2PROMs and also provides for easy 
upgrades to 4 Mb it densities. Below is the DIP pin-out for 
the AM D's Am29F01 O and upcoming 4 Mbit 5.0 V-only, 
sector erase Flash memory device. 

AMO Am29F010 

::t:f:l"C'.:: Vee 

A16 WE 

A1s \NP.\ 
A12 A14 

A7 A13 

As As 

As Ag 

A4 A11 

A3 OE 

A2 A10 

A1 CE 

Ao D01 

DOo DOa 

001 Das 

002 DQ4 
Vss 003 

The only differences in pin-out are Pin 1 and Pin 30 
which are NC in the Am29F01 O pin-out and used as 
higher address lines A 18 and A 17 for the 4 Mbit Flash 
device. Asystemdesignermaydesignwith a 1 Mbitpart 
today and upgrade it with a 4 Mbit memory without any 
layout change in the board. 

In fact, Am29F01 O may be also used as an ideal 
upgrade to a 28F01 O Flash-based design without any 
layout change. The only difference between Am29F01 O 
and 28F01 O pin-out is Pin 1 which is NC in Am29F01 O 
and used as Vpp pin for 28F01 O. 

AMO Am29F040 

17097A-1 

Figure 1 
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Replacing the 28F001 BX with Am29F01 O 
By changing the software only, AMD's Am29F010 may 
be used to upgrade a system using Intel's 12.0 V 
28F001 BX, 1 Mbit boot block flash device to 5.0 V only 

AMO Am29F010 

Vee 

A16 WE 

A1s :::;.~c::: 
A12 A14 

A1 A13 

As As 

As Ag 

A4 A11 

A3 OE 

A2 A10 

A1 CE 

Ao 001 

OOo 006 

001 00s 

002 004 
Vss 003 

AMO~ 
operation. Please refer to Figure 2 for a pin-out 
comparison between the Am29F01 O and the 
28F001BX. 

Intel 28F001 BX 

Vee 
WE 

:ewo.: 
A14 

A13 

As 

Ag 

A11 

OE 

A10 

CE 

001 

006 

00s 

004 

003 

17097A-2 

Figure 2 

Hardware Pin Out Comparison 
There are two differences in pin-out for AMD Am29F01 O 
and Intel 28F001 BX: 

- The Am29F01 O does not use Vpp (Pin 1) and it is not 
connected internally to the device. 

- Intel's 28F001 BX has added pin PWD (Pin 30) to 
support deep power-down mode. AM D's Am29F01 O 
does not support the power-down function. 

Since Pin 1 and Pin 30 are NC for AM D's Am29F010, it 
is 100% hardware compatible with the 28F001 BX Flash 
device and may be used as a drop in replacement if the 
power down function is not required. 

Software Command Structure 
AMD's Am29F010 uses the JEDEC standard 1 Mbit 
E2PROM 5.0 V-only multi-sequence command set. 
Please refer to Table 1 for Am29F01 O command 
definitions. 
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Table 1. 

Am29F010 Bus Command Structure 

Bus 1st Bus 2nd Bus 3rd Bus 4th Bus 5th Bus 6th Bus 
Write Write Cycle Write Cycle Write Cycle Write Cycle Write Cycle Write Cycle 

Command Cycles 
Sequence Required Addr Data Addr Data Addr Data Addr Data Addr Data Addr Data 

Read/Reset 4 5555H AAH 2AAH 55H 5555H FOH 

Read l.D. 4 55SSH AAH 2AAH 55H 5SSSH 90H 

Byte Program 4 SSSSH AAH 2AAH SSH SSSSH AOH Byte Data 
Addr 

Chip Erase 6 55SSH AAH 2AAH SSH SSSSH SOH SSSSH AAH 2AAAH SSH 5S5SH 10H 

Sector Erase 6 5555H AAH 2AAH SSH 555SH SOH S555H AAH 2AAAH SSH Sector 30H 
Addr 

These commands allow the user to program data on a 
byte by byte basis and erase any combination of sectors 
or even the entire device at once. 

Common Device l.D. Command for AMD's 
Am29F010 and Intel's 28F001 BX 

Am29F01 O and the 28F001 BX, one command se­
quence may be used to determine whether the AMD or 
Intel device is in the system. The flow chart below shows 
how to determine the device l.D. and then jump to the 
appropriate algorithm. 

Although the specific commands used to implement the 
program and erase algorithms are different between the 

Read 
Manufacturer l.D. 

~ 
r "" 

AMD 
No 

l.D.? 

\.. .J r 
Yes 

~ 

Use Am29F01 O \.. 
Algorithm 

l 
""' 

Intel 
l.D.? 

_,J 

_1 Yes 

Use 28F001 BX 
Algorithm 

Figure 3 

No 
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Table 2 details a common software sequence that 
allows the system to determine which device is on board 
and shows how to use the appropriate algorithm. 

Note that the sectoring differences between the two 
devices must be considered in the software design to 

AMO~ 
replace the 28F001 BX with Am29F01 o. We have not 
discussed it in this application note since it is an 
application specific implementation. 

. Table2 

1st Bus Cycle 1st Bus Cycle 
(Write Cycle) (Write Cycle) 

Addr Data Addr Data 

SSSSH AAH 2AAAH SSH 

AMO Unlock Unlock 
Cycle Cycle 

Intel Ignored Ignored 

Embedded Algorithm - Write Operation 
Status 
The Am29F010 features Data Polling and Toggle Bit 
methods as ways to indicate to the host system when 
the Embedded Algorithms are in progress or completed. 
The status is available from the device once the 
Embedded Algorithm has begun. 

Data Polling: During the embedded operation, an 
attempt to read the device will produce complement 
data of the true data being written to 007. Once the 
embedded operation is completed, an attempt to read 
the device will produce the true data expected from the 
device. Upon the completion of an Embedded Algorithm 
operation the device returns to the read mode. 

Toggle Bit: During and embedded operation, succes­
sive attempts to read data from the device will result in 
006 toggling between one and zero. Once the embed­
ded operation is completed, 006 will stop toggling and 
valid data will be read. Upon completion of an Embed­
ded Algorithm operation the device returns to the 
read mode. 

1st Bus Cycle 1st Bus Cycle 
(Write Cycle) (Write Cycle) 

Addr Data Addr Data 

SSSSH 90H OOOOH Mfg.l.D. 

l.D. 0001H 
Command 

l.D. 0089H 
Command 

Sector Architecture 
The AMO Am29F010 is a 1 Mbit Flash Memory device 
organized as 128K bytes of 8 bits each. It is divided into 
eight equal size sectors of 16K bytes each. Any 
combination of sectors can be individually or concur­
rently erased. 

In addition, any combination of sectors or any individual 
sector may be write protected. Since the sector protect 
feature of the Am29F010requires12.0 V, it is typically 
done by using the external programming equipment at 
the user's site. Alternatively, AMO will program and 
protect the sectors as desired prior to shipment. In the 
protect mode, any individual sector may be selected. 
Protected sectors may also be unprotected if it is 
desired. Please refer to the data sheet for more details 
on sector protection and unprotection. 

The fully-sectored architecture of the Am29F01 O pro­
vides a system designer a much higher degree of design 
flexibility. It also simplifies the design and debugging 
process by permitting a system designer to erase a 
single sector only during code modification. This 
reduces the development cycle and results in shorter 
time to market. 
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Appendix A 
Comparison Chart Am29F01 O and 28F001 BX 

Features AMO Am29F010 Intel 28F001 BX 

Density 128 Kbyte 128 Kbyte 

Architecture Fully Sectored Block based 

Sector/Block size 16 Kbyte 8, 4, 4 & 112 KByte 

Automatic Algorithm Yes Yes 

Power Supply 5.0 Vonly 5.0/12.0 v 
Standby Mode Yes Yes 

Deep Power Down Mode No Yes 

Sector Protect All Sectors Only Boot Block 

Sector Unprotect Yes Yes 

Write Operation Status Data Polling, Toggle Bit Status Register 

Chip Erase Time 1 second 10.10 seconds 

Chip Program Time 3 seconds 2.39 seconds 

Erase Suspend No Yes 

Power Consumption 200mW 600-870 mW 
(Programming) 

Fastest Speed 45 ns 120 ns 

Inadvertent Write No write for Vcc<VLKO No write for VPP<VLKO 
Protect 5 ns glitches ignored Two bus cycle software 

Read mode during Power up command 
Four/Six bus cycle software 
command 

Package 32-Pin DIP/PLCC/TSOP 32-Pin DIP/PLCC/LCC & TSOP 

Easy upgrade to 4Mbit No upgrade path 

JEDEC Pin Out Yes PWD Pin not defined 

Endurance 100,000 cycles mininum 10,000 cycles minimum 
per sector 
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Appendix B 
12.0 V Flash Memory VPP Generation Circuitry 

L 1t 
33 µH MBRS130T3 

SW 

8 Vour 
+VIN -----

1 
V1N . SENSE --- 12 V 

5 V t 22 µF* 80 mA J. 16 V L T1109CS8-12** 

7·=~==~ SHUTDOWN 

SHUTDOWN/PROGRAM 

t L 1 • SUMIDA CD54-330N (708-956-0666) 

*Hilton CSTDD226M016TC (813-371-2600) 

**Use L T1109A for 120 mA Output (Consult L TC Factory) 

GND 

4 

Figure 4 

V+ 

Vpp 

Programming Control 
(Direct from Microprocessor) 

SHUTDOWN 

Copyright © 1992 Advanced Micro Devices, All rights reserved. 
AMO is a registered trademark of Advanced Micro Devices, Inc. 

MAXIM 
MAX732 

GND 

Figure 5 
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18 µH 

+12 V± 4% LX.__ _ _..._. ...... ____ --1~ 
@120mA 

1N5817 

Vour 
5000 pF 

cc 
t l 33µF 

17097A-5 

Product names used in this publication are for identification purposes only and may be trademarks of their respective companies. 
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Application Note 

Advanced Micro Devices' Negative Gate Erase, 5.0 V­
only technology is the most cost-effective and reliable 
approach to single-supply Flash memories. The innova­
tive approach AMO has taken to 5.0 V-only technology 
provides designed-in reliability that is equal to that of its 
12.0 V devices. In fact, transistor oxides are not sub­
jected to any voltages higher than on AM D's 12.0 V de­
vices. This approach minimizes internal power 
generating requirements which results in a negligible 
impact on die size because of the 5.0 V-only reprogram­
ming capability. 

The minimal power requirement of AMD's Negative 
Gate Erase, 5.0 V-only technology is made possible by 
design techniques which use the systems' Vee power 
supply to provide the 10-20 mA (peak) current for Band­
to-Band tunneling. Erase operations are performed 
when the system Vee voltage is applied to the source 
terminal and the gate is pumped to a negative voltage. 
Less than 1 O µA of current is required on the gate to en­
able Fowler-Nordheim tunneling. 

Negative Gate Erase uses the same mechanism to 
erase a cell as the company's 12.0 V devices. Program­
ming operations are performed with positive voltage 
pumped on the gate terminal at less than 1 O µA of cur­
rent. Hot channel electrons are injected into the floating 
gate in the same manner as 12.0 V devices. 

The 5.0 V-only cell layout and geometry are comparable 
to the 12.0 V Flash memory cell. This ensures long term 
scalability equal to conventional 12.0 V flash designs 
without any penalty in die size. AMO added Dual Layer 
Metal (OLM) technology to implement its flexible sector 
erase architecture. AMD's unique sector isolation 
ensures reliable endurance cycling of at least 1 OOK cy­
cles for each sector whether erased individually or in 
combination. 

AM D's innovative charge pump design techniques allow 
this device to consume less power than 12.0 V devices 
during write operations. Approximately 90% charge 
pump efficiency is achieved with AM D's unique diode Vt 
cancellation techniques. In addition, the charge pump 
design minimizes noise and ripple associated with volt­
age conversion circuits. 

The culmination of these innovative design techniques 
makes this device ideal for power sensitive portable 
applications. 
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CHARGE PUMP CHARACTERISTICS­
OVERVIEW 
Before discussing the details of AM D's 5.0 V-only tech­
nology it is helpful to review the basic concepts of 
charge pump design. These concepts apply to stand 
alone DC/DC converters as well as charge pumps inte­
grated into the device silicon. All charge pump designs 
share common characteristics. For instance the avail­
able current from a voltage pump is determined by the 
Zout and Vout of the circuit. 

• Zout is proportional to n/{C*F) 

- n = # of charge pump stages 

- C = capacitor size of each stage 

- F = clock rate 

• Vout is proportional to n •(Vee - VDiode) 

- n = # of charge pump stages 

- Vout = Device Vee 

- VDiode = voltage drop of charge pump blocking 
diode 

• Noise is proportional to L • (di/dt) 

- L =bond wire inductance 

- di/dt = rate of current change 

There are a number of issues to note about these 
relationships. 

The silicon area of the charge pump is determined by 
the product of n and C (number of stages times the ca­
pacitor size). Efficient use of chip silicon requires this 
product to be as small as possible. 

The efficiency of the voltage generated by the pump cir­
cuitry is increased as the effective voltage drop of the 
charge pump blocking diode is reduced (Vee - Voiode). 

The voltage available at the output of the pump (when 
current is drawn) increases when Zout decreases. Zout 
decreases as either n is reduced or the product C * Fin­
creases. In addition, once a given Zout is determined the 
values of C and F may vary in inverse proportion while 
maintaining the same product value. 

Noise generated by the charge pump is minimized with 
a lower F (when n • C is large). But as F decreases C 
must increase in order to keep the product C*F 
constant. 

Publication# 17127 Rev. A Amendment/O 
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Charge Pump Model 

Negative Gate Erase Technology 
Negative Gate Erase is used for erase operations in or­
der to minimize the current drawn from the erase charge 
pump. In order to illustrate the importance of this, it is 
beneficial to first describe how today's 12.0 V VPP Flash 
devices operate. Then conventional techniques of gen­
erating 12.0 V from a 5.0 V Vee internally will be exam­
ined before discussing the benefits of Negative Gate 
Erase. 

Today's 12.0 V Flash devices erase the memory cell at 
the Source terminal with 12.0 V applied. The gate is 
grounded and the drain is left floating. The external Vpp 
circuit supplies the Vpp current required for erase op­
erations. This provides the· 10-20 mA (peak) Band-to­
Band tunneling current along with the Fowler-Nordheim 
tunneling current required to remove charge off the 
floating gate. 

Conventional techniques in generating 12.0 V at the 
source terminal from a 5.0 V Vee internal supply require 
huge charge pumps in order to supply the 10-20 mA 
(peak) of Band-to-Band tunneling current. This ap­
proach requires significant silicon real estate (charge 
pump area = n*C) and consumes large amounts of 
power [(12.0 V * 30 mA) + Efficiency~ 360 mW]. 

Multiple transistor EEPROM 5.0 V-only technology uses 
charge pumps to internally raise the gate voltages to be­
tween 18 and 20 V at < 1 O µA. A multiple transistor ap­
proach requires one and a half to twice the silicon real 
estate as single-transister approaches. Both conven­
tional 12.0 V Flash and AMD's 5.0 V-only technology 
produce approximately half the electric field on the tun­
nel oxide as with EEPROM technology. The lower tun­
nel oxide fields extend the life of the oxide by orders of 
magnitude. In addition, EEPROM technology imple­
ments uniform channel tunneling instead of source-side 
tunneling as with conventional 12.0 V and AM D's 5.0 V­
only technology. Uniform channel tunneling stresses 

AMDl1 

the entire oxide region while source-side tunneling only 
stresses a small region of the oxide. 

AMD's Negative Gate Erase technique actually pro­
vides the same electric fields to the Flash memory cell 
and uses the same erase mechanisms as its 12.0 V 
Flash devices. Negative Gate Erase is used in order to 
reduce the current drawn from the erase charge pump. 
The Band-to-Band tunneling current (10-20 mA peak) 
comes directly from the system Vee through the Array 
Ground terminal. This is the most efficient way to use an 
existing system Vee supply. The current required from 
the Negative Gate Erase charge pump is less than 
1 O µA at -10.5 V. This reduces the internal power con­
sumption in relation to conventional 12.0 V approaches. 

A circuit diagram of Negative Gate Erase is illustrated 
below. 

Bit Line 

Word Line 

--r---~---

-105V ~ I 

Arra "Ground" 

17127A-2 

Notes: 
1. Gate terminal is pumped to -10.5 V @ <1 o µA current 
2. 10-20 mA (peak) erase current is provided to the Source 

terminal by the system's Vee supply 

Key: 
D = Drain terminal 
G = Gate terminal 
S = Source terminal 

5.0 V-Only Negative Gate Erase Circuitry 
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5.0 V-Only Programming 
AM D's 5.0 V-only programming technique provides the 
same electric fields to the memory cell and uses the 
same programming mechanisms as its 12.0 V Flash de­
vices. The drain is pumped to 6.7 V from 5.0 V and sup­
plies approximately 0.5 mA of current per cell. The 
internal power generation required for the Channel Hot 
Electron injection mechanism is minimized because the 
charge pump only delivers a 34% voltage increase from 
the base Vee supply. This also provides the benefit that 
the cell's programming characteristics remain constant 
even if the system Vee supply varies. This current sup­
plies the Channel Hot Electrons that are injected into the 
floating gate in order to program the memory cell. The 
current required by the gate voltage charge pump is less 
than 1 O µA. This minimizes internal power consumption. 

A circuit diagram of the programming circuitry is illus­
trated below. 

Bit Line 

Word Line 

--r---~---

+10.SV~ I 

Arra "Ground" 

17127A-3 

Notes: 
1. Gate terminal is pumped to + 10.5 V @ < 10 µA current 

2. Drain terminal is pumped to 6. 7 V from 5.0 V Vee supply 
@0.5mA 

5.0 V-Only Drain Programming 

AM D's 5.0 V-ONL Y DEVICE EQUALS THE 
RELIABILITY OF 12.0 V DEVICES 

Equivalent Electric Fields Charge Pump 
Circuitry 
One component of device reliability is related to the 
electric fields applied across internal device transistors. 
Very high electric fields may cause oxide breakdown 
and hence reliability problems. One of the main design 
and reliability requirements in AMD's 5.0 V-only circuit 
implementation was the maintenance of electric fields 
across the charge pump oxides equivalent to those of 
the oxides subject to high voltage in the 12.0 V device. 
AMD's techniques minimize the electric fields across 
the oxides to be equivalent to those across the device 
transistor oxides during standard Read operations of 
the 12.0 V device. This ensures that the 5.0 V-only de­
sign will not be more susceptible to oxide failures than 
12.0 V devices. There has never been any physical 
damage to an oxide from the high voltages internal to 
AMD's 12.0 V Flash device. 

One way to maintain low electric fields across transistor 
oxides is to stack multiple capacitors together. This cir­
cuit technique delivers a large output voltage while 
maintaining low electric fields across each oxide. As an 
example, with an oxide that is able to reliably withstand 
voltages of 1 O V, a circuit can be constructed to provide 
20 V by stacking (in series) two capacitors with 1 o V 
across each oxide. This circuit ensures that the electric 
fields remain within the specified limits. 

10V 10V 

~l---1~ 20V 
_l C1 C2 
-::- 17127A-4 

Capacitors Charge Pump Model 

Memory Cell Circuitry 
It is important to note that the electric fields applied to 

. the data storage memory cells of the 5.0 V-only device 
are the same as that of the 12.0 V device. This ensures 
that the 5.0 V-only design will not be more susceptible to 
oxide failures than 12.0 V devices. An observable meas­
ure that the electric fields are indeed the same is found 
in the erase time parameter. Erase time depends upon 
the electric field across the floating gate and the thick­
ness of the tunnel oxide (Tax). Tax and the erase time 
of the 5.0 V-only device are the same as in the 12.0 V 
device. Therefore the electric field is the same in both 
devices. 
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The electric fields of the 5.0 V circuit are also demon­
strated by analyzing the coupling ratios in the memory 
cell transistor. However, it is first beneficial to discuss 
the coupling ratios of standard 12.0 V Flash circuitry. We 
will use the erase circuit as an example. The same con­
cepts apply to the programming circuitry. 

Electric Fields in Standard 12.0 V VPP 
Erase Circuits 
The standard Flash memory cell applies 12.0 V to the 
Source terminal. The Gate terminal is grounded and the 
drain is left floating. The actual electric field seen by the 
tunnel oxide is a superposition of three components. 
One is because the field generated by the trapped elec­
trons on the floating gate. This is the state of a pro­
grammed memory cell prior to erase. The other two 
result from coupling of the voltage between the word line 
(Gate terminal)/floating gate and between the source 
terminal/ floating gate. In the case of standard 12.0 V 
Vpp programming, the only component from the voltage 
coupling is between the source terminal and the floating 
gate. There is no coupling from the word line because it 
is at a zero voltage potential. The resulting electric field 
never exceeds a peak value of 1 O mV/cm. 

Bit Line 

Word Line --r--- ~---
o.ov ~I 

Arra "Ground" 

17127A·5 

Notes: 

1. Tunnel oxide (Tox) electric field is determined by super­
position. 

- Floating Gate Voltage from stored electrons reduces 
voltage across Tex 

- Source Coupling Voltage on the floating gate 
reduces the voltage across the Tox 

2. Total electric field across Tex due to superposition is 
<10 mV/cm. 

Standard 12.0 V VPP Erase 

AMO~ 
Equivalent Electric Fields in AMD's 
5.0 V-Only Negative Gate Erase Ciruitry 
AMD's Negative Gate Erase circuitry applies the same 
electric fields to the memory cell as the 12.0 V device. 
The Gate terminal is negatively pumped to -10.5 V and 
the source terminal is at 5.0 V supplied by the system 
Vee supply. The drain terminal is left floating. The actual 
electric field seen by the tunnel oxide is a superposition 
of three components. One is due to the field generated 
by the trapped electrons on the floating gate. This is the 
state of a programmed memory cell prior to erase.The 
other two result from coupling of the voltage between 
the word line (Gate terminal)/ floating gate and between 
the source terminal/floating gate. This time there is volt­
age coupling from both the Source terminal and word 
line. The resulting electric field is the same as in the 
12.0 V device. The electric field is always :s: 1 O mV/cm. 

In addition, the Negative Gate Erase approach actually 
produces a lower electric field across the cell junctions. 
This is because the source terminal is subjected to 5.0 V 
levels instead of 12.0 V. 

Bit Line 

Word Line 

--r---~---

-10.5V~ I 

Arra "Ground" 

17127A-6 

Notes: 

1. Tunnel oxide Tox electric fields determined by 
superposition. 

- Floating Gate Voltage from stored electrons reduces 
the voltage across the Tex 

Gate Coupling Voltage on the floating gate reduces 
the voltage across the Tex 

Source Coupling Voltage on the floating gate 
reduces the voltage across the Tox 

2. Total electric field across the Tox due to superposition is 
< 10 mV/cm. 

5.0 V-Only Negative Gate Erase 
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DATA INTEGRITY 

Ruggedized Programmability 
AM D's 5.0 V-only approach is designed not to be sensi­
tive to variations in the system Vee supply during pro­
gramming operations. 

This is achieved by pumping the drain terminal to 6. 7 V. 
The device actually compensates for any system level 
variations in the Vee supply. During programming the 
word line is pumped to+ 10.5 V and the source terminal 
is grounded. These voltage conditions and resulting 
electric field are the same as in 12.0 V devices. 

Sector Write Protection 
AMO implements a Dual Layer Metal (OLM) bussing 
technique in order to provide the most cost-effective and 
reliable method to individually isolate sectors during 
sector erase operations. This technique inhibits the 
presence of high voltage in non-addressed sectors from 
disturbing fixed data. Data in non-addressed sectors 
is isolated from all other sector program and erase 
operations. 

Minimizing Charge Pump Noise and 
Voltage Ripple 

Minimizing Noise 
AMD's charge pump circuitry minimizes noise with a 
multi-stage pump design. Each stage has the same 
clock rate but is out of phase with all other stages. The 
phase shifting minimizes potential noise from any of the 
individual pumps. This technique delivers a very smooth 
and constant source of power. A V-8 automobile engine 
serves as an excellent analogy. Each of the eight stages 
of the charge pump is 45° out of phase. Each packet of 
charge is delivered in a way to provide a smooth flow of 
current. 
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· FINAL 

Am28F256 
32, 768 x 8-Bit CMOS Flash Memory 

DISTINCTIVE CHARACTERISTICS 
• High performance 

- 70 ns maximum access time 

• Low power consumption 
- 30 mA maximum active current 
- 100 µA maximum standby current 
- No data retention power 

• Compatible with JEDEC-standard byte-wide 
pin outs 
- 32-pin DIP 
- 32-pin PLCC 
- 32-pin TSOP 
- 32-pin LCC 

• 10,000 write/erase cycles minimum 

• Write and erase voltage 12.0 V ±5% 

GENERAL DESCRIPTION 
The Am28F256 is a 256K Flash electrically erasable, 
electrically programmable read only memory organized 
as 32K bytes of 8 bits each. The Am28F256 is packaged 
in 32-Pin PDIP, PLCC, and TSOP versions which allow 
for upgrades to the 2 Megabit density. The device is also 
offered in ceramic DIP and LCC packages. It is de­
signed to be reprogrammed and erased in-system or in 
standard EPROM programmers. 

The standard Am28F256 offers access times as fast as 
70 ns, allowing operation of high-speed microproces­
sors without wait states. To eliminate bus contention, 
the Am28F256 has separate chip enable (CE) and out­
put enable (OE) controls. 

AMD's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F256 uses a command register to manage this 
functionality, while maintaining a standard 32-Pin 
pinout. The command register allows for 100% TTL 
level control inputs and fixed power supply levels during 
erase and programming, while maintaining maximum 
EPROM compatibility. 

AMD's Flash technology reliably stores memory con­
tents even after 10,000 erase and program cycles. The 
AMO cell is designed to optimize the erase and pro­
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal elec­
tric fields for erase and programming operations pro­
duces reliable cycling. The Am28F256 uses a 
12.0 V ± 5% VPP supply to perform the Flash erase and 
Flashrite algorithms. 

The highest degree of latch-up protection is achieved 
with AMD's proprietary non-epi process. Latch-up pro­
tection is provided for stresses up to 100 mA on address 
and data pins from -1 V to Vee+ 1 V. 

Publication# 11560 Rev. D Amendment/a 
Issue Date: September 1992 

~ 
Advanced 

Micro 
Devices 

• Latch-up protected to 100 mA 
from -1 V to Vee +1 V 

• Flasherase™ Electrical Bulk Chip-Erase 
- One second typical chip-erase 

• Flashrite™ Programming 
- 1 O µs typical byte-program 
- 0.5 second typical chip program 

• Command register architecture for 
microprocessor/microcontroller compatible 
write interface 

• On-chip address and data latches 

• Advanced CMOS flash memory technology 
- Low cost single transistor memory cell 

The Am28F256 is byte programmable using 1 O µs pro­
gramming pulses in accordance with AMD's Flashrite 
programming algorithm. The typical room temperature 
programming time of the Am28F256 is one half a sec­
ond. The entire chip is bulk erased using 1 O ms erase 
pulses according to AMD's Flasherasealgorithm. Typi­
cal erasure at room temperature is accomplished in less 
than one second. The windowed package and the 
15-20 minutes required for EPROM erasure using ultra­
violet light are eliminated. 
Commands are written to the command register using 
standard microprocessor write timings. Register con­
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad­
dress and data needed for the programming and erase 
operations. For system design sim~ati.Q!h the 
Am28F256 is designed to support either WE or CE con­
trolled writes. During a system write eye~ addresses 
are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rising edge of WE or 
CE whichever occurs first. To simplify the following dis­
cussion, the WE pin is used as the write cycle control pin 
throughout the rest of this text. All setup and hold times 
are with respect to the WE signal. 
AMD's Flash technology combines years of EPROM 
and E2PROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F256 electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are pro­
grammed one byte at a time using the EPROM program­
ming mechanism of hot electron injection. 
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BLOCK DIAGRAM 

Vcc-

Vss -

Vpp ------------

State 
Control 

Command 
Register 

Program 
Voltage 
Switch 

To Arra 

CE -e-----1----------~-----1~ 

Chip Enable 
Output Enable 

Logic 

OE ------1-----------------IM~~~~-.---

Ao-A14 

PRODUCT SELECTOR GUIDE 

Family Part No. 
Ordering part No: 

± 10% Vee Tolerance -
± 5% Vee Tolerance -75 

Max Access Time (ns) 70 

CE (E) Access (ns) 70 

OE (G) Access (ns) 35 

2-4 

Address 
Latch 

-90 

-95 

90 

90 

35 

Am28F256 

Y-Decoder 

X-Decoder 

Am28F256 

-120 

-
120 

120 

50 

DQ0-D01 

11561-0018 

-150 -200 

- -
150 200 

150 200 

55 55 



CONNECTION DIAGRAMS 

DIP 

Vpp Vee 

NC WE(W) 

NC NC 

A12 A14 

A7 A13 

As Aa 

A5 Ag 

A4 A11 

A3 OE(G) 

A2 A10 

A1 CE{E) 

Ao 007 

OOo OOs 

001 005 

002 004 

Vss 003 

11560-002A 

Note: Pin 1 is marked for orientation. 

*Also available in LCC. 

A7 

As 
A5 

A4 

A3 

A2 

A1 

Ao 
OOo 

Am28F256 

AMO~ 

PLCC* 

I[ 
~ () () & u 1w o 

<( z z >~~z 
4 3 2 32 31 30 

• A14 29 

28 A13 

27 Aa 
26 Ag 

25 A11 

24 OE(G) 

23 A10 

22 CE(E) 

21 007 

.... ~ CJ) ("") v U1 <.o 

88>'8888 
115600-0038 
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TSOP PACKAGES 

A11 10 
Ag 2 
As 3 

A13 4 
A14 5 
NC 6 
WE 7 

Vee 8 
Vpp 9 
NC 10 
NC 11 
A12 12 

A1 13 
As 14 
As 15 
A4 16 

OE 1\7 
A10 2 
CE 3 
D1 4 
Os 5 
Os 6 
04 7 
03 8 

Vss 9 
02 10 
01 11 
Do 12 
Ao 13 
A1 14 
A2 15 
A3 16 

LOGIC SYMBOL 
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28F256 
Standard Pinout 

2BF256 
Reverse Pinout 

28F256 32K x B Flash Memory in 32 Lead TSOP 

Ao-A14 

CE{E} 

OE{G) 

WE{W) 

DOo- 007 

Am28F256 

11560-004A 

32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 

32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 

OE 
A10 
CE 
D1 
Ds 
Os 
04 
03 
Vss 
02 
01 
Do 
Ao 
A1 
A2 
A3 

A11 
Ag 
As 
A13 
A14 
NC 
WE 
Vee 
Vpp 
NC 
NC 
A12 
A1 
As 
As 
A4 

11560D-014A 



ORDERING INFORMATION 
Standard Products 

AMoll 

AMO standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: 

J c B 

T 

DEVICE NUMBER/DESCRIPTION 
Am28F256 

OPTIONAL PROCESSING 
Blank = Standard processing 

B = Burn-in 

TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
I = Industrial (-40 to +85°C) 
E = Extended (-55 to +125°C) 

PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 

Chip Carrier (PL 032) 
E = 32-Pin TSOP Standard Pinout (TS 032) 
F = 32-Pin TSOP Reverse Pinout (TSR 032) 
D = 32-Pin Ceramic DIP (CD 032) 
L = 32-Pin Rectangular Ceramic Leadless 

Chip Carrier (CLR032) 

SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 

256K (32K x 8-Bit) CMOS Flash Memory 

Valid Combinations 

AM28F256-75 PC, JC, EC, FC, PCB, 
JCS, ECB, FCB, DC, 
LC, DCB, LCB 

AM28F256-90 PC, Pl, JC, JI, PCB, 

AM28F256-95 PIS, JCS, JIB, PE, 

AM28F256-120 PEB, JE, JES, EC, 

AM28F256-150 
FC, El, Fl, EE, FE, 

AM28F256-200 
ECB, FCB, EIS, FIB, 
EEB, FEB, DC, DI, 
DE, DCB, DIS, DEB, 
LC, LI, LE, LCB, 
LIB, LES 

Am28F256 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo­
cal AMO sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations, and to obtain additional data on 
AMD's standard military grade products. 
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ORDERING INFORMATION 
APL Products 
AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed by 
a combination of: 

2-8 

-90 /8 x A 

T 

....._ ____ DEVICE NUMBER/DESCRIPTION 
Am28F256 

LEAD FINISH 
A = Hot Solder Dip 

PACKAGE TYPE 
X = 32-Pin Ceramic DIP (CD 032) 
U = 32-Pin Rectangular Ceramic Leadless 

Chip Carrier (CLR032) 

DEVICE CLASS 
/8= Class B 

SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 

256K (32K x 8-Bit) CMOS Flash Memory 

Valid Combinations 

AM28F256-90 

AM28F256-120 
/BXA, /BUA 

AM28F256-150 

AM28F256-200 

Am28F256 

Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consultthe 
local AMD sales office to confirm availability of 
specific valid combinations, or to check on newly 
released combinations. 

Group A Tests 
Group A tests consist of Subgroups 

1,2,3, 7,8,9, 10, 11. 



PIN DESCRIPTION 
VPP 

Power supply for erase and programming. VPP must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can­
not be altered when VPP s Vee +2 V. 

Vee 
Power supply for device operation. (5.0 V :i: 5% or 10%) 

Vss 
Ground 

NC 
No Connect-corresponding pin is not connected inter­
nally to the die. 

Ao-A14 
Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 

AMO~ 

DQo- DQ1 
Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem­
ory read cycles. 

CE (E) 
The Chip Enable active low input activates the chip's 
control logic and input buffers. Chip Enable high 
deselects the device and operates the chip in stand-by 
mode. 

OE {G) 
The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 

WE (W} 
The Write Enable active low input controls the write 
function of the command register to the memory array. 
The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate data is latched 
on the rising edge of the pulse. 
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BASIC PRINCIPLES 
The Am28F256 uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram­
ming operations use a fixed 12.0 V ± 5% power supply. 

Read Only Memory 
Without high VPP voltage, the Am28F256 functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 

Command Register 
The command register is enabled only when high volt­
age is applied to the VPP pin. The erase and reprogram­
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 

The Am28F256's command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de­
vice operations. For system design simplification, the 
Am28F256 is designed to support either WE or CE 
controlled writes. During a system write cycle, ad­
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occur first. To simplify the follow­
ing discussion, the WE pin is used as the write cycle con­
trol pin throughout the rest of this text. All setup and hold 
times are with respect to the WE signal. 

Overview of Erase/Program Operations 
Flasherase Sequence 

A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and re­
peated one cycle verify commands). 

Note: 
The Flash memory array must be completely pro­
grammed prior to erasure. Refer to the Flasherase 
Algorithm. 

1. Erase Set-Up: Write the Set-Up Erase command to 
the command register. 

2. Erase: Write the Erase command (same as Set-Up 
Erase command) to the command register again. 

The second command initiates the erase operation. 
The system software routines must now time-out the 
erase pulse width (1 Oms) prior to issuing the Erase­
Verify command. 

3. Erase-Verify: Write the Erase-Verify command to 
the command register. This command terminates 
the erase operation. After the erase operation, each 
byte of the array must be verified. Address informa­
tion must be supplied with the Erase-Verify com­
mand. This command verifies the margin and 
outputs the addressed byte in order to compare the 
array data with FFH data (Byte erased). After suc­
cessful data verification the Erase-Verify command 
is written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 

If data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is suc­
cessfully verified or the sequence is repeated 1000 
times. 

Flashrite Programming Sequence 

A three step command sequence (a two-cycle Program 
command and one cycle Verify command) is required to 
program a byte of the Flash array. Refer to the Flash rite 
Algorithm. 

1. Program Set-Up: Write the Set-Up Program com­
mand to the command register. 

2. Program: Write the Program command to the com­
mand register with the appropriate Address and 
Data. The system software routines must now time­
out the program pulse width (1 O µs) prior to issuing 
the Program-Verify command. 

3. Program-Verify: Write the Program-Verify com­
mand to the command register. This command ter­
minates the programming operation. In addition, this 
command verifies the margin and outputs the byte 
just programmed in order to compare the array data 
with the original data programmed. After successful 
data verification, the programming sequence is initi­
ated again for the next byte address to be pro­
grammed. 

If data is not verified, the Program sequence is repeated 
until a successful comparison is verified or the se­
quence is repeated 25 times. 
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Data Protection 
The Am28F256 is designed to offer protection against 
accidental erasure or programming, caused by spurious 
system level signals that may exist during power transi­
tions. The Am28F256 powers up in its read only state. 
Also, with its control register architecture, alteration of 
the memory contents only occurs after successful com­
pletion of specific command sequences. 

The device also incorporates several features to pre­
vent inadvertent write cycles resulting from Vee power­
up and power-down transitions or system noise. 

Write Pulse "Glitch" Protection 
Noise pulses of less than 1 O ns (typical) on OE, CE or 
WE will not initiate a write cycle. 

FUNCTIONAL DESCRIPTION 
Description Of User Modes 

AMO~ 
Logical Inhibit 
Writing is inhibited by holding any one of OE= V1L, CE= 
V1H or WE= V1H. To initiate a write cycle CE and WE must 
be a logical zero while OE is a logical one. 

Power-Up Write Inhibit 
Power-up of the device with WE= CE= V1L and OE= V1H 
will not accept commands on the rising edge of WE The 
internal state machine is automatically reset to the read 
mode on power-up. 

Table 1. Am28F256 User Bus Operations 

Operation 
CE OE WE Vpp 

(E) (G) (W) (Note 1) Ao Ag 1/0 
Read V1L V1L x VPPL Ao Ag Dour 

Standby V1H x x VPPL x x HIGHZ 

Output Disable V1L V1H V1H VPPL x x HIGHZ 
Read-Only 

Auto-select Manufacturer V1L V1L V1H VPPL V1L V10 CODE 
Code (Note 2) (Note 3) (01H) 

Auto-select Device Code V1L V1L V1H VPPL V1H V1D CODE 
(Note 2) (Note 3) (A1H) 

Read V1L V1L V1H VPPH Ao Ag Dour 
(Note 4) 

Read/Write 
Standby (Note 5) V1H x x VPPH x x HIGHZ 

Output Disable V1L V1H V1H VPPH x x HIGHZ 

Write V1L V1H V1L VPPH Ao Ag D1N 
(Note 6) 

Legend: 

X = Don't care, where Don't Care is either V1L or V1H levels, VPPL = VPP <Vee+ 2 V, See DC Characteristics for voltage levels of 
VPPH, o V <An <Vee + 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 

Notes: 

1. VPPL may be grounded, connected with a resistor to ground, ors Vee +2.0 V. VPPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When VPP = VPPL, memory contents can be read but not written or erased. 

2. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 

3. 11.5 s V10 s 13.0 V 

4. Read operation with Vpp = VPPH may access array data or the Auto select codes. 

5. With VPP at high voltage, the standby current is Ice+ IPP (standby). 

6. Refer to Table 3 for valid D1N during a write operation. 

7. All inputs are Don't Care unless otherwise stated, where Don't Care is either V1L or V1H levels. In the Auto select mode all 

addresses except Ag and Ao must be held at V1L. 
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READ ONLY MODE 
VPP <Vee+ 2 V 
Command Register Inactive 
Read 

The Am28F256 functions as a read only memory when 
VPP <Vee + 2 V. The Am28F256 has two control func­
tions. Both must be satisfied in order to output data. CE 
controls power to the device. This pin should be used for 
specific device selection. OE controls the device outputs 
and should be used to gate data to the output pins if a 
device is selected. 

Address access time tAcc is equal to the delay from sta­
ble addresses to valid output data. The chip enable ac­
cess time tcE is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en­
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable at least tAcc- toE). 

Standby Mode 

The Am28F256 has two standby modes. The CMOS 
standby mode (CE input held at Vee ± 0.5 V), consumes 
less than 100 ~lA of current. TTL standby mode (CE is 
held at V1H) reduces the current requirements to less 
than 1 mA. When in the standby mode the outputs are in 
a high impedance state, independent of the OE input. 

If the device is deselected during erasure, program­
ming, or program/erase verification, the device will draw 
active current until the operation is terminated. 

Output Disable 

Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im­
pedance state. 

Auto Select 

Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol­
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto­
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the 
device. 

Programming in a Prom Programmer 

To activate this mode, the programming equipment 
must force V10 (11.5 V to 13.0 V) on address A9. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from V1L to V1H. All other 
address lines must be held at V1L, and Vpp must be less 
than or equal to Vee+ 2.0 V while using this Auto select 
mode. Byte O (Ao = V1L) represents the manufacturer 
code and byte 1 (Ao= V1H) the device identifier code. For 
the Am28F256 these two bytes are given in the table be­
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (D01} defined as the 
parity bit. 

(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program­
ming the Flash memory device in-system). 

Table 2. Am28F256 Auto Select Code 

Code 
Type Ao (HEX) D01 006 DOs 004 DOJ 002 DQ1 Dao 

Manufacturer Code V1L 01 0 0 0 0 0 0 0 1 

Device Code V1H A1 1 0 1 0 0 0 0 1 
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ERASE, PROGRAM, AND READ MODE 

VPP = 12.0 v ± 5% 
Command Register Active 
Write Operations 

High voltage must be applied to the VPP pin in order to 
activate the command register. Data written to the regis­
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 

The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to V1L, while OE is at V1H. Ad­
dresses are latched on the falling edge of WE, while data 
is latched on the rising edge of the WE pulse. Standard 
microprocessor write timings are used. 

Register bits R7 - Ro correspond to the data inputs 
D01- DOo (Refer to Table 3). Register bits R1- Rs store 
the command data. All register bits R4 to Ro must be 
zero. The only exceptions are: the reset command, 
when FFH is written to the register and Auto select, 
when 90H or SOH is written to the register. 

The device requires the OE pin to be V1H for write opera­
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 
write, OE must be V1H, and CE and WE must be V1L. If any 

AMO~ 
pin is not in the correct state a write command will not be 
executed. 

Refer to AC Write Characteristics and the Erase/Pro­
gramming Waveforms for specific timing parameters. 

Command Definitions 

The contents of the command register default to OOH 
(Read Mode) in the absence of high voltage applied to 
the VPP pin. The device operates as a read only mem­
ory. High voltage on the Vpp pin enables the command 
register. Device operations are selected by writing spe­
cific data codes into the command register. Table 4 de­
fines these register commands. 

Read Command 

Memory contents can be accessed via the read com­
mand when VPP is high. To read from the device, write 
OOH into the command register. Wait 6 µs before read­
ing the first accessed address location. All subsequent 
Read operations take ~cc. Standard microprocessor 
read cycles access data from the memory. The device 
will remain in the read mode until the command register 
contents are altered. 

The command register defaults to OOH (Read Mode) 
upon VPP power-up. The OOH (Read Mode) register de­
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the VPP power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 

Table 3. Command Register 

Data Input/Output D01 DOs DOs OQ4 OQ3 D02 001 DOo 

Command Register R1 Rs Rs R4 R3 R2 R1 Ro 

Data/Commands (Notes 1, 2) x x x x x x x x 
Notes: 
1. See Table 4 Am28F256 Command Definitions 
2. X = Appropriate Data or Register Commands 
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Table 4. Am28F256 Command Definitions 

First Bus Cycle Second Bus Cycle 

Operation Address Data 
Command (Note 1) (Note 2) (Note 3) 

Read Memory (Notes 6, 7) Write x OOH/FFH 

Read Auto select Write x SOH or 90H 

Set-up Erase/Erase Write x 20H 
(Note 4) 

Erase-Verify (Note 4) Write EA AOH 

Set-up Program/Program Write x 40H 
(Note 5) 

Program-Verify (Note 5) Write x GOH 

Reset (Note 7) Write x FFH 

Notes: 

1. Bus operations are defined in Table 1. 

2. RA= Address of the memory location to be read. 
EA= Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD =Data read from location EA during erase-verify. 

Operation 
(Note 1) 

Read 

Read 

Write 

Read 

Write 

Read 

Write 

PD= Data to be programmed at location PA. Data latched on the rising edge of WE 

Address 
(Note 2) 

RA 

OOH/01H 

x 

x 
PA 

x 
x 

PVD =Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figure 1 illustrates the Flasherase Electrical Erase Algorithm. 

5. Figure 2 illustrates the Flashrite Programming Algorithm. 

Data 
(Note 3) 

RD 

01H/A1H 

20H 

EVD 

PD 

PVD 

FFH 

6. Wait 6 µs after first Read command before accessing the data. When the second bus command is a Read command, all 
subsequent Read operations take tAcc 

7. Please reference Reset Command section. 
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FLASH MEMORY PROGRAM/ERASE OPERATIONS 

AMD's Flasherase and Flashrite Algorithms 

Flasherase Erase Sequence 
Erase Set-Up/Erase Commands 

Erase Set-Up 

Erase Set-Up is the first of a two-cycle erase command. 
It is a command-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg­
ister in order to perform the Erase Set-Up operation. 

Erase 

The second two-cycle erase command initiates the bulk 
erase operation. You must write the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera­
tion must be terminated by writing a new command 
(Erase-Verify) to the register. 

This two step sequence of the Set-Up and Erase com­
mands helps to ensure that memory contents are not ac­
cidentally erased. Also, chip erasure can only occur 
when high voltage is applied to the Vpp pin and ali control 
pins are in their proper state. In absence of this high volt­
age, memory contents cannot be altered. Refer to AC 
Erase Characteristics and Waveforms for specific tim­
ing parameters. 

Note: 

The Flash memory device must be fully programmed to 
OOH data prior to erasure. This equalizes the charge on 
all memory cells ensuring reliable erasure. 

Erase-Verify Command 

The erase operation erases all bytes of the array in par­
allel. After the erase operation, all bytes must be 
sequentially verified. The Erase-Verify operation is initi­
ated by writing AOH to the register. The byte address to 
be verified must be supplied with the command. Ad­
dresses are latched on the falling edge of the WE pulse. 

The rising edge of the WE pulse terminates the erase 
operation. 

Margin Verify 

During the Erase-Verify operation, the Am28F256 ap­
plies an internally generated margin voltage to the ad­
dressed byte. Reading FFH from the addressed byte 
indicates that all bits in the byte are properly erased. 

Verify Next Address 

You must write the Erase-Verify command with the ap­
propriate address to the register prior to verification of 
each address. Each new address is latched on the fall­
ing edge of WE The process continues for each byte in 
the memory array until a byte does not return FFH data 
or all the bytes in the array are accessed and verified. 

If an address is not verified to FFH data, the entire chip is 
erased again (refer to Erase Set-Up/Erase). Erase veri­
fication then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. At 
this point, the verification operation is terminated by 
writing a valid command (e.g. Program Set-Up) to the 
command register. Figure 1 and Table 5, the Flasherase 
electrical erase algorithm, illustrate how commands and 
bus operations are combined to perform electrical era­
sure. Refer to AC Erase Characteristics and Waveforms 
for specific timing parameters. 

Note: 

The Erase-Verify command must be written to the regis­
ter in order to terminate the erase operation. During the 
erase operations, the local microprocessor must be 
dedicated to run software timing routines (erase in 
1 Oms) as specified in AM D's Flasherase algorithm. 
Should a system interrupt occur during an erase opera­
tion, always write the Erase-Verify command prior to 
executing an interrupt sequence. 
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Figure 1. Flasherase Electrical Erase Algorithm 
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Flasherase Electrical Erase Algorithm 
This Flash memory device erases the entire array in par­
allel. The erase time depends on VPP, temperature, and 
number of erase/program cycles on the device. In gen­
eral, reprogramming time increases as the number of 
erase/program cycles increases. 

device to their charged state (Data = OOH). This is ac­
complished using the Flashrite programming algorithm. 
Erasure then continues with an initial erase operation. 
Erase verification (Data = FFH) begins at address 
OOOOH and continues through the array to the last ad­
dress, or until data other than FFH is encountered. If a 
byte fails to verify, the device is erased again. With each 
erase operation, an increasing number of bytes verify to 
the erased state. Typically, devices are erased in less 
than 100 pulses (1 second). Erase efficiency may be im­
proved by storing the address of the last byte that fails to 
verify in a register. Following the next erase operation, 
verification may start at the stored address location. A 
total of 1000 erase operations are allowed per 
reprogram cycle, which corresponds to approximately 
1 O seconds of cumulative erase time. The entire se­
quence of erase and byte verification is performed with 
high voltage applied to the VPP pin. Figure 1 illustrates 
the electrical erase algorithm. 

The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the array. Erasure begins with a read of the mem­
ory contents. The Am28F256 is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash­
rite programming algorithm with the appropriate data 
pattern. 

Should the device be currently programmed, data other 
than FFH will be returned from address locations. Fol­
low the Flash erase algorithm. Uniform and reliable era­
sure is ensured by first programming all bits in the 

Table 5. Flasherase Electrical Erase Algorithm 

Bus Operations Command Comments 

Entire memory must = OOH before erasure (Note 3) 
Note: Use Flash rite programming algorithm (Figure 3) for 
programming. 

Standby Wait for VPP ramp to VPPH (Note 1) 
Initialize: 
Addresses 
PLSCNT (Pulse count) 

Write Set-Up Erase Data= 20H 

Write Erase Data= 20H 

Standby Duration of Erase Operation (twHwH2) 

Write Erase-Verify (Note 2) Address = Byte to Verify 
Data= AOH 
Stops Erase Operation 

Standby Write Recovery Time before Read = 6 µs 

Read Read byte to verify erasure 

Standby Compare output to FFH 
Increment pulse count 

Write Reset Data = FFH, reset the register for read operations. 

Standby Wait for VPP ramp to VPPL (Note 1) 

Notes: 

1. See DC Characteristics for value of VPPH or VPPL. The Vpp power supply can be hard-wired to the device or switchable. 
When Vpp is switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0 V. 

2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 
written with the read command. 

3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 

Am28F256 2-17 



~AMO 

I I I I 

ss~ss~ I I I I 

I I I 

I I I 

I 

I 
ss~...-~~--.-~ss· 

I I I 

I I 

S~, : SS 
I I 

I I \ 
I I 

I 

Data 

Vee} ~ 

11561-00SA 

A B c D E F G 

Bus C_y_cle Write Write Time-Out Write Time-Out Read Standb_y_ 

Command 20H 20H N/A AOH N/A Compare N/A 
Data 

Function Set-Up Erase Erase Erase- Transition Erase Proceed per 
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Algorithm 

Figure 2. AC Waveforms For Erase Operations 

Analysis of Erase Timing Waveform 
Note: 

This analysis does not include the requirement to pro­
gram the entire array to OOH data prior to erasure. Refer 
to the Flasherase algorithm. 

Erase Set-Up/Erase 

This analysis illustrates the use of two-cycle erase com­
mands (sections A and B). The first erase command 
(20H) is a set-up command and does not affect the array 
data (section A). The second erase command (20H) in­
itiates the erase operation (section B) on the rising edge 
of this WE pulse. All bytes of the memory array are 
erased in parallel. No address information is required. 

The erase pulse occurs in section C. 

Time-Out 

A software timing routine (10 ms duration) must be initi­
ated on the rising edge of the WE pulse of section B. 

Erase-Verify 

Upon completion of the erase software timing routine, 
the microprocessor must write the Erase-Verify com­
mand (AOH). This command terminates the erase op­
eration on the rising edge of the WE pulse (section D). 
The Erase-Verify command also stages the device for 
data verification (section F). 

After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-Verify command (section D). Addresses are 
latched on the falling edge of the WE pulse. 

Another software timing routine (6 µs duration) must be 
executed to allow for generation of internal voltages for 
margin checking and read operation (section E). 

During Erase-Verification (section F) each address that 
returns FFH data is successfully erased. Each address 
of the array is sequentially verified in this manner by re­
peating sections D thru F until the entire array is verified 
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or an address fails to verify. Should an address location 
fail to verify to FFH data, erase the device again. Repeat 
sections A thru F. Resume verification (section D) with 
the failed address. 

Each data change sequence allows the device to use up 
to 1,000 erase pulses to completely erase. Typically 100 
erase pulses are required. 

Notes: 

1. All address locations must be programmed to OOH 
prior to erase. This equalizes the charge on all mem­
ory cells and ensures reliable erasure. 

2. The Erase-Verify command must be written to termi­
nate the erase operation. Should a system interrupt 
occur during an erase operation, always write the 
Erase-Verify command prior to executing an inter­
rupt sequence. 

Flashrite Programming Sequence 
Program Set-Up/Program Command 

Program Set-Up 

The Am28F256 is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Set-Up Pro­
gram is the first of a two-cycle program command. It 
stages the device for byte programming. The Set-Up 
Program operation is performed by writing 40H to the 
command register. 

Program 

Only after the Program Set-Up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for pro­
gramming must be available on the second WE pulse. 
Addresses and data are internally latched on the falling 
and rising edge of the WE pulse respectively. The rising 
edge of WE also begins the programming operation. 
You must write the Program-Verify command to termi­
nate the programming operation. This two step se­
quence of the Set-Up and Program commands helps to 
ensure that memory contents are not accidentally writ­
ten. Also, programming can only occur when high volt­
age is applied to the VPP pin and all control pins are in 
their proper state. In absence of this high voltage, mem­
ory contents cannot be programmed. 

AMDll 

Refer to AC Characteristics and Waveforms for specific 
timing parameters. 

Program Verify Command 

Following each programming operation, the byte just 
programmed must be verified. 

Write COH into the command register in order to initiate 
the Program-Verify operation. The rising edge of this 
WE pulse terminates the programming operation. The 
Program-Verify operation stages the device for verifica­
tion of the last byte programmed. Addresses were previ­
ously latched. No new information is required. 

Margin Verify 

During the Program-Verify operation, the Am28F256 
applies an internally generated margin voltage to the ad­
dressed byte. A normal microprocessor read cycle out­
puts the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. The original pro­
grammed data should be stored for comparison. Pro­
gramming then proceeds to the next desired byte 
location. Should the byte fail to verify, reprogram (refer 
to Set-Up Program/Program). Figure 3 and Table 6 indi­
cate how instructions are combined with the bus opera­
tions to perform byte programming. Refer to AC 
Programming Characteristics and Waveforms for spe­
cific timing parameters. 

Flashrite Programming Algorithm 

The Am28F256 Flashrite programming algorithm em­
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite programming algorithm uses 
1 o ~ts programming pulses. Each operation is followed 
by a byte verification to determine when the addressed 
byte has been successfully programmed. The program 
algorithm allows for up to 25 programming operations 
per byte per reprogramming cycle. Most bytes verify 
after the first or second pulse. The entire sequence of 
programming and byte verification is performed with 
high voltage applied to the Vpp pin. Figure 3 and Table 6 
illustrate the programming algorithm. 
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11561 D-007C 

Figure 3. Flash rite Programming Algorithm 

Table 6. Flashrite Programming Algorithm 

Bus Operations Command Comments 

Standby Wait for VPP ramp to VPPH (Note 1) 
Initialize pulse counter 

Write Set-Up Program Data= 40H 

Write Program Valid Address/Data 

Standby Duration of Programming Operation (twHwH1) 

Write Program-Verify (2) Data = COH Stops Program Operation 

Standby Write Recovery Time before Read = 6 µs 

Read Read byte to verify programming 

Standby Compare data output to data expected 

Write Reset Data= FFH, resets the register for read operations. 

Standb__l'._ Wait for VPP ramp to VPPL (Note 11 
Notes: 

1. See DC Characteristics for value of VPPH. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 
switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0 V. 

2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. 
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Figure 4. AC Waveforms for Programming Operations 

Analysis of Program Timing Waveforms 

Program Set-Up/Program 

Two-cycle write commands are required for program 
operations (sections A and B). The first program com­
mand (40H) is a set-up command and does not affect 
the array data (section A). The second program com­
mand latches address and data required for program­
ming on the falling and rising edge of WE respectively 
(section B). The rising edge of this WE pulse (section B) 
also initiates the programming pulse. The device is pro­
grammed on a byte by byte basis either sequentially or 
randomly. 

The program pulse occurs in section C. 

Time-Out 

A software timing routine (1 O ~ts duration) must be initi­
ated on the rising edge of the WE pulse of section B. 

Program-Verify 

Upon completion of the program timing routine, the mi­
croprocessor must write the Program-Verify command 

(COH). This command terminates the programming op­
eration on the rising edge of the WE pulse (section D). 
The Program-Verify command also stages the device 
for data verification (section F). Another software timing 
routine (6 ~ts duration) must be executed to allow for 
generation of internal voltages for margin checking and 
read operations (section E). 

During program-verification (section F) each byte just 
programmed is read to compare array data with original 
program data. When successfully verified, the next de­
sired address is programmed. Should a byte fail to ver­
ify, reprogram the byte (repeat section A thru F). Each 
data change sequence allows the device to use up to 25 
program pulses per byte. Typically, bytes are verified 
within one or two pulses. 

Note: 
The Program-Verify operation must be written to termi­
nate the programming operation. Should a system inter­
rupt occur during a programming operation, always 
write the Program-Verify command prior to executing an 
interrupt sequence. 
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Algorithm Timing Delays 

There are four different timing delays associated with 
the Flasherase and Flashrite algorithms: 

1. The first delay is associated with the VPP rise-time 
when VPP first turns on. The capacitors on the VPP 
bus cause an RC ramp. After switching on the VPP, 
the delay required is proportional to the number of 
devices being erased and the 0.1 ~tF/device. VPP 
must reach its final value 100 ns before commands 
are executed. 

2. The second delay time is the erase time pulse width 
(1 O ms). A software timing routine should be run by 
the local microprocessor to time out the delay. The 
erase operation must be terminated at the conclu­
sion of the timing routine or prior to executing any 
system interrupts that may occur during the erase 
operation. To ensure proper device operation, write 
the Erase-Verify operation after each pulse, or the 
device may continue to erase until the memory cells 
are driven into depletion (over-erasure). Should this 
happen the internal circuitry will no longer select 
unique addresses. A symptom of over-erasure is an 
error attempting to program the next time. Occasion­
ally it is possible to recover over-erased devices by 
programming all of the locations with OOH data. 

3. A third delay time is required for each programming 
pulse width (1 O µs). The programming algorithm is 
interactive and verifies each byte after a program 
pulse. The program operation must be terminated at 
the conclusion of the timing routine or prior to execut­
ing any system interrupts that may occur during the 
programming operation. 

4. A fourth timing delay associated with both the 
Flasherase and Flash rite algorithms is the write re­
covery time (6 ~ts). During this time internal circuitry 
is changing voltage levels from the erase/ program 
level to those used for margin verify and read opera­
tions. An attempt to read the device during this pe­
riod will result in possible false data (it may appear 
the device is not properly erased or programmed). 

Note: 
Software timing routines should be written in machine 
language for each of the delays. Code written in ma­
chine language requires knowledge of the appropriate 
microprocessor clock speed in order to accurately time 
each delay. 

Parallel Device Erasure 

Many applications will use more than one Flash memory 
device. Total erase time may be minimized by imple­
menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified seperately. When a device is com­
pletely erased and verified use a masking code to pre­
vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (OOH). 

Power-Up Sequence 
Vee Prior to VPP 

The Am28F256 powers-up in the Read only mode. In 
addition, the memory contents may only be altered after 
successful completion of a two step command 
sequence. 

VPP Prior to Vee 

When Vee = O V, the Vpp voltage is internally disabled 
from the device. Memory contents cannot be altered. 
With VPP = 12 V, the Flash device resets to the Read 
mode when Vee rises above 2 V. 

Reset Command 

The Reset command initializes the Flash memory de­
vice to the Read mode. In addition, it also provides the 
user with a safe method to abort any device operation 
(including program or erase). 

The Reset command must be written two consecutive 
times after the Set-Up Program command (40H). This 
will reset the device to the Read mode. 

Following any other Flash command, write the Reset 
command once to the device. This will safely abort any 
previous operation and initialize the device to the Read 
mode. 

The Set-Up Program command (40H) is the only com­
mand that requires a two sequence reset cycle. The first 
Reset command is interpreted as program data. How­
ever, FFH data is considered null data during program­
ming operations (memory cells are only programmed 
from a logical "1" to "O"). The second Reset command 
safely aborts the programming operation and resets the 
device to the Read mode. 

Memory contents are not altered in any case. 

This detailed information is for your reference. It may 
prove easier to always issue the Reset command two 
consecutive times. This eliminates the need to deter­
mine if you are in the Set-Up Program state or not. 

Auto Select Command 
Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol­
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

Programming In-System 

AM D's Flash memories are designed for use in applica­
tions where the local CPU alters memory contents. Ac­
cordingly, manufacturer and device codes must be 
accessible while the device resides in the target system. 
PROM programmers typically access the signature 
codes by raising Ag to a high voltage. However, multi­
plexing high voltage onto address lines is not a generally 
desired system design practice. 

The Am28F256 contains an Auto Select operation to 
supplement traditional PROM programming methodol­
ogy. The operation is initiated by writing 80H or90H into 
the command register. Following this command, a read 
cycle address OOOOH retrieves the manufacturer code of 
01 H. A read cycle from address 0001 H returns the de­
vice code A1 H (See Table 2). To terminate the opera­
tion, it is necessary to write another valid command into 
the register (See Table 3). 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Ceramic Packages ............. -65°C to + 150°C 
Plastic Packages ............... -65°C to + 125°C 

Ambient Temperature 
with Power Applied ............. -55°C to + 125°C 

Voltage with Respect To Ground 
All pins except Ag and Vpp (Note 1) ... -2.0 V to 7.0 V 
Vee (Note 1) .................... -2.0 V to 7.0 V 
Ag (Note 2) .................... -2.0 V to 14.0 V 
VPP (Note 2) .................... -2.0 V to 14.0 V 

Output Short Circuit Current (Note 3) . . . . . . 200 mA 

Notes: 
1. Minimum DC voltage on input or 1/0 pins is -0.5 V. During 

voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 
and 1/0 pins is Vee + 0.5 V. During voltage transitions, 

outputs may overshoot to Vee + 2.0 V for periods up to 
20ns. 

2. Minimum DC input voltage on A9 and Vpp pins is -0.5 V. 
During voltage transitions, Ag and Vpp may overshoot 

Vss to -2.0 V for periods of up to 20 ns. Maximum DC in­
put voltage on A9 and Vpp is + 13.5 V which may over­
shoot to 14.0 V for periods up to 20 ns. 

3. No more than one output shorted at a time. Duration of 
the short circuit should not be greater than one second. 

Stresses above those listed under "Absolute Maximum Rat­
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera­
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex­
tended periods may affect device reliability. 

OPERATING RANGES 
Commercial (C) Devices 

AMO~ 

Case Temperature (Tc) .......... 0°C to +70°C 

Industrial (I) Devices 
Case Temperature (Tc) ........ -40°C to +85°C 

Extended (E) Devices 
Case Temperature (Tc) ....... -55°C to +125°C 

Military (M) Devices 
Case Temperature (Tc) ....... -55°C to +125°C 

Vee Supply Voltages 
Vee for Am28F256-X5 ...... +4. 75 V to +5.25 V 
Vee for Am28F256-XXO +4.50 V to +5.50 V 

Vpp Supply Voltages 
Read ..................... -0.5 V to +12.6 V 
Program, Erase, and Verify ... + 11.4 V to + 12.6 V 

Operating Ranges define those limits between which the func­
tionality of the device is guaranteed. 

Am28F256 2-23 



~AMO 
MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 

20 ns 20 ns 

+0.8 v 
-0.5 v 

20 ns 

Maximum Positive Input Overshoot 

20 ns 

Vee+ 0.5 V 

2.0 v ~j' t~~ 
20 ns 20 ns 

Maximum VPP Overshoot 

20 ns 

13.5 v xxXXXt::I· ·t~ Vee+0.5V 

20 ns 20 ns 

115610-0098 

115610-0108 

115610-0118 
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AMDll 

DC CHARACTERISTICS over operating range unless otherwise specified (for APL Prod­
ucts, Group A, Subgroups 1, 2, 3, 7 and 8 are tested unless otherwise noted). 
(Notes 1-3) 
DC CHARACTERISTICS-TTL/NMOS COMPATIBLE 

PRELIMINARY 

Parameter 
Symbol Parameter Description Test Conditions Min. Typ. Max. Unit 

lu Input Leakage Current Vee =Vee Max. ±1.0 µA 
V1N = Vee or Vss 

ILO Output Leakage Current Vee= Vee Max. ±1.0 µA 
Vour = Vee or Vss 

Ices Vee Standby Current Vee= Vee Max. 0.2 1.0 mA 
CE= V1H 

lcc1 Vee Active Read Current Vee= Vee Max., CE= V1L. 10 30 mA 
OE = V1H, lour = 0 mA, 
at 6 MHz 

lcc2 Vee Programming Current CE= V1L 10 30 mA 
Programming in Progress 

ICC3 Vee Erase Current CE= V1L 10 30 mA 
Erasure in Progress 

IPPS VPP Standby Current VPP = VPPL ±1.0 µA 

IPP1 VPP Read Current Vpp = VPPH 70 200 

Vpp = VPPL ±1.0 
µA 

IPP2 VPP Programming Current Vpp = VPPH 10 30 mA 
Programming in Progress 

IPP3 VPP Erase Current Vpp = VPPH 10 30 mA 
Erasure in Progress 

VIL Input Low Voltage -0.5 0.8 v 
V1H Input High Voltage 2.0 Vee v 

+0.5 

VOL Output Low Voltage loL= 5.8 mA 0.45 v 
Vee= Vee Min. 

VoH1 Output High Voltage loH= -2.5 mA 2.4 v 
Vee= Vee Min. 

V10 As Auto Select Voltage Ag= V10 11.5 13.0 v 
ho Ag Auto Select Current Ag= V10 Max. 5 50 µA 

Vee= Vee Max. 

VPPL VPP During Read-Only Note: Erase/Program are 0.0 Vee v 
Operations inhibited when VPP = VPPL +2.0 

VPPH VPP During Read/Write 11.4 12.6 v 
Operations 

Notes: 

1. Caution: the Am28F256 must not be removed from (or inserted into) a socket when Vee or VPP is applied. 

2. lcc1 is tested with OE = V1H to simulate open outputs. 

3. Maximum active power usage is the sum of Ice and IPP. 
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~AMO 
DC CHARACTERISTICS-CMOS COMPATIBLE 

PRELIMINARY 

Parameter 
Symbol Parameter Description Test Conditions Min. Typ. Max. Unit 

lu Input Leakage Current Vee= Vee Max. ±1.0 µA 
V1N = Vee or Vss 

ILO Output Leakage Current Vee= Vee Max. ±1.0 µA 
Vour =Vee or Vss 

Ices Vee Standby Current Vee= Vee Max. 15 100 µA 
CE= Vee ± 0.5 V 

lcc1 Vee Active Read Current Vee= Vee Max.,CE = V1L, 10 30 mA 
OE= VJH, lour = 0 mA, 
at 6 MHz 

lcc2 Vee Programming Current CE= V1L 10 30 mA 
Programming in Progress 

lee3 Vee Erase Current CE= V1L 10 30 mA 
Erasure in Progress 

IPPS VPP Standby Current VPP = VPPL ±1.0 µA 

IPP1 VPP Read Current VPP = VPPH 70 200 µA 

IPP2 VPP Programming Current Vpp = VPPH 10 30 mA 
Programming in Progress 

IPP3 VPP Erase Current Vpp = VPPH 10 30 mA 
Erasure in Progress 

V1L Input Low Voltage -0.5 0.8 v 
V1H Input High Voltage 0.7 Vee Vee v 

+0.5 

VoL Output Low Voltage loL = 5.8 mA 0.45 v 
Vee= Vee Min.· 

VOH1 loH = -2.5 mA, 0.85 

Output High Voltage 
Vee= Vee Min. Vee v 

VOH2 loH = -100 ~tA, Vee 
Vee = Vee Min. -0.4 

V10 Ag Auto Select Volta_g_e Ag= V10 11.5 13.0 v 
ho Ag Auto Select Current Ag= V10 Max. 5 50 µA 

Vee= Vee Max. 

VPPL · VPP During Read-Only Note: Erase/ Program are 0.0 Vee v 
Operations inhibited when VPP = VPPL +2.0 

VPPH VPP During Read/Write 11.4 12.6 v 
Operations 

Notes: 

1. Caution: the Am28F256 must not be removed from (or inserted into) a socket when Vee or Vpp is applied. 

2. lcc1 is tested with OE = V1H to simulate open outputs. 

3. Maximum active power usage is the sum of Ice and IPP. 
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Figure 5. Am28F256 - Average Ice Active vs. Frequency 
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-0-- 0°C 
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115600-15 

Vee = 5.5 V, Addressing Pattern = Minmax Data Pattern = Checkerboard 
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~AMO 
PIN CAPACITANCE 

Parameter 
Symbol Parameter Description Test Conditions Typ. Max. 

C1N Input Capacitance V1N = 0 8 10 

Cour Output Capacitance Vour = 0 8 12 

C1N2 VPP Input Capacitance VPP = O 8 12 

Notes: 

1. Sampled, not 100% tested. 
2. Test conditions TA= 25°C, f = 1.0 MHz 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS-Read Only Operation (Notes 1 and 2) 

PRELIMINARY 

Parameter 
Symbols 

JED EC Standard Parameter Description 

lAVAV tRC Read Cycle Time Min. 
(Note 4) Max. 

tELOV tcE Chip Enable Min. 
Access Time Max. 

lAvav lAcc Address Min. 
Access Time Max. 

tGLOV toE Output Enable Min. 
Access Time Max. 

tELOX tLz Chip Enable to Min. 
Output in Low Z (Note 4) Max. 

tEHOZ tDF Chip Disable to Min. 
Output in High Z (Note 3) Max. 

tGLOX tOLZ Output Enable to Min. 
Output in Low Z (Note 4) Max. 

tGHOZ tDF Output Disable to Min. 
Output in High Z (Note 4) Max. 

lAxax toH Output Hold from first of Min. 
Address, CE, or OE Change Max. 
(Note 4) 

twHGL Write Recovery 
Time before Read 

tvcs Vee Set-up Time 
to Valid Read (Note 4) 

Notes: 
1. Output Load: 

1 TIL gate and CL= 100 pF 
Input Rise and Fall Times: s 1 O ns 
Input Pulse levels: 0.45 to 2.4 V, 

Min. 
Max. 

Min. 
Max. 

-
-75 

70 

70 

70 

35 

0 

20 

0 

20 

0 

6 

50 

Timing Measurement Reference Level: Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 

2. The Am28F256-75 and Am28F256-95 Output Load: 
1 TIL gate and CL= 100 pF 
Input Rise and Fall Times: s 1 O ns 
Input Pulse levels: O to 3 V 
Timing Measurement Reference Level: 1 .5 V inputs and outputs. 

3. Guaranteed by design not tested. 
4. Not 100% tested. 
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Am28F256 

-90 -120 -150 -200 
-95 - - -
90 120 150 200 

90 120 150 200 

90 120 150 200 

35 50 55 55 

0 0 0 0 

20 30 35 35 

0 0 0 0 

20 30 35 35 

0 0 0 0 

6 6 6 6 

50 50 50 50 

Unit 

pF 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

µs 



AMO~ 
AC CHARACTERISTICS-Write/Erase/Program Operations (Notes 1- 4) 

PRELIMINARY 

Parameter Am28F256 
Symbols - -90 -120 -150 -200 

JED EC Standard Parameter Description -75 -95 - - -
tAVAV twc Write Cycle Time Min. 70 90 120 150 200 

(Note 5) Max. 

tAVWL tAS Address Set-Up Time Min. 0 0 0 0 0 
Max. 

twLAX tAH Address Hold Time Min. 45 45 50 60 75 
Max. 

tovwH tos Data Set-Up Time Min. 45 45 50 50 50 
Max. 

tWHDX tDH Data Hold Time Min. 10 10 10 10 10 
Max. 

tWHGL twR Write Recovery Time Min. 6 6 6 6 6 
before Read Max. 

tGHWL Read Recovery Time Min. 0 0 0 0 0 
before Write Max. 

tELWL tcs Chip Enable Min. 0 0 0 0 0 
Set-Up Time Max. 

twHEH tcH Chip Enable Min. 0 0 0 0 0 
Hold Time Max. 

tWLWH twp Write Pulse Width Min. 45 45 50 60 60 
Max. 

twHWL twPH Write Pulse Min. 20 20 20 20 20 
Width HIGH Max. 

tWHWH1 Duration of Min. 10 10 10 10 10 
Programming Operation Max. 25 25 25 25 25 

twHWH2 Duration of Min. 9.5 9.5 9.5 9.5 9.5 
Erase Operation Max. 10.5 10.5 10.5 10.5 10.5 

tEHVP Chip Enable Set-Up Min. 100 100 100 100 100 
Time to VPP Ramp (Note 5) Max. 

lVPEL VPP Set-Up Time to Min. 100 100 100 100 100 
Chip Enable LOW (Note 5) Max. 

tvcs Vee Set-Up Time Min. 50 50 50 50 50 
to Chip Enable Low (Note 5) Max. 

lVPPR VPP Rise Time Min. 500 500 500 500 500 
90% VPPH (Note 5) Max. 

lVPPF VPP Fall Time Min. 500 500 500 500 500 
90% VPPL (Note 5) Max. 

Notes: 
1. Read timing characteristics during read/write operations are the same as durng read-only operations. Refer to AC 

Characteristics for Read Only operations. 

Unit 

ns 

ns 

ns 

ns 

ns 

µs 

µs 

ns 

ns 

ns 

ns 

µs 

ms 

ns 

ns 

µs 

ns 

ns 

2. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the Write Pulse Width (within a longer Write-Enable timing waveform) all set-up, hold 
and inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 

3. All devices except Am28F256-75 and Am28F256-95. Input Rise and Fall times: s 10 ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 

4. Am28F256-75 and Am28F256-95. Input Rise and Fall times: s 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 

5. Not 100% tested. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

IZZZZ 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

KS000010 

SWITCHING WAVEFORMS 

2-30 

Addresses 

CE(E) 

OE(G) 

Data (DQ) 

5.0V 
Vee 
ov 

Device and Outputs Data 
Power-Up, Standby Address Selection Enabled Valid 

Addresses Stable 

twHGL 

tELOV (tCE) 

tGLOV (tOLZ) +I 
I- tELOX (tLZ) 

tvcs 

tAxax (toH) 

Output Valid 

Figure 6. AC Waveforms for Read Operations 

Am28F256 

Standby, Power-Down 

tGHQZ 
(tDF) 

HighZ 

11561-0138 



SWITCHING WAVEFORMS 

Addresses 

CE (E) 

OE(G) 

Data 
(DO) 

5.0 v 
Vee 
av 

VPPH 
Vpp 

VPPL 

Power-Up & Set-Up Erase 
Standby Command 

tvcs 

lEHVP r MEL 

Erase Command Erasure 
Erase-Verify 
Command 

Figure 7. AC Waveforms for Erase Operations 

Am28F256 

AMO~ 

Erase Standby/ 
Verification Power-Down 

\_ 
11561D-014C 
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SWITCHING WAVEFORMS 

Addresses 

OE(G) 

WE (W) 

Data (DO) 

5.0V 
Vee 
OV 

VPPH 
Vpp 

Power-Up & Set-Up Program 
Standby Command 

_ tEHVP f 
tVPEL 

VPPL __ _ 

Program Command 
Latch Address & 

Data 
Verify 

Programming Command 

Figure 8. AC Waveforms for Programming Operations 
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Power-Down 
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SWITCHING TEST CIRCUIT 

Device 
Under 
Test 

6.2 kQ 
Diodes = IN3064 
or Equivalent 

AMol1 

CL = 100 pF including jig capacitance 11561-012A 

SWITCHING TEST WAVEFORMS 

2.4V 
2.0 v 2.0 v > TEST POINTS < 
0.8 v 0.8 v 

0.45 v 
INPUT OUTPUT 

All Devices Except Am28F256-75 and Am28F256-95 

AC Testing: Inputs are driven at 2.4 V for a 
logic "1" and 0.45 Vfor a logic "O". Input pulse 
rise and fall times are s 1 O ns. 

1.5.-TEST POINTS.,.1.5 

ov---"' 
INPUT OUTPUT 

For Am28F256-75 and Am28F256-95 

AC Testing: Inputs are driven at 3.0 V for a 
logic "1" and O V for a logic "O". Input pulse rise 
and fall times are s 10 ns. 

11561D-013A 
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~AMO 
ERASE AND PROGRAMMING PERFORMANCE 

Limits 

Max. 
Parameter Min. Typ. (Note 2) Unit Comments 

Chip Erase Time 1 10 s Excludes OOH programming 
(Note 1) prior to erasure 

Chip Programming Time 0.5 3 s Excludes system-level overhead 
(Note 1) 

Write/Erase Cycles 10,000 Cycles 

Notes: 
1. 25°C, 12 V Vpp, 

2. Maximum time specified is lower than worst case. Worst case is derived from the Flasherase/Flashrite pulse count 
(Flasherase = 1000 max and Flashrite = 25 max). Typical worst case for program and erase operations is significantly 
less than the actual device limit. 

LATCHUP CHARACTERISTICS 

Min. Max. 

Input Voltage with respect to Vss on all pins except 1/0 pins 
(Including Ag and VPP) -1.0V 13.5V 

Input Voltage with respect to Vss on all pins 1/0 pins -1.0V Vee+ 1.0 V 
Current -100 mA +100 mA 

Includes all pins except Vee. Test conditions: Vee = 5.0 V, one pin at a time. 

DATA RETENTION 

Parameter Min. Units Test Conditions 

Min. Pattern Data Retention Time 10 Years 150°C 

20 Years 125°C 
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FINAL 

Am28F512 
65,536 x 8-Bit CMOS Flash Memory 

DISTINCTIVE CHARACTERISTICS 
II High performance 

- 70 ns maximum access time 

• Low power consumption 
- 30 mA maximum active current 
- 100 µA maximum standby current 
- No data retention power 

II Compatible with JEDEC-standard byte-wide 
pin outs 
- 32-pin DIP 
- 32-pin PLCC 
- 32-pin TSOP 
- 32-pin LCC 

II 10,000 write/erase cycles minimum 

m Write and erase voltage 12.0 V ±5% 

GENERAL DESCRIPTION 
The Am28F512 is a 512K Flash electrically erasable, 
electrically programmable read only memory organized 
as 64K bytes of 8 bits each. The Am28F512 is packaged 
in 32-pin PDIP, PLCC, and TSOP versions which allow 
for upgrades to the 2 Megabit density. The device is also 
offered in ceramic DIP and LCC packages. It is de­
signed to be reprogrammed and erased in-system or in 
standard EPROM programmers. 

The standard Am28F512 offers access times as fast as 
70 ns, allowing operation of high-speed microproces­
sors without wait states. To eliminate bus contention, 
the Am28F5..:!1_has separate chip enable (CE) and out­
put enable (OE) controls. 

AMD's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F512 uses a command register to manage this 
functionality, while maintaining a standard 32-pin 
pin out. The command register allows for 100% TTL 
level control inputs and fixed power supply levels during 
erase and programming, while maintaining maximum 
EPROM compatibility. 

AMD's Flash technology reliably stores memory con­
tents even after 10,000 erase and program cycles. The 
AMO cell is designed to optimize the erase and pro­
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal elec­
tric fields for erase and programming operations pro­
duces reliable cycling. The Am28F512 uses a 
12.0 V ± 5% VPP supply to perform the Flasherase and 
Flashrite algorithms. 

The highest degree of latch-up protection is achieved 
with AM D's proprietary non-epi process. Latch-up pro-

Publication# 11561 Rev. D Amendment/O 

Issue Date: September 1992 

• Latch-up protected to 100 mA 
from -1 V to Vee +1 V 

~ 
Advanced 

Micro 
Devices 

• Flasherase™ Electrical Bulk Chip-Erase 
- One second typical chip-erase 

• Flashrite™ Programming 
- 1 O µs typical byte-program 
- 1 second typical chip program 

Eil Command register architecture for 
microprocessor/microcontroller compatible 
write interface 

• On-chip address and data latches 

• Advanced CMOS flash memory technology 
- Low cost single transistor memory cell 

tection is provided for stresses up to 100 mA on address 
and data pins from -1 V to Vee+ 1 V. 

The Am28F512 is byte programmable using 1 O µs pro­
gramming pulses in accordance with AMD's Flashrite 
programming algorithm. The typical room temperature 
programming time of the Am28F512 is one second. The 
entire chip is bulk erased using 10 ms erase pulses ac­
cording to AM D's Flasherasealgorithm. Typical erasure 
at room temperature is accomplished in less than one 
second. The windowed package and the 15-20 minutes 
required for EPROM erasure using ultraviolet light are 
eliminated. 

Commands are written to the command register using 
standard microprocessor write timings. Register con­
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad­
dress and data needed for the programming and erase 
operations. For system design sim~ation, the 
Am28F512 is designed to support either WE or CE con­
trolled writes. During a system write eye~ addresses 
are latched on the falling edge of WE or CE whichever 
299urs last. Data is latched on the rising edge of WE or 
CE whichever occurs first. To simplify the following dis­
cussion, the WE pin is used as the write cycle control pin 
throughout the rest of this text. All setup and hold times 
are with respect to the WE signal. 

AMD's Flash technology combines years of EPROM 
and E2PROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F512 electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are pro­
grammed one byte at a time using the EPROM program­
ming mechanism of hot electron injection. 
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~AMO 
BLOCK DIAGRAM 

Vcc­

Vss -
Vpp 

State 
Control 

Command 
Register 

Erase 
Voltage 
Switch 

Program 
Voltage 
Switch 

To Arra 

DQ0-DQ1 

.-------M Input/Output 
Buffers 

CE -e---+--------------11------

Chip Enable 
Output Enable 

Logic 

0E ~---+-----~~~~~~---ii--~~-+1.__~~~.,...._. 

Ao-A15 
Address 

Latch 
X-Decoder 

11561-0018 

PRODUCT SELECTOR GUIDE 

Family Part No. Am28F512 

Ordering part No: 

± 10% Vee Tolerance - -90 -120 -150 -200 

± 5% Vee Tolerance -75 -95 - - -
Max Access Time (ns) 70 90· 120 150 200 

CE (E) Access (ns) 70 90 120 150 200 

OE (G) Access (ns) 35 35 50 55 55 
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CONNECTION DIAGRAMS 

DIP 

Vpp Vee 

NC WE(W) 

A1s NC 

A12 A14 

A1 A13 

As Aa 

As Ag 

A4 A11 

A3 OE(G) 

A2 A1o 

A1 CE(E) 

Ao 007 

OOo 006 

001 OOs 

002 004 

Vss 003 

11561-0028 

Note: Pin 1 is marked for orientation. 

*Also available in LCC. 

Am28F512 

AMO~ 

PLCC* 

I[ 
~ ~ () ii: u lw 0 

<t: <t: z > ~ 3: z 

32 31 30 
• 29 A14 

28 A13 

27 As 
26 Ag 

25 A11 

24 OE (G) 

23 A10 

22 CE(E) 

21 007 

11561 D-003C 
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~AMO 
TSOP PACKAGES 

A11 10 
Ag 2 
Aa 3 

A13 4 
A14 5 
NC 6 
WE 7 
Vee 8 
Vpp 9 
NC 10 
A1s 11 
A12 12 

A1 13 
As 14 
As 15 
A4 16 

OE 1 '\7 
A10 2 
CE 3 
D1 4 
Ds 5 
Ds 6 
04 7 
03 8 

Vss 9 
D2 10 
D1 11 
Do 12 
Ao 13 
A1 14 
A2 15 
A3 16 

LOGIC SYMBOL 
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28F512 
Standard Pinout 

28F512 
Reverse Pinout 

28F512 64K x 8 Flash Memory in 32 Lead TSOP 

Ao-A1s 

CE(E) 

OE(G) 

WE(W) 

DQ0-D01 

Am28F512 

11561-004A 

32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 

32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 

OE 
A10 
CE 
D1 
Os 
Os 
04 
03 
Vss 
02 
01 
Do 
Ao 
A1 
A2 
A3 

A11 
Ag 
Aa 
A13 
A14 
NC 
WE 
Vee 
Vpp 
NC 
A1s 
A12 
A1 
As 
As 
A4 

11561D-014A 



ORDERING INFORMATION 
Standard Products 

AMol1 

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: 

-75 J c B 

T 

'------ DEVICE NUMBER/DESCRIPTION 
Am28F512 

OPTIONAL PROCESSING 
Blank = Standard processing 

B = Burn-in 

TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
I = Industrial (-40 to +85°C) 
E = Extended (-55 to +125°C) 

PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 

Chip Carrier (PL 032) 
E = 32-Pin TSOP Standard Pinout (TS 032) 
F = 32-Pin TSOP Reverse Pinout (TS 032) 
D = 32-Pin Ceramic DIP (CD 032) 
L = 32-Pin Rectangular Ceramic Leadless 

Chip Carrier (CLR032) 

SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 

512K (64K x 8-Bit) CMOS Flash Memory 

Valid Combinations 

AM28F512-75 PC, JC, EC, FC, PCB, 
JCB, ECB, FCB, DC, 
LC, DCB, LCB 

Am28F512-90 PC, Pl, JC, JI, PCB, 

Am28F512-95 PIB, JCB, JIB, PE, 

Am28F512-120 PEB, JE, JES, EC, 

Am28F512-150 
FC, El, Fl, EE, FE, 

Am28F512-200 
ECB, FCB, EIB, FIB, · 
EEB, FEB, DC, DI, 
DE, DCB, DIS, DEB, 
LC, LI, LE, LCB, 
LIB, LEB 

Am28F512 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local 
AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations, and to obtain additional data on 
AMD's standard military grade products. 

2-39 



~AMO 
ORDERING INFORMATION 
APL Products 
AMD products for Aerospace and Defense applications are available in several packages and operating ran~es. APL (Approved 
Products List) products are fully compliant with Ml L-STD-883C requirements. The order number (Valid Combination) is formed by 
a combination of: 

2-40 
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....__ ____ DEVICE NUMBER/DESCRIPTION 
Am28F512 

LEAD FINISH 
A :::: Hot Solder Dip 

PACKAGE TYPE 
X :::: 32-Pin Ceramic DIP (CD 032) 
U :::: 32-Pin Rectangular Ceramic Leadless 

Chip Carrier (CLR032) 

DEVICE CLASS 
/B:::: Class B 

SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 

512K (64K x 8-Bit) CMOS Flash Memory 

Valid Combinations 

AM28F512-90 

AM28F512-120 
/BXA, /BUA 

AM28F512-150 

AM28F512-200 

Am28F512 

Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consultthe 
local AMD sales office to confirm availability of 
specific valid combinations, or to check on newly 
released combinations. 

Group A Tests 

Group A tests consist of Subgroups 
1,2,3, 7,8,9, 10, 11. 



PIN DESCRIPTION 
VPP 

Power supply for erase and programming. VPP must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can­
not be altered when Vpp s Vee +2 V. 

Vee 
Power supply for device operation. (5.0 V ± 5% or 10%) 

Vss 
Ground 

NC 
No Connect-corresponding pin is not connected inter­
nally to the die. 

Ao-A1s 
Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 

AMDl1 

DQo- DQ1 
Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem­
ory read cycles. 

CE (E} 
The Chip Enable active low input activates the chip's 
control logic and input buffers. Chip Enable high will 
deselect the device and operates the chip in stand-by 
mode. 

OE {G) 
The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 

WE(W} 
The Write Enable active low input controls the write 
function of the command register to the memory array. 
The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate data is latched 
on the rising edge of the pulse. 
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BASIC PRINCIPLES 
The Am28F512 uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram­
ming operations use a fixed 12.0 V ± 5% power supply. 

Read Only Memory 
Without high VPP voltage, the Am28F512 functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 

Command Register 
The command register is enabled only when high volt­
age is applied to the VPP pin. The erase and reprogram­
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 

The Am28F512's command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de­
vice operations. For system design simplification, the 
Am28F512 is designed to support either WE or CE 
controlled writes. During a system write ~le, ad­
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occur first. To simplify the follow­
ing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 

Overview of Erase/Program Operations 

Flasherase Sequence 

A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and re­
peated one cycle verify commands). 

Note: 
The Flash memory array must be completely pro­
grammed prior to erasure. Refer to the Flasherase 
Algorithm. 

1. Erase Set-Up: Write the Set-Up Erase command to 
the command register. 

2. Erase: Write the Erase command (same as Set-Up 
Erase command) to the command register again. 

The second command initiates the erase operation. 
The system software routines must now time-out the 
erase pulse width (1 O ms) prior to issuing the Erase­
Verify command. 

3. Erase-Verify: Write the Erase-Verify command to 
the command register. This command terminates 
the erase operation. After the erase operation, each 
byte of the array must be verified. Address informa­
tion must be supplied with the Erase-Verify com­
mand. This command verifies the margin and 
outputs the addressed byte in order to compare the 
array data with FFH data (Byte erased). After suc­
cessful data verification the Erase-Verify command 
is written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 

If data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is suc­
cessfully verified or the sequence is repeated 1000 
times. 

Flashrite Programming Sequence 

A three step command sequence (a two-cycle Program 
command and one cycle Verify command) is required to 
program a byte of the Flash array. Refer to the Flashrite 
Algorithm. 

1. Program Set-Up: Write the ·set-Up Program com­
mand to the command register. 

2. Program: Write the Program command to the com­
mand register with the appropriate Address and 
Data. The system software routines must now time­
out the program pulse width (10 µs) prior to issuing 
the Program-Verify command. 

3. Program-Verify: Write the Program-Verify com­
mand to the command register. This command ter­
minates the programming operation. In addition, this 
command verifies the margin and outputs the byte 
just programmed in order to compare the array data 
with the original data programmed. After successful 
data verification, the programming sequence is initi­
ated again for the next byte address to be pro­
grammed. 

If data is not verified, the Program sequence is repeated 
until a successful comparison is verified or the se­
quence is repeated 25 times. 
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Data Protection 
The Am28F512 is designed to offer protection against 
accidental erasure or programming, caused by spurious 
system level signals that may exist during power transi­
tions. The Am28F512 powers up in its read only state. 
Also, with its control register architecture, alteration of 
the memory contents only occurs after successful com­
pletion of specific command sequences. 

The device also incorporates several features to pre­
vent inadvertent write cycles resulting from Vee power­
up and power-down transitions or system noise. 

Write Pulse "Glitch" Protection 
Noise pulses of less than 1 O ns (typical) on OE, CE or 
WE will not initiate a write cycle. 

FUNCTIONAL DESCRIPTION 
Description Of User Modes 

AMO~ 
Logical Inhibit 
Writing is inhibited by holding any one of OE= V1L, CE= 
V1H or WE = V1H. To initiate a write cycle CE and WE 
must be a logical zero while OE is a logical one. 

Power-Up Write Inhibit 
Power-up of the device with WE= CE= V1L and OE= V1H 
will not accept commands on the rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 

Table 1. Am28F512 User Bus Operations 

Operation 
CE OE WE VPP 

(E) (G) (W) (Note 1) Ao A9 1/0 

Read V1L V1L x VPPL Ao A9 Dour 

Standby V1H x x VPPL x x HIGHZ 

Read-Only Output Disable V1L V1H V1H VPPL x x HIGHZ 

Auto-select Manufacturer V1L V1L V1H VPPL V1L V10 CODE 
Code (Note 2) (Note 3) (01H) 

Auto-select Device Code V1L V1L V1H VPPL V1H V10 CODE 
(Note 2) (Note 3) (25H) 

Read V1L V1L V1H VPPH Ao A9 Dour 
(Note 4) 

Read/Write 
Standby (Note 5) V1H x x VPPH x x HIGHZ 

Output Disable V1L V1H V1H VPPH x x HIGHZ 

Write V1L V1H V1L VPPH Ao A9 D1N 
(Note 6) 

Legend: 

X = Don't care, where Don't Care is either V1L or V1H levels, VPPL = Vpp <Vee+ 2 V, See DC Characteristics for voltage levels of 
WPH, O V <An <Vee+ 2 V, (normal TIL or CMOS input levels, where n = O or 9). 

Notes: 

1. VPPL may be grounded, connected with a resistor to ground, or,:::; Vee +2.0 V. WPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When VPP = VPPL, memory contents can be read but not written or erased. 

2. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 

3. 11.5.s.Vio.s.13.0V 

4. Read operation with VPP = VPPH may access array data or the Auto select codes. 

5. With VPP at high voltage, the standby current is Ice+ IPP (standby). 

6. Refer to Table 3 for valid D1N during a write operation. 

7. All inputs are Don't Care unless otherwise stated, where Don't Care is either V1L or V1H levels. In the Auto select mode all 
addresses except As and Ao must be held at V1L. 
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READ ONLY MODE 
VPP <Vee+ 2 V 
Command Register Inactive 

Read 

The Am28F512 functions as a read only memory when 
VPP <Vee + 2 V. The Am28F512 has two control func­
tions. Both must be satisfied in order to output data. CE 
controls power to the device. This pin should be used for 
specific device selection. OE controls the device out­
puts and should be used to gate data to the output pins if 
a device is selected. 

Address access time ~cc is equal to the delay from sta­
ble addresses to valid output data. The chip enable ac­
cess time tcE is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en­
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable at least tAcc- toE). 

Standby Mode 

The Am28F512 has two standby modes. The CMOS 
standby mode (CE input held at Vee ± 0.5 V), consumes 
less than 100 µA of current. TTL standby mode (CE is 
held at V1H) reduces the current requirements to less 
than 1 mA. When in the standby mode the outputs are in 
a high impedance state, independent of the OE input. 

If the device is deselected during erasure, program­
ming, or program/erase verification, the device will draw 
active current until the operation is terminated. 

Output Disable 

Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im­
pedance state. 

Auto Select 

Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol­
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto­
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire ·temperature range of the 
device. 

Programming In A Prom Programmer 

To activate this mode, the programming equipment 
must force V10 (11.5 V to 13.0 V) on address A9. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from V1L to V1H. All other 
address lines must be held at V1L, and VPP must be less 
than or equal to Vee+ 2.0 V while using this Auto select 
mode. Byte O (Ao = V1L) represents the manufacturer 
code and byte 1 (Ao= V1H) the device identifier code. For 
the Am28F512 these two bytes are given in the table be­
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (DQ1} defined as the 
parity bit. 

(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program­
ming the Flash memory device in-system). 

Table 2. Am28F512 Auto Select Code 

Code 
Type Ao {HEX) DQ1 DQs Das OQ4 OQ3 002 DQ1 DQo 

Manufacturer Code V1L 01 0 0 0 0 0 0 0 1 

Device Code V1H 25 0 0 1 0 0 1 0 1 
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ERASE, PROGRAM, AND READ MODE 

VPP = 12.0 v ± 5% 
Command Register Active 

Write Operations 

High voltage must be applied to the Vpp pin in order to 
activate the command register. Data written to the regis­
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 

The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to V1L, while OE is at V1H. Ad­
dresses are latched on the falling ed~f WE, while 
data is latched on the rising edge of the WE pulse. Stan­
dard microprocessor write timings are used. 

Register bits A7 - Ro correspond to the data inputs 
D01-D00 (Refer to Table 3). Register bits R1-Rs store 
the command data. All register bits R4 to Ro must be 
zero. The only exceptions are: the reset command, 
when FFH is written to the register and Auto select, 
when 90H or SOH is written to the register. 

The device requires the OE pin to be V1H for write opera­
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 
write, OE must be V1H, and CE and WE must be V1L. If 

AMO~ 

any pin is not in the correct state a write command will 
not be executed. 

Refer to AC Write Characteristics and the Erase/Pro­
gramming Waveforms for specific timing parameters. 

Command Definitions 

The contents of the command register default to OOH 
(Read Mode) in the absence of high voltage applied to 
the VPP pin. The device operates as a read only mem­
ory. High voltage on the Vpp pin enables the command 
register. Device operations are selected by writing spe­
cific data codes into the command register. Table 4 de­
fines these register commands. 

Read Command 

Memory contents can be accessed via the read com­
mand when VPP is high. To read from the device, write 
OOH into the command register. Wait 6 µs before read­
ing the first accessed address location. All subsequent 
Read operations take tAcc. Standard microprocessor 
read cycles access data from the memory. The device 
will remain in the read mode until the command register 
contents are altered. 

The command register defaults to OOH (Read Mode) 
upon VPP power-up. The OOH (Read Mode) register de­
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the VPP power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 

Table 3. Command Register 

Data lnr?_ut/Output D01 D06 DOs D04 D03 002 001 DOo 

Command Re_g_ister R1 R6 Rs R4 R3 R2 R1 Ro 

Data/Commands (see Notes) x x x x x x x x 
Notes: 

1. See Table 4 Am28F512 Command Definitions 
2. X =Appropriate Data or Register Commands 
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Table 4. Am28F512 Command Definitions 

First Bus Cycle Second Bus Cycle 

Operation Address Data 
Command (Note 1) (Note 2) (Note 3) 

Read Memory {Notes 6, 7) Write x OOH/FFH 

Read Auto select Write x SOH or 90H 

Set-up Erase/Erase Write x 20H 
{Note 4) 

Erase-Verify {Note 4) Write EA AOH 

Set-up Program/Program Write x 40H 
(Note 5) 

Program-Verify (Note 5) Write x COH 

Reset (Note 7) Write x FFH 

Notes: 

1. Bus operations are defined in Table 1. 

2. RA = Address of the memory location to be read. 
EA= Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD =Data read from location EA during erase-verify. 

Operation 
(Note 1) 

Read 

Read 

Write 

Read 

Write 

Read 

Write 

PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 

Address 
(Note 2) 

RA 

OOH/01H 

x 

x 
PA 

x 
x 

PYO= Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figure 1 illustrates the Flasherase Electrical Erase Algorithm. 

5. Figure 2 illustrates the Flashrite Programming Algorithm. 

Data 
(Note 3) 

RD 

01H/25H 

20H 

EVD 

PD 

PVD 

FFH 

6. Wait 6 µs after first Read command before accessing the data. When the second bus command is a Read command, all 
subsequent Read operations take ~cc. 

7. Please reference Reset Command section. 
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FLASH MEMORY PROGRAM/ERASE OPERATIONS 

AMD's Flasherase and Flashrite Algorithms 
Flasherase Erase Sequence 

Erase Set-Up/Erase Commands 

Erase Set-Up 
Erase Set-Up is the first of a two-cycle erase command. 
It is a command-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg­
ister in order to perform the Erase Set-Up operation. 

Erase 
The second two-cycle erase command initiates the bulk 
erase operation. You must write the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera­
tion must be terminated by writing a new command 
(Erase-Verify) to the register. 

This two step sequence of the Set-Up and Erase com­
mands helps to ensure that memory contents are not ac­
cidentally erased. Also, chip erasure can only occur 
when high voltage is applied to the Vpp pin and all control 
pins are in their proper state. In absence of this high volt­
age, memory contents cannot be altered. Refer to AC 
Erase Characteristics and Waveforms for specific tim­
ing parameters. 

Note: 
The Flash memory device must be fully programmed to 
OOH data prior to erasure. This equalizes the charge on 
all memory cells ensuring reliable erasure. 

Erase-Verify Command 

The erase operation erases all bytes of the array in par­
allel. After the erase operation, all bytes must be 
sequentially verified. The Erase-Verify operation is initi­
ated by writing AOH to the register. The byte address to 
be verified must be supplied with the command. Ad­
dresses are latched on the falling edge of the WE pulse. 

The rising edge of the WE pulse terminates the erase 
operation. 

Margin Verify 
During the Erase-Verify operation, the Am28F512 ap­
plies an internally generated margin voltage to the ad­
dressed byte. Reading FFH from the addressed byte 
indicates that all bits in the byte are properly erased. 

Verify Next Address 
You must write the Erase-Verify command with the ap­
propriate address to the register prior to verification of 
each address. Each new address is latched on the fall­
ing edge of WE. The process continues for each byte in 
the memory array until a byte does not return FFH data 
or all the bytes in the array are accessed and verified. 

If an address is not verified to FFH data, the entire chip is 
erased again (refer to Erase Set-Up/Erase). Erase veri­
fication then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. At 
this point, the verification operation is terminated by 
writing a valid command (e.g. Program Set-Up) to the 
command register. Figure 1 and Table 5, the Flasherase 
electrical erase algorithm, illustrate how commands and 
bus operations are combined to perform electrical era­
sure. Refer to AC Erase Characteristics and Waveforms 
for specific timing parameters. 

Note: 
The Erase-Verify command must be written to the regis­
ter in order to terminate the erase operation. During the 
erase operations, the local microprocessor must be 
dedicated to run software timing routines (erase in 
10 ms) as specified in AM D's Flasherase algorithm. 
Should a system interrupt occur during an erase opera­
tion, always write the Erase-Verify command prior to 
executing an interrupt sequence. 
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Figure 1. Flasherase Electrical Erase Algorithm 
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Flasherase Electrical Erase Algorithm 
This Flash memory device erases the entire array in par­
allel. The erase time depends on VPP, temperature, and 
number of erase/program cycles on the device. In gen­
eral, reprogramming time increases as the number of 
erase/program cycles increases. 

device to their charged state (Data = OOH). This is ac­
complished using the Flashrite programming algorithm. 
Erasure then continues with an initial erase operation. 
Erase verification (Data = FFH) begins at address 
OOOOH and continues through the array to the last ad­
dress, or until data other than FFH is encountered. If a 
byte fails to verify, the device is erased again. With each 
erase operation, an increasing number of bytes verify to 
the erased state. Typically, devices are erased in less 
than 100 pulses (1 second). Erase efficiency may be im­
proved by storing the address of the last byte that fails to 
verify in a register. Following the next erase operation, 
verification may start at the stored address location. A 
total of 1000 erase operations are allowed per 
reprogram cycle, which corresponds to approximately 
1 O seconds of cumulative erase time. The entire se­
quence of erase and byte verification is performed with 
high voltage applied to the VPP pin. Figure 1 illustrates 
the electrical erase algorithm. 

The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the array. Erasure begins with a read of the mem­
ory contents. The Am28F512 is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash­
rite programming algorithm with the appropriate data 
pattern. 

Should the device be currently programmed, data other 
than FFH will be returned from address locations. Fol­
low the Flasherase algorithm. Uniform and reliable era­
sure is ensured by first programming all bits in the 

Table 5. Flasherase Electrical Erase Algorithm 

Bus Operations Command Comments 

Entire memory must = OOH before erasure (Note 3) 
Note: Use Flash rite programming algorithm (Figure 3) for 
programming. 

Standby Wait for Vpp ramp to VPPH (Note 1) 
Initialize: 
Addresses 
PLSCNT (Pulse count) 

Write Set-Up Erase Data= 20H 

Write Erase Data= 20H 

Standby Duration of Erase Operation (twHwH2) 

Write Erase-Verify (Note 2) Address = Byte to Verify 
Data= AOH 
Stops Erase Operation 

Standby Write Recovery Time before Read = 6 µs 

Read Read byte to verify erasure 

Standby Compare output to FFH 
Increment pulse count 

Write Reset Data = FFH, reset the register for read operations. 

Standby Wait for Vpp ramp to VPPL (Note 1) 

Notes: 

1. See DC Characteristics for value of VPPH or VPPL. The VPP power supply can be hard-wired to the device or switchable. 
When VPP is switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0 V. 

2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 
written with the read command. 

3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 
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Section A B c D E F G 
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Bus Cycle Write Write Timeout Write Timeout Read Stand~ 

Command 20H 20H N/A AOH N/A Compare N/A 
Data 

Function Set-Up Erase Erase Erase- Transition Erase Proceed per 
Erase (10 ms) Verify (6 µs) Verification Erase 

Algorithm 

Figure 2. AC Waveforms For Erase Operations 

Analysis of Erase Timing Waveform 

Note: 
This analysis does not include the requirement to pro­
gram the entire array to OOH data prior to erasure. Refer 
to the Flasherase algorithm. 

Erase Set-Up/Erase 

This analysis illustrates the use of two-cycle erase com­
mands (sections A and B). The first erase command 
(20H) is a set-up command and does not affect the array 
data (section A). The second erase command (20H) in­
itiates the erase operation (section B) on the rising edge 
of this WE pulse. All bytes of the memory array are 
erased in parallel. No address information is required. 

The erase pulse occurs in section C. 

Time-Out 

A software timing routine (1 oms duration) must be initi­
ated on the rising edge of the WE pulse of section B. 

Erase-Verify 

Upon completion of the erase software timing routine, 
the microprocessor must write the Erase-Verify com­
mand (AOH). This command terminates the erase op­
eration on the rising edge of the WE pulse (section D). 
The Erase-Verify command also stages the device for 
data verification (section F). 

After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-Verify command (section D). Addresses are 
latched on the falling edge of the WE pulse. 

Another software timing routine (6 µs duration) must be 
executed to allow for generation of internal voltages for 
margin checking and read operation (section E). 

During Erase-Verification (section F) each address that 
returns FFH data is successfully erased. Each address 
of the array is sequentially verified in this manner by re­
peating sections D thru F until the entire array is verified 
or an address fails to verify. Should an address location 
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fail to verify to FFH data, erase the device again. Repeat 
sections A thru F. Resume verification (section D) with 
the failed address. 

Each data change sequence allows the device to use up 
to 1,000 erase pulses to completely erase. Typically 100 
erase pulses are required. 

Notes: 

1. All address locations must be programmed to OOH 
prior to erase. This equalizes the charge on all mem­
ory cells and ensures reliable erasure. 

2. The Erase Verify command must be written to termi­
nate the erase operation. Should a system interrupt 
occur during an erase operation, always write the 
Erase-Verify command prior to executing an inter­
rupt sequence. 

Flashrite Programming Sequence 

Program Set-Up/Program Command 

Program Set-Up 

The Am28F512 is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Set-Up Pro­
gram is the first of a two-cycle program command. It 
stages the device for byte programming. The Set-up 
Program operation is performed by writing 40H to the 
command register. 

Program 

Only after the Program Set-Up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for pro­
gramming must be available on the second WE pulse. 
Addresses and data are internally latched on the falling 
and risin~ge of the WE pulse respectively. The rising 
edge of WE also begins the programming operation. 
You must write the Program-Verify command to termi­
nate the programming operation. This two step se­
quence of the Set-Up and Program commands helps to 
ensure that memory contents are not accidentally writ­
ten. Also, programming can only occur when high volt­
age is applied to the VPP pin and all control pins are in 
their proper state. In absence of this high voltage, mem­
ory contents cannot be programmed. 

AMO~ 
Refer to AC Characteristics and Waveforms for specific 
timing parameters. 

Program Verify Command 

Following each programming operation, the byte just 
programmed must be verified. 

Write COH into the command register in order to initiate 
the Program-Verify operation. The rising edge of this 
WE pulse terminates the programming operation. The 
Program-Verify operation stages the device for verifica­
tion of the last byte programmed. Addresses were previ­
ously latched. No new information is required. 

Margin Verify 

During the Program-Verify operation, the Am28F512 
applies an internally generated margin voltage to the ad­
dressed byte. A normal microprocessor read cycle out­
puts the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. The original 
programmed data should be stored for comparison. 
Programming then proceeds to the next desired byte lo­
cation. Should the byte fail to verify, reprogram (refer to 
Set-Up Program/Program). Figure 3 and Table 6 
indicate how instructions are combined with the bus op­
erations to perform byte programming. Refer to AC Pro­
gramming Characteristics and Waveforms for specific 
timing parameters. 

Flash rite Programming Algorithm 

The Am28F512 Flashrite programming algorithm em­
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite programming algorithm uses 
1 O microsecond programming pulses. Each operation is 
followed by a byte verification to determine when the ad­
dressed byte has been successfully programmed. The 
program algorithm allows for up to 25 programming op­
erations per byte per reprogramming cycle. Most bytes 
verify after the first or second pulse. The entire se­
quence of programming and byte verification is per­
formed with high voltage applied to the VPP pin. Figure 3 
and Table 6 illustrate the programming algorithm. 
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NO 

Programming Completed 

11561 D-0078 

Figure 3. Flash rite Programming Algorithm 

Table 6. Flashrite Programming Algorithm 

Bus Operations Command Comments 

Standby Wait for VPP ramp to VPPH (Note 1) 
Initialize pulse counter 

Write Set-Up Program Data= 40H 

Write Program Valid Address/Data 

Standby Duration of Programming Operation (twHwH1) 

Write Program-Verify (2) Data = GOH Stops Program Operation 

Standby Write Recovery Time before Read= 6 µs 

Read Read byte to verify programming 

Standby Compare data output to data expected 

Write Reset Data = FFH, resets the register for read operations. 

Stand~ Wait for VPP ram2_ to VPPL J_Note 1_l 
Notes: 

1. See DC Characteristics for value of VPPH. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 
switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee + 2.0 V. 

2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. 

2-52 Am28F512 



AMO~ 
Section A B c D E F G 
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Bus Cycle Write Write Timeout Write Timeout Read Stand~ 
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Address, (Stops Data 

Program Data Program) 

Function Set-up Program Program Program Transition Program Proceed per 
Program Command (10 µs) Verify (6 µs) Verification Programming 

Latch Address Algorithm 
& Data 

Figure 4. AC Waveforms for Programming Operations 

Analysis of Program Timing Waveforms 

Program Set-Up/Program 

Two-cycle write commands are required for program 
operations (section A and B). The first program com­
mand (40H) is a set-up command and does not affect 
the array data (section A). The second program com­
mand latches address and data required for program­
ming on the falling and rising edge of WE respectively 
(section B). The rising edge of this WE pulse (section B) 
also initiates the programming pulse. The device is pro­
grammed on a byte by byte basis either sequentially or 
randomly. 

The program pulse occurs in section C. 

Time-Out 

A software timing routine (1 O µs duration) must be initi­
ated on the rising edge of the WE pulse of section B. 

Program-Verify 

Upon completion of the program timing routine, the mi­
croprocessor must write the Program-Verify command 

(COH). This command terminates the programming op­
eration on the rising edge of the WE pulse (section D). 
The Program-Verify command also stages the device 
for data verification (section F). Another software timing 
routine (6 µs duration) must be executed to allow for 
generation of internal voltages for margin checking and 
read operations (section E). 

During program-verification (section F) each byte just 
programmed is read to compare array data with original 
program data. When successfully verified, the next de­
sired address is programmed. Should a byte fail to ver­
ify, reprogram the byte (repeat section A thru F). Each 
data change sequence allows the device to use up to 25 
program pulses per byte. Typically, bytes are verified 
within one or two pulses. 

Note: 

The Program-Verify operation must be written to termi­
nate the programming operation. Should a system inter­
rupt occur during a programming operation, always 
write the Program-Verify command prior to executing an 
interrupt sequence. 
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Algorithm Timing Delays 

There are four different timing delays associated with 
the Flasherase and Flash rite algorithms: 

1. The first delay is associated with the VPP rise-time 
when Vpp first turns on. The capacitors on the Vpp 
bus cause an RC ramp. After switching on the VPP, 
the delay required is proportional to the number of 
devices being erased and the 0.1 µF/device. Vpp 
must reach its final value 1 OOns before commands 
are executed. 

2. The second delay time is the erase time pulse width 
(1 O ms). A software timing routine should be run by 
the local microprocessor to time out the delay. The 
erase operation must be terminated at the conclu­
sion of the timing routine or prior to executing any 
system interrupts that may occur during the erase 
operation. To ensure proper device operation, write 
the Erase-Verify operation after each pulse, or the 
device may continue to erase until the memory cells 
are driven into depletion (over-erasure). Should this 
happen the internal circuitry will no longer select 
unique addresses. A symptom of over-erasure is an 
error attempting to program the next time. Occasion­
ally it is possible to recover over-erased devices by 
programming all of the locations with OOH data. 

3. A third delay time is required for each programming 
pulse width (10 µs). The programming algorithm is 
interactive and verifies each byte after a program 
pulse. The program operation must be terminated at 
the conclusion of the timing routine or prior to execut­
ing any system interrupts that may occur during the 
programming operation. 

4. A fourth timing delay associated with both the 
Flasherase and Flashrite algorithms is the write re­
covery time (6 µs). During this time internal circuitry 
is changing voltage levels from the erase/ program 
level to those used for margin verify and read opera­
tions. An attempt to read the device during this pe­
riod will result in possible false data (it may appear 
the device is not properly erased or programmed). 

Note: 

Software timing routines should be written in machine 
language for each of the delays. Code written in ma­
chine language requires knowledge of the appropriate 
microprocessor clock speed in order to accurately time 
each delay. 

Parallel Device Erasure 

Many applications will use more than one Flash memory 
device. Total erase time may be minimized by imple­
menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified seperately. When a device is com­
pletely erased and verified use a masking code to pre­
vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (OOH). 

Power-Up Sequence 
Vee Prior to VPP 

The Am28F512 powers-up in the Read only mode. In 
addition, memory contents may only be altered after 
successful completion of a two step command 
sequence. 

Vpp Prior to Vee 

When Vee = O V, the VPP voltage is internally disabled 
from the device. Memory contents cannot be altered. 
With VPP = 12 V, the Flash device resets to the Read 
mode when Vee rises above 2 V. 

Reset Command 

The Reset command initializes the Flash memory de­
vice to the Read mode. In addition, it also provides the 
user with a safe method to abort any device operation 
(including program or erase). 

The Reset command must be written two consecutive 
times after the Set-Up Program command (40H). This 
will reset the device to the Read mode. 

Following any other Flash command, write the Reset 
command once to the device. This will safely abort any 
previous operation and initialize the device to the Read 
mode. 

The Set-Up Program command (40H) is the only com­
mand that requires a two sequence reset cycle. The first 
Reset command is interpreted as program data. How­
ever, FFH data is considered null data during program­
ming operations (memory cells are only programmed 
from a logical "1" to "O"). The second Reset command 
safely aborts the programming operation and resets the 
device the Read mode. 

Memory contents are not altered in any case. 

This detailed information is for your reference. It may 
prove easier to always issue the Reset command two 
consecutive times. This eliminates the need to deter­
mine if you are in the Set-Up Program state or not. 

Auto Select Command 

Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol­
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

Programming In-System 

AM D's Flash memories are designed for use in applica­
tions where the local CPU alters memory contents. Ac­
cordingly, manufacturer and device codes must be 
accessible while the device resides in the target system. 
PROM programmers typically access the signature 
codes by raising Ag to a high voltage. However, multi­
plexing high voltage onto address lines is not a generally 
desired system design practice. 

The Am28F512 contains an Auto Select operation to 
supplement traditional PROM programming methodol­
ogy. The operation is initiated by writing 80H or 90H into 
the command register. Following this command, a read 
cycle address OOOOH retrieves the manufacturer code of 
01 H. A read cycle from address 0001 H returns the de­
vice code 25H (See Table 2). To terminate the opera­
tion, it is necessary to write another valid command into 
the register (See Table 3). 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Ceramic Packages ............. -65°C to + 150°C 
Plastic Packages ............... -65°C to + 125°C 

Ambient Temperature 
with Power Applied . . . . . . . . . . . . -55°C to + 125°C 

Voltage with Respect To Ground 

All pins except Ag and VPP (Note 1) ... -2.0 V to 7.0 V 

Vee (Note 1) .................... -2.0 V to 7.0 V 

Ag (Note 2) ..................... -2.0 V to 14.0 V 

VPP (Note 2) .................... -2.0 V to 14.0 V 

Output Short Circuit Current (Note 3) . . . . . . 200 mA 

Notes: 
1. Minimum DC voltage on input or 1/0 pins is -0.5 V. During 

voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 
and 1/0 pins is Vee + 0.5 V. During voltage transitions, 
outputs may overshoot to Vee + 2.0 V for periods up to 
20ns. 

2. Minimum DC input voltage on Ag and VPP pins is -0.5 V. 
During voltage transitions, Ag and Vpp may overshoot Vss 
to -2.0 V for periods of up to 20 ns. Maximum DC input 
voltage on Ag and VPP is + 13.5 V which may overshoot to 
14.0 V for periods up to 20 ns. 

3. No more than one output shorted at a time. Duration of the 
short circuit should not be greater than one second. 

Stresses above those listed under "Absolute Maximum Rat­
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these or 
any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure of the de­
vice to absolute maximum rating conditions for extended peri­
ods may affect device reliability. 

OPERATING RANGES 
Commercial (C) Devices 

AMO~ 

Case Temperature (Tc) .......... 0°c to +70°C 

Industrial (I) Devices 
Case Temperature (Tc) ........ -40°C to +85°C 

Extended (E) Devices 
Case Temperature (Tc) ....... -55°C to +125°C 

Military (M) Devices 
Case Temperature (Tc) ....... -55°C to +125°C 

Vee Supply Voltages 
Vee for Am28F512-X5 ...... +4. 75 V to +5.25 V 

Vee for Am28F512-XXO ..... +4.50 V to +5.50 V 

VPP Supply Voltages 

Read ..................... -0.5 Vto +12.6 V 
Program, Erase, and Verify ... +11.4 V to +12.6 V 

Operating Ranges define those limits between which the func­
tionality of the device is guaranteed. 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 

20ns 20 ns 

20 ns 

Maximum Positive Input Overshoot 

20 ns 

Vee+ 0.5 V 

2.0V xxxxxt=I· l~~ 
20 ns 20 ns 

Maximum VPP Overshoot 

20 ns 

13.5 v xxmt=I· 't~ Vee+0.5V 

20 ns 20 ns 
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DC CHARACTERISTICS over operating range unless otherwise specified (for APL Prod­
ucts, Group A, Subgroups 1, 2, 3, 7 and 8 are tested unless otherwise noted). 
(Notes 1-3) 
DC CHARACTERISTICS-TIL/NMOS COMPATIBLE 

PRELIMINARY 
Parameter 
Symbol Parameter Description Test Conditions Min. Typ. Max. Unit 

lu Input Leakage Current Vee = Vee Max. ±1.0 µA 
V1N = Vee or Vss 

ILO Output Leakage Current Vee= Vee Max. ±1.0 µA 
VouT = Vee or Vss 

Ices Vee Standby Current Vee= Vee Max. 0.2 1.0 mA 
CE= V1H 

lcc1 Vee Active Read Current Vee= Vee Max., CE = V1L, 10 30 mA 
OE = V1H, louT = 0 mA, 
at 6 MHz 

lcc2 Vee Programming Current CE= V1L 10 30 mA 
Programming in Progress 

lcc3 Vee Erase Current CE= V1L 10 30 mA 
Erasure in Progress 

lpps Vpp Standby Current Vpp = VPPL ±1.0 µA 

IPP1 VPP Read Current VPP= VPPH 70 200 

Vpp = VPPL ±1.0 
µA 

IPP2 VPP Programming Current Vpp = VPPH 10 30 mA 
Programming in Progress 

IPP3 VPP Erase Current Vpp= VPPH 10 30 mA 
Erasure in Progress 

V1L Input Low Voltage -0.5 0.8 v 
V1H Input High Voltage 2.0 Vee v 

+0.5 

VoL Output Low Voltage loL= 5.8 mA 0.45 v 
Vee= Vee Min. 

VOH1 Output High Voltage loH=-2.5 mA 2.4 v 
Vee= Vee Min. 

V10 Ag Auto Select Voltage Ag= V10 11.5 13.0 v 
lio Ag Auto Select Current Ag= V10Max. 5 50 µA 

Vee= Vee Max. 

VPPL VPP During Read-Only Note: Erase/Program are 0.0 Vee v 
Operations inhibited when VPP = VPPL +2.0 

VPPH VPP During Read/Write 11.4 12.6 v 
Operations 

Notes: 

1. Caution: the Am28F512 must not be removed from (or inserted into) a socket when Vee or VPP is applied. 

2. lcc1 is tested with OE = V1H to simulate open outputs. 

3. Maximum active power usage is the sum of Ice and IPP. 
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DC CHARACTERISTICS-CMOS COMPATIBLE 

PRELIMINARY 
Parameter 
Symbol Parameter Description Test Conditions Min. Typ. Max. Unit 

lu Input Leakage Current Vee= Vee Max. ±1.0 µA 
V1N = Vee or Vss 

ILO Output Leakage Current Vee= Vee Max. ±1.0 µA 
Vour = Vee or Vss 

Ices Vee Standby Current Vee= Vee Max. 15 100 µA 
CE =Vee ± 0.5 V 

lcc1 Vee Active Read Current Vee = Vee Max.,CE = V1L, 10 30 mA 
OE = V1H, lour = 0 mA, 
at 6 MHz 

lcc2 Vee Programming Current CE= V1L 10 30 mA 
Programming in Progress 

lcc3 Vee Erase Current CE= V1L 10 30 mA 
Erasure in Progress 

IPPS VPP Standby Current VPP= VPPL ±1.0 µA 

IPP1 VPP Read Current Vpp= VPPH 70 200 µA 

IPP2 Vpp Programming Current VPP= VPPH 10 30 mA 
Pro_g_rammin_g_ in Pro_g_ress 

(pp3 VPP Erase Current VPP= VPPH 10 30 mA 
Erasure in Progress 

V1L Input Low Voltage -0.5 0.8 v 
V1H Input High Voltage 0.7 Vee Vee v 

+0.5 

VoL Output Low Voltage loL = 5.8 mA 0.45 v 
Vee= Vee Min. 

VOH1 loH = -2.5 mA, 0.85 

Output High Voltage Vee= Vee Min. Vee v 
VoH2 loH = -100 µA, Vee 

Vee =Vee Min. -0.4 

Vm Ag Auto Select Voltcme Ag= V10 11.5 13.0 v 
110 Ag Auto Select Current Ag= V10Max. 5 50 µA 

Vee= Vee Max. 

VPPL Vpp During Read-Only Note: Erase/ Program are 0.0 Vee v 
Operations inhibited when VPP = VPPL +2.0 

VPPH VPP During Read/Write 11.4 12.6 v 
Operations 

Notes: 

1. Caution: the Am28F512 must not be removed from (or inserted into) a socket when Vee or VPP is applied. 

2. lcc1 is tested with OE = V1H to simulate open outputs. 

3. Maximum active power usage is the sum of Ice and IPP. 
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PIN CAPACITANCE 

Parameter 
Symbol Parameter Description Test Conditions Typ. Max. 

C1N Input Capacitance V1N = 0 8 10 

CouT Output Capacitance VouT = 0 8 12 

C1N2 Vpp Input Capacitance VPP =0 8 12 

Notes: 

1. Sampled, not 100% tested. 
2. Test conditions TA= 25°C, f = 1.0 MHz 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS-Read Only Operation (Notes 1 and 2) 

PRELIMINARY 

Parameter 
Symbols 

JED EC Standard Parameter Description 

iAVAV tRC Read Cycle Time Min. 
(Note 4) Max. 

tELQV teE Chip Enable Min. 
Access Time Max. 

tAvav tAee Address Min. 
Access Time Max. 

tGLQV toE Output Enable Min. 
Access Time Max. 

tELOX tLz Chip Enable to Min. 
Output in Low Z (Note 4) Max. 

tEHQZ toF Chip Disable to Min. 
Output in High Z (Note 3) Max. 

tGLQX toLz Output Enable to Min. 
Output in Low Z (Note 4) Max. 

tGHQZ toF Output Disable to Min. 
Output in High Z (Note 4) Max. 

tAXOX toH Output Hold from first of Min. 
Address, CE, or OE Change Max. 
(Note 4) 

twHGL Write Recovery 
Time before Read 

tves Vee Set-up Time 
to Valid Read (Note 4) 

Notes: 
1. Output Load: 

1 TIL gate and CL= 100 pF 
Input Rise and Fall Times: .s 1 O ns 
Input Pulse levels: 0.45 to 2.4 V, 

Min. 
Max. 

Min. 
Max. 

-
-75 

70 

70 

70 

35 

0 

20 

0 

20 

0 

6 

50 

Timing Measurement Reference Level: Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 

2. The Am28F512-75 and Am28F512-95 Output Load: 
1 TIL gate and CL= 100 pF 
Input Rise and Fall Times: .s 1 O ns 
Input Pulse levels: Oto 3 V 
Timing Measurement Reference Level: 1.5 V inputs and outputs. 

3. Guaranteed by design not tested. 
4. Not 100% tested. 

2-60 Am28F512 

Am28F512 

-90 -120 -150 -200 
-95 - - -
90 120 150 200 

90 120 150 200 

90 120 150 200 

35 50 55 55 

0 0 0 0 

20 30 35 35 

0 0 0 0 

20 30 35 35 

0 0 0 0 

6 6 6 6 

50 50 50 50 

Unit 

pF 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

µs 



AMO~ 
AC CHARACTERISTICS-Write/Erase/Program Operations (Notes 1-5) 

PRELIMINARY 
Parameter Am28F512 
Symbols - -90 -120 -150 -200 

JED EC Standard Parameter Description -75 -95 - - -
tAVAV twc Write Cycle Time Min. 70 90 120 150 200 

(Note 5) Max. 

tAWIL tAs Address Set-Up Time Min. 0 0 0 0 0 
Max. 

twLAX iAH Address Hold Time Min. 45 45 50 60 75 
Max. 

toWIH tos Data Set-Up Time Min. 45 45 50 50 50 
Max. 

twHDX toH Data Hold Time Min. 10 10 10 10 10 
Max. 

twHGL twR Write Recovery Time Min. 6 6 6 6 6 
before Read Max. 

tGHWL Read Recovery Time Min. 0 0 0 0 0 
before Write Max. 

tELWL tcs Chip Enable Min. 0 0 0 0 0 
Set-Up Time Max. 

twHEH tcH Chip Enable Min. 0 0 0 0 0 
Hold Time Max. 

twLWH twp Write Pulse Width Min. 45 45 50 60 60 
Max. 

twHWL twPH Write Pulse Min. 20 20 20 20 20 
Width HIGH Max. 

tWHWH1 Duration of Min. 10 10 10 10 10 
Programming Operation Max. 25 25 25 25 25 

twHWH2 Duration of Min. 9.5 9.5 9.5 9.5 9.5 
Erase Operation Max. 10.5 10.5 10.5 10.5 10.5 

tEHVP Chip Enable Set-Up Min. 100 100 100 100 100 
Time to VPP Ramp (Note 5) Max. 

tVPEL VPP Set-Up Time to Min. 100 100 100 100 100 
Chip Enable LOW (Note 5) Max. 

tvcs Vee Set-Up Time Min. 50 50 50 50 50 
to Chip Enable Low (Note 5) Max. 

tvPPR VPP Rise Time Min. 500 500 500 500 500 
90% VPPH (Note 5) Max. 

tvPPF VPP Fall Time Min. 500 500 500 500 500 
90% VPPL (Note 5) Max. 

Notes: 
1. Read timing characteristics during read/write operations are the same as durng read-only operations. Refer to AC 

Characteristics for Read Only operations. 

Unit 

ns 

ns 

ns 

ns 

ns 

µs 

µs 

ns 

ns 

ns 

ns 

µs 

ms 

ns 

ns 

µs 

ns 

ns 

2. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the Write Pulse Width (within a longer Write-Enable timing waveform) all set-up, hold 
and inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 

3. All devices except Am28F512-75 and Am28F512-95. Input Rise and Fall times: s 10 ns: Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 

4. Am28F512-75 and Am28F512-95. Input Rise and Fall times: s 10 ns: Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 

5. Not 100% tested. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

///// 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

KS000010 

SWITCHING WAVEFORMS 
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CE{E) 

OE(G) 

Data (DQ) 

5.0V 
Vee 
ov 

Device and Outputs Data 
Power-up, Standby Address Selection Enabled Valid 

Addresses Stable 

twHGL 

tGLQV (tOE) 

tELQV (teE) 

tGLQV (tOLZ) -..J 
I- tELOX (tLz) 

tves 

tAxax (toH) 

Output Valid 

Figure 6. AC Waveforms for Read Operations 
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SWITCHING WAVEFORMS 

Addresses 

CE(E) 

OE(G) 

Data 
(DQ) 

5.0V 
Vee 
av 

VPPH 
Vpp 

VPPL 

Power-Up & Set-Up Erase Erase-Verify 
Command Standby Command Erase Command 

tves 

IEHVP f ~a 

Figure 7. AC Waveforms for Erase Operations 
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SWITCHING WAVEFORMS 

Power-Up & Set-Up Program 
Standby Command 

Addresses 

CE(E) 

OE(G) 

Data (DO) 

tves 

5.0V 

Vee f tvPEL ov 

-

--- tEHVP VPPH 

VPP 

VPPL 

Program Command 
Latch Address & 

Data 
Verify 

Programming Command 

Figure 8. AC Waveforms for Programming Operations 
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SWITCHING TEST CIRCUIT 

Device 
Under 
Test 

6.2kQ 

2.7kQ 

Diodes = IN3064 
or Equivalent 

11561-012A 

AMO~ 

CL = 100 pF including jig capacitance. 

SWITCHING TEST WAVEFORMS 

2.4 v 

0.45 v 
INPUT 

2.0V 2.0V > TEST POINTS < 
0.8 v 0.8 v 

OUTPUT 

All Devices Except Am28F512-75 and Am28F512-95 

AC Testing: Inputs are driven at 2.4 V for a 
logic "1" and 0.45 V for a logic "O". Input pulse 
rise and fall times are~ 10 ns. 

3V---

1.5,._TEST POINTS-.1.5 

ov---
INPUT OUTPUT 

For Am28F512-75 and Am28F512-95 

AC Testing: Inputs are driven at 3.0 V for a 
logic "1" and 0 V for a logic "0". Input pulse rise 
and fall times are~ 1 O ns. 

11561D-013A 
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ERASE AND PROGRAMMING PERFORMANCE 

Limits 

Max. 
Parameter Min. Typ. (Note 2) Unit Comments 
Chip Erase Time ~ 1 10 s Excludes OOH programming 

(Note 1) prior to erasure 

Chip Programming Time 0.5 6 s Excludes system-level overhead 
(Note 1) 

Write/Erase Cycles 10,000 Cycles 

Notes: 

1. 25°C, 12VVPP. 

2. Maximum time specified is lower than worst case. Worst case is derived from the Flasherase/Flashrite pulse count 
(Flasherase = 1000 max and Flashrite = 25 max). Typical worst case for program and erase operations is significantly 
less than the actual device limit. 

LATCHUP CHARACTERISTICS 

Min. Max. 

Input Voltage with respect to Vss on all pins except 1/0 pins 
(Including Ag and VPP) -1.0V 13.5 v 
Input Voltage with respect to Vss on all pins 1/0 pins -1.0V Vee+ 1.0 V 

Current -100 mA +100 mA 

Includes all pins except Vee. Test conditions: Vee = 5.0 V, one pin at a time. 

DATA RETENTION 

Parameter Min. Units Test Conditions 
Min. Pattern Data Retention Time 10 Years 150°C 

20 Years 125°C 
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FINAL 

Am28F010 
131,072 x 8-Bit CMOS Flash Memory 

DISTINCTIVE CHARACTERISTICS 
II High performance 

- 90 ns maximum access time 
• CMOS Low power consumption 

- 30 mA maximum active current 
- 1 oo µA maximum standby current 
- No data retention power 

11 Compatible with JEDEC-standard byte-wide 
32-Pin EPROM pinouts 
-32-pin DIP 
- 32-pin PLCC 
- 32-pin TSOP 
-32-pin LCC 

II 10,000 write/erase cycles minimum 
m Write and erase voltage 12.0 V ±5% 

GENERAL DESCRIPTION 
The Am28F01Oisa1 Megabit Flash memory organized 
as 128K bytes of 8 bits each. AM D's Flash memories of­
fer the most cost-effective and reliable read/write non­
volatile random access memory. The Am28F01 O is 
packaged in 32-pin PDIP, PLCC, and TSOP versions. 
The device is also offered in the ceramic DIP and LCC 
packages. It is designed to be reprogrammed and 
erased in-system or in standard EPROM programmers. 

The standard Am28F01 O offers access times as fast as 
90 ns, allowing operation of high-speed microproces­
sors without wait states. To eliminate bus contention, 
the Am28F01 O has separate chip enable (CE) and out­
put enable (OE) controls. 

AMD's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F01 O uses a command register to manage this 
functionality, while maintaining a standard 32-pin 
pinout. The command register allows for 100% TTL 
level control inputs and fixed power supply levels during 
erase and programming, while maintaining maximum 
EPROM compatibility. 

AMD's Flash technology reliably stores memory con­
tents even after 10,000 erase and program cycles. The 
AMD cell is designed to optimize the erase and pro­
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal elec­
tric fields for erase and programming operations pro­
duces reliable cycling. The Am28F01 O uses a 
12.0 V ± 5% VPP supply to perform the Flasherase and 
Flashrite algorithms. 

The highest degree of latch-up protection is achieved 
with AMD's proprietary non-epi process. Latch-up 
protection is provided for stresses up to 100 milliamps 
on address and data pins from -1 V to Vee+ 1 V. 

Publication# 11559 Rev. E AmendmenVO 

Issue Date: September 1992 

~ 
Advanced 

Micro 
Devices 

• Latch-up protected to 100 mA 
from -1 V to Vee +1 V 

• Flasherase™ Electrical Bulk Chip-Erase 
- One second typical chip-erase 

• Flashrite™ Programming 
- 1 O µs typical byte-program 
- Two seconds typical chip program 

• Command register architecture for 
microprocessor/microcontroller compatible 
write interface 

II On-chip address and data latches 
• Advanced CMOS flash memory technology 

- Low cost single transistor memory cell 

• Automatic write/erase pulse stop timer 

The Am28F01 O is byte programmable using 1 O µs pro­
gramming pulses in accordance with AMD's Flashrite 
programming algorithm. The typical room temperature 
programming time of the Am2BF01 o is two seconds. 
The entire chip is bulk erased using 1 Oms erase pulses 
according to AM D's Flasherase alrogithm. Typical era­
sure at room temperature is accomplished in less than 
one second. The windowed package and the 15-20 
minutes required for EPROM using ultra-violet light are 
eliminated. 

Commands are written to the command register using 
standard microprocessor write timings. Register con­
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad­
dress and data needed for the programming and erase 
operations. For system design simplification, the 
Am2BF01 O is designed to support either WE or CE con­
trolled writes. During a system write cycle, addresses 
are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rising edge of WE or 
CE whichever occurs first. To simplify the following dis­
cussion, the WE pin is used as the write cycle control pin 
throughout the rest of this text. All setup and hold times 
are with respect to the WE signal. 

AMD's Flash technology combines years of EPROM 
and EEPROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F01 O electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are 
programmed one byte at a time using the EPROM pro­
gramming mechanism of hot electron injection. 
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BLOCK DIAGRAM 
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PRODUCT SELECTOR GUIDE 

Family Part No.: 
Ordering Part No.: 

±10% Vee Tolerance -90 

±5% Vee Tolerance -95 

Max Access Time (ns) 90 

CE (E) Access (ns) 90 
OE (G) Access (ns) 35 
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CONNECTION DIAGRAMS 
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TSOP PACKAGES* 
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5 
6 
7 
6 28F010 

9 Standard Plnout 

10 
11 
12 
13 
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15 
16 

1 \7 
2 
3 
4 
5 
6 
7 28F010 
8 Reverse Pinout 
9 
10 
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12 
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14 
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28F01 O 128K x 8 Flash Memory in 32 Lead TSOP 
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ORDERING INFORMATION 
Standard Products 

AMO standard products are available in several packages and operating ranges. The ordering number (Valid Combination) is 
formed by a combination of: 

-95 J 

.___ __ DEVICE NUMBER/DESCRIPTION 
Am28F010 

OPTIONAL PROCESSING 
Blank = Standard Processing 

B = Burn-in 

TEMPERATURE RANGE 
C = Commercial (0°C to + 70°C) 
I = Industrial (-40 to+ 85°C) 
E = Extended (-55 to+ 125°C) 

PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 

Chip Carrier (PL 032) 
D = 32-Pin Ceramic DIP (CD 032) 
L = 32-Pin Rectangular Ceramic Leadless 

Chip Carrier (CLR032) 
E = 32-Pin TSOP Standard Pinout (TS 032) 
F = 32-Pin TSOP Reverse Pinout (TSR 32) 

SPEED 
See Product Selector Guide and 
Valid Combinations 

1 Megabit (128K x 8-Bit) CMOS Flash Memory 

Valid Combinations 

AM28F010-90 PC, JC, DC, LC, 
AM28F010-95 EC,FC 

AM28F010-120 PC, Pl, PE, PEB, 

AM28F010-150 JC, JI, JE, JEB, 

AM28F010-200 DC, DI, DE, DEB, 
LC, LI, LE, LEB, 
EC, FC, El, Fl, 
EE,FE,EEB,FEB 

Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consultthe 
local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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ORDERING INFORMATION 
APL Products 

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combina­
tion) is formed by a combination of: 
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-120 /B A 

T 1 

.....__ ___ DEVICE NUMBER/DESCRIPTION 
Am28F010 

LEAD FINISH 
A = Hot Solder Dip 

PACKAGE TYPE 
X = 32-Pin Ceramic DIP (CD 032) 
U = 32-Pin Rectangular Ceramic 

Leadless Chip Carrier (CLR 032) 

DEVICE CLASS 
/B = Class B 

SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 

1 Megabit (128K x 8-Bit) CMOS Flash Memory 

Valid Combinations 

AM28FO 10-120 

AM28F010-150 
/BXA, /BUA 

AM28F010-200 

AM78F010-250 

Am28F010 

Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consult the 
local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

Group A Tests 
Group A tests consist of Subgroups 

1, 2, 3, 7, 8, 9, 10, 11. 



PIN DESCRIPTION 
VPP 
Power supply for erase and programming. VPP must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can­
not be altered when Vpp s Vee +2 V. 

Vee 
Power supply for device operation. (5.0 V ± 5% or 10%) 

Vss 
Ground 

NC 
No Connect-corresponding pin is not connected inter­
nally to the die. 

Ao-A1s 
Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 

AMDl1 

DQ0-DC1 
Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem­
ory read cycles. 

CE (E) 
The Chip Enable active low input activates the chip's 
control logic and input buffers. Chip Enable high will 
deselect the device and operates the chip in stand-by 
mode. 

OE {G) 
The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 

WE(W) 
The Write Enable active low input controls the write 
function of the command register to the memory array. 
The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate data is latched 
on the rising edge of the pulse. 
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BASIC PRINCIPLES 
The Am28F01 O uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram­
ming operations use a fixed 12.0 V ± 5% power supply. 

Read Only Memory 
Without high VPP voltage, the Am28F01 O functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 

Command Register 
The command register is enabled only when high volt­
age is applied to the VPP pin. The erase and reprogram­
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 

The Am28F01 O's command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de­
vice operations. For system design simplification, the 
Am28F01 o is designed to support either WE or CE 
controlled writes. During a system write cycle, ad­
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occur first. To simplify the follow­
ing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 

Overview of Erase/Program Operations 
Flasherase Sequence 

A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and re­
peated one cycle verify commands). 

Note: 
The Flash memory array must be completely pro­
grammed prior to erasure. Refer to the Flasherase 
Algorithm. 

1. Erase Set-Up: Write the Set-up Erase command to 
the command register. 

2. Erase: Write the Erase command (same as Set-up 
Erase command) to the command register again. 

The second command initiates the erase operation. 
The system software routines must now time-out the 
erase pulse width (1 Oms) prior to issuing the Erase­
verify command. An integrated stop timer prevents 
any possibility of overerasure. 

3. Erase-Verify: Write the Erase-verify command to 
the command register. This command terminates 
the erase operation. After the erase operation, each 
byte of the array must be verified. Address informa­
tion must be supplied with the Erase-verify com­
mand. This command verifies the margin and 
outputs the addressed byte in order to compare the 
array data with FFH data (Byte erased). After suc­
cessful data verification the Erase-verify command 
is written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 

If data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is 
successfully verified or the sequence is repeated 
1000 times. 

Flash rite Programming Sequence 

A three step command sequence (a two-cycle Program 
command and one cycle Verify command) is required to 
program a byte of the Flash array. Refer to the Flash rite 
Algorithm. 

1. Program Set-Up: Write the Set-up Program com­
mand to the command register. 

2. Program: Write the Program command to the com­
mand register with the appropriate Address and 
Data. The system software routines must now time­
out the program pulse width (1 o µs) prior to issuing 
the Program-verify command. An integrated stop 
timer prevents any possibility of overprogramming. 

3. Program-Verify: Write the Program-verify com­
mand to the command register. This command ter­
minates the programming operation. In addition, this 
command verifies the margin and outputs the byte 
just programmed in order to compare the array data 
with the original data programmed. After successful 
data verification, the programming sequence is initi­
ated again for the next byte address to be 
programmed. 

If data is not verified, the Program sequence is repeated 
until a successful comparison is verified or the se­
quence is repeated 25 times. 
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Data Protection 
The Am28F01 O is designed to offer protection against 
accidental erasure or programming, caused by spurious 
system level signals that may exist during power transi­
tions. The Am28F01 O powers up in its read only state. 
Also, with its control register architecture, alteration of 
the memory contents only occurs after successful com­
pletion of specific command sequences. 

The device also incorporates several features to 
prevent inadvertent write cycles resulting from Vee 
power-up and power-down transitions or system noise. 

Low Vee Write Inhibit 
To avoid initiation of a write cycle during Vee power-up 
and power-down, a write cycle is locked out for Vee less 
than 3.2 V (typically 3. 7 V). If Vee< VLKO, the command 
register is disabled and all internal program/erase cir­
cuits are disabled. The device will reset to the read 
mode. Subsequent writes will be ignored until the Vee 

FUNCTIONAL DESCRIPTION 
Description Of User Modes 

AMO~ 
level is greater than VLKO. It is the users responsibility to 
ensure that the control pins are logically correct to pre­
vent unintentional writes when Vee is above 3.2 V. 

Write Pulse "Glitch" Protection 
Noise pulses of less than 1 O ns (typical) on OE, CE or 
WE will not initiate a write cycle. 

Logical Inhibit 
Writing is inhibited by holding any one of OE= V1L, CE= 
V1H or WE = V1H. To initiate a write cycle CE and WE 
must be a logical zero while OE is a logical one. 

Power-Up Write Inhibit 
Power-up of the device with WE= CE= V1L and OE= V1H 
will not accept commands on the rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 

Table 1. Am2BF01 O User Bus Operations 

Operation 
CE OE WE VPP 

(E) (G) (W) (Note 1) Ao Ag 1/0 

Read V1L VIL x VPPL Ao Ag Dour 

Standby V1H x x VPPL x x HIGHZ 

Output Disable VIL V1H V1H VPPL x x HIGHZ 
Read-Only Auto-select Manufacturer V1L V1L V1H VPPL V1L V10 CODE 

Code (Note 2) (Note 3) (01H) 

Auto-select Device Code VIL VIL V1H VPPL V1H V10 CODE 
(Note2) (Note3) (A7H) 

Read VIL V1L V1H VPPH Ao Ag Dour 
(Note4) 

Read/Write 
Standby (Note 5) V1H x x VPPH x x HIGHZ 

Output Disable VIL V1H V1H VPPH x x HIGHZ 

Write VIL V1H V1L VPPH Ao Ag DIN 
(Note 6) 

Legend: 

X = Don't care, where Don't Care is either V1L or V1H levels, VPPL = Vpp <Vee + 2 V, See DC Characteristics for voltage 
levels of VPPH, 0 V <An< Vee+ 2 V, (normal TIL or CMOS input levels, where n = 0 or 9). 

Notes: 

1. VPPL may be grounded, connected with a resistor to ground, or~ Vee +2.0 V. VPPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When VPP = VPPL, memory contents can be read but not written or erased. 

2. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 

3. 11.5~V10~ 13.0V 

4. Read operation with VPP = VPPH may access array data or the Auto select codes. 

5. With VPP at high voltage, the standby current is Ice+ lpp (standby). 

6. Refer to Table 3 for valid D1N during a write operation. 

7. All inputs are Don't Care unless otherwise stated, where Don't Care is either V1L or V1H levels. In the Auto select mode all 
addresses except A9 and Ao must be held at VIL. 
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READ ONLY MODE 
VPP <Vee+ 2 V 
Command Register Inactive 
Read 

The Am28F01 o functions as a read only memory when 

VPP <Vee+ 2 V. The Am28F010 has two control func­
tions. Both must be satisfied in order to output data. CE 
controls power to the device. This pin should be used for 
specific device selection. OE controls the device out­
puts and should be used to gate data to the output pins if 
a device is selected. 

Address access time tAcc is equal to the delay from sta­
ble addresses to valid output data. The chip enable ac­
cess time tcE is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en­
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable at least tAcc-toE). 

Standby Mode 

The Am28F01 O has two standby modes. The CMOS 

standby mode (CE input held at Vee ± 0.5 V), consumes 
less than 100 µA of current. TTL standby mode (CE is 
held at V1H) reduces the current requirements to less 
than 1 mA. When in the standby mode the outputs are in 
a high impedance state, independent of the OE input. 

If the device is deselected during erasure, program­
ming, or program/erase verification, the device will draw 
active current until the operation is terminated. 

Output Disable 

Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im­
pedance state. 

Auto Select 

Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol­
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto­
matically matching the device to be programmed with its 
correspor;iding programming algorithm. This mode is 
functional over the entire temperature range of the 
device. 

Programming In A PROM Programmer 

To activate this mode, the programming equipment 
must force V10 (11.5 V to 13.0 V) on address A9. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from V1L to V1H. All other 

address lines must be held at V1L, and Vpp must be less 
than or equal to Vee+ 2.0 V while using this Auto select 
mode. Byte o (Ao = V1L) represents the manufacturer 
code and byte 1 (Ao= V1H) the device identifier code. For 
the Am28F01 O these two bytes are given in the table be­
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (D01) defined as the 
parity bit. 

(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program­
ming the Flash memory device in-system). 

Table 2. Am28F010 Auto Select Code 

Code 
Type Ao (HEX) DQ1 DQs OQ5 OQ4 DQ3 DQ2 DQ1 Dao 

Manufacturer Code V1L 01 0 0 0 0 0 0 0 1 

Device Code V1H A7 1 0 1 0 0 1 1 1 
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ERASE, PROGRAM, AND READ MODE 

VPP = 12.0 v ± 5% 
Command Register Active 
Write Operations 

High voltage must be applied to the Vpp pin in order to 
activate the command register. Data written to the regis­
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 

The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to V1L, while OE is at V1H. Ad­
dresses are latched on the falling edge of WE, while 
data is latched on the rising edge of the WE pulse. Stan­
dard microprocessor write timings are used. 

Register bits R?-Ro correspond to the data inputs DO?­
DOo (refer to Table 3). Register bits R?-Rs store the 
command data. All register bits R4 to Ro must be zero. 
The only exceptions are: the reset command, when FFH 
is written to the register and Auto select, when 90H is 
written to the register. 

The device requires the OE pin to be V1H for write opera­
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 
write, OE must be V1H, and CE and WE must be V1L. 

AMDl1 

If any pin is not in the correct state a write command will 
not be executed. 

Refer to AC Write Characteristics and the Erase/Pro­
gramming Waveforms for specific timing parameters. 

Command Definitions 

The contents of the command register default to OOH 
(Read Mode) in the absence of high voltage applied to 
the VPP pin. The device operates as a read only mem­
ory. High voltage on the VPP pin enables the command 
register. Device operations are selected by writing spe­
cific data codes into the command register. Table 4 de­
fines these register commands. 

Read Command 

Memory contents can be accessed via the read com­
mand when VPP is high. To read from the device, write 
OOH into the command register. Wait 6 µs before read­
ing the first accessed address location. All subsequent 
Read operations take tAcc. Standard microprocessor 
read cycles access data from the memory. The device 
will remain in the read mode until the command register 
contents are altered. 

The command register defaults to OOH (read mode) 
upon VPP power-up. The OOH (Read Mode) register de­
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the Vpp power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 

Table 3. Command Register 

Data Input/Output DO? DOs DOs D04 D03 D02 D01 DOo 

Command Register R7 Rs Rs R4 R3 R2 R1 Ro 
Data/Commands (Notes 1, 2) x x x x x x x x 

Notes: 

1. See Table 4 Am28F010 Command Definitions. 
2. X = Appropriate Data or Register Commands. 
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Table 4. Am28F01 O Command Definitions 

First Bus Cycle Second Bus Cycle 

Operation Address Data 
Command (Note 1) (Note 2) (Note 3) 

Read Memory (Notes 6, 7) Write x OOH/FFH 

Read Auto select Write x BOH or90H 

Erase Set-up/Erase Write Write x 20H 
(Note 4) 

Erase-Verify (Note 4) Write EA AOH 

Program Set-up/ Write x 40H 
Program (Note 5) 

Program-Verify (Note 5) Write x COH 

Reset (Note 7) Write x FFH 

Notes: 
1. Bus operations are defined in Table 1. 

2. RA= Address of the memory location to be read. 
EA= Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 

Operation 
(Note 1) 

Read 

Read 

Write 

Read 

Write 

Read 

Write 

PD = Data to be programmed at location PA Data latched on the rising edge of WE. 

Address 
(Note 2) 

RA 

OOH/01H 

x 

x 
PA 

x 
x 

PVD = Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figure 1 illustrates the Flasherase Electrical Erase Algorithm. 

5. Figure 2 illustrates the Flashrite Programming Algorithm. 

Data 
(Note 3) 

RD 

01H/A7H 

20H 

EVD 

PD 

PVD 

FFH 

6. Wait 6 µs after first Read command before accessing the data. When the second bus command is a Read command, all 
subsequent Read operations take ~cc. 

7. Please reference Reset Command section. 
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FLASH MEMORY PROGRAM/ERASE OPERATIONS 

AMD's Flasherase and Flashrite Algorithms 

Flasherase Erase Sequence 
Erase Set-Up/Erase Commands 

Erase Set-Up 

Erase Set-up is the first of a two-cycle erase command. 
It is a command-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg­
ister in order to perform the Erase Set-up operation. 

Erase 
The second two-cycle erase command initiates the bulk 
erase operation. You must write the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera­
tion must be terminated by writing a new command 
(Erase-verify) to the register. · 

This two step sequence of the Set-up and Erase com­
mands helps to ensure that memory contents are not ac­
cidentally erased. Also, chip erasure can only occur 
when high voltage is applied to the Vpp pin and all control 
pins are in their proper state. In absence of this high volt­
age, memory contents cannot be altered. Refer to AC 
Erase Characteristics and Waveforms for specific tim­
ing parameters. 

Note: 
The Flash memory device must be fully programmed to 
OOH data prior to erasure. This equalizes the charge on 
all memory cells ensuring reliable erasure. 

Erase-Verify Command 

The erase operation erases all bytes of the array in 
parallel. After the erase operation, all bytes must be 

sequentially verified. The Erase-verify operation is initi­
ated by writing AOH to the register. The byte address to 
be verified must be supplied with the command. Ad­
dresses are latched on the falling edge of the WE pulse. 
The rising edge of the WE pulse terminates the erase 
operation. 

Margin Verify 

During the Erase-verify operation, the Am28F010 ap­
plies an internally generated margin voltage to the ad­
dressed byte. Reading FFH from the addressed byte 
indicates that all bits in the byte are properly erased. 

Verify Next Address 
You must write the Erase-verify command with the ap­
propriate address to the register prior to verification of 
each address. Each new address is latched on the fall­
ing edge of WE. The process continues for each byte in 
the memory array until a byte does not return FFH data 
or all the bytes in the array are accessed and verified. 

If an address is not verified to FFH data, the entire chip is 
erased again (refer to Erase Set-up/Erase). Erase verifi­
cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. At 
this point, the verification operation is terminated by 
writing a valid command (e.g. Program set-up) to the 
command register. Figure 1 and Table 5, the Flasherase 
electrical erase algorithm, illustrate how commands and 
bus operations are combined to perform electrical era­
sure. Refer to AC Erase Characteristics and Waveforms 
for specific timing parameters. 
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AMO~ 
Flasherase Electrical Erase Algorithm 
This Flash memory device erases the entire array in par­
allel. The erase time depends on VPP, temperature, and 
number of erase/program cycles on the device. In gen­
eral, reprogramming time increases as the number of 
erase/program cycles increases. 

The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the array. Erasure begins with a read of the mem­
ory contents. The Am28F01 O is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash­
rite programming algorithm with the appropriate data 
pattern. 

Should the device be currently programmed, data other 
than FFH will be returned from address locations. Fol­
low the Flasherase algorithm. Uniform and reliable era­
sure is ensured by first programming all bits in the 
device to their charged state (Data = OOH). This is 

accomplished using the Flashrite Programming algo­
rithm. Erasure then continues with an initial erase op­
eration. Erase verification (Data = FFH) begins at 
address OOOOH and continues through the array to the 
last address, or until data other than FFH is encoun­
tered. If a byte fails to verify, the device is erased again. 
With each erase operation, an increasing number of 
bytes verify to the erased state. Typically, devices are 
erased in less than 100 pulses (one second). Erase effi­
ciency may be improved by storing the address of the 
last byte that fails to verify in a register. Following the 
next erase operation, verification may start at the stored 
address location. A total of 1000 erase pulses are al­
lowed per reprogram cycle, which corresponds to ap­
proximately 1 O seconds of cumulative erase time. The 
entire sequence of erase and byte verification is per­
formed with high voltage applied to the VPP pin. Figure 1 
illustrates the electrical erase algorithm. 

Table 5. Flasherase Electrical Erase Algorithm 

Bus Operations Command Comments 

Entire memory must = OOH before erasure (Note 3) 
Note: Use Flashrite programming algorithm (Figure 3) for 
programming. 

Standby Wait for VPP ramp to WPH (Note 1) 
Initialize: 
Addresses 
PLSCNT (Pulse count) 

Write Erase Set-Up Data= 20H 

Write Erase Data= 20H 

Standby Duration of Erase Operation (twHwH2) 

Write Erase-Verify (Note 2) Address = Byte to Verify 
Data =AOH 
Stops Erase Operation 

Standby Write Recovery Time before Read = 6 µs 

Read Read byte to verify erasure 

Standby Compare output to FFH 
Increment pulse count 

Write Reset Data= FFH, reset the register for read operations. 

Standby Wait for VPP ramp to VPPL (Note 1) 

Notes: 

1. See DC Characteristics for value of VPPH or VPPL. The Vpp power supply can be hard-wired to the device or switchable. 
When Vpp is switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0 V. 

2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 
written with the read command. 

3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 
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Algorithm 

Figure 2. AC Waveforms For Erase Operations 

Analysis of Erase Timing Waveform 

Note: 

This analysis does not include the requirement to pro­
gram the entire array to OOH data prior to erasure. Refer 
to the Flasherase algorithm. 

Erase Set-Up/Erase 

This analysis illustrates the use of two-cycle erase com­
mands (section A and B). The first erase command 
(20H) is a set-up command and does not affect the array 
data (section A). The second erase command (20H) in­
itiates the erase operation (section B) on the rising edge 
of this WE pulse. All bytes of the memory array are 
erased in parallel. No address information is required. 

The erase pulse occurs in section C. 

Time-Out 

A software timing routine (1 Oms duration) must be initi­
ated on the rising edge of the WE pulse of section B. 

Note: 

An integrated stop timer prevents any possibility of over­
erasure by limiting each time-out period of 1 O ms. 

Erase-Verify 

Upon completion of the erase software timing routine, 
the microprocessor must write the Erase-verify com­
mand (AOH). This command terminates the erase op­
eration on the rising edge of the WE pulse (section D). 
The Erase-verify command also stages the device for 
data verification (section F). 

After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-verify command (section D). Addresses are 
latched on the falling edge of the WE pulse. 

Another software timing routine (6 µS duration) must be 
executed to allow for generation of internal voltages for 
margin checking and read operation {section E). 

During Erase-verification (section F) each address that 
returns FFH data is successfully erased. Each address 
of the array is sequentially verified in this manner by re­
peating sections D thru F until the entire array is verified 
or an address fails to verify. Should an address location 
fail to verify to FFH data, erase the device again. Repeat 
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sections A thru F. Resume verification (section D) with 
the failed address. 

Each data change sequence allows the device to use up 
to 1,000 erase pulses to completely erase. Typically 
100 erase pulses are required. 

Note: 

All address locations must be programmed to OOH prior 
to erase. This equalizes the charge on all memory cells 
and ensures reliable erasure. 

Flashrite Programming Sequence 
Program Set-Up/Program Command 

Program Set-Up 

The Am28F01 O is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Program 
Set-up is the first of a two-cycle program command. It 
stages the device for byte programming. The Program 
Set-up operation is performed by writing 40H to the 
command register. 

Program 

Only after the program set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for pro­
gramming must be available on the second WE pulse. 
Addresses and data are internally latched on the falling 
and rising edge of the WE pulse respectively. The rising 
edge of WE also begins the programming operation. 
You must write the Program-verify command to termi­
nate the programming operation. This two step se­
quence of the Set-up and Program commands helps to 
ensure that memory contents are not accidentally writ­
ten. Also, programming can only occur when high volt­
age is applied to the VPP pin and all control pins are in 
their proper state. In absence of this high voltage, mem­
ory contents cannot be programmed. 

Refer to AC Characteristics and Waveforms for specific 
timing parameters. 

AMO~ 
Program Verify Command 

Following each programming operation, the byte just 
programmed must be verified. 

Write COH into the command register in order to initiate 
the Program-verify operation. The rising edge of this WE 
pulse terminates the programming operation. The Pro­
gram-verify operation stages the device for verification 
of the last byte programmed. Addresses were previ­
ously latched. No new information is required. 

Margin Verify 

During the Program-verify operation, the Am28F01 O ap­
plies an internally generated margin voltage to the ad­
dressed byte. A normal microprocessor read cycle 
outputs the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. The original 
programmed data should be stored for comparison. 
Programming then proceeds to the next desired byte lo­
cation. Should the byte fail to verify, reprogram (refer to 
Program Set-up/Program). Figure 3 and Table 6 indi­
cate how instructions are combined with the bus opera­
tions to perform byte programming. Refer to AC 
Programming Characteristics and Waveforms for spe­
cific timing parameters. 

Flashrite Programming Algorithm 
The Am2BF01 o Flashrite Programming algorithm em­
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite Programming algorithm uses 
1 O microsecond programming pulses. Each operation is 
followed by a byte verification to determine when the ad­
dressed byte has been successfully programmed. The 
program algorithm allows for up to 25 programming op­
erations per byte per reprogramming cycle. Most bytes 
verify after the first or second pulse. The entire se­
quence of programming and byte verification is per­
formed with high voltage applied to the VPP pin. Figure 3 
and Table 6 illustrate the programming algorithm. 
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Figure 3. Flash rite Programming Algorithm 

Table 6. Flashrite Programming Algorithm 

Bus Operations Command Comments 

Standby Wait for Vpp ramp to WPH (Note 1) 
Initialize pulse counter 

Write Program Set-Up Data= 40H 

Write Program Valid Address/Data 

Standby Duration of Programming Operation (twHWH1) 

Write Program-Verify (2) Data = COH Stops Program Operation 

Standby Write Recovery Time before Read = 6 µs 

Read Read byte to verify programming 

Standby Compare data output to data expected 

Write Reset Data= FFH, resets the register for read operations. 

Standby Wait for VPP ramp to WPL (Note 1) 

Notes: 

1. See DC Characteristics for value of VPPH. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 

switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0 V. 

2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. 
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Figure 4. AC Waveforms for Programming Operations 

Analysis of Program Timing Waveforms 

Program Set-Up/Program 

Two-cycle write commands are required for program 
operations (section A and B). The first program com­
mand (40H) is a set-up command and does not affect 
the array data (section A). The second program com­
mand latches address and data required for program­
ming on the falling and rising edge of WE respectively 
(section B). The rising edge of this WE pulse (section B) 
also initiates the programming pulse. The device is pro­
grammed on a byte by byte basis either sequentially or 
randomly. 

The program pulse occurs in section C. 

Time-Out 

A software timing routine (1 O µs duration) must be initi­
ated on the rising edge of the WE pulse of section B. 

Note: 

An integrated stop timer prevents any possibility of over­
programming by limiting each time-out period of 1 o µs. 

Program-Verify 

Upon completion of the program timing routine, the mi­
croprocessor must write the program-verify command 
(COH). This command terminates the programming op­
eration on the rising edge of the WE pulse (section D). 
The program-verify command also stages the device for 
data verification (section F). Another software timing 
routine (6 µs duration) must be executed to allow for 
generation of internal voltages for margin checking and 
read operations (section E). 

During program-verification (section F) each byte just 
programmed is read to compare array data with original 
program data. When successfully verified, the next de­
sired address is programmed. Should a byte fail to ver­
ify, reprogram the byte (repeat section A thru F). Each 
data change sequence allows the device to use up to 
25 program pulses per byte. Typically, bytes are verified 
within one or two pulses. 
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Algorithm Timing Delays 

There are four different timing delays associated with 
the Flasherase and Flashrite algorithms: 

1. The first delay is associated with the VPP rise-time 
when VPP first turns on. The capacitors on the VPP 

bus cause an RC ramp. After switching on the VPP, 

the delay required is proportional to the number of 
devices being erased and the 0.1 µF/device. VPP 

must reach its final value 100 ns before commands 
are executed. 

2. The second delay time is the erase time pulse width 
(1 Oms). A software timing routine should be run by 
the local microprocessor to time out the delay. The 
erase operation must be terminated at the conclu­
sion of the timing routine or prior to executing any 
system interrupts that may occur during the erase 
operation. To ensure proper device operation, write 
the Erase-verify operation after each pulse. 

3. A third delay time is required for each programming 
pulse width (10 µs). The programming algorithm is 
interactive and verifies each byte after a program 
pulse. The program operation must be terminated at 
the conclusion of the timing routine or prior to execut­
ing any system interrupts that may occur during the 
programming operation. 

4. A fourth timing delay associated with both the 
Flasherase and Flash rite algorithms is the write re­
covery time (6 µs). During this time internal circuitry 
is changing voltage levels from the erase/ program 
level to those used for margin verify and read 
operations. An attempt to read the device during this 
period will result in possible false data (it may appear 
the device is not properly erased or programmed). 

Note: 
Software timing routines should be written in machine 
language for each of the delays. Code written in ma­
chine language requires knowledge of the appropriate 
microprocessor clock speed in order to accurately time 
each delay. 

Parallel Device Erasure 

Many applications will use more than one Flash memory 
device. Total erase time may be minimized by imple­
menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified separately. When a device is com­
pletely erased and verified use a masking code to pre­
vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (OOH). 

Power-Up Sequence 

The Am28F01 O powers-up in the Read only mode. 
Power supply sequencing is not required. 

Reset Command 

The Reset command initializes the Flash memory de­
vice to the Read mode. In addition, it also provides the 
user with a safe method to abort any device operation 
(including program or erase). 

The Reset command must be written two consecutive 
times after the set-up Program command (40H). This 
will reset the device to the Read mode. 

Following any other Flash command write the Reset 
command once to the device. This will safely abort any 
previous operation and initialize the device to the Read 
mode. 

The set-up Program command (40H) is the only com­
mand that requires a two sequence reset cycle. The first 
Reset command is interpreted as program data. How­
ever, FFH data is considered null data during program­
ming operations (memory cells are only programmed 
from a logical "1" to "O"). The second Reset command 
safely aborts the programming operation and resets the 
device to the Read mode. 

Memory contents are not altered in any case. 

This detailed information is for your reference. It may 
prove easier to always issue the Reset command two 
consecutive times. This eliminates the need to deter­
mine if you are in the set-up Program state or not. 

Auto Select Command 

Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol­
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

Programming ln_-system 

AM D's Flash memories are designed for use in applica­
tions where the local CPU alters memory contents. Ac­
cordingly, manufacturer and device codes must be 
accessible while the device resides in the target system. 
PROM programmers typically access the signature 
codes by raising Ag to a high voltage. However, multi­
plexing high voltage onto address lines is not a generally 
desired system design practice. · 

The Am28F01 o contains an Auto Select operation to 
supplement traditional PROM programming methodol­
ogy. The operation is initiated by writing SOH or 90H into 
the command register. Following this command, a read 
cycle address OOOOH retrieves the manufacturer code of 
01 H. A read cycle from address 0001 H returns the de­
vice code A7H (see Table 2). To terminate the opera­
tion, it is necessary to write another valid command into 
the register (see Table 3). 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Ceramic Packages ............. -65°C to + 150°C 
Plastic Packages ............... -65°C to + 125°C 

Ambient Temperature 
with Power Applied . . . . . . . . . . . . -55°C to + 125°C 

Voltage with Respect To Ground 
All pins except Ag and VPP (Note 1) . -2.0 V to +7.0 V 

Vee (Note 1} .................. -2.0 V to +7.0 V 

Ag (Note 2} . . . . . . . . . . . . . . . . . . -2.0 V to + 14.0 V 

VPP (Note 2) . . . . . . . . . . . . . . . . . . -2.0 V to + 14.0 V 

Output Short Circuit Current (Note 3} . . . . . . 200 mA 

Notes: 
1. Minimum DC voltage on input or 1/0 pins is-0.5 V. During 

voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 
and 1/0 pins is Vee + 0.5 V. During voltage transitions, 
outputs may overshoot to Vee + 2.0 V for periods up to 
20ns. 

2. Minimum DC input voltage on A9 and Vpp pins is -0.5 V. 
During voltage transitions, A9 and Vpp may overshoot Vss 
to -2.0 V for periods of up to 20 ns. Maximum DC input 
voltage on A9 and VPP is + 13.5 V which may overshoot to 
14.0 V for periods up to 20 ns. 

3. No more than one output shorted at a time. Duration of the 
short circuit should not be greater than one second. 

Stresses above those listed under "Absolute Maximum Rat­
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these or 
any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure of the de­
vice to absolute maximum rating conditions for extended peri­
ods may affect device reliability. 

OPERATING RANGES 
Commercial (C} Devices 

AMO~ 

Case Temperature (Tc} .......... 0°C to +70°C 

Industrial (I} Devices 
Case Temperature (Tc} ........ -40°C to +85°C 

Extended (E} Devices 
Case Temperature (Tc} ....... -55°C to +125°C 

Military (M) Devices 
Case Temperature (Tc} ....... -55°C to +125°C 

Vee Supply Voltages 
Vee for Am28F01 O-X5 . . . . . . +4. 75 V to +5.25 V 

Vee for Am28F010-XXO ..... +4.50 V to +5.50 V 

VPP Supply Voltages 
Read ..................... -0.5 V to +12.6 V 

Program, Erase, and Verify ... +11.4 V to +12.6 V 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 

20 ns 20 ns 

+O.BV 

-0.5V 

20 ns 

Maximum Positive Input Overshoot 

20 ns 

Vee+ 0.5 V 

2.0V ~=1· 1~~ 
20 ns 20 ns 

Maximum VPP Overshoot 

20 ns 

13.5 v 

Vee+0.5V 

20 ns 20 ns 
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AMO~ 
DC CHARACTERISTICS over operating range unless otherwise specified (for APL Prod­
ucts, Group A, Subgroups 1, 2, 3, 7 and 8 are tested unless otherwise noted) 
(Notes 1-3) 

DC CHARACTERISTICS-TTL/NMOS COMPATIBLE 
Parameter 
Symbol Parameter Description Test Conditions Min. Typ. Max. Unit 

lu Input Leakage Current Vee. Vee Max., ±1.0 µA 
V1N = Vee or Vss 

ILO Output Leakage Current Vee. Vee Max., ±1.0 µA 

Vour = Vee or Vss 

Ices Vee Standby Current Vee. Vee Max. 0.2 1.0 mA 

CE= V1H 

lcc1 Vee Active Read Current Vee= Vee Max.,CE = V1L, OE = V1H 10 30 mA 

lour = 0 mA, at 6 MHz 

lcc2 Vee Programming Current CE =VIL 10 30 mA 
Programming in Progress 

ICC3 Vee Erase Current CE= V1L 10 30 mA 
Erasure in Progress 

IPPS Vpp Standby Current Vpp = VPPL ±1.0 µA 

IPP1 Vpp Read Current VPP= VPPH 70 200 

VPP = WPL ±1.0 
µA 

IPP2 Vpp Programming Current Vpp = VPPH 10 30 mA 
Programming in Progress 

IPP3 Vpp Erase Current VPP = VPPH 10 30 mA 

Erasure in Progress 

V1L Input Low Voltage -0.5 0.8 v 
V1H Input High Voltage 2.0 Vee v 

+ 0.5 

VoL Output Low Voltage loL. 5.8 mA 0.45 v 
Vee. Vee Min. 

VOH1 Output High Voltage loH.-2.5 mA 2.4 v 
Vee. Vee Min. 

V10 Ag Auto Select Voltage A9= V10 11.5 13.0 v 
110 Ag Auto Select Current A9 = V10 Max. 5 50 µA 

Vee. Vee Max. 

VPPL Vpp during Read-Only Note: Erase/Program are 0.0 Vee v 
Operations inhibited when VPP = WPL +2.0 

VPPH Vpp during Read/Write 11.4 12.6 v 
Operations 

VLKO Low Vee Lock-out Voltage 3.2 v 
Notes: 

1. Caution: the Am28F01 O must not be removed from (or inserted into) a socket when Vee or Vpp is applied. 

2. lcc1 is tested with OE = V1H to simulate open outputs. 

3. Maximum active power usage is the sum of Ice and IPP. 
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DC CHARACTERISTICS-CMOS COMPATIBLE 
Parameter 
Symbol Parameter Description Test Conditions Min. Typ. Max. Unit 

lu Input Leakage Current Vee. Vee Max., ± 1.0 µA 

V1N =Vee or Vss 

ILO Output Leakage Current Vee. Vee Max., ± 1.0 µA 

Vour = Vee or Vss 

Ices Vee Standby Current Vee. Vee Max. 15 100 µA 
CE= Vee± 0.5 v 

lcc1 Vee Active Read Current Vee. Vee Max.,CE =VIL, OE = V1H 10 30 mA 
lour= O mA, at 6 MHz 

lcc2 Vee Programming Current CE =VIL 10 30 mA 
Programming in Progress 

ICC3 Vee Erase Current CE =VIL 10 30 mA 
Erasure in Progress 

IPPS Vpp Standby Current Vpp = VPPL ± 1.0 µA 

IPP1 VPP Read Current Vpp = VPPH 70 200 µA 

IPP2 Vpp Programming Current Vpp = VPPH 10 30 mA 
Programming in Progress 

lpp3 Vpp Erase Current Vpp = VPPH 10 30 mA 
Erasure in Progress 

V1L Input Low Voltage -0.5 0.8 v 
V1H Input High Voltage 0.7 Vee Vee v 

+ 0.5 

VOL Output Low Voltage loL. 5.8 mA 0.45 v 
Vee= Vee Min. 

VOH1 loH. -2.5 mA, Vee. Vee Min. 0.85 

Output High Voltage 
Vee 

v 
VOH2 loH. -1 oo µA, Vee. Vee Min. Vee 

-0.4 

V10 A9 Auto Select Voltage A9= V10 11.5 13.0 v 
110 A9 Auto Select Current A9= V10Max. 5 50 µA 

Vee. Vee Max. 

VPPL Vpp during Read-Only Note: Erase/ Program are 0.0 Vee v 
Operations inhibited when Vpp = WPL + 2.0 

VPPH Vpp during Read/Write 11.4 12.6 v 
Operations 

VLKO Low Vee Lock-out Voltage 3.2 v 
Notes: 

1. Caution: the Am28F01 O must not be removed from (or inserted into) a socket when Vee or Vpp is applied. 

2. lcc1 is tested with OE = V1H to simulate open outputs. 

3. Maximum active power usage is the sum of Ice and lpp, 
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PIN CAPACITANCE 

Parameter 
Symbol Parameter Description Test Conditions Typ Max 

C1N Input Capacitance VIN =0 8 10 

Cour Output Capacitance Vour = o 8 12 

CIN2 VPP Input Capacitance Vpp =0 8 12 

Notes: 
1. Sampled, not 100% tested. 

2. Test conditions TA= 25°C, f = 1.0 MHz 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

AC CHARACTERISTICS-Read Only Operation (Notes 1 and 2) 

Parameter 
Symbols 

JED EC Standard Parameter Description 

tAVAV tRC Read Cycle Time 
(Note4) 

tELOV tCE Chip Enable 
Access Time 

tAvav tACC Address 
Access Time 

tGLQV toE Output Enable 
Access Time 

tELOX tLZ Chip Enable to 
Output in Low Z (Note 4) 

tEHOZ toF Chip Disable to 
Output in High Z (Note 3) 

tGLOX tOLZ Output Enable to 
Output in Low Z (Note 4) 

tGHQZ toF Output Disable to 
Output in High Z (Note 4) 

tAXQX toH Output Hold from first of 
Address, CE, or OE Change 
(Note4) 

twHGL Write Recovery 
Time before Read 

tvcs Vee Set-up Time to 
Valid Read (Note 4) 

Notes: 

1. Output Load: 1 TTL gate and CL = 100 pF 
Input Rise and Fall Times: ~ 1 O ns 
Input Pulse levels: 0.45 to 2.4 V 

-90 
-95 

Min. 90 
Max. 

Min. 
Max. 90 

Min. 
Max. 90 

Min. 
Max. 35 

Min. 0 
Max. 

Min. 
Max. 20 

Min. 0 
Max. 

Min. 
Max. 20 

Min. 0 
Max. 

Min. 6 
Max. 

Min. 50 
Max. 

Timing Measurement Reference Level: Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 

2. The Am28F010-95 Output Load: 1 TTL gate and Q = 100 pF 
Input Rise and Fall Times: ~ 10 ns 
Input Pulse levels: 0 to 3 V 

Am2BF010 

-120 -150 -200 

- - -
120 150 200 

120 150 200 

120 150 200 

50 55 55 

0 0 0 

30 35 35 

0 0 0 

30 35 35 

0 0 0 

6 6 6 

50 50 50 

Timing Measurement Reference Level: 1.5 V inputs and outputs. 
3. Guaranteed by design not tested. 

4. Not 100% tested. 
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AMO~ 
AC CHARACTERISTICS-Write/Erase/Program Operations (Notes 1-5) 

Parameter Am28F010 
Symbols -90 -120 -150 -200 -250 

JED EC Standard Parameter Description -95 - - - -
f.AVAV twe Write Cycle Time Min. 90 120 150 200 250 

(Note6) Max. 

f.AWIL t.As Address Set-Up Time Min. 0 0 0 0 0 
Max. 

twLAX t.AH Address Hold Time Min. 45 50 60 75 75 
Max. 

toW/H tos Data Set-Up Time Min. 45 50 50 50 50 
Max. 

twHDX tDH Data Hold Time Min. 10 10 10 10 10 
Max. 

twHGL twR Write Recovery Time Min. 6 6 6 6 6 
before Read Max. 

tGHWL Read Recovery Time Min. 0 0 0 0 0 
before Write Max. 

tELWL tes Chip Enable Min. 0 0 0 0 0 
Set-Up Time Max. 

twHEH teH Chip Enable Min. 0 0 0 0 0 
Hold Time Max. 

twLWH twp Write Pulse Width Min. 45 50 60 60 60 
Max. 

twHWL twPH Write Pulse Min. 20 20 20 20 20 
Width HIGH Max. 

twHWH1 Duration of Programming Min. 10 10 10 10 10 
Operation (Note 4) Max. 

twHWH2 Duration of Min. 9.5 9.5 9.5 9.5 9.5 
Erase Operation (Note 4) Max. 

tvPEL Vpp Set-Up Time to Min. 100 100 100 100 100 
Chip Enable LOW (Note 6) Max. 

tvcs Vee Set-Up Time to Min. 50 50 50 50 50 
Chip Enable LOW (Note 6) Max. 

tvPPR Vpp Rise Time Min. 500 500 500 500 500 
90% VPPH (Note 6) Max. 

tvPPF Vpp Fall Time Min. 500 500 500 500 500 
10% WPL (Note 6) Max. 

tLKO Vee< VLKo Min. 100 100 100 100 100 
to Reset (Note 6) Max. 

Notes: 

1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read Only operations. 

2. All devices except Am28F010-95. Input Rise and Fall times:~ 10 ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 

3. Am28F010-95. Input Rise and Fall times:~ 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 

4. Maximum pulse widths not required because the on-chip program/erase stop timer will terminate the pulse widths 
internally on the device. 

Unit 

ns 

ns 

ns 

ns 

ns 

µs 

µs 

ns 

ns 

ns 

ns 

µs 

ms 

ns 

µs 

ns 

ns 

ns 

5. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the Write Pulse Width (within a longer Write-Enable timing waveform) all set-up, hold 
and inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 

6. Not 100% tested. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 
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KS000010 

SWITCHING WAVEFORMS 
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CE(E) 

OE(G) 

Data (DQ) 

5.0V 

Vee 
ov 

Device and Outputs Data 
Power-Up, Standby Address Selection Enabled Valid 

Addresses Stable 
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tELQV (tCE) 
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t.Avav (t.Aee) 

tAxax (toH) 

Output Valid 

Figure 6. AC Waveforms for Read Operations 
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SWITCHING WAVEFORMS 

Addresses 

CE(E) 

OE(G) 

Data (DO) 

5.0V 

Set-Up Erase 
Command 

Ives 

IYPEL 
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-
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Erase Command 
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Figure 7. AC Waveforms for Erase Operations 
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SWITCHING WAVEFORMS 

Addresses 

CE(E) 

OE(G) 

Data (DQ) 

5.0V 

Power-Up & 
Standby 

Set-Up Program 
Command 

Ives 

IVPEL 

Vee » ov 

-
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VPPH 
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Program Command 
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Verify 
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Figure 8. AC Waveforms for Programming Operations 
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SWITCHING TEST CIRCUIT 

Device 
Under 
Test 

6.2kQ 

2.7kQ 

Diodes = IN3064 
or Equivalent 

AMoll 

11559E-17 

CL = 100 pF including jig capacitance 

SWITCHING TEST WAVEFORMS 

2.4V 

0.45 v 
INPUT 

2.0V 2.0V > TEST POINTS < 
0.8 v 0.8 v 

OUTPUT 

All Devices Except Am28F010-95 

AC Testing: Inputs are driven at 2.4 V for a 
logic·"1" and 0.45 Vfor a logic "0". Input pulse 
rise and fall times are .s 10 ns. 

3V---

1.5.-TEST POINTS-.1.5 

av---"' 
INPUT OUTPUT 

For Am28F010-95 

AC Testing: Inputs are driven at 3.0 V for a 
logic "1" and 0 V for a logic "O". Input pulse rise 
and fall times are .s 10 ns. 

11559E-18 
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ERASE AND PROGRAMMING PERFORMANCE 

Limits 

Parameter Min. Typ. Max.<3
> Unit Comments 

Chip Erase Time 1 10 s Excludes OOH programming 
(Note 1) (Note 2) prior to erasure 

Chip Programming Time 2 12.5 s Excludes system-level overhead 
(Note 1) 

Write/Erase Cycles 10,000 Cycles 

Notes: 

1. 25°C, 12 V Vpp 

2. The Flasherase/Flashrite algorithms allows for 60 second erase time for military temperature range operations. 

3. Maximum time specified is lower than worst case. Worst case is derived from the Flasherase/Flashrite pulse count 
(Flasherase = 1000 max. and Flashrite = 25 max.). Typical worst case for program and erase operations is significantly 
less than the actual device limit. 

LATCHUP CHARACTERISTICS 

Min. Max. 

Input Voltage with respect to Vss on all pins except 1/0 pins 
(Including Ag and Vpp) -1.0V 13.5 v 
Input Voltage with respect to Vss on all pins 1/0 pins -1.0V Vee+ 1.0V 

Current -100 mA +100 mA 

Includes all pins except Vee. Test conditions: Vee = 5.0 V, one pin at a time. 

DATA RETENTION 

Parameter Min. Units Test Conditions 

Min. Pattern Data Retention Time 10 Years 150°C 

20 Years 125°C 
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FINAL 

Am28F010A 
131,072 x 8-Bit CMOS Flash Memory 
with Embedded Algorithms 

DISTINCTIVE CHARACTERISTICS 
a High performance 

- 90 ns maximum access time 

• CMOS low power consumption 
- 30 mA maximum active current 
- 1 oo µA maximum standby current 
- No data retention power 

m Compatible with JEDEC-standard byte-wide 
32-Pin EPROM pinouts 
- 32-pin DIP 
- 32-pin PLCC 
- 32-pin TSOP 
- 32-pin LCC 

11 100,000 write/erase cycles minimum 

m Write and erase voltage 12.0 V ±5% 

Cil Latch-up protected to 100 mA from -1 V to 
Vee +1 V 

GENERAL DESCRIPTION 
The Am28F01 OA is a 1 Megabit Flash memory organ­
ized as 128K bytes of 8 bits each. AM D's Flash memo­
ries offer the most cost-effective and reliable read/write 
non- volatile random access memory. The Am28F01 OA 
is packaged in 32-pin PDIP, PLCC, and TSOP versions. 
The device is also offered in the ceramic DIP and LCC 
packages. It is designed to be reprogrammed and 
erased in-system or in standard EPROM programmers. 

The standard Am28F01 OA offers access times as fast 
as 90 ns, allowing operation of high-speed microproces­
sors without wait states. To eliminate bus contention, 
the Am28F01 OA has separate chip enable (CE) and out­
put enable {OE) controls. 

AMD's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F01 OA uses a command register to manage this 
functionality, while maintaining a standard 32-pin 
pinout. The command register allows for 100% TTL 
level control inputs and fixed power supply levels during 
erase and programming, while maintaining maximum 
EPROM compatibility. 

AMD's Flash technology reliably stores memory con­
tents even after 100,000 erase and program cycles. The 
AMD cell is designed to optimize the erase and pro­
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal 

Publication# 16778 Rev. A Amendment/O 

Issue Date: September 1992 

~ 
Advanced 

Micro 
Devices 

• Embedded Erase™ Electrical Bulk Chip-Erase 
- Three second typical chip-erase including 

pre-programming 

B Embedded Program™ 
- 14 µs typical byte-program including time-out 
- Two seconds typical chip program 

II Command register architecture for 
microprocessor/microcontroller compatible 
write interface 

llil On-chip address and data latches 

II Advanced CMOS flash memory technology 
- Low cost single transistor memory cell 

Iii Embedded algorithms for completely 
self-timed write/erase operations 

llil Automatic write/erase pulse stop timer 

electric fields for erase and programming operations 
produces reliable cycling. The Am28F01 OA uses a 
12.0 V ± 5% VPP supply to perform the erase and pro­
gramming functions. 

The highest degree of latch-up protection is achieved 
with AMD's proprietary non-epi process. Latch-up pro­
tection is provided for stresses up to 100 milliamps on 
address and data pins from -1 V to Vee +1 V. 

Embedded Program 

The Am28F01 OA is byte programmable using the Em­
bedded Programming algorithm. The Embedded Pro­
gramming algorithm does not require the system to 
time-out or verify the data programmed. The typical 
room temperature programming time of the 
Am28F01 OA is two seconds. 

Embedded Erase 

The entire chip is bulk erased using the Embedded 
Erase algorithm. The Embedded Erase algorithm auto­
matically programs the entire array prior to electrical 
erase. The timing and verification of electrical erase are 
controlled internal to the device. Typical erasure at room 
temperature is accomplished in one second. 

AM D's Am28F01 OA is entirely pin and software compat­
ible with AMO Am28F020A Flash memory. 
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Embedded Programming Algorithm vs. 
Flashrite Programming Algorithm 

The Flashrite Programming algorithm requires the user 
to write a program set-up command, a program com­
mand (program data and address), and a program verify 
command followed by a read and compare operation. 
The user is required to time the programming pulse 
width in order to issue the program verify command. An 
integrated stop timer prevents any possibility of over­
programming. Upon completion of this sequence the 
data is read back from the device and compared by the 
user with the data intended to be written; if there is not a 
match, the sequence is repeated until there is a match or 
the sequence has been repeated 25 times. 

AM D's Embedded Programming algorithm requires the 
user to only write a program set-up command and a pro­
gram command (program data and address). The de­
vice automatically times the programming pulse width, 
provides the program verify and counts the number of 
sequences. A status bit, similar to data polling, provides 
feedback to the user as to the status of the programming 
operation. 

Embedded Erase Algorithm vs. Flasherase Erase 
Algorithm 

The Flasherase Erase algorithm requires the device to 
be completely programmed prior to executing an erase 
command. To invoke the erase operation the user writes 
an erase set-up command, an erase command, and an 
erase verify command. The user is required to time the 
erase pulse width in order to issue the erase verify com­
mand. An integrated stop timer prevents any possibility 
of overerasure. Upon completion of this sequence the 
data is read back from the device and compared by the 

user with erased data. If there is not a match, the se­
quence is repeated until there is a match or the se­
quence has been repeated 6,000 times. 

AM D's Embedded Erase algorithm requires the user to 
only write an erase set-up command and erase com­
mand. The device will automatically pre-program and 
verify the entire array. Then the device automatically 
times the erase pulse width, provides the erase verify 
and counts the number of sequences. A status bit, simi­
lar to data polling, provides feedback to the user as to 
the status of the erase operation. 

Commands are written to the command register using 
standard microprocessor write timings. Register con­
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad­
dress and data needed for the programming and erase 
operations. For system design simplification, the 
Am28F01 OA is designed to support either WE or CE 
controlled writes. During a system write E,Y£1e, ad­
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occurs first. To simplify the fol­
lowing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 

AMD's Flash technology combines years of EPROM 
and EEPROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F01 OA electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are pro­
grammed one byte at a time using the EPROM program­
ming mechanism of hot electron injection. 

2-100 Am28F010A 



BLOCK DIAGRAM 
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CONNECTION DIAGRAMS 
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TSOP PACKAGES 
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OE 
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Ds 
04 
03 

Vss 
02 
01 
Do 
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A1 
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LOGIC SYMBOL 

10 
2 
3 
4 
5 
6 
7 28F010A 8 
9 Standard Pinout 

10 
11 
12 
13 
14 
15 
16 

1 \7 
2 
3 
4 
5 
6 
7 28F010A 
8 Reverse Pinout 
9 
10 
11 
12 
13 
14 
15 
16 

28F01 OA 128K x 8 Flash Memory in 32 Lead TSOP 

Ao-A16 

CE (E} 

OE(G) 

WE(W) 

DQo- DQ7 

16778A-5 
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AMO~ 
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~AMO 
ORDERING INFORMATION 
Standard Products 

AMO standard products are available in several packages and operating ranges. The ordering number (Valid Combination) is 
formed by a combination of: 

2-104 

.95 J 

--- DEVICE NUMBER/DESCRIPTION 
Am28F010A 

OPTIONAL PROCESSING 
Blank = Standard Processing 

B = Burn-in 

TEMPERATURE RANGE 
C = Commercial (0°C to +70°C) 
I = Industrial (-40 to +85°C) 
E = Extended (-55 to +125°C) 

PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 

Chip Carrier (PL 032) 
E = 32-Pin TSOP Standard Pinout (TS 032) 
F = 32-Pin TSOP Reverse Pinout (TSR 32) 
D = 32-Pin Ceramic DIP (CD 032) 
L = 32-Pin Rectangular Leadless Chip 

Carrier (CLR032) 

SPEED 
See Product Selector Guide and 
Valid Combinations 

1 Megabit (128K x 8-Bit) CMOS Flash Memory with Embedded Algorithms 

Valid Combinations 

AM28F01 OA-90 PC, JC, EC, FC, 

AM28F01 OA-95 DC, LC 

AM28F01 OA-120 PC, Pl, JC, JI, PE, 

AM28F01 OA-150 PEB, JE, JEB, EC, 

AM28F01 OA-200 FC, El, Fl, EE, FE, 
EEB, FEB, DC, DI, 
DE, DEB, LC, LI, 
LE,LEB 

Am28F010A 

Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume forth is device. Consultthe 
local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 



AMO~ 
ORDERING INFORMATION 
APL Products 

AMO products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combina­
tion) is formed by a combination of: 

·120 /8 A 

T 1 

......_ ___ DEVICE NUMBER/DESCRIPTION 
Am28F010A 

LEAD FINISH 
A = Hot Solder Dip 

PACKAGE TYPE 
X = 32-Pin Ceramic DIP (CD 032) 
U = 32-Pin Rectangular Ceramic 

Leadless Chip Carrier (CLR032) 

DEVICE CLASS 
/B = Class B 

SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 

1 Megabit (128K x 8-Bit) CMOS Flash Memory with Embedded Algorithms 

Valid Combinations 

AM28F01 OA-120 

AM28F01 OA-150 
/BXA, /BUA 

AM28F01 OA-200 

AM78F01 OA-250 

Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consultthe 
local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

Am28F010A 

Group A Tests 

Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 

2-105 



~AMO 
PIN DESCRIPTION 
VPP 

Power supply for erase and programming. VPP must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can­
not be altered when VPP s Vee +2 V. 

Vee 

Power supply for device operation. (5.0 V ± 5% or 10%) 

Vss 

Ground 

NC 

No Connect-corresponding pin is not connected inter­
nally to the die. 

Aa-A1s 
Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 

DC0-DC1 

Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem­
ory read cycles. 

CE (E) 
The Chip Enable active low input activates the chip's 
control logic and input buffers. Chip Enable high will 
deselect the device and operates the chip in stand-by 
mode. 

OE (G) 
The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 

WE(W) 

The Write Enable active low input controls the write 
function of the command register to the memory array. 
The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate data is latched 
on the rising edge of the pulse. 
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BASIC PRINCIPLES 
The Am28F01 OA uses 100% TIL-level control inputs to 
manage the command register. Erase and reprogram­
ming operations use a fixed 12.0 V ± 5% power supply. 

Read Only Memory 
Without high VPP voltage, the Am28F01 OA functions as 
a read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 

Command Register 
The command register is enabled only when high volt­
age is applied to the VPP pin. The erase and reprogram­
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 

The Am28F01 OA's command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de­
vice operations. For system design simplification, the 
Am28F01 OA is designed to support either WE or CE 
controlled writes. During a system write cycle, ad­
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occur first. To simplify the follow­
ing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 

Overview of Erase/Program Operations 
Embedded Erase Algorithm 

AMO now makes erasure extremely simple and reliable. · 
The Embedded Erase algorithm requires the user to 
only write an erase set-up command and erase com­
mand. The device will automatically pre-program and 
verify the entire array. The device automatically times 
the erase pulse width, provides the erase verify and 
counts the number of sequences. A status bit, similar to 

· Data Polling, provides feedback to the user as to the 
status of the erase operation. 

Embedded Programming Algorithm 

AMO now makes programming extremely simple and 
reliable. The Embedded Programming algorithm 
requires the user to only write a program set-up 
command and a program command. The device auto­
matically times the programming pulse width, provides 
the program verify and counts the number of se­
quences. A status bit, similar to Data Polling, provides 
feedback to the user as to the status of the programming 
operation. 

AMO~ 

Data Protection 
The Am28F01 OA is designed to offer protection against 
accidental erasure or programming, caused by spurious 
system level signals that may exist during power transi­
tions. The Am28F01 OA powers up in its read only state. 
Also, with its control register architecture, alteration of 
the memory contents only occurs after successful com­
pletion of specific command sequences. 

The device also incorporates several features to 
prevent inadvertent write cycles resulting form Vee 
power-up and power-down transitions or system noise. 

Low Vee Write Inhibit 
To avoid initiation of a write cycle during Vee power-up 
and power-down, a write cycle is locked out for Vee less 
than 3.2 V (typically 3.7V). If Vee< VLKO, the command 
register is disabled and all internal program/erase cir­
cuits are disabled. The device will reset to the read 
mode. Subsequent writes will be ignored until the Vee 
level is greater than VLKO. It is the users responsibility to 
ensure that the control pins are logically correct to pre­
vent unintentional writes when Vee is above 3.2 V. 

Write Pulse "Glitch" Protection 
Noise pulses of less than 1 O ns (typical) on OE, CE or 
WE will not initiate a write cycle. 

Logical Inhibit 
Writing is inhibited by holding any one of OE= V1L, CE= 
V1H or WE = V1H. To initiate a write cycle CE and WE 
must be a logical zero while OE is a logical one. 

Power-Up Write Inhibit 
Power-up of the device with WE= CE= V1L and OE= V1H 
will not accept commands on the rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 
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FUNCTIONAL DESCRIPTION 
Description of User Modes 

Table 1. Am28F010A User Bus Operations 

Operation 
CE OE WE VPP 

(E) (G) (W) (Note 1) 

Read V1L V1L x VPPL 

Standby V1H x x VPPL 

Read-Only Output Disable V1L V1H V1H VPPL 

Auto-select Manufacturer V1L V1L V1H VPPL 
Code (Note 2) 

Auto-select Device Code V1L V1L V1H VPPL 
(Note 2) 

Read V1L V1L V1H VPPH 

Read/Write 
Standby (Note 5) V1H x x VPPH 

Output Disable V1L V1H V1H VPPH 

Write V1L V1H V1L VPPH 

Legend: 

Ao Ag 1/0 

Ao Ag Dour 

x x HIGHZ 

x x HIGHZ 

V1L V10 CODE 
(Note 3) (01H) 

V1H V10 CODE 
(Note 3) (A2H) 

Ao Ag Dour 
(Note 4) 

x x HIGHZ 

x x HIGHZ 

Ao Ag D1N 
(Note 6) 

X = Don't care, where Don't Care is either V1L or V1H levels, VPPL = VPP <Vee + 2 V; see DC Characteristics for voltage 
levels of VPPH, OV <An <Vee + 2 V, (normal TIL or CMOS input levels, where n = O or 9). 

Notes: 

1. VPPL may be grounded, connected with a resistor to ground, or~ Vee +2.0 V. VPPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When VPP = VPPL, memory contents can be read but not written or erased. 

2. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 

3. 11.5 ~ V10 ~ 13.0 V 
4. Read operation with Vpp = VPPH may access array data or the Auto select codes. 

5. With Vpp at high voltage, the standby current is Ice+ IPP (standby). 

6. Refer to Table 3 for valid D1N during a write operation. 

7. All inputs are Don't Care unless otherwise stated, where Don't Care is either V1L or V1H levels. In the Auto select mode all 
addresses except A9 and Ao must be held at V1L. 
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READ ONLY MODE 
VPP <Vee+ 2 V 
Command Register Inactive 
Read 

The Am28F01 OA functions as a read only memory when 
Vpp <Vee+ 2 V. The Am28F01 OA has two control func­
tions. Both must be satisfied in order to output data. CE 
controls power to the device. This pin should be used for 
specific device selection. OE controls the device out­
puts and should be used to gate data to the output pins if 
a device is selected. 

Address access time ~cc is equal to the delay from sta­
ble addresses to valid output data. The chip enable ac­
cess time tcE is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en­
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable at least tAcc - toE). 

Standby Mode 

The Am28F01 OA has two standby modes. The CMOS 
standby mode {CE input held at Vee± 0.5 V), consumes 
less than 100 µA of current. TTL standby mode {CE is 
held at V1H) reduces the current requirements to less 
than 1 mA. When in the standby mode the outputs are in 
a high impedance state, independent of the OE input. 

If the device is deselected during erasure, program­
ming, or program/erase verification, the device will draw 
active current until the operation is terminated. 

Output Disable 

Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im­
pedance state. 

AMol1 

Auto Select 

Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol­
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto­
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the 
device. 

Programming In A PROM Programmer 

To activate this mode, the programming equipment 
must force V10 (11.5 V to 13.0 V) on address A9. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from V1L to V1H. All other 

address lines must be held at V1L, and VPP must be less 
than or equal to Vee+ 2.0 V while using this Auto select 
mode. Byte O (Ao = V1L) represents the manufacturer 
code and byte 1 (Ao= V1H) the device identifier code. For 
the Am28F01 O these two bytes are given in the table be­
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (D01) defined as the 
parity bit. 

(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program­
ming the Flash memory device in-system). 

Table 2. Am28F01 OA Auto Select Code 

Code 
Type Ao (HEX) D01 DOs DOs 004 003 002 001 DOo 

Manufacturer Code V1L 01 0 0 0 0 0 0 0 1 

Device Code V1H A2 1 0 1 0 0 0 1 0 
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ERASE, PROGRAM, AND READ MODE 

VPP = 12.0 v ± 5% 
Command Register Active 
Write Operations 

High voltage must be applied to the VPP pin in order to 
activate the command register. Data written to the regis­
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 

The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to V1L, while OE is at V1H. Ad­
dresses are latched on the falling edge of WE, while 
data is latched on the rising edge of the WE pulse. Stan­
dard microprocessor write timings are used. 

Register bits R?-Ro correspond to the data inputs 
007-000 (refer to Table 3). Register bits R?-Rs store 
the command data. All register bits R4 to Ro must be 
zero. The only exceptions are: the reset command, 
when FFH is written to the register and Auto select, 
when 90H is written to the register. 

The device requires the OE pin to be V1H for write opera­
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 
write, OE must be V1H, and CE and WE must be V1L. If 
any pin is not in the correct state a write command will 
not be executed. 

Refer to AC Write Characteristics and the Erase/Pro­
gramming Waveforms for specific timing parameters. 

Command Definitions 

The contents of the command register default to OOH 
(Read Mode) in the absence of high voltage applied to 
the VPP pin. The device operates as a read only mem­
ory. High voltage on the Vpp pin enables the command 
register. Device operations are selected by writing spe­
cific data codes into the command register. Table 4 de­
fines these register commands. 

Read Command 

Memory contents can be accessed via the read com­
mand when VPP is high. To read from the device, write 
OOH into the command register. Wait 6 µs before read­
ing the first accessed address location. All subsequent 
Read operations take !Acc. Standard microprocessor 
read cycles access data from the memory. The device 
will remain in the read mode until the command register 
contents are altered. 

The command register defaults to OOH (read mode) 
upon Vpp power-up. The OOH (Read Mode) register de­
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the VPP power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 

Table 3. Command Register 

Data lnput/Ou!Qut 007 DOs DOs 004 003 002 001 DOo 

Command Register R7 Rs Rs R4 R3 R2 R1 Ro 

Data/Commands (Notes 1, 2) x x x x x x x x 
Notes: 
1. See Table 4 Am28F01 OA Command Definitions. 

2. X = Appropriate Data or Register Commands. 
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Table 4. Am28F01 OA Command Definitions 

First Bus Cycle Second Bus Cycle 

Operation Address 
Command (Note 1) (Note 2) 

Read Memory (Notes 4, 5) Write x 
Read Auto select Write x 
Embedded Erase Set-up/ Write x 
Embedded Erase 

Embedded Program Write x 
Set-up/Embedded Program 

Reset (Note 5) Write x 
Notes: 
1. Bus operations are defined in Table 1. 

2. RA = Address of the memory location to be read. 
PA= Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 

Data Operation 
(Note 3) (Note 1) 

OOH/FFH Read 

80H or 90H Read 

30H Write 

10H or 50H Write 

FFH Write 

PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 

Address 
(Note 2) 

RA 

OOH/01H 

x 

PA 

x 

AMO~ 

Data 
(Note 3) 

RD 

01H/A2H 

30H 

PD 

FFH 

4. Wait 6 µs after first Read command before accessing the data. When the second bus command is a Read command, all 
subsequent Read operations take ~c;:c. 

5. Please reference Reset Command section. 
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FLASH MEMORY PROGRAM/ERASE OPERATIONS 

AMD's Embedded Program and 
Erase Operations 
Embedded Erase Algorithm 
The automatic chip erase does not require the device to 
be entirely pre-programmed prior to executing the Em­
bedded set-up erase command and Embedded erase 
command. Upon executing the Embedded erase com­
mand the device automatically will program and verify 
the entire memory for an all zero data pattern. The sys­
tem is not required to provide any controls or timing dur­
ing these operations. 

When the device is automatically verified to contain an 
all zero pattern, a self-timed chip erase and verify begin. 
The erase and verify operation are complete when the 
data on 007 is "1" (see Write Operation Status section) 
at which time the device returns to Read mode. The sys­
tem is not required to provide any control or timing dur­
ing these operations. 

START 

When using the Embedded Erase algorithm, the erase 
automatically terminates when adequate erase margin 
has been achieved for the memory array (no erase ver­
ify command is required). The margin voltages are inter­
nally generated in the same manner as when the 
standard erase verify command is used. 

The Embedded Erase Set-Up command is a command 
only operation that stages the device for automatic elec­
trical erasure of all bytes in the array. Embedded Erase 
Set-Up is performed by writing 30H to the command 
register. 

To commence automatic chip erase, the command 30H 
must be written again to the command regis~ The 
automatic erase begins on the rising edge of the WE and 
terminates when the data on 007 is "1" (see Write Op­
eration Status section) at which time the device returns 
to Read mode. 

Figure 5 and Table 5 illustrate the Embedded Erase al­
gorithm, a typical command string and bus operations. 

ApplyVPPH 

Write Embedded Erase Set-Up Command 

Write Embedded Erase Command 

Data Poll from Device 

NO 

Erasure Completed 

16778A-6 

Figure 5. Embedded Erase Algorithm 
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Table 5. Embedded Erase Algorithm 

Bus Operations Command Comments 

Standby Wait for VPP Ramp to VPPH (1) 

Write Embedded Erase Data= 30H 
Set-up Command 

Write Embedded Erase Data= 30H 
Command 

Read Data Polling to Verify Erasure 

Standby Compare Output to FFH 

Read Available for Read Operations 

Note: 
1. See DC Characteristics for value of VPPL. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 

switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0 V. Refer to Principles of 
Operation. 

Embedded Programming Algorithm 
The Embedded Program Set-Up is a command only op­
eration that stages the device for automatic program­
ming. Embedded Program Set-Up is performed by 
writing 1 OH or 50H to the command register. 

Once the Embedded Set-Up Program operation is per­
formed, the next WE pulse causes a transition to an ac­
tive programming operation. Addresses are internally 
latched on the falling edge of the WE pulse. Data is inter­
nally latched on the rising edge of the WE pulse. The 

START 

rising edge of WE also begins the programming opera­
tion. The system is not required to provide further con­
trols or timings. The device will automatically provide an 
adequate internally generated program pulse and verify 
margin. The automatic programming operation is com­
pleted when the data on DQ7 is equivalent to data writ­
ten to this bit (see Write Operation Status section) at 
which time the device returns to Read mode (nQ pro­
gram verify command is required). 

Figure 6 and Table 6 illustrate the Embedded Program 
algorithm, a typical command string, and bus operation. 

ApplyWPH 

Write Embedded Set-up Program Command 

Write Embedded Program Command (AID) 

Data Poll Device 

NO 

Increment Address 

Programming Completed 
16778A-7 

Figure 6. Embedded Programming Algorithm 
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Table 6. Embedded Programming Algorithm 

Bus Operations Command Comments 

Standby Wait for VPP Ramp to VPPH (1) 

Write Embedded Program Data = 1 OH or SOH 
Set-up Command 

Write Embedded Program Valid Address/Data 
Command 

Read Data Polling to Verify Completion 

Read Available for Read Operations 

Note: 
1. See DC Characteristics for value of VPPH. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 

switched, VPPLmay be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0 V. Refer to Principles of 
Operation. Device is either powered-down, erase inhibit or program inhibit. 

Write Operation Status 
Data Polling-007 

The Am28F01 OA features Data Polling as a method to 
indicate to the host system that the Embedded algo­
rithms are either in progress or completed. 

While the Embedded Programming algorithm is in op­
eration, an attempt to read the device will produce the 
compliment of expected Valid data on D07. Upon com­
pletion of the Embedded Program algorithm an attempt 
to read the device will produce Valid data on D07. The 
Data Polling feature is valid after the rising edge of the 
second WE pulse of the two write pulse sequence. 

START 

NO 

Fail 

Note: 

While the Embedded Erase algorithm is in operation, 
D07 will read "O" until the erase operation is completed. 
Upon completion of the erase operation, the data on 
D07 will read "1." The Data Polling feature is valid after 
the rising edge of the second WE pulse of the two Write 
pulse sequence. 

The Data Polling feature is only active during Embedded 
Programming or erase algorithms. 

See Figures 7a and Sa for the Data Polling timing speci­
fications and diagrams. Data Polling is the standard 
method to check the write operation status, however, an 
alternative method is available using Toggle Bit. 

YES 

YES 

Pass 

16778A-8 

1. DQ7 is rechecked even if DOs = "1" because DQ7 may change simultaneously with DQs or after DOs. 

Figure 7a. Data Polling Algorithm 
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Toggle Bit-006 

The Am28F01 OA also features a "Toggle Bit" as a 
method to indicate to the host system that the Embed­
ded algorithms are either in progress or completed. 

While the Embedded Program or Erase algorithm is in 
progress, successive attempts to read data from the de­
vice will result in 006 toggling between one and zero. 
Once the Embedded Program or Erase algorithm is 

START 

NO 

Fail 

Note: 

AMO~ 
completed, 006 will stop toggling and valid data will be 
read. The toggle bit is valid after the rising edge of the 
first WE pulse of the two write pulse sequence, unlike 
Data Polling which is valid after the rising edge of the 
second WE pulse. This feature allows the user to deter­
mine if the device is partially through the two write pulse 
sequence. 

See Figures 7b and Sb for the Toggle Bit timing specifi­
cations and diagrams. 

NO 

NO 

Pass 

16778A-9 

1. DQs is rechecked even if DQs = "1" because DOs may stop toggling at the same time as DOs changing to "1." 

Figure 7b. Toggle Bit Algorithm 

toF 
tOE 

tOEH 

tcE 

toH 

High Z 
Data In 

tot------- twHWH 3 or 4 ~-------

16778A-10 

Figure Ba. AC Waveforms for Data Polling during Embedded Algorithm Operations 
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Das 
Exceeded Timing Limits 

DOs will indicate if the program or erase time has ex­
ceeded the specified limits. Under these conditions DQs 
will produce a "1." The program or erase cycle was not 
successfully completed. Data Polling is the only operat­
ing function of the device under this condition. The CE 
circuit will partially power down the device under these 
conditions (to approximately 2 mA). The OE and WE 
pins will control the output disable functions as de-

toH toE 

scribed in Table 1. To reset the device, write the Reset 
command sequence to the device. 

DQ4 
Hardware Sequence Flag 

If the device has exceeded the specified erase or pro­
gram time and DQ5 is "1," then DQ4 will indicate which 
step in the algorithm the device exceeded the limits. A 
"O" in DQ4 indicates in programming, a "1" indicates an 
erase. 

16778A-11 

Figure Sb. AC Waveforms for Toggle Bit during Embedded Algorithm Operations 

Parallel Device Erasure 

The Embedded Erase algorithm greatly simplifies paral­
lel device erasure. Since the erase process is internal to 
the device, a single erase command can be given to 
multiple devices concurrently. 

This eliminates the complex design schemes otherwise 
required to prevent over-erasure of any one or more de­
vices. Please reference the Parallel Device Erasure 
section of the Am28F01 O data sheet. 

Power-Up Sequence 
The Am28F01 OA powers-up in the Read only mode. 
Power supply sequencing is not required. 

Auto Select Command 

Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol­
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

Programming In-System 

AM D's Flash memories are designed for use in applica­
tions where the local CPU alters memory contents. Ac­
cordingly, manufacturer and device codes must be 
accessible while the device resides in the target system. 
PROM programmers typically access the signature 
codes by raising As to a high voltage. However, multi­
plexing high voltage onto address lines is not a generally 
desired system design practice. 

The Am28F01 OA contains an Auto Select operation to 
supplement traditional PROM programming methodol­
ogy. The operation is initiated by writing 80H or 90H into 
the command register. Following this command, a read 
cycle address OOOOH retrieves the manufacturer code of 
01 H. A read cycle from address 0001 H returns the de­
vice code A2 (See Table 2). To terminate the operation, 
it is necessary to write another valid command into the 
register (See Table 3). 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Ceramic Packages ............. -65°C to + 150°C 
Plastic Packages ............... -65°C to + 125°C 

Ambient Temperature 
with Power Applied . . . . . . . . . . . . -55°C to + 125°C 

Voltage with Respect To Ground 
All pins except Ag and Vpp 
(Note1) ...................... -2.0Vto+7.0V 

Vee (Note 1) .................. -2.0 V to +7.0 V 

Ag (Note 2) . . . . . . . . . . . . . . . . . . -2.0 V to + 14.0 V 

Vpp (Note 2) .................. -2.0 V to +14.0 V 

Output Short Circuit Current (Note 3) . . . . . . 200 mA 

Notes: 
1. Minimum DC voltage on input or 1/0 pins is-0.5 V. During 

voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 
and 1/0 pins is Vee + 0.5 V. During voltage transitions, 

outputs may overshoot to Vee + 2.0 V for periods up to 
20ns. 

2. Minimum DC input voltage on A9 and VPP pins is -0.5 V. 
During voltage transitions, A9 and Vpp may overshoot Vss 
to -2.0 V for periods of up to 20 ns. Maximum DC input 
voltage on Ag and VPP is + 13.5 V which may overshoot to 
14.0 V for periods up to 20 ns. 

3. No more than one output shorted at a time. Duration of the 
short circuit should not be greater than one second 

Stresses above those listed under "Absolute Maximum Rat­
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these or 
any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure of the de­
vice to absolute maximum rating conditions for extended peri­
ods may affect device reliability. 

OPERATING RANGES 
Commercial (C) Devices 

AMO~ 

Case Temperature (Tc) .......... 0°C to +70°C 

Industrial (I) Devices 
Case Temperature (Tc) ........ -40°C to +85°C 

Extended (E) Devices 
Case Temperature (Tc) ....... -55°C to +125°C 

Military (M) Devices 
Case Temperature (Tc) ....... -55°C to +125°C 

Vee Supply Voltages 
Vee for Am28F01 OA-X5 ..... +4. 75 V to +5.25 V 

Vee for Am28F01 OA-XXO +4.50 V to +5.50 V 

VPP Supply Voltages 
Read ..................... --0.5 Vto +12.6V 

Program, Erase, and Verify . . . + 11.4 V to + 12.6 V 

Operating ranges define those limits between which the fun­
tionality of the device is guaranteed. 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 

20 ns 20 ns 

+0.8V 

~~ . .I~~ -0.SV 

20 ns 

Maximum Positive Input Overshoot 

Vee+ 0.5 V 

2.0V 

Maximum VPP Overshoot 

13.5 v 

Vee+O.SV 

2-118 

20 ns 

xxxx~?/:I' 't~ 
20 ns 20 ns 

20 ns 

~/:1· 't~ 
20 ns 20 ns 
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DC CHARACTERISTICS over operating range unless otherwise specified (for APL 
Products, Group A, Subgroups 1, 2, 3, 7 and 8 are tested unless otherwise noted) 
(Notes 1-3) 

DC CHARACTERISTICS-TTL/NMOS COMPATIBLE 
Parameter 
Symbol Parameter Description Test Conditions Min. Typ. Max. 

lu Input Leakage Current Vee= Vee Max., ±1.0 
V1N = Vee or Vss 

ILO Output Leakage Current Vee= Vee Max., ±1.0 
VouT = Vee or Vss 

Ices Vee Standby Current Vee. Vee Max. 0.2 1.0 
CE= V1H 

lcc1 Vee Active Read Current Vee. Vee Max.,CE = V1L, OE = V1H 10 30 
louT = 0 mA, at 6 MHz 

lcc2 Vee Programming Current CE= V1L 10 30 
Programming in Progress 

lcc3 Vee Erase Current CE= V1L 10 30 
Erasure in Pro_g_ress 

IPPS VPP Standby Current Vpp = VPPL ±1.0 

IPP1 VPP Read Current VPP= VPPH 70 200 

Vpp: VPPL ±1.0 

IPP2 VPP Programming Current Vpp: VPPH 10 30 
Programming in Progress 

IPP3 VPP Erase Current VPP= VPPH 10 30 
Erasure in Progress 

V1L Input Low Voltage -0.5 0.8 

V1H Input High Voltage 2.0 Vee 
+ 0.5 

VoL Output Low Voltage loL= 5.8 mA 0.45 
Vee= Vee Min. 

VOH1 Output High Voltage loH=-2.5 mA 2.4 
Vee= Vee Min. 

V10 A9 Auto Select Voltage Ag= V10 11.5 13.0 

ho A9 Auto Select Current Ag= V10Max. 5 50 
Vee= Vee Max. 

VPPL VPP during Read-Only Note: Erase/Program are 0.0 Vee 
Operations inhibited when VPP = VPPL +2.0 

VPPH VPP during Read/Write 11.4 12.6 
Operations 

VLKO Low Vee Lock-Out Voltage 3.2 

Notes: 

1. Caution: the Am28F01 OA must not be removed from (or inserted into) a socket when Vee or Vpp is applied. 
2. lcc1 is tested with OE = V1H to simulate open outputs. 
3. Maximum active power usage is the sum of Ice and IPP. 

Am28F010A 

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

µA 

µA 

mA 

mA 

v 
v 

v 

v 

v 
µA 

v 

v 

v 
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DC CHARACTERISTICS-CMOS COMPATIBLE 
Parameter 
Symbol Parameter Description Test Conditions Min. Typ. Max. Unit 

lu Input Leakage Current Vee= Vee Max., ±1.0 µA 
V1N = Vee or Vss 

ILO Output Leakage Current Vee= Vee Max., ±1.0 µA 
Vour = Vee or Vss 

lees Vee Standby Current Vee= Vee Max. 15 100 µA 
CE = Vee+ 0.5 V 

lcc1 Vee Active Read Current Vee= Vee Max.,CE = V1L, OE = V1H 10 30 mA 
lour = O mA, at 6 MHz 

lcc2 Vee Programming Current CE= V1L 10 30 mA 
ProJlJammin_g_ in Pro_g_ress 

lcc3 Vee Erase Current CE= V1L 10 30 mA 
Erasure in Progress 

IPPS VPP Standb_y_ Current Vpp = VPPL ±1.0 ~ 
IPP1 VPP Read Current Vpp = VPPH 70 200 µA 

IPP2 VPP Programming Current Vpp = VPPH 10 30 mA 
ProJlJammin_Q_in Promess 

IPP3 VPP Erase Current Vpp = VPPH 10 30 mA 
Erasure in Progress 

V1L Input Low Voltage -0.5 0.8 v 
V1H Input High Voltage 0.7 Vee Vee v 

+ 0.5 

VoL Output Low Voltage loL= 5.8 mA 0.45 v 
Vee= Vee Min. 

VoH1 loH = -2.5 mA, Vee= Vee Min. 0.85 

Output High Voltage 
Vee 

VoH2 loH = -100 µA, Vee= Vee Min. Vee v 
-0.4 

V10 Ag Auto Select Voltage Ag= V10 11.5 13.0 v 
lio Ag Auto Select Current Ag= V10Max. 5 50 µA 

Vee= Vee Max. 

VPPL VPP during Read-Only Note: Erase/Program are 0.0 Vee v 
Operations inhibited when VPP = VPPL + 2.0 

VPPH VPP during Read/Write 11.4 12.6 v 
Operations 

VLKO Low Vee Lock-Out Voltage 3.2 v 
Notes: 

1. Caution: the Am28F01 OA must not be removed from (or inserted into) a socket when Vee or Vpp is applied. 
2. lcc1 is tested with OE = V1H to simulate open outputs. 
3. Maximum active power usage is the sum of Ice and lpp, 
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Figure 9. Am28F010A-Average Ice Active vs. Frequency 
Vee = 5.5 V, Addressing Pattern = Minmax 

Data Pattern = Checkerboard 
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PIN CAPACITANCE 

Parameter 
Symbol Parameter Description Test Conditions Typ. Max. 

C1N Input Capacitance V1N = 0 8 10 

Cour Output Capacitance Vour = O 8 12 

C1N2 VPP Input Capacitance VPP =0 8 12 

Notes: 
1. Sampled, not 100% tested. 
2. Test conditions TA= 25°C, f = 1.0 MHz 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS-Read Only Operation (Notes 1 and 2) 

Parameter 
Symbols 

JED EC Standard Parameter Description 

tAVAV tRC Read Cycle Time 
(Note 4) 

tELQV tcE Chip Enable 
Access Time 

tAvav tAcc Address 
Access Time 

tGLQV toE Output Enable 
Access Time 

tELQX tLz Chip Enable to 
Output in Low Z (Note 4) 

tEHOZ toF Chip Disable to 
Output in High Z (Note 3) 

tGLQX toLZ Output Enable to 
Output in Low Z (Note 4) 

tGHQZ toF Output Disable to 
Output in High Z (Note 4) 

tAxax toH Output Hold from first of 
Address, CE, or OE Change 
(Note 4) 

tWHGL Write Recovery 
Time before Read 

tvcs Vee Set-up Time to 
Valid Read (Note 4) 

Notes: 

1. Output Load: 1 TTL gate and CL = 100 pf 
Input Rise and Fall Times:~ 1 O ns 
Input Pulse levels: 0.45 to 2.4 V 

-90 
-95 

Min. 90 
Max. 

Min. 
Max. 90 

Min. 
Max. 90 

Min. 
Max. 35 

Min. 0 
Max. 

Min. 
Max. 20 

Min. 0 
Max. 

Min. 
Max. 20 

Min. 0 
Max. 

Min. 6 
Max. 

Min. 50 
Max. 

Timing Measurement Reference Level: Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 

2. The Am28F01 OA-95 Output Load: 1 TTL gate and CL = 100 pf 
Input Rise and Fall Times:.$. 10 ns 
Input Pulse levels: 0 to 3 V 

Am28F010A 

-120 -150 -200 
- - -
120 150 200 

120 150 200 

120 150 200 

50 55 55 

0 0 0 

30 35 35 

0 0 0 

30 35 35 

0 0 0 

6 6 6 

50 50 50 

Timing Measurement Reference Level: 1.5 V inputs and outputs. 
3. Guaranteed by design not tested. 

4. Not 100% tested. 
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-
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250 

250 

55 
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35 

0 

35 

0 

6 

50 

Unit 

pf 

pf 

pf 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µS 

µs 



AMO~ 
AC CHARACTERISTICS-Write/Erase/Program Operations (Notes 1-5) 

Parameter Am2BF010A 
Symbols -90 -120 -150 -200 -250 

JED EC Standard Parameter Description -95 - - - -
fAVAV twe Write Cycle Time Min. 90 120 150 200 250 

(Note 6) Max. 

fAVWL f.As Address Set-Up Time Min. 0 0 0 0 0 
Max. 

twLAX f.AH Address Hold Time Min. 45 50 60 75 75 
Max. 

tovwH tos Data Set-Up Time Min. 45 50 50 50 50 
Max. 

twHDX toH Data Hold Time Min. 10 10 10 10 10 
Max. 

tOEH Output Enable Hold Time Min. 10 10 10 10 10 
for Embedded Algorithm Max. 
only (See Figure 8) 

tGHWL Read Recovery Time Min. 0 0 0 0 0 
before Write Max. 

tELWLE tesE Chip Enable Embedded Min. 20 20 20 20 20 
Algorithm Setup Time Max. 

twHEH teH Chip Enable Min. 0 0 0 0 0 
Hold Time Max. 

twLWH twp Write Pulse Width Min. 45 50 60 60 60 
Max. 

twHWL twPH Write Pulse Min. 20 20 20 20 20 
Width HIGH Max. 

twHWH3 Embedded Programming Typ. 14 14 14 14 14 
Operation (Note 4) Max. 

twHWH4 Embedded Erase Typ. 3 3 3 3 3 
Operation (Note 5) Max. 

ivPEL VPP Set-Up Time to Min. 100 100 100 100 100 
Chip Enable LOW (Note 6) Max. 

tves Vee Set-Up Time to Min. 50 50 50 50 50 
Chip Enable LOW (Note 6) Max. 

tvPPR VPP Rise Time Min. 500 500 500 500 500 
90% VPPH _{.Note ~ Max. 

tvPPF VPP Fall Time Min. 500 500 500 500 500 
90% VPPL (Note 6) Max. 

tLKO Vee< VLKO Min. 100 100 100 100 100 
to Reset (Note 6) Max. 

Notes: 
1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 

Characteristics for Read Only operations. 
2. All devices except Am28F01 OA-95. Input Rise and Fall times:~ 10 ns; Input Pulse Levels: 0.45 V to 2.4 V 

Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 
3. Am28F01 OA-95. Input Rise and Fall times:~ 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 

Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 
4. Embedded Program Operation of 14 µs consists of 10 µs program pulse and 4 µs write recovery before read. This is 

the minimum time for one pass through the programming algorithm. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

ns 

ns 

ns 

ns 

µs 

s 

ns 

µs 

ns 

ns 

ns 

5. Embedded erase operation of 3 sec consists of 2 sec array pre-programming time and one sec array erase time. This is a 
typical time for one embedded erase operation. 

6. Not 100% tested. 
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~AMO 
KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

IZZZZ 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

KS000010 

SWITCHING WAVEFORMS 

Addresses 

CE(E) 

OE(G) 

WE(W) 

Data (DO) 
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5.0V 
Vee 
ov 

Device and Outputs Data 
Power-up, Standby Address Selection Enabled Valid 

Addresses Stable 

tELQV (teE) 

tGLQX (tOLZ) -.J 
!.- tELQX (tLz) 

tves 

t.Avav (t.Aee) 

t.Axax (toH) 

Output Valid 

Figure 10. AC Waveforms for Read Operations 
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Standby, Power-down 

tGHOZ 
(tDF) 

HighZ 
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SWITCHING WAVEFORMS 

Addresses 

Data 

Vee 

Vpp 

Notes: 

Embedded 
Erase Set-up 

1. DIN is data input to the device. 

Embedded 
Erase Erase 

2. D07 is the output of the complement of the data written to the device. 
3. Dour is the output of the data written to the device. 

Data Polling Standby 

Figure 11. AC Waveforms for Embedded Erase Operation 

Am28F010A 

AMO~ 

Read 

teE 

16778A-17 
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~AMO 
SWITCHING WAVEFORMS 

Addresses 

Data 

Vee 

Vpp 

Notes: 

Embedded 
Program 
Set-up 

tEHVP 

tvPEL 

1. D1N is data input to the device. 

Embedded Data Polling 

2. 007 is the output of the complement of the data written to the device. 
3. Dour is the output of the data written to the device. 

Figure 12. AC Waveforms for Embedded Programming Operation 
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AMO~ 
AC CHARACTERISTICS-Write/Erase/Program Operations (Notes 1-5) 
Alternate CE Controlled Writes 

Parameter Am28F010A 
Symbols -90 -120 -150 -200 

JED EC Standard Parameter Description -95 - - -
iA.VAV twc Write Cycle Time Min. 90 120 150 200 

(Note 6) Max. 

tAVEL tAs Address Set-Up Time Min. 0 0 0 0 
Max. 

tELAX tAH Address Hold Time Min. 45 50 60 75 
Max. 

tovEH tos Data Set-Up Time Min. 45 50 50 50 
Max. 

tEHDX toH Data Hold Time Min. 10 10 10 10 
Max. 

to EH Output Enable Hold Time Min. 10 10 10 10 
for Embedded Algorithm Max. 
only (See Figure 8) 

tGHEL Read Recovery Time Min. 0 0 0 0 
before Write Max. 

twLEL tws WE Set-Up Time Min. 0 0 0 0 
by CE Max. 

tEHWK twH WE Hold Time Min. 0 0 0 0 
Max. 

tELEH tcp Write Pulse Width Min. 65 70 80 80 
Max. 

tEHEL tcPH Write Pulse Min. 20 20 20 20 
Width HIGH Max. 

tEHEH3 Embedded Programming Typ. 14 14 14 14 
Operation (Note 4) Max. 

tEHEH4 Embedded Erase Typ. 3 3 3 3 
Operation (Note 5) Max. 

tvPEL VPP Set-Up Time to Min. 100 100 100 100 
Chip Enable LOW (Note 6) Max. 

tvcs Vee Set-Up Time to Min. 50 50 50 50 
Chip Enable LOW (Note 6) Max. 

tvPPR VPP Rise Time Min. 500 500 500 500 
90% VPPH (Note 6) Max. 

tvPPF VPP Fall Time Min. 500 500 500 500 
90% VPPL (Note 6) Max. 

tLKO Vee< VLKO Min. 100 100 100 100 
to Reset (Note 6) Max. 

Notes: 

-250 
-
250 

0 

75 

50 

10 

10 

0 

0 

0 

80 

20 

14 

3 

100 

50 

500 

500 

100 

1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read Only operations. 

2. All devices except Am28F01 OA-95. Input Rise and Fall times: .s 10 ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 

3. Am28F01 OA-95. Input Rise and Fall times:.$ 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 

4. Embedded Program Operation of 14 µs consists of 10 µs program pulse and 4 µs write recovery before read. This is 
the minimum time for one pass through the programming algorithm. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

ns 

ns 

ns 

ns 

µs 

s 

ns 

µs 

ns 

ns 

ns 

5. Embedded erase operation of 3 sec consists of 2 sec array pre-programming time and one sec array erase time. This is a 
typical time for one embedded erase operation. 

6. Not 100% tested. 
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~AMO 
SWITCHING WAVEFORMS 

Embedded 
Program 
Set-up 

Addresses 

Data 

Vee 

Vpp 

tvPEL 

Notes: 

1. D1N is data input to the device. 

2. 007 is the output of the complement of the data written to the device. 

3. Dour is the output of the data written to the device. 

Data Polling 

Figure 13. AC Waveforms for Embedded Programming Operation 
Using CE Controlled Writes 
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SWITCHING TEST CIRCUIT 

Device 
Under 
Test 

6.2kQ 
Diodes = IN3064 
or Equivalent 

AMO~ 

CL = 100 pF including jig capacitance 
16778A-20 

SWITCHING TEST WAVEFORMS 
2.4 v 

0.45 v 
INPUT 

2.0V 2.0V > TEST POINTS < 
0.8 v 0.8 v 

OUTPUT 

All Devices Except Am28F01 OA-95 

AC Testing: Inputs are driven at 2.4 V for a 
logic "1" and 0.45 V for a logic "O." Input pulse 
rise and fall times are s 1 O ns. 

3V---

1.5---TEST POINTS-1.s 

av---"' 
INPUT OUTPUT 

For Am28F01 OA-95 

AC Testing: Inputs are driven at 3.0 V for a 
logic "1" and O V for a logic "O." Input pulse rise 
and fall times are s 1 O ns. 

16778A-21 
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~AMO 
ERASE AND PROGRAMMING PERFORMANCE 

Limits 

Parameter Min. Typ. Max.<3> Unit Comments 

Chip Erase Time 1 10 s Excludes OOH programming 
(Note 1) (Note 2) prior to erasure 

Chip Programming Time 2 12.5 s Excludes system-level overhead 
(Note 1) 

Write/Erase Cycles 100,000 Cycles 

Byte Program Time 14 µs 

96 
(Note 4) ms 

Notes: 

1. 2s0 c, 12 V VPP 
2. The Embedded algorithm allows for 60 second erase time for military temperature range operations. 
3. Maximum time specified is lower than worst case. Worst case is derived from the Embedded Algorithm internal counter 

which allows for a maximum 6,000 pulses for both program and erase operations. Typical worst case for program and erase 
is significantly less than the actual device limit. 

4. Typical worst case = 84 µs. DQs = "1" only after a byte takes longer than 96 ms to program. 

LATCHUP CHARACTERISTICS 

Min. Max. 

Input Voltage with respect to Vss on all pins except 1/0 pins 
(Including Ag and VPP) -1.0V 13.5 v 
Input Voltage with respect to Vss on all pins 1/0 pins -1.0V Vee+ 1.0 V 

Current -100 mA +100 mA 

Includes all pins except Vee. Test conditions: Vee= 5.0 V, one pin at a time. 

DATA RETENTION 
Parameter Min. Units Test Conditions 

Min. Pattern Data Retention Time 10 Years 150°C 

20 Years 125°C 
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FINAL 

Am28F020 
262, 144 x 8-Bit CMOS Flash Memory 

DISTINCTIVE CHARACTERISTICS 
• High performance 

- 90 ns maximum access time 
• CMOS Low power consumption 

- 30 mA maximum active current 
- 1 00 µA maximum standby current 
- No data retention power 

II Compatible with JEDEC-standard byte-wide 
32-Pin EPROM pinouts 
-32-pin DIP 
- 32-pin PLCC 
- 32-pin TSOP 
-32-pin LCC 

• 10,000 write/erase cycles minimum 
II Write and erase voltage 12.0 v ±5% 

GENERAL DESCRIPTION 
The Am28F020 is a 2 Megabit Flash memory organized 
as 256K bytes of 8 bits each. AM D's Flash memories of­
fer the most cost-effective and reliable read/write non­
volatile random access memory. The Am28F020 is 
packaged in 32-pin PDIP, PLCC, and TSOP versions. 
The device is also offered in the ceramic DIP and LCC 
packages. It is designed to be reprogrammed and 
erased in-system or in standard EPROM programmers. 

The standard Am28F020 offers access times as fast as 
90 ns, allowing operation of high-speed microproces­
sors without wait states. To eliminate bus contention, 
the Am28F020 has separate chip enable (CE) and out­
put enable (OE) controls. 

AMD's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F020 uses a command register to manage this 
functionality, while maintaining a standard 32-pin 
pinout. The command register allows for 100% TTL 
level control inputs and fixed power supply levels during 
erase and programming, while maintaining maximum 
EPROM compatibility. 

AMD's Flash technology reliably stores memory con­
tents even after 10,000 erase and program cycles. The 
AMO cell is designed to optimize the erase and pro­
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal elec­
tric fields for erase and programming operations pro­
duces reliable cycling. The Am28F020 uses a 
12.0 V ± 5% VPP supply to perform the Flasherase and 
Flashrite algorithms. 

The highest degree of latch-up protection is achieved 
with AMD's proprietary non-epi process. Latch-up 
protection is provided for stresses up to 100 milliamps 
on address and data pins from -1 V to Vee+ 1 V. 

Publication# 14727 Rev. e Amendment/O 

Issue Date: September 1992 

~ 
Advanced 

Micro 
Devices 

• Latch-up protected to 100 mA 
from -1 V to Vee +1 V 

• Flasherase™ Electrical Bulk Chip-Erase 
- One second typical chip-erase 

• Flashrlte™ Programming 
- 1 O µs typical byte-program 
- Four seconds typical chip program 

• Command register architecture for 
mlcroprocessor/mlcrocontroller compatible 
write Interface 

• On-chip address and data latches 
• Advanced CMOS flash memory technology 

- Low cost single transistor memory cell 
• Automatic write/erase pulse stop timer 

The Am28F020 is byte programmable using 1 O µs pro­
gramming pulses in accordance with AMD's Flashrite 
programming algorithm. The typical room temperature 
programming time of the Am28F020 is four seconds. 
The entire chip is bulk erased using 1 O ms erase pulses 
according to AMD's Flasherase alrogithm. Typical era­
sure at room temperature is accomplished in less than 
one second. The windowed package and the 15-20 
minutes required for EPROM using ultra-violet light are 
eliminated. 

Commands are written to the command register using 
standard microprocessor write timings. Register con­
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad­
dress and data needed for the programming and erase 
operations. For system design sim~ation, the 
Am28F020 is designed to support either WE or CE con­
trolled writes. During a system write cycle, addresses 
are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rising edge of WE or 
CE whichever occurs first. To simplify the following dis­
cussion, the WE pin is used as the write cycle control pin 
throughout the rest of this text. All setup and hold times 
are with respect to the WE signal. 

AMD's Flash technology combines years of EPROM 
and EE PROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F020 electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are 
programmed one byte at a time using the EPROM pro­
gramming mechanism of hot electron injection. 

2-131 



~AMO 
BLOCK DIAGRAM 

Vee__,.. 

Vss 

Vpp ------------

Erase 
Voltage 
Switch 

To Arra 
State 

Control 

Command 
Register 

Program 
Voltage 
Switch 

CE ...... ~_J_l--~~====::=::==i,.._J_...J_~~~.I 

Chip Enable 
Output Enable 

Logic 

OE ---+-+---------+-+-+----___....__~~~--~ 

Low Vee 
Detector 

Program/Erase 
'-----4 Pulse Timer 

PRODUCT SELECTOR GUIDE 

Family Part No.: 
Ordering part No.: 

±10% Vee Tolerance -90 

±5% Vee Tolerance -95 

Max Access Time (ns) 90 

CE (E) Access (ns) 90 

OE (G) Access (ns) 35 
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Address 
Latch 

Y-Decoder 

X-Decoder 

Am28F020 

-120 -150 

- -
120 150 

120 150 

50 55 

Am28F020 

D00-D01 

14727-001C 

-200 -250 

- -
200 250 

200 250 

55 55 



CONNECTION DIAGRAMS 
DIP 

Vpp Vee 

A16 WE(W) 

A1s A11 

A12 A14 

A7 A13 

As As 

As Ag 

A4 A11 

A3 OE(G) 

A2 A10 

A1 CE(E) 

Ao D01 

DOo Das 

D01 DOs 

D02 DQ4 

Vss DQa 

14727-002A 

Note: Pin 1 is marked for orientation. 
*Also available in LCC. 

A7 
As 
As 

A4 

A3 
A2 
A1 

Ao 
DOo 

Am28F020 

AMO~ 

PLCC* 

I~ 
NII) CO 0... (.) IW ,..._ 

< < < ~~ ~ < 

A14 

28 A13 
27 A9 

26 Ag 

25 A11 
24 OE(G) 

23 A10 
22 CE(E) 

13 21 007 
14 15 16 1718 19 20 

...-Ncntn"<l"Ul<D g g ~g g g g 14727-003A 
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~AMO 
TSOP PACKAGES* 

A11 
Ag 
Aa 

A13 
A14 
A11 
WE 
Vee 
Vpp 
A16 
A1s 
A12 
A1 
A6 
As 
A4 

OE 
A10 
CE 
D1 
06 
Os 
04 
03 

Vss 
D2 
01 
Do 
Ao 
A1 
A2 
A3 

LOGIC SYMBOL 
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10 
2 
3 
4 
5 
6 
7 28F020 8 
9 Standard Plnout 

10 
11 
12 
13 
14 
15 
16 

1 \7 
2 
3 
4 
5 
6 
7 28F020 
8 Reverse Plnout 
9 
10 
11 
12 
13 
14 
15 
16 

28F020 256K x 8 Flash Memory In 32 Lead TSOP 

Ao-A11 

CE(E) 

OE(G) 

WE(W) 

DOo-001 

11559-004A 

Am28F020 

32 OE 
31 A10 
30 CE 
29 D1 
28 06 
27 Os 
26 04 
25 03 
24 Vss 
23 D2 
22 01 
21 Do 
20 Ao 
19 A1 
18 A2 
17 A3 

32 A11 
31 Ag 
30 Aa 
29 A13 
28 A14 
27 A11 
26 WE 
25 Vee 
24 Vpp 
23 A16 
22 A1s 
21 A12 
20 A1 
19 A6 
18 As 
17 A4 
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AMO~ 
ORDERING INFORMATION 
Standard Products 

AMO standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: 

-95 J 

...._ __ DEVICE NUMBER/DESCRIPTION 
Am28F020 

OPTIONAL PROCESSING 
Blank = Standard Processing 

B = Burn-in 

TEMPERATURE RANGE 
C = Commercial (0°C to +70°C) 
I = Industrial (-40 to+ 85°C) 
E = Extended (-55 to+ 125°C) 

PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 

Chip Carrier (PL 032) 
D = 32-Pin Ceramic DIP (CD 032) 
L = 32-Pin Rectangular Ceramic Leadless 

Chip .Carrier (CLR032) 
E = 32-Pin TSOP Standard Pinout (TS 032) 
F = 32-Pin TSOP Reverse Pinout (TSR 32) 

SPEED 
See Product Selector Guide and 
Valid Combinations 

2 Megabit (256K x 8-Bit) CMOS Flash Memory 

Valid Combinations 

AM28F020-90 PC, JC, DC, LC, 
AM28F020-95 EC,FC 

AM28F020-120 PC, Pl, PE, PEB, 

AM28F020-150 JC, JI, JE, JEB, 

AM28F020-200 DC, DI, DE, DEB, 
LC, LI, LE, LEB, 
EC, FC, El, Fl, 
EE,FE,EEB,FEB 

Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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~AMO 
ORDERING INFORMATION 
APL Products 

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combina­
tion) is formed by a combination of: 

2-136 

AM28F020 -120 /B 

IX t LEAD FINISH 
A = Hot Solder Dip 

......__ _____ PACKAGE TYPE 

X = 32-Pin Ceramic DIP (CD 032) 
U = 32-Pin Rectangular Ceramic 

Leadless Chip Carrier (CLR 032) 

DEVICE CLASS 
/B = Class B 

'-------------- SPEED OPTION 

...__ ___ DEVICE NUMBER/DESCRIPTION 
Am28F020 

See Product Selector Guide and 
Valid Combinations 

2 Megabit (256K x 8-Bit) CMOS Flash Memory 

Valid Combinations 

AM28F020-120 

AM28F020-150 
/BXA, /BUA 

AM28F020-200 

AM78F020-250 

Am28F020 

Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

Group A Tests 

Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 



PIN DESCRIPTION 
VPP 
Power supply for erase and programming. Vpp must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can­
not be altered when VPP ~Vee +2 V. 

Vee 
Power supply for device operation. (5.0 V ± 5% or 10%) 

Vss 
Ground 

NC 
No Connect-corresponding pin is not connected inter­
nally to the die. 

Aa-A11 
Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 

AMO it1 

DQa-DQ1 
Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem­
ory read cycles. 

CE(E} 
The Chip Enable active low input activates the chip's 
control logic and input buffers. Chip Enable high will 
deselect the device and operates the chip in stand-by 
mode. 

OE@ 
The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 

WE(W} 
The Write Enable active low input controls the write 
function of the command register to the memory array. 
The target address is latched on the failing edge of the 
Write Enable pulse and the appropriate data is latched 
on the rising edge of the pulse. 
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~AMO 
BASIC PRINCIPLES 
The Am28F020 uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram­
ming operations use a fixed 12.0 V ± 5% power supply. 

Read Only Memory 
Without high VPP voltage, the Am28F020 functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 

Command Register 
The command register is enabled only when high volt­
age is applied to the Vpp pin. The erase and reprogram­
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 

The Am28F020's command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de­
vice operations. For system design simplification, the 
Am28F020 is designed to support either WE or CE 
controlled writes. During a system write cycle, ad­
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whicheveroccurfirst. To simplify the follow­
ing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 

Overview of Erase/Program Operations 
Flasherase Sequence 

A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and re­
peated one cycle verify commands). 

Note: 
The Flash memory array must be completely pro­
grammed prior to erasure. Refer to the Flasherase 
Algorithm. 

1. Erase Set-Up: Write the Set-up Erase command to 
the command register. 

2. Erase: Write the Erase command (same as Set-up 
Erase command) to the command register again. 

The second command initiates the erase operation. 
The system software routines must now time-out the 
erase pulse width (10 ms) prior to issuing the Erase­
verify command. An integrated stop timer prevents 
any possibility of overerasure. 

3. Erase-Verify: Write the Erase-verify command to 
the command register. This command terminates 
the erase operation. After the erase operation, each 
byte of the array must be verified. Address inf orma­
tion must be supplied with the Erase-verify com­
mand. This command verifies the margin and 
outputs the addressed byte in order to compare the 
array data with FFH data (Byte erased). After suc­
cessful data verification the Erase-verify command 
is written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 

If data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is 
successfully verified or the sequence is repeated 
1000 times. · 

Flash rite Programming Sequence 

A three step command sequence (a two-cycle Program 
command and one cycle Verify command) is required to 
program a byte of the Flash array. Refer to the Flashrite 
Algorithm. 

1. Program Set-Up: Write the Set-up Program com­
mand to the command register. 

2. Program: Write the Program command to the com­
mand register with the appropriate Address and 
Data. The system software routines must now time­
out the program pulse width (1 O µs) prior to issuing 
the Program-verify command. An integrated stop 
timer prevents any possibility of overprogramming. 

3. Program-Verify: Write the Program-verify com­
mand to the command register. This command ter­
minates the programming operation. In addition, this 
command verifies the margin and outputs the byte 
just programmed in order to compare the array data 
with the original data programmed. After successful 
data verification, the programming sequence is initi­
ated again for the next byte address to be 
programmed. 

If data is not verified, the Program sequence is repeated 
until a successful comparison is verified or the se­
quence is repeated 25 times. 
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Data Protection 
The Am28F020 is designed to offer protection against 
accidental erasure or programming, caused by spurious 
system level signals that may exist during power transi­
tions. The Am28F020 powers up in its read only state. 
Also, with its control register architecture, alteration of 
the memory contents only occurs after successful com­
pletion of specific command sequences. 

The device also incorporates several features to 
prevent inadvertent write cycles resulting from Vee 
power-up and power-down transitions or system noise. 

Low Vee Write Inhibit 
To avoid initiation of a write cycle during Vee power-up 
and power-down, a write cycle is locked out for Vee less 
than 3.2 V (typically 3.7 V). If Vee< VLKO, the command 
register is disabled and all internal program/erase cir­
cuits are disabled. The device will reset to the read 
mode. Subsequent writes will be ignored until the Vee 

FUNCTIONAL DESCRIPTION 
Description Of User Modes 

AMDl1 

level is greater than VLKO. It is the users responsibility to 
ensure that the control pins are logically correct to pre­
vent unintentional writes when Vee is above 3.2 V. 

Write Pulse "Glitch" Protection 
Noise pulses of less than 1 O ns (typical) on OE, CE or 
WE will not initiate a write cycle. 

Logical Inhibit 
Writing is inhibited by holding any one of OE = V1L, CE = 
V1H or WE = V1H. To initiate a write cycle CE and WE 
must be a logical zero while OE is a logical one. 

Power-Up Write Inhibit 
Power-up of the device with WE= CE= V1L and OE= V 1H 
will not accept commands on the rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 

Table 1. Am28F020 User Bus Operations 

Operation 
CE OE WE VPP 
(E) (G) (W) (Note 1) Ao Ag 110 

Read V1L V1L x VPPL Ao Ag Dour 

Standby V1H x x VPPL x x HIGHZ 
Read-Only Output Disable V1L V1H V1H VPPL x x HIGHZ 

Auto-select Manufacturer V1L V1L V1H VPPL V1L V10 CODE 
Code (Note 2) (Note 3) (01H) 

Auto-select Device Code V1L V1L V1H VPPL V1H V10 CODE 
(Note 2) (Note3) (2AH) 

Read V1L V1L V1H VPPH Ao Ag Dour 
(Note 4) 

Read/Write Standby (Note 5) V1H x x VPPH x x HIGHZ 

Ou!Q_ut Disable V1L V1H V1H VPPH x x HIGHZ 

Write V1L V1H V1L VPPH Ao Ag DIN 
(Note 6) 

Legend: 
X = Don't care, where Don't Care is either V1L or V1H levels, VPPL = Vpp <Vee + 2 V, See DC Characteristics for voltage 
levels of VPPH, O V <An < Vee + 2 V, (normal ITL or CMOS input levels, where n = 0 or 9). 

Notes: 

1. VPPL may be grounded, connected with a resistor to ground, or .s Vee +2.0 V. WPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When Vpp = VPPL, memory contents can be read but not written or erased. 

2. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 

3. 11.5 .s. V10 .s. 13.0 V 

4. Read operation with VPP = VPPH may access array data or the Auto select codes. 

5. With Vpp at high voltage, the standby current is Ice+ lpp (standby). 

6. Refer to Table 3 for valid DIN during a write operation. 

7. All inputs are Don't Care unless otherwise stated, where Don't Care is either V1L or V1H levels. In the Auto select mode all 
addresses except Ag and Ao must be held at V1L. 
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READ ONLY MODE 
VPP <Vee+ 2 V 
Command Register Inactive 
Read 
The Am28F020 functions as a read only memory when 
VPP <Vee + 2 V. The Am28F020 has two control func­
tions. Both must be satisfied in order to output data. CE 
controls power to the device. This pin should be used for 
specific device selection. OE controls the device out­
puts and should be used to gate data to the output pins if 
a device is selected. 

Address access time ~cc is equal to the delay from sta­
ble addresses to valid output data. The chip enable ac­
cess time tee is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en­
able access time is the delay from the failing edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable at least ~cc-toe). 

Standby Mode 
The Am28F020 has two standby modes. The CMOS 
standby mode (CE input held at Vee± 0.5 V), consumes 
less than 100 µA of current. TTL standby mode (CE is 
held at V1H) reduces the current requirements to less 
than 1 mA. When in the standby mode the oul.E!:!!s are in 
a high impedance state, independent of the OE input. 

If the device is deselected during erasure, program­
ming, or program/erase verification, the device will draw 
active current until the operation is terminated. 

Output Disable 
Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im­
pedance state. 

Auto Select 
Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol­
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto­
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the 
device. 

Programming In A PROM Programmer 
To activate this mode, the programming equipment 
must force V10 (11.5 V to 13.0 V) on address Ag. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from V1L to V1H. All other 
address lines must be held at V1L, and VPP must be less 
than or equal to Vee+ 2.0 V while using this Auto select 
mode. Byte O (Ao = V1L) represents the manufacturer 
code and byte 1 (Ao= V1H) the device identifier code. For 
the Am28F020 these two bytes are given in the table be­
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (D01) defined as the 
parity bit. 

(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program­
ming the Flash memory device in-system). 

Table 2. Am28F020 Auto Select Code 

Code 
Type Ao (HEX) 007 DQe DQs OQ4 OQ3 DQ2 DQ1 DQo 

Manufacturer Code V1L 01 0 0 0 0 0 0 0 1 

Device Code V1H 2A 0 0 1 0 1 0 1 0 

2·140 Am28F020 



ERASE, PROGRAM, AND READ MODE 

VPP = 12.0 v ± 5% 
Command Register Active 
Write Operations 

High voltage must be applied to the VPP pin in order to 
activate the command register. Data written to the regis­
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 

The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to V1L, while OE is at V1H. Ad­
dresses are latched on the falling ed~f WE, while 
data is latched on the rising edge of the WE pulse. Stan­
dard microprocessor write timings are used. 

Register bits R1-Ro correspond to the data inputs 001-
DOo (refer to Table 3). Register bits R1-Rs store the 
command data. All register bits R4 to Ro must be zero. 
The only exceptions are: the reset command, when FFH 
is written to the register and Auto select, when 90H is 
written to the register. 

The device requires the OE pin to be V1H for write opera­
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 
write, OE must be V1H, and CE and WE must be V1L. If 

AMO~ 

any pin is not in the correct state a write command will 
not be executed. 

Refer to AC Write Characteristics and the Erase/Pro­
gramming Waveforms for specific timing parameters. 

Command Definitions 

The contents of the command register default to OOH 
(Read Mode) in the absence of high voltage applied to 
the Vpp pin. The device operates as a read only mem­
ory. High voltage on the Vpp pin enables the command 
register. Device operations are selected by writing spe­
cific data codes into the command register. Table 4 de­
fines these register commands. 

Read Command 

Memory contents can be accessed via the read com­
mand when VPP is high. To read from the device, write 
OOH into the command register. Wait 6 µs before read­
ing the first accessed address location. All subsequent 
Read operations take tAcc. Standard microprocessor 
read cycles access data from the memory. The device 
will remain in the read mode until the command register 
contents are altered. 

The command register defaults to OOH (read mode) 
upon VPP power-up. The OOH (Read Mode) register de­
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the VPP power 
transition. Ref er to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 

Table 3. Command Register 

Data Input/Output 001 DOs DOs 004 D03 D02 001 DOo 

Command Register R1 Rs Rs R4 R3 R2 R1 Ro 

Data/Commands (Notes 1, 2) x x x x x x x x 
Notes: 
1. See Table 4 Am28F020 Command Definitions. 
2. X = Appropriate Data or Register Commands. 
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Table 4. Am28F020 Command Definitions 

First Bus Cycle Second Bus Cycle 

Operation Address Data 
Command (Note 1) (Note 2) (Note 3) 

Read Memory (Notes 6, 7) Write x OOH/FFH 

Read Auto select Write x SOH or90H 

Erase Set-up/Erase Write x 20H 
(Note 4) 

Erase-Verify (Note 4) Write EA AOH 

Program Set-up/ Write x 40H 
Program (Note 5) 

Program-Verify (Note 5) Write x COH 

Reset (Note 7) Write x FFH 

Notes: 
1. Bus operations are defined in Table 1. 

2. RA .. Address of the memory location to be read. 
EA .. Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD ... Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 

Operation 
(Note 1) 

Read 

Read 

Write 

Read 

Write 

Read 

Write 

PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 

Address 
(Note 2) 

RA 

OOH/01H 

x 

x 
PA 

x 
x 

PVD = Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figure 1 illustrates the Flasherase Electrical Erase Algorithm. 

5. Figure 2 illustrates the Flashrite Programming Algorithm. 

Data 
(Note 3) 

RD 

01H/2AH 

20H 

EVD 

PD 

PVD 

FFH 

6. Wait 6 µs after first Read command before accessing the data. When the second bus command is a Read command, all 
subsequent Read operations take tACC. 

7. Please reference Reset Command section. 
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FLASH MEMORY PROGRAM/ERASE OPERATIONS 

AMD's Flasherase and Flashrite Algorithms 

Flasherase Erase Sequence 
Erase Set-Up/Erase Commands 
Erase Set-Up 
Erase Set-up is the first of a two-cycle erase command. 
It is a command-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg­
ister in order to perform the Erase Set-up operation. 

Erase 
The second two-cycle erase command initiates the bulk 
erase operation. You must write the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera­
tion must be terminated by writing a new command 
(Erase-verify) to the register. 

This two step sequence of the Set-up and Erase com­
mands helps to ensure that memory contents are not ac­
cidentally erased. Also, chip erasure can only occur 
when high voltage is applied to the Vpp pin and all control 
pins are in their proper state. In absence of this high volt­
age, memory contents cannot be altered. Refer to AC 
Erase Characteristics and Waveforms for specific tim­
ing parameters. 

Note: 
The Flash memory device must be fully programmed to 
OOH data prior to erasure. This equalizes the charge on 
all memory cells ensuring reliable erasure. 

Erase-Verify Command 
The erase operation erases all bytes of the array in 
parallel. After the erase operation, all bytes must be 

sequentially verified. The Erase-verify operation is initi­
ated by writing AOH to the register. The byte address to 
be verified must be supplied with the command. Ad­
dresses are latched on the falling edge of the WE pulse. 
The rising edge of the WE pulse terminates the erase 
operation. 

Margin Verify 
During the Erase-verify operation, the Am28F020 ap­
plies an internally generated margin voltage to the ad­
dressed byte. Reading FFH from the addressed byte 
indicates that all bits in the byte are properly erased. 

Verify Next Address 
You must write the Erase-verify command with the ap­
propriate address to the register prior to verification of 
each address. Each new address is latched on the fall­
ing edge of WE. The process continues for each byte in 
the memory array until a byte does not return FFH data 
or all the bytes in the array are accessed and verified. 

If an address is not verified to FFH data, the entire chip is 
erased again (refer to Erase Set-up/Erase). Erase verifi­
cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. At 
this point, the verification operation is terminated by 
writing a valid command (e.g. Program set-up) .to the 
command register. Figure 1 and Table 5, the Flasherase 
electrical erase algorithm, illustrate how commands and 
bus operations are combined to perform electrical era­
sure. Referto AC Erase Characteristics and Waveforms 
for specific timing parameters. 
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Figure 1. Flasherase Electrical Erase Algorithm 
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Flasherase Electrical Erase Algorithm 
This Flash memory device erases the entire array in par­
allel. The erase time depends on VPP, temperature, and 
number of erase/program cycles on the device. In gen­
eral, reprogramming time increases as the number of 
erase/program cycles increases. 

The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the array. Erasure begins with a read of the mem­
ory contents. The Am28F020 is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash­
rite programming algorithm with the appropriate data 
pattern. 

Should the device be currently programmed, data other 
than FFH will be returned from address locations. Fol­
low the Flasherase algorithm. Uniform and reliable era­
sure is ensured by first programming all bits in the 
device to their charged state (Data = OOH). This is 

accomplished using the Flashrite Programming algo­
rithm. Erasure then continues with an initial erase op­
eration. Erase verification (Data = FFH) begins at 
address OOOOH and continues through the array to the 
last address, or until data other than FFH is encoun­
tered. If a byte fails to verify, the device is erased again. 
With each erase operation, an increasing number of 
bytes verify to the erased state. Typically, devices are 
erased in less than 100 pulses (one second). Erase effi­
ciency may be improved by storing the address of the 
last byte that fails to verify in a register. Following the 
next erase operation, verification may start at the stored 
address location. A total of 1000 erase pulses are al­
lowed per reprogram cycle, which corresponds to ap­
proximately 1 O seconds of cumulative erase time. The 
entire sequence of erase and byte verification is per­
formed with high voltage applied to the VPP pin. Figure 1 
illustrates the electrical erase algorithm. 

Table 5. Flasherase Electrical Erase Algorithm 

Bus Operations Command Comments 

Entire memory must = OOH before erasure (Note 3) 
Note: Use Flashrite programming algorithm (Figure 3) for 
programming. 

Standby Wait for Vpp ramp to VPPH (Note 1) 
Initialize: 
Addresses 
PLSCNT (Pulse count) 

Write Erase Set-Up Data= 20H 

Write Erase Data= 20H 

Standby Duration of Erase Operation (twHWH2) 

Write Erase-Verify (Note 2) Address = Byte to Verify 
Data= AOH 
Stops Erase Operation 

Standby Write Recovery Time before Read = 6 µs 

Read Read byte to verify erasure 

Standby Compare output to FFH 
Increment pulse count 

Write Reset Data= FFH, reset the register for read operations. 

Standby Wait for VPP ramp to VPPL (Note 1) 
Notes: 

1. See DC Characteristics for value of VPPH or WPL The VPP power supply can be hard-wired to the device or switchable. 
When Vpp is switched, WPL may be ground, no connect with a resistor tied to ground, or less than Vee + 2.0 V. 

2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 
written with the read command. 

3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 
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Section A B c D E F G 

I 

I I I I 

~!\____)\_ I I 
I 
I I 

OE/ I 

Data 

Vee] ~ 

A B c D E F G 
11561-00GA 

Bus Cycle Write Write Time Write Time Read Stand by 
-out -out 

Command 20H 20H NIA AOH NIA Compare NIA 
Data 

Function Erase Erase Erase Erase- Transition Erase Proceed 
Set-up (10ms) Verify (6µs) Verification per Erase 

Algorithm 

Figure 2. A.C. Waveforms For Erase Operations 

Analysis of Erase Timing Waveform 
Note: 
This analysis does not include the requirement to pro­
gram the entire array to OOH data prior to erasure. Refer 
to the Flasherase algorithm. 
Erase Set-Up/Erase 
This analysis illustrates the use of two-cycle erase com­
mands (section A and B). The first erase command 
(20H) is a set-up command and does not affect the array 
data (section A). The second erase command (20H) in­
itiates the erase operation (section B) on the rising edge 
of this WE pulse. All bytes of the memory array are 
erased in parallel. No address information is required. 

The erase pulse occurs in section C. 

Time-Out 
A software timing routine (1 O ms duration) must be initi­
ated on the rising edge of the WE pulse of section B. 

Note: 
An integrated stop timer prevents any possibility of over­
erasure by limiting each time-out period of 1 o ms. 

Erase-Verify 
Upon completion of the erase software timing routine, 
the microprocessor must write the Erase-verify com­
mand (AOH). This command terminates the erase op­
eration on the rising edge of the WE pulse (section D). 
The Erase-verify command also stages the device for 
data verification (section F). 

After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-verify command (section D). Addresses are 
latched on the falling edge of the WE pulse. 

Another software timing routine (6 µs duration) must be 
executed to allow for generation of internal voltages for 
margin checking and read operation (section E). 

During Erase-verification (section F) each address that 
returns FFH data is successfully erased. Each address 
of the array is sequentially verified in this manner by re­
peating sections D thru F until the entire array is verified 
or an address fails to verify. Should an address location 
fail to verify to FFH data, erase the device again. Repeat 
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sections A thru F. Resume verification (section D) with 
the failed address. 

Each data change sequence allows the device to use up 
to 1,000 erase pulses to completely erase. Typically 
100 erase pulses are required. 

Note: 
All address locations must be programmed to OOH prior 
to erase. This equalizes the charge on all memory cells 
and ensures reliable erasure. 

Flashrite Programming Sequence 
Program Set-Up/Program Command 
Program Set-Up 
The Am28F020 is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Program 
Set-up is the first of a two-cycle program command. It 
stages the device for byte programming. The Program 
Set-up operation is performed by writing 40H to the 
command register. 

Program 
Only after th~ogram set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate addres-s and data for pro­
gramming must be available on the second WE pulse. 
Addresses and data are internally latched on the falling 
and risin~ge of the WE pulse respectively. The rising 
edge of WE also begins the programming operation. 
You must write the Program-verify command to termi­
nate the programming operation. This two step se­
quence of the Set-up and Program commands helps to 
ensure that memory contents are not accidentally writ­
ten. Also, programming can only occur when high volt­
age is applied to the Vpp pin and all control pins are in 
their proper state. In absence of this high voltage, mem­
ory contents cannot be programmed. 

Refer to AC Characteristics and Waveforms for specific 
timing parameters. 

AMO~ 
Program Verify Command 
Following each programming operation, the byte just 
programmed must be verified. 

Write COH into the command register in order to initiate 
the Program-verify operation. The rising edge of this WE 
pulse terminates the programming operation. The Pro­
gram-verify operation stages the device for verification 
of the last byte programmed. Addresses were previ­
ously latched. No new information is required. 

Margin Verify 
During the Program-verify operation, the Am28F020 ap­
plies an internally generated margin voltage to the ad­
dressed byte. A normal microprocessor read cycle 
outputs the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. The original 
programmed data should be stored for comparison. 
Programming then proceeds to the next desired byte lo­
cation. Should the byte fail to verify, reprogram (refer to 
Program Set-up/Program). Figure 3 and Table 6 indi­
cate how instructions are combined with the bus opera­
tions to perform byte programming. Refer to AC 
Programming Characteristics and Waveforms for spe­
cific timing parameters. 

Flash rite Programming Algorithm 
The Am28F020 Flashrite Programming algorithm em­
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite Programming algorithm uses 
10 microsecond programming pulses. Each operation is 
followed by a byte verification to determine when the ad­
dressed byte has been successfully programmed. The 
program algorithm allows for up to 25 programming op­
erations per byte per reprogramming cycle. Most bytes 
verify after the first or second pulse. The entire se­
quence of programming and byte verification is per­
formed with high voltage applied to the Vpp pin. Figure 3 
and Table 6 illustrate the programming algorithm. 
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11561-007A 

Figure 3. Flashrlte Programming Algorithm 

Table 6. Flashrlte Programming Algorlthm 

Bus Operations Command Comments 

Standby Wait for VPP ramp to VPPH (Note 1) 
Initialize pulse counter 

Write Program Set-Up Data= 40H 

Write Program Valid Address/Data 

Standby Duration of Programming Operation (twHWH1) 

Write Program-Verify (2) Data = COH Stops Program Operation 

Standby Write Recovery Time before Read = 6 µs 

Read Read byte to verify programming 

Standby Compare data output to data expected 

Write Reset Data = FFH, resets the register for read operations. 

Standby Wait for VPP ramp to VPPL (Note 1) 

Notes: 

1. See DC Characteristics for value of VPPH. The Vpp power supply can be hard-wired to the device or switchable. When VPP is 
switched, WPL may be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0 V. 

2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. ' 
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Latch Address Algorithm 
&Data 

Figure 4. AC Waveforms for Programming Operations 

Analysis of Program Timing Waveforms 
Program Set-Up/Program 

Two-cycle write commands are required for program 
operations (section A and B). The first program com­
mand (40H) is a set-up command and does not affect 
the array data (section A). The second program com­
mand latches address and data required for program­
ming on the falling and rising edge of WE respectively 
(section B). The rising edge of this WE pulse (section B) 
also initiates the programming pulse. The device is pro­
grammed on a byte by byte basis either sequentially or 
randomly. 

The program pulse occurs in section C. 

Time-Out 

A software timing routine (1 O µs duration) must be initi­
ated on the rising edge of the WE pulse of section B. 

Note: 

An integrated stop timer prevents any possibility of over­
programming by limiting each time-out period of 1 O µs. 

Program-Verify 

Upon completion of the program timing routine, the mi­
croprocessor must write the program-verify command 
(COH). This command terminates the programming op­
eration on the rising edge of the WE pulse (section D). 
The program-verify command also stages the device for 
data verification (section F). Another software timing 
routine (6 µs duration) must be executed to allow for 
generation of internal voltages for margin checking and 
read operations (section E). 

During program-verification (section F) each byte just 
programmed is read to compare array data with original 
program data. When successfully verified, the next de­
sired address is programmed. Should a byte fail to ver­
ify, reprogram the byte (repeat section A thru F). Each 
data change sequence allows the device to use up to 
25 program pulses per byte. Typically, bytes are verified 
within one or two pulses. 
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Algorithm Timing Delays 

There are four different timing delays associated with 
the Flasherase and Flashrite algorithms: 

1. The first delay is associated with the VPP rise-time 
when VPP first turns on. The capacitors on the VPP 

bus cause an RC ramp. After switching on the VPP, 

the delay required is proportional to the number of 
devices being erased and the 0.1µF/device. VPP 

must reach its final value 100 ns before commands 
are executed. 

2. The second delay time is the erase time pulse width 
(10 ms). A software timing routine should be run by 
the local microprocessor to time out the delay. The 
erase operation must be terminated at the conclu­
sion of the timing routine or prior to executing any 
system interrupts that may occur during the erase 
operation. To ensure proper device operation, write 
the Erase-verify operation after each pulse. 

3. A third delay time is required for each programming 
pulse width (10 µs). The programming algorithm is 
interactive and verifies each byte after a program 
pulse. The program operation must be terminated at 
the conclusion of the timing routine or prior to execut­
ing any system interrupts that may occur during the 
programming operation. 

4. A fourth timing delay associated with both the 
Flasherase and Flash rite algorithms is the write re­
covery time (6 µs). During this time internal circuitry 
is changing voltage levels from the erase/ program 
level to those used for margin verify and read 
operations. An attempt to read the device during this 
period will result in possible false data (it may appear 
the device is not properly erased or programmed). 

Note: 
Software timing routines should be written in machine 
language for each of the delays. Code written in ma­
chine language requires knowledge of the appropriate 
microprocessor clock speed in order to accurately time 
each delay. 

Parallel Device Erasure 

Many applications will use more than one Flash memory 
device. Total erase time may be minimized by imple­
menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified separately. When a device is com­
pletely erased and verified use a masking code to pre­
vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (OOH). 

Power-Up Sequence 

The Am28F020 powers-up in the Read only mode. 
Power supply sequencing is not required. 

Reset Command 

The Reset command initializes the Flash memory de­
vice to the Read mode. In addition, it also provides the 
user with a sate method to abort any device operation 
(including program or erase). 

The Reset command must be written two consecutive 
times after the set-up Program command (40H). This 
will reset the device to the Read mode. 

Following any other Flash command write the Reset 
command once to the device. This will safely abort any 
previous operation and initialize the device to the Read 
mode. 

The set-up Program command (40H) is the only com­
mand that requires a two sequence reset cycle. The first 
Reset command is interpreted as program data. How­
ever, FFH data is considered null data during program­
ming operations (memory cells are only programmed 
from a logical "1" to "O"). The second Reset command 
safely aborts the programming operation and resets the 
device to the Read mode. 

Memory contents are not altered in any case. 

This detailed information is for your reference. It may 
prove easier to always issue the Reset command two 
consecutive times. This eliminates the need to deter­
mine if you are in the set-up Program state or not. 

Auto Select Command 

Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol­
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

Programming In-system 

AM D's Flash memories are designed for use in applica­
tions where the local CPU alters memory contents. Ac­
cordingly, manufacturer and device codes must be 
accessible while the device resides in the target system. 
PROM programmers typically access the signature 
codes by raising Ag to a high voltage. However, multi­
plexing high voltage onto address lines is not a generally 
desired system design practice. 

The Am28F020 contains an Auto Select operation to 
supplement traditional PROM programming methodol­
ogy. The operation is initiated by writing 80H or 90H into 
the command register. Following this command, a read 
cycle address OOOOH retrieves the manufacturer code of 
01 H. A read cycle from address 0001 H returns the de­
vice code 2AH (see Table 2). To terminate the opera­
tion, it is necessary to write another valid command into 
the register (see Table 3). 

2-150 Am28F020 



ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Ceramic Packages ............. -65°C to + 150°C 
Plastic Packages ............... -65°C to + 125°C 

Ambient Temperature 
with Power Applied . . . . . . . . . . . . -55°C to + 125°C 

Voltage with Respect To Ground 
All pins except Ag and Vpp (Note 1) . -2.0 V to + 7.0 V 

Vee (Note 1) . . . . . . . . . . . . . . . . . . -2.0 V to +7.0 V 

Ag (Note 2) . . . . . . . . . . . . . . . . . . . -2.0 V to + 14.0 V 

VPP (Note 2) .................. -2.0 V to +14.0 V 

Output Short Circuit Current (Note 3) . . . . . . 200 mA 

Notes: 
1. Minimum DC voltage on input or 1/0 pins is-0.5 V. During 

voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 
and 110 pins is Vee + 0.5 V. During voltage transitions, 

outputs may overshoot to Vee + 2.0 V for periods up to 
20ns. 

2. Minimum DC input voltage on Ag and VPP pins is -0.5 V. 
During voltage transitions, Ag and Vpp may overshoot 
Vss to -2.0 V for periods of up to 20 ns. Maximum DC in­
put voltage on Ag and VPP is +13.5 V which may over­
shoot to 14.0 V for periods up to 20 ns. 

3. No more than one output shorted at a time. Duration of 
the short circuit should not be greater than one second. 

Stresses above those listed under "Absolute Maximum Rat­
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera­
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex­
tended periods may affect device reliability. 

OPERATING RANGES 
Commercial (C) Devices 

AMO~ 

Case Temperature (Tc) .......... 0°c to +70°C 

Industrial (I) Devices 
Case Temperature (Tc) ........ -40°C to +85°C 

Extended (E) Devices 
Case Temperature (Tc) ....... -55°C to +125°C 

Military (M) Devices 
Case Temperature (Tc) ....... -55°C to +125°C 

Vee Supply Voltages 
Vee for Am28F020-X5 ...... +4.75 V to +5.25 V 

Vee for Am28F020-XXO +4.50 V to +5.50 V 

VPP Supply Voltages 
Read ..................... -0.5 V to +12.6 V 

Program, Erase, and Verify ... +11.4 V to +12.6 V 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 

20 ns 

Maximum Positive Input Overshoot 

20 ns 

Vee+ 0.5 V 

2.0 v 
xxxxxt:I. .Nxxxxx 

20 ns 20 ns 

Maximum VPP Overshoot 

20 ns 

13.5 v 

Vee+0.5V 

20 ns 20 ns 
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DC CHARACTERISTICS over operating range unless otherwise specified (for APL Prod­
ucts, Group A, Subgroups 1, 2, 3, 7 and 8 are tested unless otherwise noted) 
(Notes 1-3) 

DC CHARACTERISTICS-TTL/NMOS COMPATIBLE 
Parameter 
Symbol Parameter Description Test Conditions Min. Typ. Max. Unit 

lu Input Leakage Current Vee. Vee Max., ±1.0 µA 
V1N = Vee or Vss 

ILO Output Leakage Current Vee. Vee Max., ±1.0 µA 

Vour =Vee or Vss 

Ices Vee Standby Current Vee. Vee Max. 0.2 1.0 mA 
CE= V1H 

lcc1 Vee Active Read Current Vee. Vee Max.,CE = V1L, OE= V1H 10 30 mA 
lour= 0 mA, at 6 MHz 

lcc2 Vee Programming Current CE= V1L 10 30 mA 
Programming in Progress 

lcc3 Vee Erase Current CE= V1L 10 30 mA 
Erasure in Progress 

IPPS VPP Standby Current Vpp = VPPL ±1.0 µA 

IPP1 Vpp Read Current VPP= VPPH 70 200 

Vpp = VPPL ±1.0 
µA 

IPP2 VPP Programming Current Vpp = VPPH 10 30 mA 
Programming in Progress 

lpp3 VPP Erase Current VPP= VPPH 10 30 mA 
Erasure in Progress 

V1L Input Low Voltage -0.5 0.8 v 
V1H Input High Voltage 2.0 Vee v 

+ 0.5 

VoL Output Low Voltage Im= 5.8 mA 0.45 v 
Vee. Vee Min. 

VoH1 Output High Voltage loH--2.5 mA 2.4 v 
Vee- Vee Min. 

V10 Ag Auto Select Voltage Ag= V10 11.5 13.0 v 
110 Ag Auto Select Current Ag= V10Max. 5 50 µA 

Vee - Vee Max. 

VPPL VPP during Read-Only Note: Erase/Program are 0.0 Vee v 
Operations inhibited when VPP = VPPL +2.0 

VPPH Vpp during Read/Write 11.4 12.6 v 
Operations 

VLKO Low Vee Lock-out Voltage 3.2 v 
Notes: 

1. Caution: the Am28F020 must not be removed from (or inserted into) a socket when Vee or VPP is applied. 

2. lcc1 is tested with OE = V1H to simulate open outputs. 

3. Maximum active power usage is the sum of Ice and IPP. 
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DC CHARACTERISTICS-CMOS COMPATIBLE 
Parameter 
Symbol Parameter Description Test Conditions Min. Typ. Max. Unit 

lu Input Leakage Current Vee= Vee Max., ± 1.0 µA 
V1N = Vee or Vss 

ILO Output Leakage Current Vee~ Vee Max., ::!:: 1.0 µA 
Vour = Vee or Vss 

Ices Vee Standby Current Vee= Vee Max. 15 100 µA 
CE= Vee± 0.5 V 

lcc1 Vee Active Read Current Vee= Vee Max.,CE = V1L, OE= V1H 10 30 mA 
lour = 0 mA, at 6 MHz 

lcc2 Vee Programming Current CE= V1L 10 30 mA 
Programming in Progress 

lccJ Vee Erase Current CE= V1L 10 30 mA 
Erasure in Progress 

IPPS VPP Standby Current Vpp = VPPL ::!:: 1.0 µA 

IPP1 VPP Read Current Vpp = VPPH 70 200 µA 

IPP2 VPP Programming Current Vpp = VPPH 10 30 mA 
Programming in Progress 

IPP3 VPP Erase Current VPP= VPPH 10 30 mA 
Erasure in Progress 

V1L Input Low Voltage -0.5 0.8 v 
V1H Input High Voltage 0.7 Vee Vee v 

+ 0.5 

VOL Output Low Voltage loL= 5.8 mA 0.45 v 
Vee = Vee Min. 

VOH1 loH = -2.5 mA, Vee= Vee Min. 0.85 

Output High Voltage Vee 
v 

VOH2 loH = -100 µA, Vee= Vee Min. Vee 
-0.4 

V10 Ag Auto Select Voltage Ag= V10 11.5 13.0 v 
ho Ag Auto Select Current A9= V10Max. 5 50 µA 

Vee= Vee Max. 

VPPL VPP during Read-Only Note: Erase/ Program are 0.0 Vee v 
Operations inhibited when VPP = VPPL + 2.0 

VPPH VPP during Read/Write 11.4 12.6 v 
Operations 

VLKO Low Vee Lock-out Voltage 3.2 v 
Notes: 

1. Caution: the Am2BF020 must not be removed from (or inserted into) a socket when Vee or Vpp is applied. 

2. lcc1 is tested with OE = V1H to simulate open outputs. 

3. Maximum active power usage is the sum of Ice and IPP. 
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PIN CAPACITANCE 

Parameter 
Symbol Parameter Description Test Conditions Typ. Max. 

C1N Input Capacitance V1N = 0 8 10 

Cour Output Capacitance Vour = 0 8 12 

C1N2 VPP Input Capacitance VPP = 0 8 12 

Notes: 
1. Sampled, not 100% tested. 

2. Test conditions TA= 25°C, f = 1.0 MHz 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

AC CHARACTERISTICS-Read Only Operation (Notes 1 and 2) 

Parameter 
Symbols -90 -120 

JED EC Standard Parameter Description 

tAVAV tRC Read Cycle Time 
(Note4) 

tELQV tcE Chip Enable 
Access Time 

tAVQV tACC Address 
Access Time 

tGLQV toE Output Enable 
Access Time 

tELQX tLZ Chip Enable to 
Output in Low Z (Note 4) 

tEHQZ toF Chip Disable to 
Output in High Z (Note 3) 

tGLQX tOLZ Output Enable to 
Output in Low Z (Note 4) 

tGHQZ toF Output Disable to 
Output in High Z (Note 4) 

tAXQX toH Output Hold from first of 
Address, CE, or OE Change 
(Note 4) 

tWHGL Write Recovery 
Time before Read 

tvcs Vee Set-up Time to 
Valid Read (Note 4) 

Notes: 

1. Output Load: 1 TTL gate and CL= 100 pF 
Input Rise and Fall Times:~ 10 ns 
Input Pulse levels: 0.45 to 2.4 V 

-95 

Min. 90 
Max. 

Min. 
Max. 90 

Min. 
Max. 90 

Min. 
Max. 35 

Min. 0 
Max. 

Min. 
Max. 20 

Min. 0 
Max. 

Min. 
Max. 20 

Min. 0 
Max. 

Min. 6 
Max. 

Min. 50 
Max. 

Timing Measurement Reference Level: Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 

2. The Am28F020-95 Output Load: 1 TTL gate and CL = 100 pF 

-
120 

120 

120 

50 

0 

30 

0 

30 

0 

6 

50 

Am28F020 

-150 -200 
- -
150 200 

150 200 

150 200 

55 55 

0 0 

35 35 

0 0 

35 35 

0 0 

6 6 

50 50 

Input Rise and Fall Times:~ 10 ns 
Input Pulse levels: 0 to 3 V 
Timing Measurement Reference Level: 1.5 V inputs and outputs. 

3. Guaranteed by design not tested. 
4. Not 100% tested. 
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AMDl1 

AC CHARACTERISTICS-Write/Erase/Program Operations (Notes 1- 5) 
Parameter Am28F020 
Symbols -90 -120 -150 -200 -250 

JED EC Standard Parameter Description -95 - - - -
tAVAV twc Write Cycle Time Min. 90 120 150 200 250 

(Note 6) Max. 

tAVWL tAS Address Set-Up Time Min. 0 0 0 0 0 
Max. 

tWLAX tAH Address Hold Time Min. 45 50 60 75 75 
Max. 

tovWH tos Data Set-Up Time Min. 45 50 50 50 50 
Max. 

tWHDX tDH Data Hold Time Min. 10 10 10 10 10 
Max. 

tWHGL twR Write Recovery Time Min. 6 6 6 6 6 
before Read Max. 

tGHWL Read Recovery Time Min. 0 0 0 0 0 
before Write Max. 

tELWL tcs Chip Enable Min. 0 0 0 0 0 
Set-Up Time Max. 

twHEH tCH Chip Enable Min. 0 0 0 0 0 
Hold Time Max. 

twLWH twp Write Pulse Width Min. 45 50 60 60 60 
Max. 

tWHWL tWPH Write Pulse Min. 20 20 20 20 20 
Width HIGH Max. 

tWHWH1 Duration of Programming Min. 10 10 10 10 10 
Operation (Note 4) Max. 

tWHWH2 Duration of Min. 9.5 9.5 9.5 9.5 9.5 
Erase Operation(Note 4) Max. 

tVPEL VPP Set-Up Time to Min. 100 100 100 100 100 
Chip Enable LOW (Note 6) Max. 

tvcs Vee Set-Up Time to Min. 50 50 50 50 50 
Chip Enable LOW (Note 6) Max. 

tVPPR VPP Rise Time Min. 500 500 500 500 500 
90% VPPH (Note 6) Max. 

tvPPF VPP Fall Time Min. 500 500 500 500 500 
10% VPPL (Note 6) Max. 

tLKO Vee< VLKO Min. 100 100 100 100 100 
to Reset (Note 6) Max. 

Notes: 
1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 

Characteristics for Read Only operations. 
2. All devices except Am28F020-95. Input Rise and Fall times: .s 1 O ns; Input Pulse Levels: 0.45 V to 2.4 V 

Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 
3. Am28F020-95. Input Rise and Fall times: .s 1 O ns; Input Pulse Levels: 0.0 V to 3.0 V 

Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 
4. Maximum pulse widths not required because the on-chip program/erase stop timer will terminate the pulse widths 

internally on the device. 

Unit 

ns 

ns 

ns 

ns 

ns 

µs 

µs 

ns 

ns 

ns 

ns 

µs 

ms 

ns 

µs 

ns 

ns 

ns 

5. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the Write Pulse Width (within a longer Write-Enable timing waveform) all set-up, hold 
and inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 

6. Not 100% tested. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

///// 

INPUTS 

Must Be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care; 
Any Change 
Permitted 

Does Not 
Apply 

OUTPUTS 

Will Be 
Steady 

Will Be 
Changing 
from H to L 

Will Be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

KS000010 

SWITCHING WAVEFORMS 

Addresses 

CE{E) 

OE{G) 

Data {DO) 

5.0 v 
Vee 
ov 
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Device and Outputs Data 
Power-Up, Standby Address Selection Enabled Valid 

High Z 

Addresses Stable 

tELOV (tCE) 

tGLOX (tOLZ) ..j 
!.- tELQX (tLZ) 

tvcs 

tAXOX (tOH) 

Output Valid 

Figure 6. AC Waveforms for Read Operations 
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SWITCHING WAVEFORMS 

Addresses 

CE(E) 

OE(G) 

Data (DO) 

5.0 v 

Power-Up & 
Standby 

Set-Up Erase 
Command 

Ives 

lvPEL 
Vee f ov 

-

IEHVP 

VPPH 
VPP 

VPPL 

Erase Command 
Erase-Verify 
Command 

Figure 7. AC Waveforms for Erase Operations 
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SWITCHING WAVEFORMS 

Addresses 

CE(E) 

OE(G) 

WE(W) 

Data (DO) 

5.0 v 

Power-Up & 
Standby 

Set-Up Program 
Command 

Vee r ov 

-

tEHvP 

VPPH 

VPP 

VPPL 

lvPEL 

Program Command 
Latch Address & 

Data 
Verify 

Command 

Figure 8. AC Waveforms for Programming Operations 
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SWITCHING TEST CIRCUIT 

Device 
Under 
Test 

e.2 kn 

2.?kn 

Diodes = IN3064 
or Equivalent 

AMO~ 

11561-012A 

CL = 100 pF including jig capacitance 

SWITCHING TEST WAVEFORMS 

2.4 v 

0.45 v 
INPUT 

2.0 v 2.0 v > TEST POINTS < 
0.8 v 0.8 v 

OUTPUT 

All Devices Except Am28F020-95 

AC Testing: Inputs are driven at 2.4 V for a 
logic "1" and 0.45 V for a logic "O". Input pulse 
rise and fall times ares. 1 o ns. 

3V---

1.5--TEST POINTS-.1.5 

ov---.1 
INPUT OUTPUT 

For Am28F020-95 

AC Testing: Inputs are driven at 3.0 V for a 
logic "1" and 0 V for a logic "O". Input pulse rise 
and fall times are s. 10 ns. 

08007-003A 

Am28F020 2-161 



~AMO 
ERASE AND PROGRAMMING PERFORMANCE 

Limits 

Parameter Min. Typ. Max.<3> Unit Comments 

Chip Erase Time 1 10 s Excludes OOH programming 
(Note 1) (Note 2) prior to erasure 

Chip Programming Time 4 25 s Excludes system-level overhead 
(Note 1) 

Write/Erase Cycles 10,000 Cycles 

Notes: 

1. 2s 0 c, 12 V VPP 
2. The Flasherase/Flashrite algorithms allows for 60 second erase time for military temperature range operations. 

3. Maximum time specified is lower than worst case. Worst case is derived from the Flasherase/Flashrite pulse count 
(Flasherase = 1000 max. and Flash rite = 25 max.). Typical worst case for program and erase operations is significantly 
less than the actual device limit. 

LATCHUP CHARACTERISTICS 

Min. Max. 

Input Voltage with respect to Vss on all pins except 1/0 pins 
(Including Ag and VPP) -1.0 v 13.5 v 
Input Voltage with respect to Vss on all pins 1/0 pins -1.0 v Vee+ 1.0 V 

Current -100 mA +100 mA 

Includes all pins except Vee. Test conditions: Vee= 5.0 V, one pin at a time. 

DAT A RETENTION 

Parameter Min. Units Test Conditions 

Min. Pattern Data Retention Time 10 Years 150°C 

20 Years 125°C 
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FINAL 

Am28F020A 
262, 144 x 8-Bit CMOS Flash Memory 
with Embedded Algorithms 

DISTINCTIVE CHARACTERISTICS 
• High performance 

- 90 ns maximum access time 

• CMOS low power consumption 
- 30 mA maximum active current 
- 100 µA maximum standby current 
- No data retention power 

• Compatible with JEDEC-standard byte­
wide 32-Pin EPROM pinouts 
-32-pin DIP 
- 32-pin PLCC 
- 32-pin TSOP 
-32-pin LCC 

• 100,000 write/erase cycles minimum 

m Write and erase voltage 12.0 V ±5% 

m Latch-up protected to 100 mA from -1 V 
to Vee +1 V 

GENERAL DESCRIPTION 
The Am28F020A is a 2 Megabit Flash memory organ­
ized as 256K bytes of 8 bits each. AM D's Flash memo­
ries offer the most cost-effective and reliable read/write 
non- volatile random access memory. The Am28F020A 
is packaged in 32-pin PDIP, PLCC, and TSOP versions. 
The device is also offered in the ceramic DIP and LCC 
packages. It is designed to be reprogrammed and 
erased in-system or in standard EPROM programmers. 

The standard Am28F020A offers access times as fast 
as 90 ns, allowing operation of high-speed microproces­
sors without wait states. To eliminate bus contention, 
the Am28F020A has separate chip enable (CE) and out­
put enable (OE) controls. 

AMD's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F020A uses a command register to manage this 
functionality, while maintaining a standard 32-pin 
pinout. The command register allows for 100% TTL 
level control inputs and fixed power supply levels during 
erase and programming, while maintaining maximum 
EPROM compatibility. 

AMD's Flash technology reliably stores memory con­
tents even after 100,000 erase and program cycles. The 
AMD cell is designed to optimize the erase and pro­
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal 

Publication# 17502 Rev. A Amendment/O 

Issue Date: September 1992 

~ 
Advanced 

Micro 
Devices 

g Embedded Erase™ Electrical Bulk Chip-Erase 
- Five second typical chip-erase including 

pre-programming 

• Embedded Program TM 

- 14 µs typical byte-program including time-out 
- 4 seconds typical chip program 

• Command register architecture for 
microprocessor/microcontroller compatible 
write interface 

• On-chip address and data latches 

• Advanced CMOS flash memory technology 
- Low cost single transistor memory cell 

• Embedded algorithms for completely 
self-timed write/erase operations 

• Automatic write/erase pulse stop timer 

electric fields for erase and programming operations 
produces reliable cycling. The Am28F020A uses a 
12.0 V ± 5% Vpp supply to perform the erase and pro­
gramming functions. 

The highest degree of latch-up protection is achieved 
with AM D's proprietary non-epi process. Latch-up pro­
tection is provided for stresses up to 100 milliamps on 
address and data pins from -1 V to Vee + 1 V. 

Embedded Program 

The Am28F020A is byte programmable using the Em­
bedded Programming algorithm. The Embedded Pro­
gramming algorithm does not require the system to 
time-out or verify the data programmed. The typical 
room temperature programming time of the 
Am28F020A is four seconds. 

Embedded Erase 

The entire chip is bulk erased using the Embedded 
Erase algorithm. The Embedded Erase algorithm auto­
matically programs the entire array prior to electrical 
erase. The timing and verification of electrical erase are 
controlled internal to the device. Typical erasure at room 
temperature is accomplished in one second. 

AM D's Am28F020A is entirely pin and software compat­
ible with AMD Am28F010A Flash memory. 
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Embedded Programming Algorithm vs. 
Flash rite Programming Algorithm 

The Flashrite Programming algorithm requires the user 
to write a program set-up command, a program com­
mand (program data and address), and a program verify 
command followed by a read and compare operation. 
The user is required to time the programming pulse 
width in order to issue the program verify command. An 
integrated stop timer prevents any possibility of over­
programming. Upon completion of this sequence the 
data is read back from the device and compared by the 
user with the data intended to be written; if there is not a 
match, the sequence is repeated until there is a match or 
the sequence has been repeated 25 times. 

AM D's Embedded Programming algorithm requires the 
user to only write a program set-up command and a pro­
gram command (program data and address). The de­
vice automatically times the programming pulse width, 
provides the program verify and counts the number of 
sequences. A status bit, similar to data polling, provides 
feedback to the user as to the status of the programming 
operation. 

Embedded Erase Algorithm vs. Flasherase Erase 
Algorithm 
The Flasherase Erase algorithm requires the device to 
be completely programmed prior to executing an erase 
command. To invoke the erase operation the user writes 
an erase set-up command, an erase command, and an 
erase verify command. The user is required to time the 
erase pulse width in order to issue the erase verify com­
mand. An integrated stop timer prevents any possibility 
of overerasure. Upon completion of this sequence the 
data is read back from the device and compared by the 

user with erased data. If there is not a match, the se­
quence is repeated until there is a match or the se­
quence has been repeated 6,000 times. 

AM D's Embedded Erase algorithm requires the user to 
only write an erase set-up command and erase com­
mand. The device will automatically pre-program and 
verify the entire array. Then the device automatically 
times the erase pulse width, provides the erase verify 
and counts the number of sequences. A status bit, simi­
lar to data polling, provides feedback to the user as to 
the status of the erase operation. 

Commands are written to the command register using 
standard microprocessor write timings. Register con­
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad­
dress and data needed for the programming and erase 
operations. For system design simplification, the 
Am28F020A is designed to support either WE or CE 
controlled writes. During a system write EY£1e, ad­
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occurs first. To simplify the fol­
lowing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 

AMD's Flash technology combines years of EPROM 
and EEPROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F020A electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are pro­
grammed one byte at a time using the EPROM program­
ming mechanism of hot electron injection. 
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CONNECTION DIAGRAMS 
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ORDERING INFORMATION 
Standard Products 

AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination) is 
formed by a combination of: 

2-168 

·95 J 

...._ ___ DEVICE NUMBER/DESCRIPTION 
Am28F020A 

OPTIONAL PROCESSING 
Blank = Standard Processing 

B = Burn-in 

TEMPERATURE RANGE 
C = Commercial (0°C to +70°C) 
I = Industrial (-40 to+ 85°C) 
E = Extended (-55 to+ 125°C) 

PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 

Chip Carrier (PL 032) 
E = 32-Pin TSOP Standard Pinout (TS 032) 
F = 32-Pin TSOP Reverse Pinout (TSR 32) 
D = 32-Pin Ceramic DIP (CD 032) 
L = 32-Pin Rectangular Leadless Chip 

Carrier (CLR032) 

SPEED 
See Product Selector Guide and 
Valid Combinations 

2 Megabit (256K x 8-Bit) CMOS Flash Memory with Embedded Algorithms 

Valid Combinations 

AM28F020A-90 PC, JC, EC, FC, 

AM28F020A-95 DC, LC 

AM28F020A-120 PC, Pl, JC, JI, PE, 

AM28F020A-150 PEB, JE, JEB, EC, 

AM28F020A-200 FC, El, Fl, EE, FE, 
EEB, FEB, DC, DI, 
DE, DEB, LC, LI, 
LE, LEB 

Am28F020A 

Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consultthe 
local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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ORDERING INFORMATION 
APL Products 

AMO products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combina­
tion) is formed by a combination of: 

AM28F020A -120 /B A 

T 1 

.....__ ___ DEVICE NUMBER/DESCRIPTION 
Am28F020A 

LEAD FINISH 
A = Hot Solder Dip 

PACKAGE TYPE 
X = 32-Pin Ceramic DIP (CD 032) 
U = 32-Pin Rectangular Ceramic 

Leadless Chip Carrier (CLR 032) 

DEVICE CLASS 
/B = Class B 

SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 

2 Megabit (256K x 8-Bit) CMOS Flash Memory with Embedded Algorithms 

Valid Combinations 

AM28F020A-120 

AM28F020A-150 
/BXA, BUA 

AM28F020A-200 

AM78F020A-250 

Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consultthe 
local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

Am28F020A 

Group A Tests 

Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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PIN DESCRIPTION 
VPP 

Power supply for erase and programming. VPP must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can­
not be altered when Vpp s Vee +2V. 

Vee 

Power supply for device operation. (5.0 V ± 5% or 10%) 

Vss 

Ground 

NC 

No Connect-corresponding pin is not connected inter­
nally to the die. 

Ao-A11 

Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 

DQ0-D01 

Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem­
ory read cycles. 

CE (E} 

The Chip Enable active low input activates the chip's 
control logic and input buffers. Chip Enable high will 
deselect the device and operates the chip in stand-by 
mode. 

OE (G) 
The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 

WE (W) 
The Write Enable active low input controls the write 
function of the command register to the memory array. 
The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate data is latched 
on the rising edge of the pulse. 
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BASIC PRINCIPLES 
The Am28F020A uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram­
ming operations use a fixed 12.0V ± 5% power supply. 

Read Only Memory 
Without high Vpp voltage, the Am28F020A functions as 
a read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 

Command Register 
The command register is enabled only when high volt­
age is applied to the VPP pin. The erase and reprogram­
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 

The Am28F020A's command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de­
vice operations. For system design simplification, the 
Am28F020A is designed to support either WE or CE 
controlled writes. During a system write cycle, ad­
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occur first. To simplify the follow­
ing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 

Overview of Erase/Program Operations 
Embedded Erase Algorithm 

AMO now makes erasure extremely simple and reliable. 
The Embedded Erase algorithm requires the user to 
only write and erase set-up command and erase com­
mand. The device will automatically pre-program and 
verify the entire array. The device automatically times 
the erase pulse width, provides the erase verify and 
counts the number of sequences. A status bit, similar to 
Data Polling, provides feedback to the user as to the 
status of the erase operation. 

Embedded Programming Algorithm 

AMO now makes programming extremely simple and 
reliable. The Embedded Programming algorithm 
requires the user to only write a program set-up 
command and a program command. The device auto­
matically times the programming pulse width, provides 
the program verify and counts the number of se­
quences. A status bit, similar to Data Polling, provides 
feedback to the user as to the status of the programming 
operation. 

AMO~ 

Data Protection 
The Am28F020A is designed to offer protection against 
accidental erasure or programming, caused by spurious 
system level signals that may exist during power transi­
tions. The Am28F020A powers up in its read only state. 
Also, with its control register architecture, alteration of 
the memory contents only occurs after successful com­
pletion of specific command sequences. 

The device also incorporates several features to 
prevent inadvertent write cycles resulting form Vee 
power-up and power-down transitions or system noise. 

Low Vee Write Inhibit 
To avoid initiation of a write cycle during Vee power-up 
and power-down, a write cycle is locked out for Vee less 
than 3.2 V (typically 3. 7 V). If Vee< VLKO, the command 
register is disabled and all internal program/erase cir­
cuits are disabled. The device will reset to the read 
mode. Subsequent writes will be ignored until the Vee 
level is greater than VLKO. It is the users responsibility to 
ensure that the control pins are logically correct to pre­
vent unintentional writes when Vee is above 3.2 V. 

Write Pulse "Glitch" Protection 
Noise pulses of less than 1 O ns (typical) on OE, CE or 
WE will not initiate a write cycle. 

Logical Inhibit 
Writing is inhibited by holding any one of OE= V1L, CE= 
V1H or WE= V1H. To initiate a write cycle CE and WE 
must be a logical zero while OE is a logical one. 

Power-Up Write Inhibit 
Power-up of the device with WE= CE= V1L and OE= V1H 
will not accept commands on the rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 
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FUNCTIONAL DESCRIPTION 
Description of User Modes 

Table 1. Am28F020A User Bus Operations 

CE OE WE Vpp 

Operation (E) (G) (W) (Note 1) 

Read V1L V1L x VPPL 

Standby V1H x x VPPL 

Read-Only Output Disable V1L V1H V1H VPPL 

Auto-select Manufacturer V1L V1L V1H VPPL 
Code (Note 2) 

Auto-select Device Code V1L V1L V1H VPPL 
(Note 2) 

Read V1L V1L V1H VPPH 

Read/Write Standby (Note 5) V1H x x VPPH 

Output Disable V1L V1H V1H VPPH 

Write V1L V1H V1L VPPH 

Legend: 

Ao Ag 1/0 

Ao A9 Dour 

x x HIGHZ 

x x HIGHZ 

V1L V10 CODE 
(Note 3) (01H) 

V1H V10 CODE 
(Note 3) (29H) 

Ao Ag Dour 
(Note 4) 

x x HIGHZ 

x x HIGHZ 

Ao Ag D1N 
(Note 6) 

X = Don't care, where Don't Care is either V1L or V1H levels, VPPL = Vpp <Vee + 2 V; see DC Characteristics for voltage 
levels of WPH, OV <An< Vee + 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 

Notes: 

1. WPL may be grounded, connected with a resistor to ground, or .s Vee +2.0 V. VPPH is the programming voltage specified 

for the device. Refer to the DC characteristics. When Vpp = VPPL, memory contents can be read but not written or erased. 

2. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 

3. 11.5 .$. V10 .s 13.0 V 

4. Read operation with Vpp = VPPH may access array data or the Auto select codes. 

5. With Vpp at high voltage, the standby current is Ice+ lpp (standby). 

6. Refer to Table 3 for valid D1N during a write operation. 

7. All inputs are Don't Care unless otherwise stated, where Don't Care is either V1L or V1H levels. In the Auto select mode all 

addresses except A9 and Ao must be held at V1L. 
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READ ONLY MODE 
VPP <Vee+ 2 V 
Command Register Inactive 
Read 

The Am28F020A functions as a read only memory when 
VPP <Vee + 2V. The Am28F020A has two control func­
tions. Both must be satisfied in order to output data. CE 
controls power to the device. This pin should be used for 
specific device selection. OE controls the device out­
puts and should be used to gate data to the output pins if 
a device is selected. 

Address access time t.Acc is equal to the delay from sta­
ble addresses to valid output data. The chip enable ac­
cess time tcE is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en­
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable at least tAcc- toE). 

Standby Mode 

The Am28F020A has two standby modes. The CMOS 
standby mode {CE input held at Vee ± 0.5V), con­
sumes less than 100 µA of current. TTL standby mode 
{CE is held at V1H) reduces the current requirements to 
less than 1 mA. When in the standby mode the outputs 
are in a high impedance state, independent of the OE 
input. 

If the device is deselected during erasure, program­
ming, or program/erase verification, the device will draw 
active current until the operation is terminated. 

Output Disable 

Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im­
pedance state. 

AMO~ 

Auto Select 

Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol­
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto­
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the 
device. 

Programming In A PROM Programmer 

To activate this mode, the programming equipment 
must force V10 (11.5V to 13.0V) on address A9. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from V1L to V1H. All other 
address lines must be held at V1L, and VPP must be less 
than or equal to Vee + 2.0V while using this Auto select 
mode. Byte O (Ao = V1L) represents the manufacturer 
code and byte 1 (Ao= V1H) the device identifier code. For 
the Am28F020 these two bytes are given in the table be­
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (DQ7) defined as the 
parity bit. 

(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program­
ming the Flash memory device in-system). 

Table 2. Am28F020A Auto Select Code 

Code 
Type Ao (HEX) D01 OOs OOs 004 OQ3 002 001 DOo 

Manufacturer Code V1L 01 0 0 0 0 0 0 0 1 

Device Code V1H 29 0 0 1 0 1 0 0 1 
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ERASE, PROGRAM, AND READ MODE 

VPP = 12.0 v ± 5% 
Command Register Active 
Write Operations 

High voltage must be applied to the VPP pin in order to 
activate the command register. Data written to the regis­
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 

The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to V1L, while OE is at V1H. Ad­
dresses are latched on the falling ed~f WE, while 
data is latched on the rising edge of the WE pulse. Stan­
dard microprocessor write timings are used. 

Register bits R1-Ro correspond to the data inputs D01-
DQ0 (refer to Table 3). Register bits R1-Rs store the 
command data. All register bits R4 to Ro must be zero. 
The only exceptions are: the reset command, when FFH 
is written to the register and Auto select, when 90H is 
written to the register. 

The device requires the OE pin to be V1H for write opera­
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 
write, OE must be V1H, and CE and WE must be V1L. If 
any pin is not in the correct state a write command will 
not be executed. 

Refer to AC Write Characteristics and the Erase/Pro­
gramming Waveforms for specific timing parameters. 

Command Definitions 

The contents of the command register default to OOH 
(Read Mode) in the absence of high voltage applied to 
the VPP pin. The device operates as a read only mem­
ory. High voltage on the Vpp pin enables the command 
register. Device operations are selected by writing spe­
cific data codes into the command register. Table 4 de­
fines these register commands. 

Read Command 

Memory contents can be accessed via the read com­
mand when VPP is high. To read from the device, write 
OOH into the command register. Wait 6 µs before read­
ing the first accessed address location. All subsequent 
Read operations take tAcc. Standard microprocessor 
read cycles access data from the memory. The device 
will remain in the read mode until the command register 
contents are altered. 

The command register defaults to OOH (read mode) 
upon VPP power-up. The OOH (Read Mode) register de­
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the Vpp power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 

Table 3. Command Register 

Data lnl!_ut/Ou!Q_ut DQ1 DOs DOs DQ4 DQ3 DQ2 D01 DOo 

Command Register R1 Rs Rs R4 R3 R2 R1 Ro 

Data/Commands (Notes 1, 2) x x x x x x x x 
Notes: 
1. See Table 4 Am28F020A Command Definitions. 
2. X = Appropriate Data or Register Commands. 
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Table 4. Am28F020A Command Definitions 

First Bus Cycle Second Bus Cycle 

Operation Address 
Command (Note 1) (Note 2) 

Read Memory (Notes 4, 5) Write x 
Read Auto select Write x 
Embedded Erase Set-up/ Write x 
Embedded Erase 

Embedded Program Write x 
Set-up/Embedded Program 

Reset (Note 5) Write x 
Notes: 

1. Bus operations are defined in Table 1. 

2. RA= Address of the memory location to be read. 
PA= Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD =Data read from location RA during read operation. 

Data Operation 
(Note 3) (Note 1) 

OOH/FFH Read 

80H or 90H Read 

30H Write 

50H Write 

FFH Write 

PD = Data to be programmed at location PA Data latched on the rising edge of WE. 

Address 
(Note 2) 

RA 

OOH/01H 

x 

PA 

x 

AMO~ 

Data 
(Note 3) 

RD 

01H/29H 

30H 

PD 

FFH 

4. Wait 6 µs after first Read command before accessing the data. When the second bus command is a Read command, all 
subsequent Read operations take ~cc. 

5. Please reference Reset Command section. 
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FLASH MEMORY PROGRAM/ERASE OPERATIONS 

AMD's Embedded Program and 
Erase Operations 

Embedded Erase Algorithm 
The automatic chip erase does not require the device to 
be entirely pre-programmed prior to executing the Em­
bedded set-up erase command and Embedded erase 
command. Upon executing the Embedded erase com­
mand the device automatically will program and verify 
the entire memory for an all zero data pattern. The sys­
tem is IlQ1 required to provide any controls or timing dur­
ing these operations. 

When the device is automatically verified to contain an 
all zero pattern, a self-timed chip erase and verify begin. 
The erase and verify operation are complete when the 
data on 007 is "1" (see Write Operation Status section) 
at which time the device returns to Read mode. The sys­
tem is not required to provide any control or timing dur­
ing these operations. 

START 

When using the Embedded Erase algorithm, the erase 
automatically terminates when adequate erase margin 
has been achieved for the memory array (nQ. erase ver­
ify command is required). The margin voltages are inter­
nally generated in the same manner as when the 
standard erase verify command is used. 

The Embedded Erase Set-up command is a command 
only operation that stages the device for automatic elec­
trical erasure of all bytes in the array. Embedded Erase 
Set-up is performed by writing 30H to the command 
register. 

To commence automatic chip erase, the command 30H 
must be written again to the command register. The 
automatic erase begins on the rising edge of the WE and 
terminates when the data on 007 is "1" (see Write Op­
eration Status section) at which time the device returns 
to Read mode. 

Figure 5 and Table 5 illustrate the Embedded Erase al­
gorithm, a typical command string and bus operations. 

ApplyVppH 

2-176 

Write Embedded™ Erase Set-up Command 

Write Embedded™ Erase Command 

Data Poll from Device 

NO 

Erasure Completed 

17502A-6 

Figure 5. Embedded™ Erase Algorithm 
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Table 5. Embedded Erase Algorithm 

Bus Operations Command Comments 

Standby Wait for VPP Ramp to VPPH (1) 

Write Embedded Erase Data= 30H 
Set-up Command 

Write Embedded Erase Data= 30H 
Command 

Read Data Polling to Verify Erasure 

Standby Compare Output to FFH 

Read Available for Read Operations 

Note: 
1. See DC Characteristics for value of VPPL. The VPP power supply can be hard-wired to the device or switchable. When Vpp is 

switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0 V. Refer to Principles of 
Operation. 

Embedded Programming Algorithm 
The Embedded Program Set-up is a command only op­
eration that stages the device for automatic program­
ming. Embedded Program Set-up is performed by 
writing SOH to the command register. 

Once the Embedded Set-up Program operation is per­
formed, the next WE pulse causes a transition to an ac­
tive programming operation. Addresses are internally 
latched on the falling edge of the WE pulse. Data is inter­
nally latched on the rising edge of the WE pulse. The 

START 

rising edge of WE also begins the programming opera­
tion. The system is not required to provide further con­
trols or timings. The device will automatically provide an 
adequate internally generated program pulse and verify 
margin. The automatic programming operation is com­
pleted when the data on DQ7 is equivalent to data writ­
ten to this bit (see Write Operation Status section) at 
which time the device returns to Read mode (no pro­
gram verify command is required). 

Figure 6 and Table 6 illustrate the Embedded Program 
algorithm, a typical command string, and bus operation. 

Apply WPH 

Write Embedded Set-up Program Command 

Write Embedded Program Command (ND) 

Data Poll Device 

NO 

Increment Address 

Programming Completed 

17502A-7 

Figure 6. Embedded Programming Algorithm 
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Table 6. Embedded Programming Algorithm 

Bus Operations Command Comments 

Standby Wait for Vpp Ramp to VPPH (1) 

Write Embedded Program Data= SOH 
Set-up Command 

Write Embedded Program Valid Address/Data 
Command 

Read Data Polling to Verify Completion 

Read Available for Read Operations 

Note: 
1. See DC Characteristics for value of VPPH. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 

switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee + 2.0 V. Refer to Principles of 
Operation. Device is either powered-down, erase inhibit or program inhibit. 

Write Operation Status 
Data Polling-007 

The Am28F020A features Data Polling as a method to 
indicate to the host system that the Embedded algo­
rithms are either in progress or completed. 

While the Embedded Programming algorithm is in op­
eration, an attempt to read the device will produce the 
compliment of expected Valid data on D07. Upon com­
pletion of the Embedded Program algorithm an attempt 
to read the device will produce Valid data on D07. The 
Data Polling feature is valid after the rising edge of the 
second WE pulse of the two write pulse sequence. 

NO 

Fail 

Note: 

While the Embedded Erase algorithm is in operation, 
007 will read "O" until the erase operation is completed. 
Upon completion of the erase operation, the data on 
D07 will read "1 ".The Data Polling feature is valid after 
the rising edge of the second WE pulse of the two Write 
pulse sequence. 

The Data Polling feature is only active during Embedded 
Programming or erase algorithms. 

See Figure 7a and Ba for the Data Polling timing specifi­
cations and diagrams. Data Polling is the standard 
method to check the write operation status, however, an 
alternative method is available using Toggle Bit. 

YES 

YES 

Pass 

17502A-8 

1. DQ7 is rechecked even if D0s="1" because DQ7 may change simultaneously with DQs or after DQs. 

Figure 7a. Data Polling Algorithm 
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Toggle Bit-006 

The Am28F020A also features a "Toggle Bit" as a 
method to indicate to the host system that the Embed­
ded algorithms are either in progress or completed. 

While the Embedded Program or Erase algorithm is in 
progress, successive attempts to read data from the de­
vice will result in DQ6 toggling between one and zero. 
Once the Embedded Program or Erase algorithm is 

START 

NO 

Fail 

Note: 

AMO~ 
completed, DQ6 will stop toggling and valid data will be 
read. The toggle bit is valid after the rising edge of the 
first WE pulse of the two write pulse sequence, unlike 
Data Polling which is valid after the rising edge of the 
second WE pulse. This feature allows the user to deter­
mine if the device is partially th rough the two write pulse 
sequence. 

See Figures 7b and Sb for the Toggle Bit timing specifi­
cations and diagrams. 

NO 

NO 

Pass 

17502A-9 

1. DQs is rechecked even if D0s="1" because DQs may stop toggling at the same time as DQs changing to "1 ". 

Figure 7b. Toggle Bit Algorithm 

tDF 
tOE 

tOEH 

tcE 

toH 

HighZ 
Data In Data Out 

.,.__ ______ twHWH 3 or 4 """--------

17502A-10 

Figure Ba. AC Waveforms for Data Polling during Embedded Algorithm Operations 
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DQs 
Exceeded Timing Limits 

DOs will indicate if the program or erase time has ex­
ceeded the specified limits. Under these conditions DQs 
will produce a "1 ". The program or erase cycle was not 
successfully completed. Data Polling is the only operat­
ing function of the device under this condition. The CE 
circuit will partially power down the device under these 
conditions (to approximately 2 mA). The OE and WE 
pins will control the output disable functions as de-

tOH tOE 

scribed in Table 1. To reset the device, write the Reset 
command sequence to the device. 

DQ4 
Hardware Sequence Flag 

If the device has exceeded the specified erase or pro­
gram time and 005 is "1 ", then OQ4 will indicate which 
step in the algorithm the device exceeded the limits. A 
"O" in DQ4 indicates in programming, a "1" indicates an 
erase. 

17502A-11 

Figure Sb. AC Waveforms for Toggle Bit during Embedded Algorithm Operations 

Parallel Device Erasure 

The Embedded Erase algorithm greatly simplifies paral­
lel device erasure. Since the erase process is internal to 
the device, a single erase command can be given to 
multiple devices concurrently. 

This eliminates the complex design schemes otherwise 
required to prevent over-erasure of any one or more de­
vices. Please reference the Parallel Device Erasure 
section of the Am28F020 datasheet. 

Power-up Sequence 

The Am28F020A powers-up in the Read only mode. 
Power supply sequencing is not required. 

Auto Select Command 

Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol­
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

Programming In-system 

AM D's Flash memories are designed for use in applica­
tions where the local CPU alters memory contents. Ac­
cordingly, manufacturer and device codes must be 
accessible while the device resides in the target system. 
PROM programmers typically access the signature 
codes by raising Ag to a high voltage. However, multi­
plexing high voltage onto address lines is not a generally 
desired system design practice. 

The Am28F020A contains an Auto Select operation to 
supplement traditional PROM programming methodol­
ogy. The operation is initiated by writing 80H or 90H into 
the command register. Following this command, a read 
cycle address OOOOH retrieves the manufacturer code of 
01 H. A read cycle from address 0001 H returns the de­
vice code 29 (See Table 2). To terminate the operation, 
it is necessary to write another valid command into the 
register (See Table 3). 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Ceramic Packages ............. -65°C to + 150°C 
Plastic Packages ............... -65°C to + 125°C 

Ambient Temperature 
with Power Applied . . . . . . . . . . . . -55°C to + 125°C 

Voltage with Respect To Ground 
All pins except Ag and Vpp (Note 1) . -2.0 V to +7.0 V 

Vee (Note 1) .................. -2.0 V to +7.0 V 

Ag (Note 2) . . . . . . . . . . . . . . . . . . -2.0 V to + 14.0 V 

VPP (Note 2) . . . . . . . . . . . . . . . . . . -2.0 V to + 14.0 V 

Output Short Circuit Current (Note 3) . . . . . . 200 mA 

Notes: 

1. Minimum DC voltage on input or 1/0 pins is -0.5 V. During 

voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 

and 1/0 pins is Vee + 0.5 V. During voltage transitions, 

outputs may overshoot to Vee + 2.0 V for periods up to 
20ns. 

2. Minimum DC input voltage on A9 and VPP pins is -0.5V. 
During voltage transitions, Ag and Vpp may overshoot Vss 
to -2.0 V for periods of up to 20 ns. Maximum DC input 
voltage on Ag and Vpp is + 13.5 V which may overshoot to 
14.0 V for periods up to 20 ns. 

3. No more than one output shorted at a time. Duration of the 
short circuit should not be greater than one second. 

Stresses above those listed under "Absolute Maximum Rat­
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these or 
any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure of the de­
vice to absolute maximum rating conditions for extended peri­
ods may affect device reliability. 

OPERATING RANGES 
Commercial {C} Devices 

AMO~ 

Case Temperature (Tc) .......... 0°c to +70°C 

Industrial {I} Devices 
Case Temperature (Tc) ........ -40°C to +85°C 

Extended {E} Devices 
Case Temperature (Tc) ...... . 

Military {M} Devices 
Case Temperature (Tc) ...... . 

Vee Supply Voltages 
Vee for Am28F020A-X5 ..... 

Vee for Am28F020A-XXO 

VPP Supply Voltages 

-55°C to+ 125°C 

-55°C to +125°C 

+4.75 V to +5.25 V 

+4.50 V to +5.50 V 

Read ..................... --0.5 V to + 12.6 V 

Program, Erase, and Verify ... + 11.4Vto+12.6 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 

20 ns 20 ns 

20 ns 

Maximum Positive Input Overshoot 

20 ns 

Vee+ 0.5 V 

2.0V xxxxxt=I · °t'5)xxxxx 
20 ns 20 ns 

Maximum VPP Overshoot 

20 ns 

13.5 v 

Vee+0.5V 

20 ns 20 ns 
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DC CHARACTERISTICS over operating range unless otherwise specified (for APL 
Products, Group A, Subgroups 1, 2, 3, 7 and 8 are tested unless otherwise noted) 
(Notes 1-3) 

DC CHARACTERISTICS-TTL/NMOS COMPATIBLE 
Parameter 
Symbol Parameter Description Test Conditions Min. Typ. Max. 

lu Input Leakage Current Vee= Vee Max., ±1.0 
V1N = Vee or Vss 

ILO Output Leakage Current Vee= Vee Max., ±1.0 

VouT = Vee or Vss 

Ices Vee Standby Current Vee~ Vee Max. 0.2 1.0 
CE= V1H 

lcc1 Vee Active Read Current Vee. Vee Max.,CE = V1L, OE = V1H 10 30 
louT = O mA, at 6 MHz 

lcc2 Vee Programming Current CE= V1L 10 30 
Programming in Progress 

lcc3 Vee Erase Current CE= V1L 10 30 
Erasure in Progress 

IPPS VPP Standby Current VPP = VPPL ±1.0 

IPP1 VPP Read Current VPP= VPPH 70 200 

VPP = VPPL ±1.0 

IPP2 VPP Programming Current VPP= VPPH 10 30 
Programming in Progress 

IPP3 Vpp Erase Current VPP= VPPH 10 30 
Erasure in Progress 

V1L Input Low Voltage --0.5 0.8 

V1H Input High Voltage 2.0 Vee 
+ 0.5 

VoL Output Low Voltage loL= 5.8 mA 0.45 
Vee =Vee Min. 

VoH1 Output High Voltage loH=-2.5 mA 2.4 
Vee = Vee Min. 

V10 A9 Auto Select Voltage A9= V10 11.5 13.0 

lio A9 Auto Select Current A9= V10Max. 5 50 
Vee= Vee Max. 

VPPL VPP during Read-Only Note: Erase/Program are 0.0 Vee 
Operations inhibited when VPP = VPPL +2.0 

VPPH Vpp during Read/Write 11.4 12.6 
Operations 

VLKO Low Vee Lock-out Voltage 3.2 

Notes: 

1. Caution: the Am28F020A must not be removed from (or inserted into) a socket when Vee or Vpp is applied. 

2. lcc1 is tested with OE = V1H to simulate open outputs. 

3. Maximum active power usage is the sum of Ice and IPP. 

Am28F020A 

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

µA 

µA 

mA 

mA 

v 
v 

v 

v 

v 
µA 

v 

v 

v 
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DC CHARACTERISTICS-CMOS COMPATIBLE 
Parameter 
Symbol Parameter Description Test Conditions Min. Typ. Max. Unit 

lu Input Leakage Current Vee= Vee Max., ±1.0 µA 
V1N = Vee or Vss 

ILO Output Leakage Current Vee =Vee Max., ±1.0 µA 
Vour =Vee or Vss 

Ices Vee Standby Current Vee =Vee Max. 15 100 µA 
CE = Vee ±0.5 V 

lcc1 Vee Active Read Current Vee= Vee Max., CE = V1L, 10 30 mA 
OE = V1H, lour = 0 mA, at 6 MHz 

lcc2 Vee Programming Current CE= V1L 10 30 mA 
Programming in Progress 

lcc3 Vee Erase Current CE= V1L 10 30 mA 
Erasure in Progress 

IPPS VPP Standby Current VPP= VPPL ±1.0 µA 

IPP1 VPP Read Current Vpp= VPPH 70 200 µA 

IPP2 VPP Programming Current VPP= VPPH 10 30 mA 
Programming in Progress 

IPP3 VPP Erase Current VPP= VPPH 10 30 mA 
Erasure in Progress 

V1L Input Low Voltage -0.5 0.8 v 
V1H Input High Voltage 0.7Vcc Vee v 

+0.5 

VoL Output Low Voltage loL = 5.8 mA 0.45 v 
Vee = Vee Min. 

VoH1 loH = -2.5 mA, Vee= Vee Min. 0.85 

Output High Voltage Vee 

VOH2 loH = -100 µA, Vee = Vee Min. Vee 
v 

-0.4 

V10 Ag Auto Select Voltage Ag= V10 11.5 13.0 v 
lio Ag Auto Select Current Ag= V10Max. 5 50 µA 

Vee =Vee Max. 

VPPL VPP during Read-Only Note: Erase/Program are 0.0 Vee v 
Operations inhibited when VPP = VPPL +2.0 

VPPH VPP during Read/Write 11.4 12.6 v 
Operations 

VLKO Low Vee Lock-out Voltage 3.2 v 
Notes: 

1. Caution: the Am28F020A must not be removed from (or inserted into) a socket when Vee or Vpp is applied. 
2. lcc1 is tested with OE = V1H to simulate open outputs. 
3. Maximum active power usage is the sum of Ice and IPP. 
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Figure 9. Am28F020A - Average Ice Active vs. Frequency 
Vee = 5.5 V, Addressing Pattern = Minmax 

Data Pattern = Checkerboard 
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PIN CAPACITANCE 

Parameter 
Symbol Parameter Description Test Conditions Typ. Max. 

C1N Input Capacitance V1N = 0 8 10 

Cour Output Capacitance VouT = 0 8 12 

C1N2 VPP Input Capacitance Vpp = 0 8 12 

Notes: 

1. Sampled, not 100% tested. 

2. Test conditions TA= 25°C, f = 1.0 MHz 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS-Read Only Operation (Notes 1 and 2) 

Parameter 
Symbols 

JEDEC Standard Parameter Description 

tAVAV tRC Read Cycle Time 
(Note 4) 

tELQV tCE Chip Enable 
Access Time 

tAVQV tACC Address 
Access Time 

tGLQV toE Output Enable 
Access Time 

tELQX tLZ Chip Enable to 
Output in Low Z (Note 4) 

tEHQZ tDF Chip Disable to 
Output in High Z (Note 3) 

tGLQX tOLZ Output Enable to 
Output in Low Z (Note 4) 

tGHQZ toF Output Disable to 
Output in High Z (Note 4) 

tAXOX tOH Output Hold from first of 
Address, CE, or OE Change 
(Note 4) 

twHGL Write Recovery 
Time before Read 

tves Vee Set-up Time to 
Valid Read (Note 4) 

Notes: 

1. Output Load: 1 TTL gate and CL = 100 pF 
Input Rise and Fall Times:~ 10 ns 
Input Pulse levels: 0.45 to 2.4 V 

-90 
-95 

Min. 90 
Max. 

Min. 
Max. 90 

Min. 
Max. 90 

Min. 
Max. 35 

Min. 0 
Max. 

Min. 
Max. 20 

Min. 0 
Max. 

Min. 
Max. 20 

Min. 0 
Max. 

Min. 6 
Max. 

Min. 50 
Max. 

Timing Measurement Reference Level: Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 

2. The Am28F020A-95 Output Load: 1 TTL gate and CL= 100 pF 
Input Rise and Fall Times:~ 1 o ns 
Input Pulse levels: 0 to 3 V 

Am28F020A 

-120 -150 -200 
- - -

120 150 200 

120 150 200 

120 150 200 

50 55 55 

0 0 0 

30 35 35 

0 0 0 

30 35 35 

0 0 0 

6 6 6 

50 50 50 

Timing Measurement Reference Level: 1.5 V inputs and outputs. 
3. Guaranteed by design not tested. 
4. Not 1 00% tested. 
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35 

0 
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50 

Unit 

pF 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 
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AC CHARACTERISTICS-Write/Erase/Program Operations (Notes 1-5) 

Parameter Am28F020A 
Symbols 

-90 -120 -150 -200 -250 
JED EC Standard Parameter Description -95 - - - - Unit 

t.AVAV twe Write Cycle Time Min. 90 120 150 200 250 
(Note 6) Max. 

t.AVWL t.As Address Set-Up Time Min. 0 0 0 0 0 
Max. 

twLAX t.AH Address Hold Time Min. 45 50 60 75 75 
Max. 

tovwH tos Data Set-Up Time Min. 45 50 50 50 50 
Max. 

twHDX toH Data Hold Time Min. 10 10 10 10 10 
Max. 

tOEH Output Enable Hold Time Min. 10 10 10 10 10 
for Embedded Algorithm Max. 
only (See Figure 8) 

tGHWL Read Recovery Time Min. 0 0 0 0 0 
before Write Max. 

tELWLE tesE Chip Enable Embedded Min. 20 20 20 20 20 
Algorithm Setup Time Max. 

twHEH teH Chip Enable Min. 0 0 0 0 0 
Hold Time Max. 

twLWH twp Write Pulse Width Min. 45 50 60 60 60 
Max. 

twHWL twPH Write Pulse Min. 20 20 20 20 20 
Width HIGH Max. 

twHWH3 Embedded Programming Typ. 14 14 14 14 14 
Operation (Note 4) Max. 

twHWH4 Embedded Erase Typ. 5 5 5 5 5 
Operation (Note 5) Max. 

tvPEL VPP Set-Up Time to Min. 100 100 100 100 100 
Chip Enable LOW (Note 6) Max. 

tves Vee Set-Up Time to Min. 50 50 50 50 50 
Chip Enable LOW (Note 6) Max. 

tvPPR Vpp Rise Time Min. 500 500 500 500 500 
90% VppH (Note 6) Max. 

tvPPF Vpp Fall Time Min. 500 500 500 500 500 

90% VppL _iNote ~ Max. 

tLKO Vee< VLKO Min. 100 100 100 100 100 
to Reset (Note 6) Max. 

Notes: 

1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read Only operations. 

2. All devices except Am28F020A-95. Input Rise and Fall times: .:s 10 ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 

3. Am28F020A-95. Input Rise and Fall times:~ 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 

4. Embedded Program Operation of 14 µs consists of 10 µs program pulse and 4 µs write recovery before read. This is 
the minimum time for one pass through the programming algorithm. 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

ns 

ns 

ns 

ns 

µs 

s 

ns 

µs 

ns 

ns 

ns 

5. Embedded erase operation of 5 sec consists of 4 sec array pre-programming time and one sec array erase time. This is a 
typical time for one embedded erase operation. 

6. Not 100% tested. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

IZZZZ 

INPUTS 

Must Be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care; 
Any Change 
Permitted 

Does Not 
Apply 

OUTPUTS 

Will Be 
Steady 

Will Be 
Changing 
from H to L 

Will Be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

KS000010 

SWITCHING WAVEFORMS 

Addresses 

CE(E) 

OE(G) 

Data(DQ) 

2-188 

5.0V 
Vee 
ov 

Device and Outputs Data 
Power-up, Standby Address Selection Enabled Valid 

Addresses Stable 

twHGL 

tELQV (teE) 

tGLQX (tOLZ) ..j 
I- tELQX (tLZ) 

tves 
Output Valid 

Figure 10. AC Waveforms for Read Operations 

Am28F020A 

Standby, Power-down 

HighZ 
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SWITCHING WAVEFORMS 

Embedded Embedded 
Erase Set-Up Erase Erase Data Polling Standby Read 

Addresses 

Data 

Vee 

Vpp 
17502A-17 

tvPEL 

Notes: 

1. D1N is data input to the device. 
2. 007 is the output of the complement of the data written to the device. 

3. Dour is the output of the data written to the device. 

Figure 11. AC Waveforms for Embedded Erase Operation 
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SWITCHING WAVEFORMS 

Addresses 

Data 

Vee 

Vpp 

Notes: 

Embedded 
Program Set-Up 

tvPEL 

1. D1N is data input to the device. 

Embedded 
Program 

2. 007 is the output of the complement of the data written to the device. 

3. Dour is the output of the data written to the device. 

Data Polling 

Figure 12. AC Waveforms for Embedded Programming Operation 
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AMO~ 
AC CHARACTERISTICS-Write/Erase/Program Operations (Notes 1-5) 
Alternate CE Controlled Writes 

Parameter Am28F020A 
Symbols 

-90 -120 -150 -200 -250 
JED EC Standard Parameter Description -95 - - - - Unit 

IAVAV twe Write Cycle Time Min. 90 120 150 200 250 
(Note 6) Max. 

IAVEL tAs Address Set-Up Time Min. 0 0 0 0 0 
Max. 

tELAX IAH Address Hold Time Min. 45 50 60 75 75 
Max. 

tDVEH tos Data Set-Up Time Min. 45 50 50 50 50 
Max. 

tEHDX tDH Data Hold Time Min. 10 10 10 10 10 
Max. 

tOEH Output Enable Hold Time Min. 10 10 10 10 10 
for Embedded Algorithm Max. 
only (See Figure 8) 

tGHEL Read Recovery Time Min. 0 0 0 0 0 
before Write Max. 

twLEL tws WE Set-Up Time Min. 0 0 0 0 0 
by CE Max. 

tEHWK twH WE Hold Time Min. 0 0 0 0 0 
Max. 

tELEH tep Write Pulse Width Min. 65 70 80 80 80 
Max. 

tEHEL tCPH Write Pulse Min. 20 20 20 20 20 
Width HIGH Max. 

tEHEH3 Embedded Programming Typ. 14 14 14 14 14 
Operation (Note 4) Max. 

tEHEH4 Embedded Erase Typ. 5 5 5 5 5 
Operation (Note 5) Max. 

tvPEL Vpp Set-Up Time to Typ. 100 100 100 100 100 
Chip Enable LOW (Note 6) Max. 

tvcs Vee Set-Up Time to Typ. 50 50 50 50 50 
Chip Enable LOW (Note 6) Max. 

tvPPR Vpp Rise Time Typ. 500 500 500 500 500 
90% WPH (Note 6) Max. 

tvPPF Vpp Fall Time Min. 500 500 500 500 500 
90% WPL (Note 6) Max. 

tLKO Vce<VLKO Min. 100 100 100 100 100 
to Reset (Note 6) Max. 

Notes: 

1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read Only operations. 

2. All devices except Am28F020A-95. Input Rise and Fall times:.!!: 10 ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 

3. Am28F020A-95. Input Rise and Fall times: .!!: 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 

4. Embedded Program Operation of 14 µs consists of 10 µs program pulse and 4 µs write recovery before read. This is 
the minimum time for one pass through the programming algorithm. 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

ns 

ns 

ns 

ns 

µs 

s 

ns 

µs 

ns 

ns 

ns 

5. Embedded erase operation of 5 sec consists of 4 sec array pre-programming time and one sec array erase time. This is a 
typical time for one embedded erase operation. 

6. Not 100% tested. 
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SWITCHING WAVEFORMS 

Embedded Embedded 
Program Set-Up Program Data Polling 

Addresses 

tws 

Data 

Vee 

Vpp 

tvPEL 

Notes: 

1. D1N is data input to the device. 
2. 007 is the output of the complement of the data written to the device. 

3. DouT is the output of the data written to the device. 

Figure 13. AC Waveforms for Embedded Programming Operation 
Using CE Controlled Writes 
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SWITCHING TEST CIRCUIT 

Device 
Under 
Test 

6.2kQ 

2.7kQ 

Diodes= IN3064 
or Equivalent 

AMO~ 

17502A-20 

CL = 100 pF including jig capacitance 

SWITCHING TEST WAVEFORMS 

2.4 v 

0.45V 
INPUT 

2.0 V 2.0V > TEST POINTS < 
0.8 v 0.8 v 

OUTPUT 

All Devices Except Am28F020A-95 

AC Testing: Inputs are driven at 2.4 V for a 
logic "1" and 0.45 V for a logic "O". Input pulse 
rise and fall times are ~ 10 ns. 

3V---

1.5.-TEST POINTS-.1.5 

av---"' 
INPUT OUTPUT 

For Am28F020A-95 

AC Testing: Inputs are driven at 3.0 V for a 
logic "1" and 0 V for a logic "O". Input pulse rise 
and fall times are~ 10 ns. 

17502A-21 
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ERASE AND PROGRAMMING PERFORMANCE 

Limits 

Parameter Min. Typ. Max.<3> Unit Comments 

Chip Erase Time 1 10 s Excludes OOH programming 
(Note 1) (Note 2) prior to erasure 

Chip Programming Time 4 25 s Excludes system-level overhead 
(Note 1) 

Write/Erase Cycles 100,000 Cycles 

Byte Program Time 14 µs 

96 
(Note 4) ms 

Notes: 

1. 25°C, 12VVpp 
2. The Embedded algorithm allows for 60 second erase time for military temperature range operations. 
3. Maximum time specified is lower than worst case. Worst case is derived from the Embedded Algorithm internal counter 

which allows for a maximum 6000 pulses for both program and erase operations. Typical worst case for program and erase 
is significantly less than the actual device limit. 

4. Typical worst case = 84 µs. DOs = "1" only after a byte takes longer than 96 ms to program. 

LATCHUP CHARACTERISTICS 

Min. Max. 

Input Voltage with respect to Vss on all pins except 1/0 pins 
(Including Ag and VPP) -1.0V 13.5 v 
Input Voltage with respect to Vss on all pins 1/0 pins -1.0V Vee+ 1.0 V 

Current -100 mA +100 mA 

Includes all pins except Vee. Test conditions: Vee= 5.0 V, one pin at a time. 

DATA RETENTION 

Parameter Min. Units Test Conditions 

Min. Pattern Data Retention Time 10 Years 150°C 

20 Years 125°C 
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Embedded Algorithms 
In Flash Memories 

Application Note 
by Mike Harris 

~ 
Advanced 

Micro 
Devices 

Despite their instant popularity, the first 12.0 V Flash memories introduced in the late BOs had several 
drawbacks. One of the concerns most often voiced by system software designers was the need for 
cumbersome programming sequences to program and erase the devices. Embedded Algorithms 
were developed to eliminate these concerns. 

THE DRAWBACKS OF PROGRAMMING 
WITH FIRST GENERATION ALGORITHMS 
Figure 1 shows the flowchart for programming Flash 
devices using first generation algorithms. The steps 
needed to program a single byte of memory are illus­
trated in simplistic block diagram form. The program­
ming code itself is obviously much more complex. The 

Increment Address 

erase sequence is similar except Flash devices must 
first be programmed to all zeros prior to being erased. 

A completed listing of code performing all of the 
program/erase functions for a Flash memory typically 
contains 100-200 lines. Although sample code can be 
obtained from the device manufacturer, designers 
usually need to generate their own code specific to the 
individuality of their application. 

N 

Increment PLSCNT 

Programming Completed 

Figure 1. First Generation Programming Algorithm 
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This extensive programming requirement has many 
disadvantages and can be quite costly. First, of course, 
is the amount of time required to generate and debug 
this code. Since prior designs utilizing EPROMs were 
programmed offline, most software engineers are not 
familiar with the programming of Flash memories. They 
find that the programming process is initially lengthy and 
error prone. The cost to the user includes not only the 
obvious cost of software development but also the lost 
opportunity costs resulting from time to market delays. 

Another concern is the potential long term impact on 
system reliability caused by overstressing a Flash 
device. Since cycling endurance can be affected by 
improper writing or erasing, software bugs can cause 
latent field failures even in systems that appear error 
free in development. In fact, most customer returns at 
AMO have been traced to software errors generated 
during system development. 

SIMPLIFYING FLASH PROGRAMMING 
AMO was the first company to recognize the need to 
simplify programming of Flash memories and incorpo­
rated it in the design of its first 2 Mbit Flash memory. 
Figure 2 illustrates the Embedded Program TM Algorithm. 
The system processor simply issues the write set-up 
command followed by the write command and the 

internal state machine on the device takes over control 
of the write operation. The system processor simply 
does DATA polling until the device indicates that the 
write operation is complete. This simplicity is even more 
pronounced during an erase operation since each byte 
of the memory must be individually programmed prior to 
erase. The Embedded Erase™ Algorithm internally 
writes all zeros to each byte and then performs the 
erase. This entire sequence is controlled internally and 
is transparent to the host processor. 

OTHER ADVANTAGES OF EMBEDDED 
ALGORITHMS 
Besides simplifying the complex programming of Flash 
memories, Embedded Algorithms offer these other 
important advantages to the designer: 

Reduced system overhead - Since the Embedded 
Algorithms are completely automatic, the system proc­
essor is free to perform other functions, such as 
servicing interrupts, during the write or erase opera­
tions. 

Improved program/erase time - The Embedded Algo­
rithms are designed to perform write/erase operations in 
the most efficient way possible. All system overhead is 
eliminated. 

Apply VppH 

Write Embedded Set-up Program Command 

Write Embedded Program Command (ND) 

Data Poll Device 

N 

ND = Address/Data 17124A-2 

Figure 2. Embedded Programming Algorithm 
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Increased cycling endurance - By including a self 
correcting mechanism, Flash memories incorporating 
AM D's Embedded Algorithms will operate to a minimum 
of 100,000 endurance cycles. 

JEDEC standards for self programming of Flash 
devices are now being developed. The Embedded 
Algorithms incorporated in all of AMD's Flash devices 
conform to these standards. 

AMO~ 
SUMMARY 
The benefits of Embedded Algorithms are available 
today from AMO on first generation 12.0 V devices 
(Am28F01 OA and the Am28F020A) and well as the 
5.0 V, fully sectored Am29F family. Employing these 
algorithms in existing designs will allow you to increase 
your system's endurance to over 1 OOK cycles. In new 
designs, system development will be simplified and time 
to market reduced. 
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Achieving 100,000 Cycle Endurance: ~ A Report on Flash Endurance 
and Reliability 

Advanced 
Micro 

Devices 

This article discusses the Advanced Micro Devices approach to achieving and guaranteeing superior 
Flash endurance. The data presented will prove that AM D's 100,000 cycle Flash devices provide the 
highest endurance and reliability levels in the industry. 

Today's typical Flash applications are perfectly suited to 
10,000 cycle endurance devices. This industry standard 
level of endurance is appropriate for applications such 
as PC BIOS and other designs that require infrequent 
code updates. At the same time, new Flash applications 
are currently being developed which require data to be 
reprogrammed more than 10,000 times. For applica­
tions of this sort, such as solid state hard disks, industry 
standard Flash devices cannot be counted on to per­
form reliably. AMO has revolutionized this segment of 
the Flash market with the new Embedded Program TM 

and Embedded Erase TM Algorithms, which guarantee 
100,000 write/erase cycles. 

What is Endurance? 
Endurance is a popular term in the Flash industry. What 
exactly does endurance mean, and how should it be 
measured? 

AMO defines endurance as the number of write/erase 
cycles a Flash device can withstand without failure. En­
durance must be measured under the worst-case 
conditions of the system environment, in order to guar­
antee products which operate across the range of data 
sheet specifications. 

Understanding endurance is essential for AM D, in order 
to manufacture superior Flash devices. Flash consum­
ers must also understand the issues involved in 
achieving and guaranteeing endurance, so that they are 
assured of choosing the best devices on the market. In 
particular, consumers whose designs require extended 
endurance, i.e., more than 10,000 cycles, should be es­
pecially concerned with these issues. 

Two failure modes are typically associated with Flash 
memories: hard failures and soft failures. Hard failures 
are complete and unrecoverable, and their root cause 
lies in the manufacturing process. Closely controlled 
manufacturing processes eliminate hard failures in 
AMD's Flash devices, increasing the level of device 
quality and reliability. 

Flash memory endurance is typically limited by soft fail­
ures. Soft failures occur when random bits erase too 
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quickly. Flash memories are erased in blocks, and since 
not all bits exhibit identical erase characteristics, a fast­
erasing bit must be exposed to the erase voltage until 
the slowest bit is erased. As a result, the fast bits can be 
erased '1oo much,"forcing the transistor cells into deple­
tion mode. This condition is called over-erase. An 
over-erased bit produces a leakage current which 
causes an entire column to malfunction. The result seen 
by the user is a system failure. 

AMD's Embedded Algorithm: The Key to 
Extended Endurance 
The soft failures described above occur in all Flash 
memories. These failures are precisely the reason that 
today's Flash devices are currently limited to 10,000 cy­
cles. Applications which perform more than 10,000 
write/erase cycles may jeopardize system reliability if 
standard rated 10,000 cycle Flash devices are de­
signed in. 

Now, Advanced Micro Devices makes extended endur­
ance Flash applications possible with the introduction of 
the Embedded Program and Embedded Erase Algo­
rithms. AMD's Embedded Algorithm incorporates a 
function which seeks out and corrects soft failures, al­
lowing these devices to be guaranteed for 100,000 
write/erase cycles (actual device performance may be 
orders of magnitude greater). The Embedded Algorithm 
extends endurance by automatically recovering over­
erased bits, making soft failures transparent to the 
system. Flash devices that do not support these algo­
rithms are incapable of recovering soft failures; thus, 
they cannot guarantee 100 ,000 write/erase cycle endur­
ance. Only AMD offers this self-correcting mechanism 
that makes extended endurance Flash applications 
possible. 

Failure Rate Comparison 
Figure 1 illustrates AM D's significant endurance advan­
tage over other standard rated 10,000 cycle Flash 
products. The graph shows that the endurance of 
AM D's 100,000 cycle Embedded Algorithm devices rep­
resent a significant breakthrough in Flash endurance, 
as illustrated by the nearly flat failure rate curve. 
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Percent 
Failure 

100 1,000 10,000 

Write/Erase Cycles 

100,000 

Range of Write/Erase Cycles Required By Typical Applications. 

Figure 1. Failure Rate Comparison: 
Standard Rated 1 OK Cycle Flash Product vs. AMO 1 OOK Rated Product 

AMO~ 

1,000,000 

17235A-1 

AM D's Embedded Algorithm devices represent a signifi­
cant technology advancement in Flash endurance. 

endurance failure rate at 100,000 cycles for AM D's Em­
bedded Algorithm devices is less than 0.25%. 

Test results prove that AMD's Flash technology pro­
duces superior endurance. As Table 1 shows, the 

Table 1. AMO Embedded Algorithm Endurance Data 

No. of Failures@ 

Device Lots Qty 10K 25K SOK 

Am28F010A 5 870 0/1159 0/445 0/445 

Am28F020A 2 420 2/420 1/418 0/248 

Flash Endurance and Reliablllty 

100K 

1/445 

0/248 
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Endurance and Reliability 
Endurance and reliability are equally important issues, 
though not exactly synonymous. Reliability refers to the 
absence of hard failure mechanisms, which can be 
eliminated during processing. AM D's Flash manufactur­
ing processes are carefully controlled to produce 
products with immunity from hard failures. Endurance, 
as discussed earlier, relates to the occurrence of soft 
failures. AM D's Embedded Algorithm guarantees supe­
rior endurance by correcting soft failures in-system. 

AMO understands that from a customer's perspective, 
all failures are unacceptable, regardless of their cause. 
For this reason, AM D's Flash devices combine unsur­
passed reliability and endurance for protection against 
hard failures as well as soft failures. Reliability tests 

show that AMO's Flash process technology provides 
unmatched immunity from hard failures: less than 10 
F/Ts on both High Temperature Operating Life (HTOL, 
150°C, Vee = 6.5 V) and Data Retention Bake (DRB, 
150°C, unbiased) using the 60% UCL calculation 
at55°C. 

Reliability data also prove that AMD's unparalleled en­
durance is achieved without sacrificing reliability. HTOL 
and DRB reliability tests were performed on the same 
Embedded Algorithm devices that had been cycled 
100,000 times. Table 2 shows that even after 100,000 
cycles, there were NO reliability failures. Flash endur­
ance and reliability are two distinct and important 
issues, and the data proves that AM Dis superior in both. 

Table 2a. Unbiased ORB@ 150°C after 100,000 Write/Erase Cycles 

Failures@ 

Device O!l 48Hrs I '168 Hrs I 500 Hrs J 1000 Hrs 

Am28F010A 100 0/100 l 0/100 l 0/100 l 0/100 

Table 2b. HTOL Reliability Results@6.5 V Vee, 150°C after 100,000 
Write/Erase Cycles 

Device Qt_{ 48 Hrs 

Am28F010A 100 0/180 

AMD is the technology leader in Flash memories. At the 
10,000 cycle level, AMD offers devices compatible with 
the industry standard. At the 100,000 cycle level, AM D's 
Embedded Algorithm devices are unmatched in the in­
dustry, truly guaranteeing 100,000 cycle endurance. 

I 
l 

Failures@ 

168 Hrs l 500 Hrs J 1000 Hrs 

0/180 l 0/180 l 0/180 

For leadership in higher endurance, reliability, and qual­
ity in Flash memories, look to AMO: your Flash leader! 

For further information, please contact your local AMD 
sales representative. 
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Generation and Control of VPP Programming 
Voltage for Flash Memories ~ 

Advanced 
Micro 

Devices 
Application Note 

INTRODUCTION 

Constant Vpp voltage of 12.0 V ±0.6 V is required for 
erase and programming operations. Parallel device 
reprogramming (either 16-bit or 32-bit data words) 
requires 30 mA of current for each device in the Flash 
memory array. 

VPP voltage may be generated in a number of ways. 
Each of these options will be discussed during the text. 

1. Hardwire VPP Voltage to the Flash Device. 

2. Umbilical Cord Type Programming. 

3. Use DC/DC Converter to pump 5 V to VPP Voltage. 

4. Pump 5 V to VPP Voltage with Analog Circuitry. 

It is important to maintain the specified VPP voltages 
when programming the Flash memory device. All 
internal device voltages are generated from the VPP 
reference. Inappropriate VPP voltage may impair device 
performance. Internal voltages do not exceed that of 
external VPP. 

Unlike other approaches to Flash memories, AMD's 
devices actually verify margin for each byte during erase 
and programming operations. This is accomplished 
during the Erase-verify and Program-verify operations 
respectively. During these operations, the appropriate 
margin-verify voltages are internally tapped off of the 
VPP voltage via the command register and internal VPP 
circuitry. This allows for Erase/Erase-verify and Pro­
gram/Program-verify operations to be performed with 
static Vee (5 V) and VPP (12 V) voltages. 

Before proceeding, a few comments regarding basic 
design philosophy should be mentioned. Please make 
note of these comments for any of the VPP generation 
methods implemented. 

VPP Trace and Circuitry 
Be aware that AC current is a component of DC power 
switching characteristics. Design the printed circuit 
board traces handling this current to accommodate high 
frequency. 

Printed Circuit Board Trace Layout 
Use a single ground plane to eliminate potential loops. 
Keep all inductive impedances at a minimum on all high 
current traces. 

VPP Regulator Circuitry Layout 
Locate the Vpp generation circuitry as close to the Flash 
memory array as possible. In addition, minimize lead 
lengths of the network. To help prevent noise from being 
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picked up in feedback loops, locate all resistors and 
capacitors as close to the Vpp network as possible. In 
order to prevent input ground loops, use separate 
returns for input and output capacitors. 

Device Decoupling 
Switching CE inputs for memory selection causes 
transient current peaks at the Flash device. The Flash 
memory devices should be decoupled with the appropri­
ate capacitance from these transients. 

• Connect 0.1 µF ceramic capacitor between Vee and 
Vss and one between VPP and Vss. The capacitors 
should be placed as close to each device as 
possible. 

• In addition, connect 4.7 µF electrolytic capacitor be­
tween Vee and Vss on the memory array's power 
supply. Do this for each set of eight memory devices. 
this bulk capacitor will maintain even voltage to the 
memory array. 

1. HARDWIRE VPP VOLTAGE TO THE 
FLASH DEVICE 

Typically this approach is used in the most cost sensitive 
applications. Regulated 12.0 V supplies are commonly 
available in many systems. 

When Vee = O V, the VPP voltage is internally disabled 
from the device. Memory contents cannot be altered. 
The Flash device automatically resets to the read mode 
when Vee rises above 2 V. This occurs even when 
VPP = 12 v. 
Power supply sequencing is not required. 

The device will only respond to the correct sequence of 
commands in order to change the state of the Flash 
memory from Read mode to any other mode. In 
addition, the three control pins must be in their correct 
state (CE = Low, OE = High and WE = Low) in order to 
accept a command from the data bus. 

A number of additional procedures are available to 
further prevent inadvertent writes should system 
glitches occur during system/device power transitions. 

• Hold any control pin (CE, OE, or WE) in a non-write 
condition. This disables the device from executing 
any write operation (see example on the next page). 

• Any "illegal" command (an illegal command is one 
that is not defined in the AMO Flash data sheet under 
the section - Command Definitions) written to the 
Flash device will automatically terminate any opera­
tion and reset the device to the Read Mode. 
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Example: 
Holding WE in a non-write condition during power transitions. 

Vpp 32 Vee -- System Vee 

NC 2 31 WE -- System WE 

A1s 3 Flash 30 NC 
Memory 
Device 

In systems where the VPP pin is to be connected directly 
to the +12 V supply, WE should be held in a non-write 
state during power supply transitions. This will prevent 
against inadvertent write conditions. 

During power supply transitions, Vpp voltage is inter­
nally disabled from the Flash device until Vee rises 
above 2 V. In addition, the Flash device automatically 
resets to the read mode as Vee rises above 2 V. When 
write enable is at V1H the command register is internally 
disabled from the internal state machine of the Flash 
device. When the command register is disabled, data 
commands can not be transferred to the state machine. 
Therefore the state of the Flash device will not be altered 
from the read mode. Access to the command register 
will be prevented until the WE line is driven to a logic 
level low by the system write control. 

Note: V1H Min. = 2.0 v 

2. UMBILICAL CORD PROGRAMMING 
Many applications perform system updates using the 
umbilical cord or edge connector programming method. 
The external programming equipment supplies the 
12.0 V ±0.6 V VPP voltage. When the umbilical cord is 
disconnected, be aware that electrostatic discharge 
may build up on the floating Vpp pin. To prevent against 
this problem, tie the VPP pin to ground via a large (1 OKQ) 
pull-up resistor and a capacitor (see Figure 1). 

3. Vee (5.0 V) to VPP (12.0 V) DC/DC 
Convertor 

A monolithic DC/DC converter from Valor Electronics, 
the PM9006, is appropriate for the digital world to supply 
the 12.0 V ±0.6 V VPP voltage. The VPP voltage is 
generated on chip using the standard system Vee 
(5.0 V) voltage. Standard TTL commands are used to 
disable the 12.0 V output supply when programming or 
erasing operations are not intended. The enable (E) 
function provides absolute write protection to guarantee 
against inadvertent program or erasure. Flash memory 
contentscannot be altered without the active 12.0 V Vpp 
supply. The enable pin also saves system power when 
DC/DC converter is not required. The PM9006 has a 
minimum efficiency of 50% at full load. The PM9006 
comes in a 24-pin package. 

External Vpp 

Device Vpp Pin ••-1-----1----•• Connector 
R = 10KQ cl 

Figure 1. 

The Valor PM9006 provides a controlled 12.0 V output 
that is regulated within the ±5% (±0.6 V) VPP specifica­
tion. The standard system Vee (5.0 V) supply is 
converted to the VPP (12.0 V) supply by the DC/DC 
convertor. The voltage transitions are smooth and 
protect against destructive positive or negative over­
shoot. 

The PM9006 can supply 165 mA of current at the 
regulated 12.0 V ±0.6 V output. The 5.0 V ±0.5 V DC 
input supply of the DC/DC converter uses a maximum of 
840 mA of input current. The Am28F01 O specifies a 
maximum VPP current of 30 mA for either the erase or 
program operations. Actual current required for these 
operations is substantially lower than this. Given the 
maximum VPP current of 30 mA for each device, four(4} 
Am28F01 O may be programmed and erased in parallel 
with one PM9006 device. The PM9006 Vpp supply 
current= 165 mA- 4 x 30 mA of Vpp current required for 
the Flash memory array = 45 mA of additional current 
available from the DC/DC converter. 

Parallel programming and erasure allows for the most 
efficient method to reprogram x16 or x32-bit data words. 
Refer to the previous application note for parallel 
program and erasue flow charts. 

Board Level Resets 
System designs should not allow the Flash device to 
perform any programming or erase operations when the 
CPU does not have control of the Flash device. Some 
designs incorporate board level reset circuitry that 
suspends operation of the local CPU if the Vee level falls 
below a predetermined value (such as 4.6 V). If this is 
the case, the reset circuitry should also disable the VPP 
power supply whenever the CPU is held in reset. 

If the local CPU is forced into reset mode while it is 
programming or erasing the Flash device, the system 
reset circuit should also terminate that operation. To 
accomplish this, the PM9006's enable pin should be 
driven high whenever the reset circuitry is active. Drive 
the chip enable pin of the PM9006 with the logical OR of 
the reset circuit's output signal and the chip enable 
control line to the PM9006. This will disable the VPP 
supply and hence terminate any programming or erase 
operation. The Flash device automatically resets to the 
read mode when VPP is disabled. 
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5V 

+ 10 µF L 1 = Pulse Engineering #PE-52645 

L1 r 150 µH 

VIN 

Vpp 
Ve 

Command 

Note: 

LT1072 

R3 
1K 

C21 µF 

Vsw 

1 µF 

FB 
GND 

VPP Out 

12.0 v 

MUR120 

1N5919A-5.6 V 

+ 

Vpp Output 
200mAMAX 

r 100µF 

12814-001A 

R1 R2 

10.7K 1.24K 

Resistor 
Tolerance 

1% 

The circuit of Figure 2 will not spuriously overshoot during power-up or power-down. This prevents destruction of the device due to 
voltages that exceed specification. Vpp outputs are predictable and controllable during power supply transitions as a result of the 
referenced circuit designs. The compensation of the L T1072 causes a very overdamped pulse response. In addition, the control 
loops of the circuit are functioning even at low supply voltages. Thus the control loop is active before the memory circuits settle and 
prevents uncontrolled Vpp pulse outputs. 

Figure 2. Basic Flash Memory VPP Programming Voltage Supply 

Please reference the PM9006 data sheet for complete 
details of device operation. One method of implement­
ing the PM9006 DC/DC converter is illustrated below. 

Vee 

VppQut 
+5V V+ 

+5V Valor V+ 
PM9006 10 

C1 - V-

J 'E V-

2 
-

Enable 
Note: -
Pins 3 through 9 and 16 through 23 are not internally 
connected to the device and do not need to be driven. 

Generate and Control 12.0 V 

4. PUMP 5 VTO VPP VOLTAGE WITH 
ANALOG CIRCUITRY 

Flash memories require a Vpp voltage of 12.0 V +0.6 V. 
It is important to note that VPP voltage must be 
maintained within the device specification for reliable 
operation. VPP voltages that exceed 14 V for 20 ns or 
longer are likely to destroy the device. Thus, we need to 
carefully control the high voltage programming circuitry. 
It should be noted that proper design of the VPP circuitry 
eliminates the issues of device destruction due to 
appli-cation of voltages outside of the specified operat­
ing range. In addition, it is preferable to control the Vpp 
voltage with a 5.0 V logic command. 
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The Starter Kit: Vpp Generation and Control 
The basic circuit described in Figure 2 satisfies just 
about all Vpp requirements for Flash memories. High 
voltage is produced by driving the VPP command low. 
The low VPP command (Trace A, Figure 3) activates the 
L T1072 switching regulator to drive L 1. The resistor 
network of R1 and R2 provides the DC feedback. C1, R3 
and C2 control the AC roll-off. Trace B illustrates the 
resulting VPP voltage that rises smoothly to the required 
level. The values specified for R1 and R2 determine 
the12.0 V output. Leave the 5.6 V zener in the circuit in 

A= 5V/DIV 

B = 5V/DIV 

order to return the output to O V when the Vpp command 
goes high. When a 4.5 V minimum output is desired the 
zener may be omitted. Circuit trimming requirements 
are eliminated due to the tight internal references of the 
L T1072. Only precision resistors are required. 

The table in Figure 4 gives additional information 
required to provide greater power output from the 
referenced circuit. The synchronous switch option of 
Figure 4 may replace the zener and eliminate its power 
dissipation. 

Horizontal = 20ms/DIV 

Note: 

Figure 3. Waveforms for Basic Flash 
Programming Supply 

MJE370 
To MUR120 Cathode~ To Output Capacitor 

Output 
Current 

400mA 

800mA 

To+SV~ 
68Q 

12814·002A 

Power Options for Basic VPP Generator 

Cour Regulator Inductor Zener 

200 µF LT1071 PE-52645 1N5339A 
or 

Synchronous 
Switch O__Q_tion 

400 µF LT1070 PE-51516 1N5339A 
or 

Synchronous 
Switch Option 

Assume each Flash device requires 30 mA VPP current. 

Figure 4. Synchronous Switch Option 
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A= SV/DIV 

Horizontal = 100 ns/DIV 

Figure 81. An "Ideal" Flash Memory VPP Output 

A= SV/DIV 

Note: 

Horizontal = 2µs/DIV 

Figure 83. 

AMO~ 

A= SV/DIV 

Horizontal = 100 ns/DIV 

Figure 82. Rings at Destructive Voltages After a 
PC Trace Run 

A= SV/DIV 

Horizontal= 1 Oµs/DIV 

Figure 84. 

Short Circuit Recovery for Poorly (Figured 83) and Properly (Figure 84) Designed Connections. Figure 83's Overshoot 
on Recovery Can Cause Memory Chip Failures 

Transmission Line Effects of Printed 
Circuit Board Traces on VPP Voltages 
One might ask: "Why not use a simple low resistance 
FET to switch the output of the switching regulator when 
its level is correctly set?" This sounds good - too good. 

In real life, the printed circuit board traces exhibit 
transmission line effects. Voltages seen at the memory 
device's pins are not the same as at the output of the 
regulator. Overshoots result at the junction of the printed 
circuit board trace and device pins. Thus voltages may 
exceed device specifications. This concern is com­
pounded since the VPP supply voltages are unusually 
close to the device's absolute maximum limit of 14 V. 

Figure B1 illustrates an ideal Vpp pulse seen at the 
output of a simple low loss transistor that is switching the 
power supply. No overshoot is observed and the VPP 
pulse settles quickly. The same output is measured 
(Figure B2) at the memory device pins after running the 
printed circuit board trace. 

Because of mismatching, the PCB trace appears as an 
unterminated transmission line. Ringing can exceed 
20 V because of reflections at the junction of the PC 

trace and device pin. This condition is obviously 
detrimental to the device. The negative overshoot 
occurring on the falling edge of the Vpp transition may 
cause equally destructive negative voltages at the 
device pins. 

Properly controlled VPP rise time prevents this type of 
overshoot. The closed loop circuits discussed earlier 
eliminate overshoot through controlled edge timings. In 
addition, the referenced circuits protect the VPP genera­
tor against short circuit damage which also protects the 
memory device. 

The VPP output recovery when the diode is removed is 
shown in Figure B3. Contrast this with Figure B4. Here 
the diode is in place and the VPP recovery is smooth. 
Similar considerations apply during power-up/down. 
During application or removal of power, the VPP 
generator must not produce spurious output pulses. 

VPP outputs are predictable and controllable during 
transient power supply considerations as a result of the 
referenced circuit designs. The compensation of the 
L T1072 causes a very overdamped pulse response. In 
addition, the control loops of the circuit are functioning 

Generation and Control of Vpp Programming Voltage for Flash Memories 2-205 



~AMO 
even at low supply voltages. Thus the control loop is 
active before the memory circuits settle and prevent 
uncontrolled VPP pulse outputs. 

Note: 
The above circuitry is designed for maximum system protec­
tion. Should you desire to modify any circuity, it is advisable to 
contact Jim Williams of Linear Technology. 

This Document was adapted from Linear Technology's 
Application Note 31 "Linear Circuits for Digital Sytems: 
Some Affable Analogs for Digital Devotees, " written by 
Jim Williams, February, 1989. 
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THIN SMALL OUTLINE PACKAGE 

THIN SMALL OUTLINE PACKAGE (TSOP) DESCRIPTION 
AMO presents the Thin Small Outline Package. The TSOP is the industry's leading edge 
plastic, surface mountable memory package today. System requirements for higher 
density and smaller form fit memory arrays are driving this package evolution. TSOP 
offers a form fit close to that of bare die yet provides the added benefit of being shipped 
from the factory completely tested, something not available with bare die. This increases 
system yield because there is no loss due to cleanroom assembly related defects and/or 
parametric failures. 

Primary Characteristics 
• JEDEC/EIAJ standard dimensions and 32-pin pinout 

• Standard and reverse pinout options 

• Maximum package thickness of 1.20 mm 

This is AMD's initial offering in state of the art small form fit packaging. The 32-pin 
package is available in the 8 mm x 20 mm x 1.20 mm package outline. As densities 
increase, package leadcount will also. 
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Figure 1-1 
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28F010 128K x 8 Flash Memory in 32 Lead TSOP 

A11 10 32 OE 
Ag 2 31 A10 
As 3 30 CE 

A13 4 29 D7 
A14 5 28 Ds 
NC 6 27 Ds 
WE 7 26 D4 
Vee 8 28F010 25 D3 
Vpp 9 Standard Pinout 24 Vss 
Arn 10 23 D2 
A1s 11 22 D1 
A12 12 21 Do 
A1 13 20 Ao 
As 14 19 A1 
As 15 18 A2 
A4 16 17 A3 

OE 1\7 32 A11 
A10 2 31 Ag 

CE 3 30 As 
D7 4 29 A13 
Ds 5 28 A14 
Ds 6 27 NC 
04 7 28F010 26 WE 
D3 8 Reverse Pinout 25 Vee 

Vss 9 24 Vpp 
D2 10 23 Arn 
D1 11 22 A1s 
Do 12 21 A12 
Ao 13 20 A7 
A1 14 19 As 
A2 15 18 As 
A3 16 17 A4 

Packaging Evolution 
The continuing trend toward smaller systems and/or higher density memory arrays has 
led to a significant evolution in newer small form fit packaging. This trend is outlined 
below. 

Computers: 

Disk drives: 

Instrumentation: 

Package Type 
PDIP (100 mil Pitch) 
Slim DIP (100 mil Pitch) 
ZIP (100 mil Pitch) 
SOIC/SOJ (50 mil Pitch) 
PLCC (50 mil Pitch) 
TSOP (20 mil Pitch) 

Desktop 

3-1/2" 

Benchtop 

Notebook 

2-1/2"/Flash "Disk" 

Portable 

Palmtop 

Flash "Disk" 

Hand held 

Package Volume (cubic inches) 
0.18 
0.09 

0.072 
0.075 
0.045 
0.01 

The TSOP is not only suited for standard printed circuit board and Single In-line Memory 
Module (SIMM) applications, but is the package of choice in the exploding new growth 
area of solid state memory cards. 
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TSOP packaging is well suited to high density, small form fit systems. This latest 
evolution offers significant packaging volume savings in comparison with the above 
alternatives. Increasingly, TSOP is being used in disk drive controller boards, notebook 
and palm top PCs, high density memory subsystems, and PCMCIA 68-pin standard 
memory cards. This is just the beginning. 

An emerging market segment with explosive growth is the PCMCIA 68-pin memory card 
standard. The TSOP can be used to pack both sides of a memory board in order to 
increase the memory density available within a given space constraint. In addition, the 
TSOP packaged devices are tested to AMO's standard test flows. This allows AMO to 
guarantee the highest level of quality and long term reliability. 

Minimal Space Requirements 
In addition to the TSOP's low height profile, maximum board space saving is achieved 
with the dual-in-line and standard/reverse pinouts. Board layers can be reduced 
because traces are routed under the two sides of the package that do not have leads. 
This allows packages to be mounted side by side and end to end. Packages can be 
mounted end to end because AMO offers both standard and mirror image reverse pinout 
packages (see Figures 1-1). All pins except chip enable pins can be connected in 
parallel. This is accomplished by using standard and reverse pinout packages in an 
alternating sequence as in Figures 1-1 . 

HANDLING AND SHIPPING 

Shipping Trays 
AMO's 32-pin TSOP are shipped in high temperature resistance trays (max. 150°C) 
having 156 positions per tray. The trays are in compliance with standard JEOEC 
outlines. JEOEC trays all have the same outside dimensions for easy stacking for use in 
manufacturing and storage. Trays are designed to prevent TSOP leads from touching 
any part of the holding tub. 

Thin Small Outline Package 2-209 
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Figure 1-2 OPTIMAL BOARD LAYOUT WITH TSOP 
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AmC001FLKA 
1 Megabyte Flash Memory PC Card 

DISTINCTIVE CHARACTERISTICS 
• High performance 

- 250 ns maximum access time 

• CMOS low power consumption 
- 25 mA typical active current (XS) 
- 400 µA typical standby current 

• PCMCIA/JEIDA 68-pin standard 
- Selectable byte or word-wide 

configuration 

• Write protect switch 
- Prevents accidental data loss 

• High re-programmable endurance 
- Minimum 10,000 write/erase cycles 

• Zero data retention power 
- Batteries not required for data storage 

g Separate attribute memory 
- 512 byte EEPROM 

GENERAL DESCRIPTION 
AMD's Flash Memory PC Card provides the highest 
system level performance for data and file storage 
solutions to the portable PC market segment. Data files 
and application programs can be stored on the 
AmC001 FLKA. This allows OEM manufacturers of 
portable system to eliminate the weight, power con­
sumption and reliability issues associated with 
electro-mechanical disk-based systems. The 
AmC001 FLKA also allows today's bulky and heavy 
battery packs to be reduced in weight and size. Typically 
only two "AA" alkaline batteries are required for total 
system operation. AMD's Flash Memory PC Cards 
provide the most efficient method to transfer useful work 
between different hardware platforms. The enabling 
technology of the AmC001 FLKA enhances the produc­
tivity of mobile workers. 

Widespread acceptance of the AmC001 FLKA is as­
sured due to its compatibility with the 68-pin 
PCMCINJEIDA international standard. AMD's Flash 

~ 
Advanced 

Micro 
Devices 

• Flashrite™ and Flasherase™ Operations 
- 128K byte memory segment 
- Typically 1 second per single memory segment 

erase 
- Random address writes to previously 

erased Bytes (1 O µs typical per byte) 

• Total system integration solution 
- Support from independent software and 

hardware vendors 

• Read voltage, 5 V ± 5% 

• Write and erase voltage, 12.0 V ± 5% 

• Insertion and removal force 
- State of art connector allows for minimum card 

insertion and removal effort 

Cl Manufactured by DuPont Connector Systems 

Memory Cards can be read in either a byte-wide or 
word-wide mode which allows for flexible integration 
into various system platforms. Compatibility is assured 
at the hardware interface and software interchange 
specification. The Card Information Structure (CIS) or 
Metaformat, can be written by the OEM at the Memory 
Card's attribute memory address space beginning at 
address OOOOOH by using a format utility. The CIS 
appears atthe beginning of the Card's attribute memory 
space and defines the low-level organization of data on 
the PC Card. The AmC001 FLKA contains a separate 
512 byte EEPROM memory for the card's attribute 
memory space. This allows all of the Flash Memory to 
be used for the common memory space. 

Third party software solutions such as Microsoft's Flash 
File System (FFS), enable AMD's Flash Memory PC 
Card to replicate the function of traditional disk-based 
memory systems. 

Manufactured by DuPont Connector Systems ~ 

Publication# 16660 Rev. A AmendmenVO 

Issue Date: September 1992 
---~~~~~~~~~~~~ 

This document contains information on a product under development at Advanced Micro Devices Inc. The information 
is intended to help you to evaluate this product. AMO reserves the right to change or discontinue work on this pro· 
posed product without notice. 
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PC CARD PIN ASSIGNMENTS 
Pin# S!g_nal 1/0 Function 
1 GND Ground 

2 03 1/0 Data Bit3 

3 04 1/0 Data Bit 4 

4 Ds 1/0 Data Bit 5 

5 Os 1/0 Data Bit 6 

6 07 1/0 Data Bit 7 

7 CE1 I Card Enable (Note 1) 

8 A10 I Address Bit 1 O 

9 OE I Output Enable 

10 A11 I Address Bit 11 

11 A9 I Address Bit 9 

12 As I Address Bit 8 

13 A13 I Address Bit 13 

14 A14 I Address Bit 14 

15 WE I Write Enable 

16 NC No Connect 

17 Vee Power Supply 

18 Vpp1 Pgm Sply Vltg 1 

19 A16 Address Bit 16 

20 A1s Address Bit 15 

21 A12 Address Bit 12 

22 A1 Address Bit 7 

23 As Address Bit 6 

24 As Address Bit 5 

25 A4 Address Bit 4 

26 A3 Address Bit 3 

27 A2 Address Bit 2 

28 A1 Address Bit 1 

29 Ao Address Bit O 

30 Do /0 Data Bit O 

31 D1 1/0 Data Bit 1 

32 02 1/0 Data Bit 2 

33 WP 0 Write Protect (Note 1) 

34 GND Ground 

Notes: 
I = Input to card, 0 = Output from card 
1/0 = Bi-directional 
NC = No connect 

Pin# S!.9._nal 
35 GND 

36 CD1 

37 011 

38 012 

39 013 

40 014 

41 D1s 

42 CE2 

43 NC 

44 RFU 

45 RFU 

46 A11 

47 A10 

48 A19 

49 NC 

50 NC 

51 Vee 

52 Vpp2 

53 NC 

54 NC 

55 NC 

56 NC 

57 NC 

58 NC 

59 NC 

60 NC 

61 REG 

62 BVD2 

63 BVD1 

64 Da 

65 D9 

66 D10 

67 CD2 

68 GND 

AMO~ 

1/0 Function 
Ground 

0 Card Detect (Note 1) 

1/0 Data Bit 11 

1/0 Data Bit 12 

1/0 Data Bit 13 

1/0 Data Bit 14 

1/0 Data Bit 15 

I Card Enable 2 (Note 1) 

No Connect 

Reserved 

Reserved 

I Address Bit 17 

I Address Bit 18 

I Address Bit 19 

No Connect 

No Connect 

Power Supply 

Pgm Sply Vltg 2 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

I Register Select 

0 Battery Vltg Detect 2 (Note 2) 

0 Battery Vltg Detect 1 (Note 2) 

1/0 Data Bit 8 

1/0 Data Bit 9 

1/0 Data Bit 10 

0 Card Detect 

Ground 

In systems which switch Vee individually to cards, no signal should be directly connected between cards other than ground. 
1. Signal must not be connected between cards 
2. BVD = Internally pulled-up 
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ORDERING INFORMATION 
Standard Products 

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: 

3-6 

Am c 001 FL K A -250 

CST._ ___ CUSTOMER SPECIFIC 

IDENTIFICATION NUMBER 

'---------- SPEED OPTION 

REVISION LEVEL 

'------------ OUTPUT CONFIGURATION: 
(x16/x8) 

'----------------FLASH TECHNOLOGY 

'------------------ MEMORY CARD DENSITY 
001 = One Megabyte 

'--------------------- PCMEMORYCARD 

,__---------------------AMO 

AmC001FLKA 



PRELIMINARY AMO~ 
PIN DESCRIPTION 

Symbol Type Name and Function 

Ao-A19 INPUT ADDRESS INPUTS are internally latched during write cycles. 

Do-D1s INPUT/ DATA INPUT/OUTPUT: Data inputs are internally latched on write cycles. Data 
OUTPUT outputs during read cycles. Data pins are active high. When the memory card is 

de-selected or the outputs are disabled the outputs float to tri-state. 

CE1 1 CE2 INPUT CARD ENABLE is active low. The memory card is de-selected and power 
consumption is reduced to stand-by levels when CE is high. CE activates the 
internal memory card circuitry that controls the high and low byte control logic of 
the card, input buffers segment decoders, and associated memory devices. 

OE INPUT OUTPUT ENABLE is active low and enables the data buffers through the card 
outputs during read cycles. 

WE INPUT WRITE ENABLE is active low and controls the write function of the command 
register to the memory array. The target address is latched on the falling edge of 
the WE pulse and the appropriate data is latched on the rising edge of the pulse. 

VPP1,VPP2 ERASE/WRITE POWER SUPPLY for erase and programming. Vpp enables the 
command register which controls all functions required to alter the memory array 
contents. 
Note: AmC001 FLKA functions as a read-only memory when Vpp < Vee +2 V. 

Vee PC CARD POWER SUPPLY for device operation (5.0 V :1:: 5%) 

GND GROUND 

CD1, CD2 OUTPUT CARD DETECT. When card detect 1 and 2 =ground the system detects the card. 

WP OUTPUT WRITE PROTECT is active high and disables all card write operations. 

NC NO CONNECT - corresponding pin is not connected internally. 

BVD1, BVD2 OUTPUT BATTERY VOLTAGE DETECT. lnternally_Q_ulled-up. 

MEMORY CARD OPERATIONS 
The AmC001 FLKA Flash Memory Card is organized as 
an array of individual devices. Each device is 128K 
bytes in size. Although the address space is continuous 
each physical device defines a logical address segment 
size. Erase operations are performed in increments of 
this segment size. Multiple segments may be erased 
concurrently when additional Vpp current is supplied to 
the device. Once a memory segment is erased any 
address location may be programmed. Flash technol­
ogy allows any logical "1" data bit to be programmed to a 
logical "O". The only way to reset bits to a logical "1" is to 
erase the entire memory segment of 128K bytes. High 
voltage is required on Vpp1 and Vpp2 to perform program 
and erase operations. 

the REG pin is driven low. The Card Information 
Structure describes the capabilities and specification of 
a card. The CIS is stored in the attribute memory space 
beginning at address OOOOOH. The AmC001 FLKA 
contains a separate 512 byte EEPROM memory for the 
Card Information Structure. Alternatively, the CIS can 
be stored at the beginning of the common memory 
address space. Do-D1 are active during attribute 
memory accesses. Da-D1s should be ignored. Odd 
order bytes present invalid data. Refer to Table 28. 

The common memory space data contents are altered 
in a similar manner as writing to individual Flash 
Memory devices. On-card address and data buffers 
activate the appropriate Flash device in the memory 
array: Each device internally latches address and data 
during write cycles. Refer to Table 2A. 

Attribute memory is a separately accessed card mem­
ory space. The register memory space is active when 

Word-Wide Operations 
The AmC001 FLKA provides the flexibility to operate on 
data in a byte-wide or word-wide format. In word-wide 
~rations the Low-bytes are controlled with Vpp1 and 
CE1 when Ao = 0. The High-bytes are controlled with 
Vpp2 and CE2, Ao = don't care. 

Erase operations are the only operations that work on 
entire memory segment. All other operations such as 
word-wide programming are not affected by the physical 
memory segments. 

AmC001FLKA 3-7 
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Byte-Wide Operations 
Byte-wide data is available on Do-D1 for read and write 
operations (CE1 =low, CE2 =high). Even and odd bytes 
are stored in separate memory segments (i.e. So and 
S1) and are accessed when AO is low and high 
respectively. The even byte is the low order byte and the 
odd byte is the high order byte of a 16-bit word. 

Erase operations in the byte-wide mode must account 
for data multiplexing on Do-D1 by changing the state of 
AO. Each memory segment pair must be addressed 
separately for erase operations. 

Card Detection 
Each CD (output) pin should be read by the host system 
to determine if the memory card is adequately seated in 
the socket. CD1 and CD2 are internally tied to ground. If 
both bits are not detected, the system should indicate 
that the card must be re-inserted. 

Write Protection 
The AMO Flash memory card has three types of write 
protection. The PCMCINJEIDA socket itself provides 

MEMORY CARD BUS OPERATIONS 
Read Enable 
Two Card Enable (CE) pins are available on the memory 
card. Both CE pins must be active low for word-wide 
read accesses. Only one CE is required for byte-wide 
accesses. The CE pins control the selection and gates 
power to the high and low memory segments. The 
Output Enable (OE) controls gating accessed data from 
the memory segment outputs. 

Output Disable 
Data outputs from the card are disabled when OE is at a 
logic-high level. Under this condition, outputs are in the 
high-impedance state. 

Standby Operations 
Byte-wide read accesses only require half of the 
read/write output buffer (x16) to be active. In addition, 
only one memory segment is active with in either the 
high order or low order bank. Activation of the appropri­
ate half of the output buffer is controlled by the 
combination of both CE pins. The CE pins also control 
power to the high and low-order banks of memory. 
Outputs of the memory bank not selected are placed in 
the high impedance state. The individual memory 
segment is activated by the address decoders. The 
other memory segments operate in standby. An active 
memory segment continues to draw power until comple­
tion of a write, erase, or verify operation if the card is 
de-selected in .the process of one of these operations. 

Auto Select Operation 
A host system or external card reader/writer can 
determine the on-card manufacturer and device l.D. 

the first type of write protection. Power supply and 
control pins have specific pin lengths in order to protect 
the card with proper power supply sequencing in the 
case of hot insertion and removal. 

A mechanical write protect switch provides a second 
~of write protection. When this switch is activated, 
WE is internally forced high. The Flash memory 
command register is disabled from accepting any write 
commands. 

The third type of write protection is achie:ved with Vpp1 
and Vpp2 at logic low levels to reset the Flash devices to 
read-only mode. Memory contents can not be changed 
in this state. The command register of individual Flash 
memory segments is only active when Vpp1 and/or Vpp2 
are at high voltage (VppH). 

Each Flash memory device that comprises a Flash 
memory segment will reset the command register to the 
read-only mode when Vee is below VLKO. VLKO is the 
voltage below which write operations to individual 
command registers are disabled. 

codes. Codes are available after writing the 90H 
command to the command register of a memory 
segment. Reading from address location OOOOOH in any 
segment provides the manufacturer l.D. while address 
location 00002H provides the device l.D. 

Write Operations 
Write and erase operations are valid only when Vpp1 and 
Vpp2 are at high voltage. This activates the state 
machine of an addressed memory segment. The 
command register is a latch which saves address, 
commands, and data information used by the state 
machine and memory array. 

When Write Enable (WE) and appropriate CE(s) are 
a logic-level low, the command register is enabled for 
write operations. The falling edge of WE latches 
address information and the rising edge latches data/ 
command information. 

Memory Segment Command Definitions 
When the Vpp pin(s) are at low voltage the command 
register of each Flash memory segment defaults to OOH, 
the Read only mode. 

With high voltage on the Vpp pin(s), the Flash memory 
segments are active for either read, write, or erase 
operations. 

Write or erase operations are performed by writing 
appropriate data patterns to the command register of 
accessed Flash memory segments. 

The byte-wide and word-wide commands are defined in 
Tables 3 and 4 respectively. 
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Table 2A. Common Memory Bus Operations 

Pins/ (1, 6) (1, 6) 
Operation REG CE2 CE1 OE WE VPP2 VPP1 AO Da-D1s Do-D1 

READ-ONLY 

Read (x8) (Note 7) V1H V1H V1L V1L V1H VPPL VPPL V1L HighZ Data Out-Even 

Read (x8) (Note 8) V1H V1H V1L V1L V1H VPPL VPPL V1H HighZ Data Out-Odd 

Read (x8) (Note 9) V1H V1L V1H V1L V1H VPPL VPPL x Data Out- High Z 
Odd 

Read (x16) (Note 10) V1H V1L V1L V1L V1H VPPL VPPL x Data Out- Data Out-Even 
Odd 

Output Disable V1H x x V1H V1H VPPL VPPL x HighZ HighZ 

Stand~ x V1H V1H x x VPPL VPPL x H[_g_h Z H[_g_hZ 

READ/WRITE 

Read (x8) (Notes 2, 7) V1H V1H V1L V1L V1H VPPX VPPH V1L HighZ Data Out-Even 

Read (x8) (Notes 2, 8) V1H V1H V1L V1L V1H VPPH VPPX V1H HighZ Data Out-Odd 

Read (x8) (Notes 2, 9) V1H V1L V1H V1L V1H VPPH VPPX x Data Out- HighZ 
Odd 

Read (x16) (Notes 2, 1 O) V1H V1L V1L V1L V1H VPPH VPPH x Data Out- Data Out-Even 
Odd 

Write (x8) (Notes 4, 7) V1H V1H V1L V1H V1L VPPX VPPH V1L HighZ Data In-Even 

Write (x8) (Notes 4, 8) V1H V1H V1L V1H V1L VPPH VPPX V1H HighZ Data In-Odd 

Write (x8) (Notes 4, 9) V1H V1L V1H V1H V1L VPPH VPPX x Data In HighZ 

Write (x16) (Note 5, 1 O) V1H V1L V1L V1H V1L VPPH VPPH x Data In- Data In-Even 
Odd 

Output Disable V1H x x V1H V1L VPPH VPPH x HighZ HighZ 

Standby (Note 3) x V1H V1H x x VPPH VPPH x HighZ HighZ 

Legend: 
X =Don't Care, where Don't Care is either V1L or V1H levels, VPPL = VPP <Vee+ 2 V, See DC Characteristics for voltage levels of 

VPPH, 0 V <An, Vee + 2 V, {normal TTL or CMOS input levels, where n = O or 9). 
Notes: 

1. VPPL may be grounded, connected with a resistor to ground, or< Vee +2 V. VPPH is the programming voltage specified for the 
device. Refer to the DC characteristics. When VPP = VPPL, memory contents can be read but not written or erased. 

2. Read operation with VPP = VPPH may access array data or the Auto select codes. Manufacturer and device codes may also 
be accessed via a command register write sequence. Refer to Table 3. 

3. With VPP at high voltage, the standby current is Ice+ IPP {standby). 

4. Refer to Table 3 for valid D1N during a Byte write operation. 

5. Refer to Table 4 for valid D1N during a Word write operation. 

6. VPPX = VPPH or VPPL. 

7. Byte access - Even. In this x8 mode, AJ = V1L outputs or inputs the "even" byte {low byte) of the x16 word on Do-D1. 
8. Byte access - Odd. In this x8 mode, AJ = V1H outputs or inputs the "odd" byte {high byte) of the x16 word on Do-D1. This is 

accomplished internal to the card by transposing Da-D1s to Do-D1. 
9. Odd byte only access. In this x8 mode, AJ = X outputs or inputs the "odd" byte {high byte) of the x16 word on Da-D1s. 

10. x16 word accesses present both "even" (low) and "odd" (high) bytes. Po= V1L or V1H ="Don't Care". 
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Table 28. Attribute Memory Bus Operations 

Pins/ (1, 6) (1, 6) 
Operation REG CE2 CE1 OE WE VPP2 VPP1 AO De-D1s Do-D1 

READ-ONLY 

Read (x8) (Notes 7, 9) V1L V1H V1L V1L V1H VPPL VPPL V1L HighZ Data Out-Even 

Read (x8) (Notes 8, 9) V1L V1H V1L V1L V1H VPPL VPPL V1H HighZ Not Valid 

Read (x8) (Note 8) V1L V1L V1H V1L V1H VPPL VPPL x Not Valid HighZ 

Read (x16) V1L V1L V1L V1L V1H VPPL VPPL x Not Valid Data Out-Even 
(Notes 8, 9, 1 O) 

Output Disable V1L x x V1H V1H VPPL VPPL x High Z High Z 

Standby x V1H V1H x x VPPL VPPL x HighZ HighZ 

READ/WRITE 

Read (x8) (Notes 2, 7, 9) V1L V1H V1L V1L V1H VPPX VPPH V1L HighZ Data Out-Even 

Read (x8) (Notes 2, 8, 9) V1L V1H V1L V1L V1H VPPH VPPX V1H High Z Not Valid 

Read (x8) (Note 9) V1L V1L V1H V1L V1H VPPH VPPX x Not Valid HighZ 

Read (x16) V1L V1L V1L V1L V1H VPPH VPPH x Not Valid Data Out-Even 
(Notes 2, 9) 

Write (x8) V1L V1H V1L V1H V1L VPPX VPPH V1L High Z Data In-Even 
(Notes 4, 7, 10) 

Write (x8) V1L V1H V1L V1H V1L VPPH Vppx V1H High Z Not Valid 
(Notes 4, 8, 1 O) 

Write (x8) V1L V1L V1H V1H V1L VPPH VPPX x Not Valid HighZ 
(Notes 4, 9, 1 O) 

Write (x16) V1L V1L V1L V1H V1L VPPH VPPH x Not Valid Data In-Even 
(Note 10) 

Output Disable V1L x x V1H V1L VPPH VPPH x High Z HighZ 

Standby (Note 3) x V1H V1H x x VPPH VPPH x High Z High Z 

Legend: 
X =Don't Care, where Don't Care is either V1L or V1H levels, VPPL = VPP <Vee+ 2 V, See DC Characteristics for voltage levels of 

VPPH, 0 V <An, Vee+ 2 V, (normal TTL or CMOS input levels, where n = O or 9). 

Notes: 
1. VPPL may be grounded, connected with a resistor to ground, or <Vee +2 V. VPPH is the programming voltage specified forthe 

device. Refer to the DC characteristics. When Vpp = VPPL, memory contents can be read but not written or erased. 

2. Read operation with VPP = VPPH may access array data or the Auto select codes. Manufacturer and device codes may also 
be accessed via a command register write sequence. Refer to Table 3. 

3. With VPP at high voltage, the standby current is Ice+ IPP (standby). 

4. Refer to Table 3 for valid D1N during a Byte write operation. 

5. Refer to Table 4 for valid D1N during a Word write operation. 

6. VPPX = VPPH or VPPL. 

7. In this x8 mode, Ao= V1L outputs or inputs the "even" byte (low byte) of the x16 word on Do--01. 
8. Only even-byte data is valid during Attribute Memory Read function. 
9. During Attribute Memory Read function, REG and OE must be active for the entire cycle. 

10. During Attribute Memory Write fuction, REG and WE must be active for the entire cycle, OE must be inactive for the entire 
cycle. 
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Table 3. Command Definitions for Byte-Wide Operations 

First Bus Cycle Second Bus Cycle 

Operation Address Data 
Command (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write x OOH/FFH 

Read Auto Select (Note 7) Write x 90H 

Erase Set-up/Erase Write SA 20H 
_{_Note'!}_ 

Erase-Ver!!Yl_Note '!}_ Write EA AOH 

Set-up Program/Program Write x 40H 
(Note 5) 

Program-Verify (Note 5) Write x COH 

Reset (Note 6) Write x FFH 

Notes: 
1. Bus operations are defined in Table 2A. 

2. RA= Address of the memory location to be read. 
EA= Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
SA= Address of memory segment to be erased. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 

Operation 
(Note 1) 

Read 

Read 

Write 

Read 

Write 

Read 

Write 

PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 

Address 
(Note 2) 

RA 

OOH/01H 

SA 

x 
PA 

x 
x 

PVD =Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figures 1, 3 illustrates the Flasherase Electrical Erase Algorithm. 

5. Figure 2 illustrates the Flash rite Programming Algorithm. 

6. Please reference Reset Command section. 

7. Please reference Auto Select section 
Address: OOH/01 H =Address for manufacturer code/Device code. 
Data: 01 H/A?H = Data for manufacturer code/Device code 

AmC001FLKA 

Data 
(Note 3) 

RD 

01H/A7H 

20H 

EVD 

PD 

PVD 

FFH 
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Table 4. Command Definitions for Word-Wide Operations 

First Bus Cycle Second Bus Cycle 

Operation Address Data 
Command (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write x OOOOH/ 
FFFFH 

Read Auto Select (Note 7) Write x 9090H 

Erase Set-up/Erase Write SA 2020H 
(Note 4) 

Erase-Verify (Note 4) Write EA AO A OH 

Set-up Program/Program Write x 4040H 
(Note 5) 

Program-Verify (Note 5) Write x COCOH 

Reset (Note 6) Write x FFFFH 

Notes: 
1. Bus operations are defined in Table 2A. 

2. RA= Address of the memory location to be read. 
EA= Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
SA= Address of memory segment to be erased. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 

Operation 
(Note 1) 

Read 

Read 

Write 

Read 

Write 

Read 

Write 

PD= Data to be programmed at location PA. Data latched on the rising edge of WE. 

Address 
(Note 2) 

RA 

OOOOH/ 
0101H 

SA 

x 
PA 

x 
x 

PVD = Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figures 1, 3 illustrates the Flasherase Electrical Erase Algorithm. 

5. Figure 2 illustrates the Flash rite Programming Algorithm. 

6. Please reference Reset Command section. 

7. Please reference Auto Select section. 
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(Note 3) 

RD 

0101H/ 
A7A7H 

2020H 

EVD 

PD 

PVD 

FFFFH 
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FLASH MEMORY PROGRAM/ERASE OPERATIONS 

Details of AMD's Flasherase and Flashrite 
Algorithms 
Flasherase Erase Sequence 
Erase Set-Up/Erase Commands 

Erase Set-Up 

Erase Set-up is the first of a two-cycle erase command. 
It is a command-only operation that stages the ad­
dressed memory segment for bulk erase. The array 
contents are not altered with this command. 20H is 
written to the command register (2020H for word-wide) 
in order to perform the erase Set-up operation. 

Erase 

The second two-cycle erase command initiates the 
segment erase operation. You must write the Erase 
command 20H (2020H for word-wide) again to the 
register. The erase operation begins with the rising edge 
of the WE pulse. The erase operation must be 
terminated by writing a new command (Erase-verify) to 
the register. 

This two step sequence of the Set-up and Erase 
commands helps to ensure that memory contents are 
not accidentally erased. Also, segment erasure can only 
occur when high voltage is applied to the Vpp pins. In 
absence of this high voltage, memory contents cannot 
be altered. Refer to AC Erase Characteristics and 
Waveforms for specific timing parameters. 

Erase-Verify Command 

The erase operation erases all bytes of the segment in 
parallel. After the erase operation, all bytes in the 
segment must be sequentially verified. For byte-wide 
operations, the Ao signal selects between the odd and 
even byte banks within the memory segment. Erase and 
erase-verify operations must be performed in comple­
tion on the even byte segment of 128K byte then the odd 
byte segment of 128K byte. The Erase-verify operation 
is initiated by writing AOH (AOAOH for word-wide) to the 
register. The byte address to be verified must be 
supplied with the command. Addresses are latched on 
the falling edge of the WE pulse. The rising edge of the 
WE pulse terminates the erase operation. 

Margin Verify 

During the Erase-verify operation, the segment applies 
an internally generated margin voltage to the addressed 
byte. Reading FFH from the addressed byte (FFFFH for 
word-wide) indicates that all bits in the byte (word) are 
properly erased. 

Verify Next Address 

You must write the Erase-verify command with the 
appropriate address to the register prior to verification of 
each address. Each new address is latched on the 
falling edge of WE. The process continues for each byte 
(word) in the memory segment until a byte (word) does 
not return FFH (FFFFH) data or all the bytes in the 
segment are accessed and verified. 

If an address is not verified to FFH (FFFFH) data, the 
segment is erased again (refer to erase Set-up/Erase). 
Erase verification then resumes at the address that 
failed to verify. Erase is complete when all bytes in the 
array have been verified. The segment is now ready to 
be programmed. The verification operation is termi­
nated by writing a valid command (e.g. Program set-up) 
to the command register. Figures 1 and 3 and Table 6, 
the Flasherase electrical erase algorithm, illustrate how 
commands and bus operations are combined to perform 
electrical erasure. Refer to AC Erase Characteristics 
and Waveforms for specific timing parameters .. 

Flasherase Electrical Erase Algorithm 
This Flash memory segment erases the entire array in 
parallel. The erase time depends on VPP, temperature, 
and number of erase/program cycles on the device. In 
general, reprogramming time increases as the number 
of erase/program cycles increases. 

The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the accessed memory segment. Erasure begins 
with a read of the memory contents. Reading FFH 
(FFFFH for word-wide) data from the segment would 
immediately be followed by executing the Flashrite 
programming algorithm with the appropriate data 
pattern. 

Should the segment be currently programmed, data 
other than FFH will be returned from address locations. 
Follow the Flasherase algorithm. Uniform and reliable 
erasure is ensured by first programming all bits in the 
segment to their charged state (Data= OOH or OOOOH). 
This is accomplished using the Flashrite Programming 
algorithm. Erasure then continues with an initial erase 
operation. Erase verification (Data = FFH or FFFFH) 
begins at address OOOOOH and continues through the 
array to the last address, or until data other than FFH 
(FFFFH) is encountered. For byte-wide erase opera­
tions, the Ao signal selects between the odd and even 
byte banks within the memory segment. Each bank 
must be operated on individually and completely in 
verify operations. If a byte (word) fails to verify, the 
device is erased again. With each erase operation, an 
increasing number of bytes (words) verify to the erased 
state. Typically, devices are erased in less than 70 
pulses. Erase efficiency may be improved by storing the 
address of the last byte (word) that fails to verify in a 
register. Following the next erase operation, verification 
may start at the stored address location. When all bytes 
within an accessed segment are erased, additional 
segments may be erased by following the same routine. 
Memory segments are typically erased in less than one 
second. The entire sequence of erase and byte 
verification is performed with high voltage applied to the 
Vpp pin. 
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Flashrite Programming Sequence 
Program Set-Up/Program Command 

Program Set-Up 

The AmC001 FLKA is programmed byte by byte (or word 
by word). Bytes may be programmed sequentially or at 
random. Set-up Program is the first of a two-cycle 
program command. It stages the addressed memory 
segment for byte programming. The Set-up Program 
operation is performed by writing 40H (4040H for 
word-wide) to the command register. 

Program 

Only after th~ogram set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for 
programming must be available on the second WE 
pulse. Addresses and data are internally latched on the 
falling and rising edge of the WE pulse respectively. The 
rising edge of WE also begins the programming 
operation. You must write the Program-verify command 
to terminate the programming operation. This two step 
sequence of the Set-up and Program commands helps 
to ensure that memory contents are not accidentally 
written. Also, programming can only occur when high 
voltage is applied to the VPP pin and all control pins are in 
their proper state. In absence of this high voltage, 
memory contents cannot be programmed. 

Refer to AC Characteristics and Waveforms for specific 
timing parameters. 

Program Verify Command 

Following each programming operation, the byte (word) 
just programmed must be verified. 

Write COH (COCOH) into the command register in order 
to initiate the Program-verify operation. The rising edge 
of this WE pulse terminates the programming operation. 
The Program-verify operation stages the device for 
verification of the last byte (word) programmed. Ad­
dresses were previously latched. No new information is 
required. 

Margin Verify 

During the Program-verify operation, the memory 
segment applies an internally generated margin voltage 
to the addressed byte (word). A normal microprocessor 

read cycle outputs the data. A successful comparison 
between the programmed byte and the true data 
indicates that the byte (word) was successfully pro­
grammed. The original programmed data should be 
stored for comparison. Programming then proceeds to 
the next desired byte (word) location. Should the byte 
(word) fail to verify, reprogram the byte (word) using the 
Program Set-up/Program Commands. Figure 2 and 
Table 5 indicate how instructions are combined with the 
bus operations to perform byte (word) programming. 
Refer to AC Programming Characteristics and 
Waveforms for specific timing parameters. 

Reset Command 

The reset command initializes the memory segment to 
the read mode. In addition, it also provides a safe 
method to abort any memory segment operation 
(including program or erase). The reset command must 
be written two consecutive times after the program 
set-up command. This will safely reset the segment 
memory to the read mode. Memory contents are not 
altered. Following any other command, write the reset 
command once to the segment. This will safely abort 
any operation and reset the device to the Read mode. 

Flash rite Programming Algorithm 
The Flashrite Programming algorithm employs an 
interactive closed loop flow to program data. Bytes or 
words may be programmed sequentially or at random 
using 1 O microsecond programming pulses. Each 
operation is followed by a byte or word verification to 
determine when the addressed byte has been success­
fully programmed. The program algorithm allows for up 
to 25 programming operations per byte or word per 
reprogramming cycle. Most bytes verify after the first or 
second pulse. The entire sequence of programming and 
byte or word verification is performed with high voltage 
applied to the Vpp pin. Figure 2 and Table 5 illustrate the 
programming algorithm. 

Auto Select 

The Auto Select mode allows the reading out of a binary 
code from the memory devices to identify its 
manufacturer and type. This mode is intended for the 
purpose of automatically matching the device to be 
programmed with its corresponding programming 
algorithm. 
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MEMORY CARD ERASE ROUTINE 

Overview 

N 

PRELIMINARY 

Begin 

Set number of memory 
segments and size 

Segment E=O 
Segment 0=1 

(Note 1) 

Erase segments E, 0 

Increment segments E, 0 

Note: 
1. E = Even byte, 0 =Odd byte. 

Figure 1. 

AmC001FLKA 

AMO~ 

N 

16660A-2 
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N 

Increment PLSCNT 

y 

Increment Address 

Programming Completed 
16660A-3 

Figure 2. Flash rite Programming Algorithm in Byte-Wide Mode 

Table 5. Flash rite Programming Algorithm 

Bus Operations Command Comments 

Standby Wait for VPP ramp to VPPH (Note 1) 
Initialize pulse counter 

Write Set-Up Program Data= 40H 

Write Program Valid Address/Data 

Standby Duration of Programming Operation (twHwH1) 

Write Program-Verify (2) Data = COH Stops Program Operation 

Standby Write Recovery Time before Read = 6 µs 

Read Read byte to verify programming 

Standby Compare data output to data expected 

Write Reset Data= FFH, resets the register for read operations. 

Stand~ Wait for VPP ram2_ to VPPL1Note 11 

Notes: 

1. See DC Characteristics for value of VPPH. The Vpp power supply can be hard-wired to the device or switchable. When VPP is 
switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0 V. 

2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. 
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Notes: 

Address = 00001 H 
PLSCNT= 0 

___ L_ow_=_1 __ .. Note 2 

PRELIMINARY 

Increment 
PLSCNT 

1. Low = O: Even byte segment Erase/Erase verify operation. 

2. Low = 1: Odd byte segment Erase/Erase verify operation. 

Increment address 

Figure 3. Flasherase Electrical Erase Algorithm in Byte-Wide Mode 

AmC001FLKA 

AMO~ 

16660A-4 
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Table 6. Flash erase Electrical Erase Algorithm 

Bus Operations Command Comments 

Entire memory must = OOH before erasure (Note 3) 
Note: Use Flash rite programming algorithm (Figure 2) for 
programming. 

Standby Wait for VPP ramp to VPPH (Note 1) 
Initialize: 
Addresses 
PLSCNT (Pulse count) 

Write Erase Set-up Data= 20H 

Write Erase Data= 20H 

Standby Duration of Erase Operation (twHwH2) 

Write Erase-verify (Note 2) Address = Byte to Verify 
Data= AOH 
Stops Erase Operation 

Standby Write Recovery Time before Read = 6 ~lS 

Read Read byte to verify erasure 

Standby Compare output to FFH 
Increment pulse count 

Write Reset Data= FFH, reset the register for read operations. 

Standby Wait for VPP ramp to VPPL (Note 1) 

Notes: 

1. See DC Characteristics for value of VPPH or VPPL. The VPP power supply can be hard-wired to the device or switchable. 
When VPP is switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee + 2.0 V. 

2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 
written with the read command. 

3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 
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WORD-WIDE PROGRAMMING 
The program sequence will be followed as usual. The 
program word command is 4040H. Each device is 
independently verified. When one of the program flags 
is active, indicating that a particular device has success­
fully completed programming, the software should 
change the command for that device from Program to 
Reset and from program verify to Reset. The software 
should also change the Program Data to the null data 
set (FFH). This effectively masks the programmed 
device from further programming. 

Should the high order byte device verify first, the next 
program command will be FF40H. The low order byte 
device programs on each subsequent program com­
mand until verified. The high order byte device remains 
in Reset/Read mode. During verification, write the 
program verify command of FFCOH. This will enable the 
low order byte device for verify operations and main­
tains the programmed high order byte device in 
Reset/Read mode. 
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WORD-WIDE PROGRAMMING 
Overview 

3-20 

Start 
Programming 

Raise Vpp to 12 V 

Get address and 
data word for 
programming 

Initialize variables 

Program data word 
to unprogrammed 

memory segment(s) 

Time-out = 10 ~ts 

Terminate 
Programming 

operation. Write 
Program-verify 
command to 

unprogrammed 
memory segment(s). 

Write Read 
command 

LowerVpp 

PRELIMINARY 

Write Read 
command 

LowerVpp 

Figure 4. 

AmC001FLKA 

Mask high 
order byte 

Mask low 
order byte 

16660A-5 
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WORD-WIDE PROGRAMMING FLOW CHART 

Note: 

Begin 
programming 

Apply WPH to 
devices 

PLSCNT = 0 

Get ADDRS/PDW 

Initialization: 
PGM = 4040H 
VFY = COCOH 
VDAT= POW 

PLSCNT Odd = 0 
PLSCNT Even = 0 
EF =0 

Write ADDRS/PGM 

Write ADDRS/PDW 

Time-out = 10 µs 

Write ADDRSNFY 

Time-out = 6 µs 

Read ADDRS/FMD 

Write Read 
command 

LowerVpp 

Word Wide 
verify and mask 

subroutine 

Write Read 
command 

LowerVpp 

16660A-6 

Although the Reset command (FFH) is recommended, the 
Read command (OOH) will also mask any device from pro­
gramming operations. 

Activity 

Allow Vpp to stabilize. 

PLSCNT = Pulse Counter. 

ADDRS = Word Address to program. 
POW= Data Word to program. 

Initialize Programming Variables: 
PGM = Program Command 
VFY = Program-verify Command 
VOA T = Valid Data 
PLSCNT Odd = Pulse count for odd (high) byte 
PLSCNT Even = Pulse count for even (low) byte 
EF = Error Flag for write 

ADDRS =Address do not care. 
Write Program Set-up command. 

Appropriate address and data for programming. 

Duration of programming pulse. 

Program-verify command terminates the programming 
pulse. 

Internal margin verify voltages are tapped from exter­

nal 12 V Vpp for proper byte verification. 

Read from previously latched address. FMD = Flash 
Memory Data. 

See Word Wide Programming subroutine. Each de­
vice is independently verified. The Program command 
is masked by the Reset command (FFH) for all de­
vices that are completely Programmed. Please see 
note below. 

Compare Flash Memory Data to valid word data. If 
verified, reset PLSCNT and get next address and data 
word for programming. If not last pulse, compare high 
order byte device and low order byte device for valid 
byte data. 

Reset devices for read operation. 

VPPL deactivates command register. Device is in Read 
Only Mode. 

Figure 5. 
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WORD-WIDE PROGRAMMING VERIFY SUBROUTINE 

3-22 

Even byte = (FMD and OOFFH) 

y 

PGM = (PGM or OOFFH) 
VFY = (VFY or OOFFH) 
VDAT = (VDAT or OOFH) 

Odd byte = (FMD and FFOOH) 

y 

PGM = (PGM or FFOOH) 
VFY = (VFY or FFOOH) 
VDAT = (VDAT or FFOOH) 

N 

Increment 
PLSCNT Odd 

16660A-7 

Commentary 

This subroutine verifies the high order (odd) and low 
order (even) bytes independently. If either byte verifies, 
all commands are masked to that device. 

Mask the odd byte to look at the even byte. 

If the even byte doesn't verify, increment pulse count 
and continue of program even byte. 
EF = Error Flag 

Mask the even byte commands and program data if it 
verifies. 

Mask the even byte to look at the odd byte. 

If the odd byte doesn't verify, increment pulse count and 
continue to program odd byte. 

Mask the odd byte commands and program data if it 
verifies. 

Error Flag Summary: 

EF = 0 indicates no program error 
EF = 1 indicates even byte program error 
EF = 2 indicates odd byte program error 
EF = 3 indicates both even and odd byte program error 

Figure 6. 
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WORD-WIDE ERASING 
Overview 

Word-Wide Erasure 

Word-wide erasure reduces total erase time when 
compared to erasing each byte individually. Each Flash 
memory may erase at different rates. Therefore each 
device must be verified separately after every erase 
pulse. Once a device has successfully completed 
erasure, do not issue the erase command again to that 
device. Issue the Reset command FFH to the erased 
device. The Erase command sequence may be issued 
to each of the remaining devices that have not erased 
yet. In addition to the address verify register required for 
each device, you will need an erase complete flag for 
each device. 

Word-Wide 

The erase sequence will be followed as usual. The CPU 
will issue word commands. The erase word command is 
2020H. Each device is independently verified and the 
address of the last verified byte per device is stored in 
separate registers. When one of the erase flags is 
active, indicating that a particular device has success­
fully completed erasure, the CPU will change the 
command for that device from Erase to Reset. This 
effectively masks the erased device from further 
erasure. 

Should the high order byte device verify first, the next 
erase command will be FF20H. The low order byte 
device erases on each subsequent erase command 
until verified. The high order byte device remains in 
Reset/Read mode. During verification, write the erase 
verify command of FFAOH. This will enable the low order 
byte device for verify operations and maintains the 
erased high order byte device in the Reset/Read mode. 

Raise Vpp to 12 V 

Program all 
devices to OOH 

Initialize variables 

Write Erase 
command to all 

unerased memory 
segments 

Time-out = 10 ms 

Terminate Erase 
operation. Write 
the Erase-verify 
command to all 

unerased memory 
segments 

Write Read 
Command 

LowerVpp 

Erase error 

AmC001FLKA 

AMO~ 

Mask high order 
byte device 

Figure 7. 

Mask low order 
byte device 

Write Read 
Command 

LowerVpp 

Erase completed 

16660A-8 
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WORD-WIDE ERASURE FLOW CHART 

3-24 

Apply VPPH to 
devices 

Program all 
segments to OOH 

Initialization: 
PLSCNT Odd = 0 
PLSCNT Even = 0 
SEGADRS = 0 
EF= 0 
ERS = 2020H 
VFY = AOAOH 

Write SEG ADRS/ERS 

Write SEG ADRS/ERS 

Timeout = 1 0 ms 

Write SEG ADRSNFY 

Write Read 
command 

ApplyVPPL 

€rase complete~ 
Note: 

Write Read 
command 

ApplyV?PL 

( Erase error ) 

16660A-9 

Activity 

Allow VPP to stabilize. 

Follow F/ashrite programming algorithm. 

Initialize Erase Variables: 
PLSCNT Odd = Pulse count for odd (high) byte 
PLSCNT Even = Pulse count for even (low) byte 
SEG ADRS =Address 
EF = Error Flag for error 
ERS = Erase Command 
VFY = Erase-verify Command 

Write Program Set-up command. 

Initiate erase pulse. 

Duration of programming pulse. 

Erase-verify command terminates the erase pulse. 

See Word Wide Erasure subroutine. Each device is 
independently verified. The command is masked by 
the Reset command (FFH) for all devices that are 
completely erased. Please see note below. 

FMD = FFFFH when memory segment at SEG 
ADRS is erased. 

Reset devices for read operation. 

VPPL deactivates command register. Device is in the 
Read Only Mode. 

Although the Reset command (FFH) is recommended, the 
Read command (OOH) will also mask any completely erased 
device from further erase operations. 

Figure 8. 
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WORD-WIDE ERASE VERIFY SUBROUTINE 

Time out = 6 µs 

Read SEG ADRS/FMD 

AMO l1 

FMD =Flash Memory Data 

Define Even-Byte=FMD Anded 
with OOFFH 

Increment PLSCNT even 

ERS = (ERS or OOFFH) 
VFY = (VFY or OOFFH) 

Odd byte= (FMD and FFOOH) 

ERS = (ERS or FFOOH) 
VFY = (VFY or FFOOH) 

Figure 9. 

AmC001FLKA 

N 
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Define Odd-Byte=FMD Anded 
with FFOOH 

Error Flag Summary: 

EF = O indicates no erase error 
EF = 1 indicates even byte erase 

error 
EF = 2 indicates odd byte erase 

error 
EF = 3 indicates even and odd 

byte erase error 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ........... -30°C to +70°C 

Ambient Temperature 
with Power Applied . . . . . . . . . . . . . - 10°c to + 70°C 

Voltage with Respect to Ground 
All pins except VPP (Note 1) ....... - 2.0 V to + 7.0 V 

Vee (Note 1) .................. -2.0 V to +7.0 V 

Vpp (Note 2) .................. - 2.0 V to +14.0 V 

Output Short Circuit Current (Note 3) . . . . . . 200 mA 

Notes: 
1. Minimum DC voltage on input or 1/0 pins is-0.5 V. During 

voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 
and 1/0 pins is Vee +0.5 V. During voltage transitions, out­
puts may overshoot to Vee +2.0 V for periods up to 20 ns. 

2. Minimum DC input voltage on VPP pins is -0.5 V. During 
voltage transitions,Vpp may overshoot Vss to -2.0 V for 
periods of up to 20 ns. Maximum DC input voltage on Vpp 
is+ 13.5 V which may overshoot to 14.0 V for periods up to 
20ns. 

3. No more than one output shorted at a time. Duration 
of the short circuit should not be greater than one second. 

Conditions equal Vour = 0.5 V or 5.0 V, Vee= Vee max. 
These values are chosen to avoid test problems 
caused by tester ground degradation. This parameter is 
sampled and not 100% tested, but guaranteed by 
characterization. 

Stresses above those listed under "Absolute Maximum Rat­
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these or 
any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure of the de­
vice to absolute maximum rating conditions for extended peri­
ods may affect device reliability. 

Commercial (C) Devices 
Case Temperature (Tc) .......... 0°c to +60°C 

Vee Supply Voltages • • • • • • • • +4.75 V to 5.25 V 

VPP Supply Voltages 
Read Only . . . . . . . . . . . . . . . . . . . . O V to +6.5 V 

Program, Erase, Verify, 
and Read . . . . . . . . . . . . . . . . + 11.4 V to + 12.6 V 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

3-26 AmC001FLKA 



DC CHARACTERISTICS 
Byte Wide Operation 
Parameter 
Symbol Parameter Description 

lu Input Leakage Current 

I Lo Output Leakage Current 

Ices Vee Standby Current 

lee1 VeeActive Read Current 

lee2 Vee Programming Current 

leea Vee Erase Current 

IPPS VPP Standby Current 

IPP1 VPP Read Current 

IPP2 VPP Programming Current 

IPPJ VPP Erase Current 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage 

VoH1 Output High Voltage 

VPPL VPP During Read-Only 
Operations 

VPPH VPP During Read/Write 
Operations 

VLKO Low Vee Lock-Out Voltage 

Notes: 
1. One Flash device active, seven in standby. 
2. Only one Vpp is active. 

PRELIMINARY 

Test Conditions 

Vee= Vee Max., 
V1N = Vee or Vss 

Vee= Vee Max., 
VouT = Vee or Vss 

Vee= Vee Max. 
CE = Vee ±0.2 V 

Vee= VeeMax.,CE = V1L, 
OE= V1H,louT = 0 mA, 
at 6 MHz 

CE= V1L 
Programming in Progress 

CE= V1L 
Erasure in Progress 

VPP .$.Vee 

VPP >Vee 

VPP.$. Vee 

VPP= VPPL 
Programming in Progress 

VPP= VPPH 
Erasure in Progress 

Except CE, REG = 3.2 V Min. 

loL= 3.2 mA 
Vee= Vee Min. 

loH= -2.0 mA 
Vee= Vee Min. 

Note: Erase/Program are 
inhibited when VPP = VPPL 

AmC001FLKA 

AMoll 

Min. Typ. Max. Unit 

1.0 ±20 µA 

1.0 20 µA 

0.4 0.8 mA 

25 50 mA 

3.0 30 mA 

5.0 30 mA 

10 µA 

0.2 0.4 
mA 

0.04 

8.0 30 mA 

10 30 mA 

-0.5 0.8 v 
2.4 Vee v 

+ 0.3 

0.40 v 

3.8 v 

0.0 Vee+2 v 

11.4 12.6 v 

3.2 v 
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~AMO 
DC CHARACTERISTICS 
Word-Wide Operation 
Parameter 
Symbol Parameter Description 

lu Input Leakage Current 

ILO Output Leakage Current 

Ices Vee Standby Current 

lcc1 Vee Active Read Current 

lcc2 Vee Programming Current 

lcc3 Vee Erase Current 

IPPS VPP Standby Current 

IPP1 VPP Read Current 

IPP2 VPP Programming Current 

IPP3 VPP Erase Current 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage 

VoH1 Output High Voltage 

VPPL VPP During Read-Only 
Operations 

VPPH VPP During Read/Write 
Operations 

VLKO Low Vee Lock-Out Voltage 

Notes: 
1. Two Flash devices active, six in standby. 
2. Vpp1 and Vpp2 are active. 
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PRELIMINARY 

Test Conditions Min. Typ. Max. Unit 

Vee. Vee Max., 1.0 ±20 µA 
V1N =Vee or Vss 

Vee. Vee Max., 1.0 20 µA 
Vat.Jr= Vee or Vss 

Vee= Vee Max. 0.4 0.8 mA 
CE = Vee :1:0.2 V 

Vee. Vee Max.,CE = V1L. 40 80 mA 
OE = V1H, lot.Jr = 0 mA, 
at 6 MHz 

CE= V1L 6 60 mA 
Programming in Progress 

CE= V1L 10 60 mA 
Erasure in Pro_g_ress 

VPP .=5, Vee 10 µA 

VPP >Vee 0.4 0.8 
mA 

VPP.=5, Vee 0.08 

VPP= VPPL 16 60 mA 
Programming in Progress 

Vpp= VPPH 20 60 mA 
Erasure in Progress 

--0.5 0.8 v 
Except CE, REG = 3.2 v Min. 2.4 Vee v 

+ 0.3 

loL= 3.2 mA 0.40 v 
Vee. Vee Min. 

loH- 2.0 mA 3.8 v 
Vee. Vee Min. 

Note: Erase/Program are 0.0 Vcc+2 v 
inhibited when VPP = VPPL 

11.4 12.6 v 

3.2 v 

AmC001FLKA 
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PIN CAPACITANCE 
Parameter 

Symbol Parameter Description Test Conditions 

C1N1 Address Capacitance V1N = 0 

Cour Output Capacitance Vour = 0 

C1N2 Control Capacitance V1N = 0 (CE, REG) 

C110 1/0 Capacitance V11o=O 

Notes: 
1. Sampled, not 100% tested. 

2. Test conditions TA= 25°C, f = 1.0 MHz 

SWITCHING AC CHARACTERISTICS 

Read Only Operation (Note 1) 
Parameter 
Symbols 

JED EC Standard Parameter Description 

iAVAV tRC Read Cycle Time 

tELQV tcE Chip Enable Access Time 

tA.vav tA.cc Address Access Time 

tGLQV toE Output Enable Access Time 

tELQX tLz Chip Enable to Output in Low Z 

tEHQZ toF Chip Disable to Output in High Z 

tGLQX tOLZ Output Enable to Output in Low Z 

tGHQZ toF Output Disable to Output in High Z 

tAxax toH Output Hold from first of Address, 
CE, or OE Change 

twHGL Write Recovery Time before Read 

Note: 

1. Input Rise and Fall Times (10% to 90%): ~ 1 O ns, Input Pulse levels: 
VoL and VoH, Timing Measurement Reference Level - Inputs: V1L and V1H 

Outputs: V1L and V1H 

AmC001FLKA 

AMO ;t1 

Typ. Max. Unit 

21 pF 

21 pF 

47 pF 

21 pF 

Min. Max. Unit 

250 ns 

250 ns 

250 ns 

150 ns 

5 ns 

60 ns 

5 ns 

60 ns 

5 ns 

6 µs 
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AC CHARACTERISTICS 
Write/Erase/Program Operations 

Parameter 
Symbols 

JED EC Standard Parameter Description 

tAVAV twc Write Cycle Time 

tAVWL tAs Address Set-Up Time 

twLAX tAH Address Hold Time 

tovwH tos Data Set-Up Time 

twHDX toH Data Hold Time 

twHGL twR Write Recovery Time before Read 

tGHWL Read Recovery Time before Write 

twLOZ Output in High-Z from Write Enable 

twHOZ Output in Low-Z from Write Enable 

tELWL tcs Chip Enable Set-Up Time 

twHEH tcH Chip Enable Hold Time 

twLWH twp Write Pulse Width 

twHWL twPH Write Pulse Width HIGH 

twHWH1 Duration of Programming Operation 
(Notes 1, 2) 

tWHWH2 Duration of Erase Operation 
(Notes 1, 2) 

tvPEL VPP Set-Up Time to Chip Enable LOW 

Notes: 
1. Rise/Fall < = 10 ns. 

Min. Max. Unit 

250 ns 

0 ns 

100 ns 

80 ns 

30 ns 

6 µs 

0 µs 

5 ns 

60 ns 

40 ns 

0 ns 

100 ns 

50 ns 

10 µs 

9.5 ms 

100 ns 

2. Maximum specification not needed due to the devices internal stop timer that will stop any erase or write operation that 
exceed the device specification. 
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PRELIMINARY 

Device and Outputs Data 
Power-up, Standby Address Selection Enabled Valid 

Addresses 

CE(E) 

OE(G) 

Data (DQ) 

5.0V 
Vee 
ov 

HighZ 

Note: CE refers to CE1. 2 

Addresses Stable 

twHGL 

tELQV (tCE) 

tGLQV (tOLZ) -.t 
I- iELQX (tLZ) 

tAvav (tAcc) 

t.Axax (toH) 

Output Valid 

Figure 1 O. AC Waveforms for Read Operations 

AmC001FLKA 

AMO~ 

Standby, Power-down 

tGHQZ 

(tDF) 

HighZ 

16660A-11 
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~AMO 

Addresses 

CE(E) 

OE(G) 

WE(W) 

Data (DQ) 

5.0V 

Power-Up & 
Standby 

Vee ~ v:: 
:;: ___ _ 

Set-Up Erase 
Command 

tYPEL 

Note: CE refers to CE1. 2 
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Erase Command 
Erase-Verify 
Command 

Figure 11. AC Waveforms for Erase Operations 

AmC001FLKA 

Erase 
Verification 

Standby/ 
Power-Down 

\_ 
16660A-12 



Addresses 

CE(E) 

OE(G) 

Data (DO) 

5.0V 
Vee 
ov 

VPPH 
VPP 

VPPL 

Power-Up & 
Standby 

1 

Set-Up Program 
Command 

tvPEL 

PRELIMINARY 

Program Command 
Latch Address & 

Data 
Verify 

Command 

IELOX (tLZ) 
IELOv (tcE) 

Note: CE refers to CE1. 2 

Figure 12. AC Waveforms for Programming Operations 

AmC001FLKA 

Programming 
Verification 

AMDll 

Standby/ 
Power-Down 

\_ 
16660A-13 
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AC CHARACTERISTICS-ALTERNATE CE CONTROLLED WRITES 
Write/Erase/Program Operations 

Parameter 
Symbols 

JED EC Standard Parameter Description Min. Max. Unit 

tAVAV twc Write Cycle Time 250 ns 

tAVEL tAs Address Set-Up Time 0 ns 

tELAX tAH Address Hold Time 100 ns 

tovEH tos Data Set-Up Time 80 ns 

tEHDX toH Data Hold Time 30 ns 

tEHGL twR Write Recovery Time before Read 6 µs 

tGHEL Read Recovery Time before Write 0 µs 

twLEL tws WE Set-Up Time before CE 0 ns 

tEHWH tcp WE Hold Time 0 ns 

tELEH tcp Write Pulse Width 100 ns 

tEHEL tcPH Write Pulse Width HIGH (Note 3) 50 ns 

tEHEH1 Duration of Programming Operation 10 µs 
(Notes 1, 2) 

tEHEH2 Duration of Erase Operation 9.5 ms 
(Notes 1, 2) 

tvPWL VPP Set-Up Time to Write Enable LOW 100 ns 

Notes: 
1. Rise/Fall <=1 O ns 
2. Maximum specification not needed due to the internal stop timer that will stop any erase or write operation that exist the de­

vice specification. 
3. Chip Enable Controlled Programming: 

Flash Programming is controlled by the valid combination of the Chip Enable (CE1, 2) and Write Enable (WE) signals. For 
system that uses the Chip Enable signal(s) to define the write pulse width, all Set-up, Hold, and inactive Write Enable timing 
should be measured relative to the Chip Enable signal(s). 
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Vee Power-Up & 
Standby 

Addresses 

Set-Up Program 
Command 

PRELIMINARY 

Program Command 
Latch Address 

& Data 
Program-Verify 

Programming Command 

~: 
ss~ss 

tEHwH tWLEL 

tEHWH 

Program 
Verification 

~------h----+-----+-----+-------+-----11---ss----..i 
OE{G) 

Data {DQ) 

5.0V 
Vee 
ov 

VPPH 

VPP 

HIGHZ 

VPPL ____ _, 

VPWL 

Note: CE refers to CE1. 2 

Figure 13. Alternate AC Waveforms for CE Controlled Programming Operations 

AmC001FLKA 

AMO~ 

Standby/ 
Vee Power-Down 

16660A-14 
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CARD INFORMATION STRUCTURE 
The AmC001FLKA contains a separate 512 byte 
EEPROM memory for the Card Information Structure. 
All or part of the 512 byte could be used for the card's 
attribute memory space. This allows all of the Flash 
memory to be used for the common memory space. Part 
of the common memory space could also be mapped 
into the attribute memory space if more than 512 bytes 
of CIS are needed. 

The EEPROM used in the AmC001 FLKA is a NEC 
µPD28C05GX-20-EJA designed to operate from a 5 V 
single power supply. The µPD28C05 provides a DATA 
polling function that provides the End of Write Cycle, 
Chip Erase and Auto Erase and Programming 
functions. 

SYSTEM DESIGN AND INTERFACE INFORMATION 
Power Up and Power Down Protection 
The PCMCIA standard socket provides for proper 
power up and power down sequencing via different pin 
lengths to ensure that hot insertion and removal of the 
PC card will not result in card damage or data loss. 

AMD's Flash memory devices are designed to protect 
against accidental programming or erasure caused by 
spurious system signals that might exist during hot in­
sertion, hot removal, or power transitions. The AMO PC 
card will power-up into a READ mode and the card will 
function as a read only memory as long as Vpp is less 

than Vee +2 V. Erasing of the memory segments can be 
accomplished only by writing the proper Erase com­
mand to the card twice along with the proper Chip En­
able, Output Enable and Write Enable control signals. 

System Power Supply Decoupling 
The AMO Flash memory card has a 0.1 µF decoupling 
capacitor between the Vee and the GND pins, and be­
tween the Vpp and the GND pins. It is recommended the 
system side also have a 4. 7 µF capacitor between the 
Vee and the GND pins, and between the Vpp and the 
GND pins. 
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PRELIMINARY 

PHYSICAL DIMENSIONS 
Type 1 PC Card 

H 10.0 Min. (mm) 

85.6± 0.2 mm 

~L~r,_..---------------,~~ 

-+-+----------------++-

H 10.0 Min. (mm) 

34
,.._ _____ F_ro_n_t S_i_de ____ 

1 

t:J I I q 
68------------ 35 

Back Side 

AmC001FLKA 

AMDll 

1 
54.0 ± 0.1 mm 

J 
_J_ 

3.3 ± 0.1 mm 

t 

16660A-15 
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AmC002FLKA 
2 Megabyte Flash Memory PC Card 

DISTINCTIVE CHARACTERISTICS 
• High performance 

- 250 ns maximum access time 

• CMOS low power consumption 
- 25 mA typical active current (XB) 
- 400 µA typical standby current 

• PCMCIA/JEIDA 68-pin standard 
- Selectable byte or word-wide 

configuration 

• Write protect switch 
- Prevents accidental data loss 

• High re-programmable endurance 
- Minimum 10,000 Write/Erase cycles 

• Zero data retention power 
- Batteries not required for data storage 

• Separate attribute memory 
- 512 byte EEPROM 

GENERAL DESCRIPTION 
AMD's Flash Memory PC Card provides the highest 
system level performance for data and file storage 
solutions to the portable PC market segment. Data files 
and application programs can be stored on the 
AmC002FLKA. This allows OEM manufacturers of 
portable systems to eliminate the weight, power con­
sumption and reliability issues associated with 
electro-mechanical disk-based systems. The 
AmC002FLKA also allows today's bulky and heavy 
battery packs to be reduced in weight and size. Typically 
only two "AA" alkaline batteries are required for total 
system operation. AMD's Flash Memory PC Cards 
provide the most efficient method to transfer useful work 
between different hardware platforms. The enabling 
technology of the AmC002FLKA enhances the produc­
tivity of mobile workers. 

Widespread acceptance of the AmC002FLKA is as­
sured due to its compatibility with the 68-pin 
PCMCINJEIDA international standard. AMD's Flash 

~ 
Advanced 

Micro 
Devices 

• Flashrite™ and Flasherase™ Operations 
256K byte memory segment 

- Typically two seconds per single memory 
segment erase 

- Random address writes to previously 
erased Bytes (1 O µs typical per byte) 

• Total system integration solution 
- Support from independent software and 

hardware vendors 

• Read voltage, 5 V ± 5% 

• Write and erase voltage, 12.0 V ± 5% 

• Insertion and removal force 
- State of art connector allows for minimum card 

insertion and removal effort 

• Manufactured by DuPont Connector Systems 

Memory Cards can be read in either a byte-wide or 
word-wide mode which allows for flexible integration 
into various system platforms. Compatibility is assured 
at the hardware interface and software interchange 
specification. The Card Information Structure (CIS) or 
Metaformat, can be written by the OEM at the Memory 
Card's attribute memory address space beginning at 
address OOOOOH by using a format utility. The CIS 
appears at the beginning of the Card's attribute memory 
space and defines the low-level organization of data on 
the PC Card. The AmC002FLKA contains a separate 
512 byte EEPROM memory for the card's attribute 
memory space. This allows all of the Flash Memory to 
be used for the common memory space. 

Third party software solutions such as Microsoft's Flash 
File System (FFS), enable AMD's Flash Memory PC 
Card to replicate the function of traditional disk-based 
memory systems. 

Manufactured by DuPont Connector Systems ~ 
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PRELIMINARY 

BLOCK DIAGRAM 
~Ve~ 
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~AMO PRELIMINARY 

PC CARD PIN ASSIGNMENTS 
Pin# Signal 1/0 Function 

1 GND Ground 

2 D3 1/0 Data Bit 3 
3 D4 1/0 Data Bit 4 
4 Ds 1/0 Data Bit 5 
5 D6 1/0 Data Bit 6 
6 D7 1/0 Data Bit 7 
7 CE1 I Card Enable (Note 1) 
8 A10 I Address Bit 1 o 
9 OE I Output Enable 

10 A11 I Address Bit 11 
11 A9 I Address Bit 9 
12 Aa I Address Bit 8 
13 A13 I Address Bit 13 
14 A14 I Address Bit 14 
15 WE I Write Enable 

16 NC No Connect 

17 Vee Power Supply 

18 Vpp1 Pgm Sply Vltg 1 
19 A16 Address Bit 16 
20 A1s Address Bit 15 
21 A12 Address Bit 12 
22 A7 Address Bit 7 
23 AG Address Bit 6 
24 As Address Bit 5 
25 A4 Address Bit 4 
26 A3 Address Bit 3 
27 A2. Address Bit 2 
28 A1 Address Bit 1 
29 Ao Address Bit o 
30 Do /0 Data Bit o 
31 D1 1/0 Data Bit 1 
32 D2 1/0 Data Bit 2 
33 WP 0 Write Protect (Note 1) 
34 GND Ground 

Notes: 

I = Input to card, 0 = Output from card 
1/0 = Bi-directional 
NC = No connect 

Pin# S!.9._nal 

35 GND 

36 CD1 

37 D11 

38 D12 

39 D13 

40 D14 

41 D1s 

42 CE2 

43 NC 

44 RFU 

45 RFU 

46 A11 

47 A10 

48 A19 

49 A2.o 

50 NC 

51 Vee 

52 Vpp2 

53 NC 

54 NC 

55 NC 

56 NC 

57 NC 

58 NC 

59 NC 

60 NC 

61 REG 

62 BVD2 

63 BVD1 

64 Da 

65 D9 

66 D10 

67 CD2 

68 GND 

1/0 Function 

Ground 

0 Card Detect (Note 1) 
1/0 Data Bit 11 
1/0 Data Bit 12 
1/0 Data Bit 13 
1/0 Data Bit 14 
1/0 Data Bit 15 
I Card Enable 2 (Note 1) 

No Connect 

Reserved 

Reserved 

I Address Bit 17 
I Address Bit 18 
I Address Bit 19 
I Address Bit 20 

No Connect 

Power Supply 

Pgm Sply Vltg 2 
No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

I Register Select 

0 Battery Vltg Detect 2 (Note 2) 
0 Battery Vltg Detect 1 (Note 2) 
1/0 Data Bit 8 
1/0 Data Bit 9 
1/0 Data Bit 10 
0 Card Detect 

Ground 

In systems which switch Vee individually to cards, no signal should be directly connected between cards other than ground. 
1. Signal must not be connected between cards 
2. BVD = Internally pulled-up 
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ORDERING INFORMATION 
Standard Products 

PRELIMINARY AMO~ 

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: 

Am c 002 FL K A -250 

CSxxxx ..... -x--- CUSTOMER SPECIFIC 

IDENTIFICATION NUMBER 

....._ _______ SPEED OPTION 

REVISION LEVEL 

,__ __________ OUTPUT CONFIGURATION: 
(x16/x8) 

.....__------------~FLASH TECHNOLOGY 

'----------------- MEMORY CARD DENSITY 
002 = Two Megabyte 

'--------------------- PCMEMORYCARD 

,__--------------------~AMO 

AmC002FLKA 3-41 



~AMO PRELIMINARY 

PIN DESCRIPTION 

Symbol Type Name and Function 

Ao-A20 INPUT ADDRESS INPUTS are internally latched during write cycles. 

Do-D1s INPUT/ DATA INPUT/OUTPUT: Data inputs are internally latched on write cycles. Data 
OUTPUT outputs during read cycles. Data pins are active high. When the memory card is 

de-selected or the outputs are disabled the outputs float to tri-state. 

CE1, CE2 INPUT CARD ENABLE is active low. The memory card is de-selected and power 
consumption is reduced to stand-by levels when CE is high. CE activates the 
internal memory card circuitry that controls the high and low byte control logic of 
the card, input buffers segment decoders, and associated memory devices. 

OE INPUT OUTPUT ENABLE is active low and enables the data buffers through the card 
outputs during read cycles. 

WE INPUT WRITE ENABLE is active low and controls the write function of the command 
register to the memory array. The target address is latched on the falling edge of 
the WE pulse and the appropriate data is latched on the rising edge of the pulse. 

VPP1,VPP2 ERASE/WRITE POWER SUPPLY for erase and programming. Vpp enables the 
command register which controls all functions required to alter the memory array 
contents. 
Note: AmC002FLKA functions as a read-only memory when Vpp <Vee +2 V. 

Vee PC CARD POWER SUPPLY for device operation (5.0 V ± 5%) 

GND GROUND 

CD1, CD2 OUTPUT CARD DETECT. When card detect 1 and 2 =ground the system detects the card. 

WP OUTPUT WRITE PROTECT is active high and disables all card write operations. 

NC NO CONNECT - corresponding pin is not connected internally. 

BVD1, BVD2 OUTPUT BATTERY VOLTAGE DETECT. lnternal!l....e_ulled-u_e_. 

MEMORY CARD OPERATIONS 
The AmC002FLKA Flash Memory Card is organized as 
an array of individual devices. Each device is 256K 
bytes in size. Although the address space is continuous 
each physical device defines a logical address segment 
size. Erase operations are performed in increments of 
this segment size. Multiple segments may be erased 
concurrently when additional Vpp current is supplied to 
the device. Once a memory segment is erased any 
address location may be programmed. Flash technol­
ogy allows any logical "1" data bit to be programmed to a 
logical "O". The only way to reset bits to a logical "1" is to 
erase the entire memory segment of 256K bytes. High 
voltage is required on Vpp1 and Vpp2 to perform program 
and erase operations. 

The common memory space data contents are altered 
in a similar manner as writing to individual Flash 
Memory devices. On-card address and data buffers 
activate the appropriate Flash device in the memory 
array. Each device internally latches address and data 
during write cycles. Refer to Table 2A. 

Attribute memory is a separ.ately accessed card mem­
ory space. The register memory space is active when 

the REG pin is driven low. The Card Information 
Structure describes the capabilities and specification of 
a card. The CIS is stored in the attribute memory space 
beginning at address OOOOOH. The AmC002FLKA 
contains a separate 512 byte EE PROM memory for the 
Card Information Structure. Alternatively, the CIS can 
be stored at the beginning of the common memory 
address space. Do-D7 are active during attribute 
memory accesses. Da-D1s should be ignored. Odd 
order bytes present invalid data. Refer to Table 28. 

Word-Wide Operations 
The AmC002FLKA provides the flexibility to operate on 
data in a byte-wide or word-wide format. In word-wide 
operations the Low-bytes are controlled with Vpp1 and 
CE1 when Ao= 0. The High-bytes are controlled with 
Vpp2 and CE2, Ao= don't care. 

Erase operations are the only operations that work on 
entire memory segment. All other operations such as 
word-wide programming are not affected by the physical 
memory segments. 
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PRELIMINARY AMO~ 
Byte-Wide Operations 
Byte-wide data is available on Do-01 for read and write 
operations (CE1 =low, CE2 =high). Even and odd bytes 
are stored in separate memory segments (i.e. So and 
S1) and are accessed when AO is low and high 
respectively. The even byte is the low order byte and the 
odd byte is the high order byte of a 16-bit word. 

Erase operations in the byte-wide mode must account 
for data multiplexing on Do-01 by changing the state of 
AO. Each memory segment pair must be addressed 
separately for erase operations. 

Card Detection 
Each CD (output) pin should be read by the host system 
to determine.if the memory card is adequately seated in 
the socket. CD1 and CD2 are internally tied to ground. If 
both bits are not detected, the system should indicate 
that the card must be re-inserted. 

Write Protection 
The AMO Flash memory card has three types of write 
protection. The PCMCINJEIDA socket itself provides 

MEMORY CARD BUS OPERATIONS 
Read Enable 
Two Card Enable (CE} pins are available on the memory 
card. Both CE pins must be active low for word-wide 
read accesses. Only one CE is required for byte-wide 
accesses. The CE pins control the selection and gates 
power to the high and low memory segments. The 
Output Enable (OE} controls gating accessed data from 
the memory segment outputs. 

Output Disable 
Data outputs from the card are disabled when OE is at a 
logic-high level. Under this condition, outputs are in the 
high-impedance state. 

Standby Operations 
Byte-wide read accesses only require half of the 
read/write output buffer (x16) to be active. In addition, 
only one memory segment is active with in either the 
high order or low order bank. Activation of the appropri­
ate half of the ou~t buffer is__£ontrolled by the 
combination of both CE pins. The CE pins also control 
power to the high and low-order banks of memory. 
Outputs of the memory bank not selected are placed in 
the high impedance state. The individual memory 
segment is activated by the address decoders. The 
other memory segments operate in standby. An active 
memory segment continues to draw power until comple­
tion of a write, erase, or verify operation if the card is 
de-selected in the process of one of these operations. 

Auto Select Operation 
A host system or external card reader/writer can 
determine the on-card manufacturer and device 1.0. 

the first type of write protection. Power supply and 
control pins have specific pin lengths in order to protect 
the card with proper power supply sequencing in the 
case of hot insertion and removal. 

A mechanical write protect switch provides a second 
~ of write protection. When this switch is activated, 
WE is internally forced high. The Flash memory 
command register is disabled from accepting any write 
commands. 

The third type of write protection is achieved with Vpp1 
and Vpp2 at logic low levels to reset the Flash devices to 
read-only mode. Memory contents can not be changed 
in this state. The command register of individual Flash 
memory segments is only active when Vpp1 and/or Vpp2 
are at high voltage (VppH). 

Each Flash memory device that comprises a Flash 
memory segment will reset the command register to the 
read-only mode when Vee is below VLKO. VLKO is the 
voltage below which write operations to individual 
command registers are disabled. 

codes. Codes are available after writing the 90H 
command to the command register of a memory 
segment. Reading from address location OOOOOH in any 
segment provides the manufacturer 1.0. while address 
location 00002H provides the device 1.0. 

Write Operations 
Write and erase operations are valid only when Vpp1 and 
Vpp2 are at high voltage. This activates the state 
machine of an addressed memory segment. The 
command register is a latch which saves address, 
commands, and data information used by the state 
machine and memory array. 

When Write Enable (WE} and appropriate CE(s) are 
a logic-level low, the command register is enabled for 
write operations. The falling edge of WE .latches 
address information and the rising edge latches data/ 
command information. 

Memory Segment Command Definitions 
When the Vpp pin(s) are at low voltage the command 
register of each Flash memory segment defaults to OOH, 
the Read only mode. 

With high voltage on the Vpp pin(s), the Flash memory 
segments are active for either read, write, or erase 
operations. 

Write or erase operations are performed by writing 
appropriate data patterns to the command register of 
accessed Flash memory segments. 

The byte-wide and word-wide commands are defined in 
Tables 3 and 4 respectively. 
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Table 2A. Common Memory Bus Operations 

Pins/ (1, 6) (1, 6) 
Operation REG CE2 CE1 OE WE VPP2 VPP1 AO Da-D1s Do-D1 

READ-ONLY 

Read (x8) (Note 7) V1H V1H V1L V1L V1H VPPL VPPL V1L High Z Data Out-Even 

Read (x8) (Note 8) V1H V1H V1L V1L V1H VPPL VPPL V1H High Z Data Out-Odd 

Read (x8) (Note 9) V1H V1L V1H V1L V1H VPPL VPPL x Data Out- High Z 
Odd 

Read (x16) (Note 10) V1H V1L V1L V1L V1H VPPL VPPL x Data Out- Data Out-Even 
Odd 

Output Disable V1H x x V1H V1H VPPL VPPL x High Z High Z 

Stand~ x V1H V1H x x VPPL VPPL x High Z High Z 

READ/WRITE 

Read (x8) (Notes 2, 7) V1H V1H V1L V1L V1H VPPX VPPH V1L High Z Data Out-Even 

Read (x8) (Notes 2, 8) V1H V1H V1L V1L V1H VPPH VPPX V1H High Z Data Out-Odd 

Read (x8) (Notes 2, 9) V1H V1L V1H V1L V1H VPPH VPPX x Data Out- High Z 
Odd 

Read (x16) (Notes 2, 10) V1H V1L V1L V1L V1H VPPH VPPH x Data Out- Data Out-Even 
Odd 

Write (x8) (Notes 4, 7) V1H V1H V1L V1H V1L Vppx VPPH V1L High Z Data In-Even 

Write (x8) (Notes 4, 8) V1H V1H V1L V1H V1L VPPH VPPX V1H High Z Data In-Odd 

Write (x8) (Notes 4, 9) V1H V1L V1H V1H V1L VPPH VPPX x Data In High Z 

Write (x16) (Note 5, 10) V1H V1L V1L V1H V1L VPPH VPPH x Data In- Data In-Even 
Odd 

Output Disable V1H x x V1H V1L VPPH VPPH x High Z High Z 

Standby (Note 3) x V1H V1H x x VPPH VPPH x High Z High Z 

Legend: 
X =Don't Care, where Don't Care is either V1L or V1H levels, VPPL = VPP <Vee+ 2 V, See DC Characteristics for voltage levels of 

VPPH, O V <An, Vee+ 2 V, (normal TIL or CMOS input levels, where n = 0 or 9). 
Notes: 

1. VPPL may be grounded, connected with a resistor to ground, or< Vee +2 V. VPPH is the programming voltage specified forthe 
device. Refer to the DC characteristics. When VPP = VPPL, memory contents can be read but not written or erased. 

2. Read operation with VPP = VPPH may access array data or the Auto select codes. Manufacturer and device codes may also 
be accessed via a command register write sequence. Refer to Table 3. 

3. With VPP at high voltage, the standby current is Ice + IPP (standby). 

4. Refer to Table 3 for valid D1N during a Byte write operation. 

5. Refer to Table 4 for valid D1N during a Word write operation. 

6. VPPX = VPPH or VPPL. 

7. Byte access - Even. In this xB mode, A-; = V1L outputs or inputs the "even" byte (low byte) of the x16 word on Do-D1. 
8. Byte access- Odd. In this x8 mode, A-;= V1H outputs or inputs the "odd" byte (high byte) of the x16 word on Do-D1. This is 

accomplished internal to the card by transposing Ds-D1s to Do-D1. 
9. Odd byte only access. In this xB mode, A-; = X outputs or inputs the "odd" byte (high byte) of the x16 word on Ds-D1s. 

10. x16 word accesses present both "even" (low) and "odd" (high) bytes. A-; = V1L or V1H ="Don't Care". 
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Table 28. Attribute Memory Bus Operations 

Pins/ (1, 6) (1, 6) 
Operation REG CE2 CE1 OE WE VPP2 VPP1 AO Ds-D1s Do-D1 

READ-ONLY 

Read (x8} (Notes 7, 9) V1L V1H V1L V1L V1H VPPL VPPL V1L High Z Data Out-Even 

Read (x8) (Notes 8, 9) V1L V1H V1L V1L V1H VPPL VPPL V1H High Z Not Valid 

Read (x8) (Note 8) V1L V1L V1H V1L V1H VPPL VPPL x Not Valid HighZ 

Read (x16) V1L V1L V1L V1L V1H VPPL VPPL x Not Valid Data Out-Even 
(Notes 8, 9, 10) 

Output Disable V1L x x V1H V1H VPPL VPPL x HighZ HighZ 

Standby x V1H V1H x x VPPL VPPL x High Z HighZ 

READ/WRITE 

Read (x8} (Notes 2, 7, 9) V1L V1H V1L V1L V1H VPPX VPPH V1L High Z Data Out-Even 

Read (x8) (Notes 2, 8, 9) V1L V1H V1L V1L V1H VPPH Vppx V1H High Z Not Valid 

Read (x8) (Note 9) V1L V1L V1H V1L V1H VPPH VPPX x Not Valid HighZ 

Read (x16) V1L V1L V1L V1L V1H VPPH VPPH x Not Valid Data Out-Even 
(Notes 2, 9) 

Write (x8) V1L V1H V1L V1H V1L VPPX VPPH V1L High Z Data In-Even 
(Notes 4, 7, 1 O) 

Write (x8) V1L V1H V1L V1H V1L VPPH Vppx V1H HighZ Not Valid 
(Notes 4, 8, 10) 

Write (x8) V1L V1L V1H V1H V1L VPPH VPPX x Not Valid HighZ 
(Notes 4, 9, 10) 

Write (x16) V1L V1L V1L V1H V1L VPPH VPPH x Not Valid Data In-Even 
(Note 10) 

Output Disable V1L x x V1H V1L VPPH VPPH x High Z HighZ 

Standby (Note 3) x V1H V1H x x VPPH VPPH x High Z HighZ 

Legend: 
X =Don't Care, where Don't Care is either V1L or V1H levels, VPPL = VPP <Vee+ 2 V, See DC Characteristics for voltage levels of 

VPPH, 0 V <An, Vee+ 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 
Notes: 

1. VPPL may be grounded, connected with a resistor to ground, or< Vee +2V. VPPH is the programming voltage specified forthe 
device. Refer to the DC characteristics. When Vpp = VPPL, memory contents can be read but not written or erased.-

2. Read operation with VPP = VPPH may access array data or the Auto select codes. Manufacturer and device codes may also 
be accessed via a command register write sequence. Refer to Table 3. 

3. With VPP at high voltage, the standby current is Ice+ IPP (standby). 

4. Refer to Table 3 for valid D1N during a Byte write operation. 

5. Refer to Table 4 for valid D1N during a Word write operation. 

6. VPPX = VPPH or VPPL. 

7. In this x8 mode, AlJ = V1L outputs or inputs the "even" byte (low byte) of the x16 word on Do-D1. 
8. Only even-byte data is valid during Attribute Memory Read function. 
9. During Attribute Memory Read function, REG and OE must be active for the entire cycle. 

10. During Attribute Memory Write fuction, REG r .•• d WE must be active for the entire cycle, OE must be inactive for the entire 
cycle. 

AmC002FLKA 3-45 



~AMO PRELIMINARY 

Table 3. Command Definitions for Byte-Wide Operations 

First Bus Cycle Second Bus Cycle 

Operation Address Data 
Command (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write x OOH/FFH 

Read Auto Select (Note 7) Write x 90H 

Erase Set-up/Erase Write SA 20H 
1Note 41_ 
Erase-Ver!!YlNote ~ Write EA AOH 

Set-up Program/Program Write x 40H 
(Note 5) 

Program-Verify (Note 5) Write x COH 

Reset (Note 6) Write x FFH 

Notes: 
1. Bus operations are defined in Table 2A. 

2. RA= Address of the memory location to be read. 
EA= Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
SA= Address of memory segment to be erased. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 

Operation 
(Note 1) 

Read 

Read 

Write 

Read 

Write 

Read 

Write 

PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 

Address 
(Note 2) 

RA 

OOH/01 H 

SA 

x 
PA 

x 
x 

PVD = Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figures 1, 3 illustrates the Flasherase Electrical Erase Algorithm. 

5. Figure 2 illustrates the Flashrite Programming Algorithm. 

6. Please reference Reset Command section. 

7. Please reference Auto Select section 
Address: OOH/01 H =Address for manufacturer code/Device code. 
Data: 01 H/2AH = Data for manufacturer code/Device code · 
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(Note 3) 

RD 

01H/2AH 

20H 

EVD 

PD 

PVD 

FFH 
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Table 4. Command Definitions for Word-Wide Operations 

First Bus Cycle Second Bus Cycle 

Operation Address Data 
Command (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write x OOOOH/ 
FFFFH 

Read Auto Select (Note 7) Write x 9090H 

Erase Set-up/Erase Write SA 2020H 
(Note 4) 

Erase-Verify (Note 4) Write EA AOAOH 

Set-up Program/Program Write x 4040H 
(Note 5) 

Program-Verify (Note 5) Write x COCOH 

Reset (Note 6) Write x FFFFH 

Notes: 
1. Bus operations are defined in Table 2A. 

2. RA= Address of the memory location to be read. 
EA= Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
SA= Address of memory segment to be erased. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 

Operation 
(Note 1) 

Read 

Read 

Write 

Read 

Write 

Read 

Write 

PD= Data to be programmed at location PA. Data latched on the rising edge of WE. 

Address 
(Note 2) 

RA 

OOOOH/ 
0101H 

SA 

x 
PA 

x 
x 

PVD = Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figures 1 , 3 illustrates the Flasherase Electrical Erase Algorithm. 

5. Figure 2 illustrates the Flash rite Programming Algorithm. 

6. Please reference Reset Command section. 

7. Please reference Auto Select section. 

AmC002FLKA 

Data 
(Note 3) 

RD 

0101 H/ 
2A2AH 

2020H 

EVD 

PD 

PVD 

FFFFH 
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FLASH MEMORY PROGRAM/ERASE OPERATIONS 

Details of AMD's Flasherase and Flashrite 
Algorithms 

Flasherase Erase Sequence 
Erase Set-Up/Erase Commands 

Erase Set-Up 

Erase Set-up is the first of a two-cycle erase command. 
It is a command-only operation that stages the ad­
dressed memory segment for bulk erase. The array 
contents are not altered with this command. 20H is 
written to the command register (2020H for word-wide) 
in order to perform the erase Set-up operation. 

Erase 

The second two-cycle erase command initiates the 
segment erase operation. You must write the Erase 
command 20H (2020H for word-wide) again to the 
register. The erase operation begins with the rising edge 
of the WE pulse. The erase operation must be 
terminated by writing a new command (Erase-verify) to 
the register. 

This two step sequence of the Set-up and Erase 
commands helps to ensure that memory contents are 
not accidentally erased. Also, segment erasure can only 
occur when high voltage is applied to the Vpp pins. In 
absence of this high voltage, memory contents cannot 
be altered. Refer to AC Erase Characteristics and 
Waveforms for specific timing parameters. 

Erase-Verify Command 

The erase operation erases all bytes of the segment in 
parallel. After the erase operation, all bytes in the 
segment must be sequentially verified. For byte-wide 
operations, the Ao signal selects between the odd and 
even byte banks within the memory segment. Erase and 
erase-verify operations must be performed in comple­
tion on the even byte segment of 256K byte then the odd 
byte segment of 256K byte. The Erase-verify operation 
is initiated by writing AOH (AOAOH for word-wide) to the 
register. The byte address to be verified must be 
supplied with the command. Addresses are latched on 
the falling edge of the WE pulse. The rising edge of the 
WE pulse terminates the erase operation. 

Margin Verify 

During the Erase-verify operation, the segment applies 
an internally generated margin voltage to the addressed 
byte. Reading FFH from the addressed byte (FFFFH for 
word-wide) indicates that all bits in the byte (word) are 
properly erased. 

Verify Next Address 

You must write the Erase-verify command with the 
appropriate address to the register prior to verification of 
each address. Each new address is latched on the 
falling edge of WE. The process continues for each byte 
(word) in the memory segment until a byte (word) does 
not return FFH (FFFFH) data or all the bytes in the 
segment are accessed and verified. 

If an address is not verified to FFH (FFFFH) data, the 
segment is erased again (refer to erase Set-up/Erase). 
Erase verification then resumes at the address that 
failed to verify. Erase is complete when all bytes in the 
array have been verified. The segment is now ready to 
be programmed. The verification operation is termi­
nated by writing a valid command (e.g. Program set-up) 
to the command register. Figures 1 and 3 and Table 6, 
the Flasherase electrical erase algorithm, illustrate how 
commands and bus operations are combined to perform 
electrical erasure. Refer to AC Erase Characteristics 
and Waveforms for specific timing parameters. 

Flasherase Electrical Erase Algorithm 
This Flash memory segment erases the entire array in 
parallel. The erase time depends on VPP, temperature, 
and number of erase/program cycles on the device. In 
general, reprogramming time increases as the number 
of erase/program cycles increases. 

The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the accessed memory segment. Erasure begins 
with a read of the memory contents. Reading FFH 
(FFFFH for word-wide) data from the segment would 
immediately be followed by executing the Flashrite 
programming algorithm with the appropriate data 
pattern. 

Should the segment be currently programmed, data 
other than FFH will be returned from address locations. 
Follow the Flasherase algorithm. Uniform and reliable 
erasure is ensured by first programming all bits in the 
segment to their charged state (Data= OOH or OOOOH). 
This is accomplished using the Flashrite Programming 
algorithm. Erasure then continues with an initial erase 
operation. Erase verification (Data = FFH or FFFFH) 
begins at address OOOOOH and continues through the 
array to the last address, or until data other than FFH 
(FFFFH) is encountered. For byte-wide erase opera-
tions, the Ao signal selects between the odd and even 
byte banks within the memory segment. Each bank 
must be operated on individually and completely in 
verify operations. If a byte (word) fails to verify, the 
device is erased again. With each erase operation, an 
increasing number of bytes (words) verify to the erased 
state. Typically, devices are erased in less than 70 
pulses. Erase efficiency may be improved by storing the 
address of the last byte (word) that fails to verify in a 
register. Following the next erase operation, verification 
may start at the stored address location. When all bytes 
within an accessed segment are erased, additional 
segments may be erased by following the same routine. 
Memory segments are typically erased in less than two 
seconds. The entire sequence of erase and byte 
verification is performed with high voltage applied to the 
Vpp pin. 
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Flashrite Programming Sequence 
Program Set-Up/Program Command 

Program Set-Up 

The AmC002FLKA is programmed byte by byte (or word 
by word). Bytes may be programmed sequentially or at 
random. Set-up Program is the first of a two-cycle 
program command. It stages the addressed memory 
segment for byte programming. The Set-up Program 
operation is performed by writing 40H (4040H for 
word-wide) to the command register. 

Program 

Only after th~ogram set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for 
programming must be available on the second WE 
pulse. Addresses and data are internally latched on the 
falling and rising edge of the WE pulse respectively. The 
rising edge of WE also begins the programming 
operation. You must write the Program-verify command 
to terminate the programming operation. This two step 
sequence of the Set-up and Program commands helps 
to ensure that memory contents are not accidentally 
written. Also, programming can only occur when high 
voltage is applied to the VPP pin and all control pins are in 
their proper state. In absence of this high voltage, 
memory contents cannot be programmed. 

Refer to AC Characteristics and Waveforms for specific 
timing parameters. 

Program Verify Command 

Following each programming operation, the byte (word) 
just programmed must be verified. 

Write COH (COCOH) into the command register in order 
to initiate the Program-verify operation. The rising edge 
of this WE pulse terminates the programming operation. 
The Program-verify operation stages the device for 
verification of the last byte (word) programmed. Ad­
dresses were previously latched. No new information is 
required. 

Margin Verify 

During the Program-verify operation, the memory 
segment applies an internally generated margin voltage 
to the addressed byte (word). A normal microprocessor 

read cycle outputs the data. A successful comparison 
between the programmed byte and the true data 
indicates that the byte (word) was successfully pro­
grammed. The original programmed data should be 
stored for comparison. Programming then proceeds to 
the next desired byte (word). location. Should the byte 
(word) fail to verify, reprogram the byte (word) using the 
Program Set-up/Program Commands. Figure 2 and 
Table 5 indicate how instructions are combined with the 
bus operations to perform byte (word) programming. 
Refer to AC Programming Characteristics and 
Waveforms for specific timing parameters. 

Reset Command 

The reset command initializes the memory segment to 
the read mode. In addition, it also provides a safe 
method to abort any memory segment operation 
(including program or erase). The reset command must 
be written two consecutive times after the program 
set-up command. This will safely reset the segment 
memory to the read mode. Memory contents are not 
altered. Following any other command, write the reset 
command once to the segment. This will safely abort 
any operation and reset the device to the Read mode. 

Flash rite Programming Algorithm 

The Flashrite Programming algorithm employs an 
interactive closed loop flow to program data. Bytes or 
words may be programmed sequentially or at random 
using 1 o microsecond programming pulses. Each 
operation is followed by a byte or word verification to 
determine when the addressed byte has been success­
fully programmed. The program algorithm allows for up 
to 25 programming operations per byte or word per 
reprogramming cycle. Most bytes verify after the first or 
second pulse. The entire sequence of programming and 
byte or word verification is performed with high voltage 
applied to the Vpp pin. Figure 2 and Table 5 illustrate the 
programming algorithm. 

Auto Select 

The Auto Select mode allows the reading out of a binary 
code from the memory devices to identify its 
manufacturer and type. This mode is intended for the 
purpose of automatically matching the device to be 
programmed with its corresponding programming 
algorithm. 
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MEMORY CARD ERASE ROUTINE 
Overview 

N 

PRELIMINARY 

Begin 

Set number of memory 
segments and size 

SegmentE=O 
Segment 0=1 

(Note 1) 

Erase segments E, 0 

Increment segments E, 0 

Note: 
1. E = Even byte, 0 = Odd byte. 

Figure 1. 
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N 

Increment PLSCNT 

Increment Address 

Apply VPPL 

Programming Completed Device Failed 
16661A-3 

Figure 2. Flash rite Programming Algorithm in Byte-Wide Mode 

Table 5. Flash rite Programming Algorithm 

Bus Operations Command Comments 

Standby Wait for VPP ramp to VPPH (Note 1) 
Initialize pulse counter 

Write Set-Up Program Data= 40H 

Write Program Valid Address/Data 

Standby Duration of Programming Operation (twHwH1) 

Write Program-Verify (2) Data = COH Stops Program Operation 

Standby Write Recovery Time before Read = 6 µs 

Read Read byte to verify programming 

Standby Compare data output to data expected 

Write Reset Data= FFH, resets the register for read operations. 

Standb_y Wait for VPP ram_Q_ to VPPL lNote 1_l 
Notes: 

1. See DC Characteristics for value of VPPH. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 
switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee + 2.0 V. 

2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. 
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Notes: 

Address = 00001 H 
PLSCNT= 0 

Low= 1 Note 2 

Increment 
PLSCNT 

1. Low= 0: Even byte segment Erase/Erase verify operation. 

2. Low= 1: Odd byte segment Erase/Erase verify operation. 

Erasure completed 

Increment address 

Figure 3. Flasherase Electrical Erase Algorithm in Byte-Wide Mode 
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Table 6. Flasherase Electrical Erase Algorithm 

Bus Operations Command Comments 

Entire memory must = OOH before erasure (Note 3) 
Note: Use Flash rite programming algorithm (Figure 2) for 
programming. 

Standby Wait for Vpp ramp to VPPH (Note 1) 
Initialize: 
Addresses 
PLSCNT (Pulse count) 

Write Erase Set-up Data= 20H 

Write Erase Data= 20H 

Standby Duration of Erase Operation (twHwH2) 

Write Erase-verify (Note 2) Address = Byte to Verify 
Data= AOH 
Stops Erase Operation 

Standby Write Recovery Time before Read = 6 µs 

Read Read byte to verify erasure 

Standby Compare output to FFH 
Increment pulse count 

Write Reset Data= FFH, reset the register for read operations. 

Standby Wait for VPP ramp to VPPL (Note 1) 

Notes: 

1. See DC Characteristics for value of VPPH or VPPL. The VPP power supply can be hard-wired to the device or switchable. 
When Vpp is switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee + 2.0 V. 

2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 
written with the read command. 

3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 
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WORD-WIDE PROGRAMMING 
The program sequence will be followed as usual. The 
program word command is 4040H. Each device is 
independently verified. When one of the program flags 
is active, indicating that a particular device has success­
fully completed programming, the software should 
change the command for that device from Program to 
Reset and from program verify to Reset. The software 
should also change the Program Data to the null data 
set (FFH). This effectively masks the programmed 
device from further programming. 

Should the high order byte device verify first, the next 
program command will be FF40H. The low order byte 
device programs on each subsequent program com­
mand until verified. The high order byte device remains 
in Reset/Read mode. During verification, write the 
program verify command of FFCOH. This will enable the 
low order byte device for verify operations and main­
tains the programmed high order byte device in 
Reset/Read mode. 
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Overview 

Start 
Programming 

Raise VPP to 12 V 

Get address and 
data word for 
programming 

Initialize variables 

Program data word 
to unprogrammed 

memory segment(s) 

Time-out = 1 O ~ts 

Terminate 
Programming 

operation. Write 
Program-verify 
command to 

unprogrammed 
memory segment(s). 

Write Read 
command 

LowerVpp 

PRELIMINARY 

Write Read 
command 

LowerVpp 

Figure 4. 

AmC002FLKA 

Mask high 
order byte 

Mask low 
order byte 

16661A-5 

AMO~ 
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WORD-WIDE PROGRAMMING FLOW CHART 

3-56 

Note: 

Begin 
programming 

Apply VppH to 
devices 

PLSCNT = 0 

Get ADDRS/PDW 

Initialization: 
PGM = 4040H 
VFY = COCOH 
VDAT= POW 

PLSCNT Odd = 0 
PLSCNT Even = 0 
EF =·0 

Write ADDRS/PGM 

Write ADDRS/PDW 

Time-out = 1 O µs 

Write ADDRSNFY 

Time-out = 6 µs 

Read ADDRS/FMD 

Write Read 
command 

LowerVpp 

Word Wide 
verify and mask 

subroutine 

Write Read 
command 

LowerVpp 

16661A·6 

Although the Reset command (FFH) is recommended, the 
Read command (OOH) will also mask any device from pro­
gramming operations. 

Activity 

Allow Vpp to stabilize. 

PLSCNT = Pulse Counter. 

ADDRS = Word Address to program. 
POW= Data Word to program. 

Initialize Programming Variables: 
PGM = Program Command 
VFY = Program-verify Command 
VDAT = Valid Data 
PLSCNT Odd = Pulse count for odd (high) byte 
PLSCNT Even = Pulse count for even (low) byte 
EF = Error Flag for write 

ADDRS =Address do not care. 
Write Program Set-up command. 

Appropriate address and data for programming. 

Duration of programming pulse. 

Program-verify command terminates the programming 
pulse. 

Internal margin verify voltages are tapped from exter­

nal 12 V Vpp for proper byte verification. 

Read from previously latched address. FMD = Flash 
Memory Data. 

See Word Wide Programming subroutine. Each de­
vice is independently verified. The Program command 
is masked by the Reset command (FFH) for all de­
vices that are completely Programmed. Please see 
note below. 

Compare Flash Memory Data to valid word data. If 
verified, reset PLSCNT and get next address and data 
word for programming. If not last pulse, compare high 
order byte device and low order byte device for valid 
byte data. 

Reset devices for read operation. 

VPPL deactivates command register. Device is in Read 
Only Mode. 

Figure 5. 
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PRELIMINARY AMO~ 
WORD-WIDE PROGRAMMING VERIFY SUBROUTINE 

Even byte = (FMD and OOFFH) 

y 

PGM = (PGM or OOFFH) 
VFY = (VFY or OOFFH) 
VDAT = (VDAT or OOFH) 

N 

Odd byte = (FMD and FFOOH) 

y 

PGM = (PGM or FFOOH) 
VFY = (VFY or FFOOH) 
VDAT = (VDAT or FFOOH) 

N 

Increment 
PLSCNTOdd 

16661A-7 

Commentary 

This subroutine verifies the high order (odd) and low 
order (even) bytes independently. If either byte verifies, 
all commands are masked to that device. 

Mask the odd byte to look at the even byte. 

If the even byte doesn't verify, increment pulse count 
and continue of program even byte. 
EF = Error Flag 

Mask the even byte commands and program data if it 
verifies. 

Mask the even byte to look at the odd byte. 

If the odd byte doesn't verify, increment pulse count and 
continue to program odd byte. 

Mask the odd byte commands and program data if it 
verifies. 

Error Flag Summary: 

EF = 0 indicates no program error 
EF = 1 indicates even byte program error 
EF = 2 indicates odd byte program error 
EF = 3 indicates both even and odd byte program error 

Figure 6. 
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~AMO PRELIMINARY 

WORD-WIDE ERASING 
Overview 

Word-Wide Erasure 

Word-wide erasure reduces total erase time when 
compared to erasing each byte individually. Each Flash 
memory may erase at different rates. Therefore each 
device must be verified separately after every erase 
pulse. Once a device has successfully completed 
erasure, do not issue the erase command again to that 
device. Issue the Reset command FFH to the erased 
device. The Erase command sequence may be issued 
to each of the remaining devices that have not erased 
yet. In addition to the address verify register required for 
each device, you will need an erase complete flag for 
each device. 

Word-Wide 

The erase sequence will be followed as usual. The CPU 
will issue word commands. The erase word command is 
2020H. Each device is independently verified and the 
address of the last verified byte per device is stored in 
separate registers. When one of the erase flags is 
active, indicating that a particular device has success­
fully completed erasure, the CPU will change the 
command for that device from Erase to Reset. This 
effectively masks the erased device from further 
erasure. 

Should the high order byte device verify first, the next 
erase command will be FF20H. The low order byte 
device erases on each subsequent erase command 
until verified. The high order byte device remains in 
Reset/Read mode. During verification, write the erase 
verify command of FFAOH. This will enable the low order 
byte device for verify operations and maintains the 
erased high order byte device in the Reset/Read mode. 

Raise Vpp to 12 V 

Program all 
devices to OOH 

Initialize variables 

Write Erase 
command to all 

unerased memory 
segments 

Time-out = 1 O ms 

Terminate Erase 
operation. Write 
the Erase-verify 
command to all 

unerased memory 
segments 

Write Read 
Command 

LowerVpp 

Erase error 
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Mask high order 
byte device 

Figure7. 

Mask low order 
byte device 

Write Read 
Command 

LowerVpp 
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PRELIMINARY AMO~ 
WORD-WIDE ERASURE FLOW CHART 

Apply VPPH to 
devices 

Program all 
segments to OOH 

Initialization: 
PLSCNT Odd = 0 
PLSCNT Even = 0 
SEG ADRS = 0 
EF = 0 
ERS = 2020H 
VFY = AOAOH 

Write SEG ADRS/ERS 

Write SEG ADRS/ERS 

Timeout = 10 ms 

Write SEG ADRSNFY 

Write Read 
command 

Apply VppL 

~rase complete~ 
Note: 

Write Read 
command 

Apply VPPL 

( Erase error ) 

16661A-9 

Activity 

Allow VPP to stabilize. 

Follow Flashrite programming algorithm. 

Initialize Erase Variables: 
PLSCNT Odd = Pulse count for odd (high) byte 
PLSCNT Even = Pulse count for even (low) byte 
SEG ADRS =Address 
EF = Error Flag for error 
ERS = Erase Command 
VFY = Erase-verify Command 

Write Program Set-up command. 

Initiate erase pulse. 

Duration of programming pulse. 

Erase-verify command terminates the erase pulse. 

See Word Wide Erasure subroutine. Each device is 
independently verified. The command is masked by 
the Reset command (FFH) for all devices that are 
completely erased. Please see note below. 

FMD = FFFFH when memory segment at SEG 
ADRS is erased. 

Reset devices for read operation. 

VPPL deactivates command register. Device is in the 
Read Only Mode. 

Although the Reset command (FFH) is recommended, the 
Read command (OOH) will also mask any completely erased 
device from further erase operations. 

Figure 8. 
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l1 AMO PRELIMINARY 

WORD-WIDE ERASE VERIFY SUBROUTINE 

Begin 
subroutine 

Time out = 6 µs 

Read SEG ADRS/FMD FMD =Flash Memory Data 

Define Even-Byte=FMD Anded 
with OOFFH 

Increment PLSCNT even 

3-60 

ERS = (ERS or OOFFH) 
VFY = (VFY or OOFFH) 

Odd byte = (FMD and FFOOH) 

ERS = (ERS or FFOOH) 
VFY = (VFY or FFOOH) 

Figure 9. 

AmC002FLKA 

N 
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Define Odd-Byte=FMD Anded 
with FFOOH 

Error Flag Summary: 

EF = 0 indicates no erase error 
EF = 1 indicates even byte erase 

error 
EF = 2 indicates odd byte erase 

error 
EF = 3 indicates even and odd 

byte erase error 



PRELIMINARY AMO~ 
ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ........... - 30°C to +70°C 

Ambient Temperature 
with Power Applied . . . . . . . . . . . . . - 10°C to + 70°C 

Voltage with Respect to Ground 
All pins except VPP (Note 1) ....... - 2.0 V to +7.0 V 

Vee (Note 1) .................. - 2.0 V to +7.0 V 

Vpp (Note 2) .................. - 2.0 V to + 14.0 V 

Output Short Circuit Current (Note 3) . . . . . . 200 mA 

Notes: 
1. Minimum DC voltage on input or 1/0 pins is-0.5 V. During 

voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 
and 1/0 pins is Vee +0.5 V. During voltage transitions, out­

puts may overshoot to Vee +2.0 V for periods up to 20 ns. 

2. Minimum DC input voltage on VPP pins is -0.5 V. During 

voltage transitions, Vpp may overshoot Vss to -2.0 V for 

periods of up to 20 ns. Maximum DC input voltage on Vpp 
is+ 13.5 V which may overshoot to 14.0 V for periods up to 
20 ns. 

3. No more than one output shorted at a time. Duration 
of the short circuit should not be greater than one second. 

Conditions equal Vour = 0.5 V or 5.0 V, Vee= Vee max. 
These values are chosen to avoid test problems 
caused by tester ground degradation. This parameter is 
sampled and not 100% tested, but guaranteed by 
characterization. 

Stresses above those listed under "Absolute Maximum Rat­
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these or 
any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure of the de­
vice to absolute maximum rating conditions for extended peri­
ods may affect device reliability. 

OPERATING RANGES 
Commercial (C) Devices 

Case Temperature (Te) . . . . . . . . . . 0°c to +60°C 

Vee Supply Voltages . . . . . . . . +4. 75 V to 5.25 V 

Vpp Supply Voltages 
Read Only . . . . . . . . . . . . . . . . . . . . o V to +6.5 V 

Program, Erase, Verify, 
and Read ................ +11.4 V to +12.6 V 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 
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~AMO 
DC CHARACTERISTICS 
Byte Wide Operation 
Parameter 
Symbol Parameter Description 

lu Input Leakage Current 

ILO Output Leakage Current 

Ices Vee Standby Current 

lce1 VeeActive Read Current 

lee2 Vee Programming Current 

lee3. Vee Erase Current 

IPPS VPP Standby Current 

IPP1 VPP Read Current 

fpp2 VPP Programming Current 

IPP3 VPP Erase Current 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage 

VoH1 Output High Voltage 

VPPL VPP During Read-Only 
0_£._erations 

VPPH VPP During Read/Write 
O_J:J_erations 

VLKO Low Vee Lock-Out Voltage 

Notes: 
1. One Flash device active, seven in standby. 
2. Only one Vpp is active. 
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PRELIMINARY 

Test Conditions Min. Typ. Max. Unit 

Vee: Vee Max., 1.0 ±20 µA 
V1N = Vee or Vss 

Vee: Vee Max., 1.0 20 µA 
Vour = Vee or Vss 

Vee: Vee Max. 0.4 0.8 mA 
CE = Vee ±0.2 V 

Vee: Vee Max.,CE = V1L. 25 50 mA 
OE = V1H, lour = 0 mA, 
at 6 MHz 

CE= V1L 3.0 30 mA 
Programming in Progress 

CE= V1L 5.0 30 mA 
Erasure in Progress 

VPP ~Vee 10 µA 

VPP >Vee 0.2 0.4 
mA 

VPP~ Vee 0.04 

VPP = VPPL 8.0 30 mA 
Prog_rammin_g_ in Progress 

VPP= VPPH 10 30 mA 
Erasure in Pro_g_ress 

-0.5 0.8 v 
Except CE, REG = 3.2 V Min. 2.4 Vee v 

+0.3 

loL: 3.2 mA 0.40 v 
Vee: Vee Min. 

loH: -2.0 mA 3.8 v 
Vee: Vee Min. 

Note: Erase/Program are 0.0 Vee+2 v 
inhibited when VPP = VPPL 

11.4 12.6 v 

3.2 v 
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DC CHARACTERISTICS 
Word-Wide Operation 
Parameter 
Symbol Parameter Description 

lu Input Leakage Current 

ILO Output Leakage Current 

Ices Vee Standby Current 

lee1 Vee Active Read Current 

lce2 Vee Programming Current 

lce3 Vee Erase Current 

IPPS VPP Standby Current 

IPP1 VPP Read Current 

IPP2 VPP Programming Current 

IPP3 VPP Erase Current 

V1L Input Low Voltage 

V1H Input High Voltage 

Vm Output Low Voltage 

VoH1 Output High Voltage 

VPPL VPP During Read-Only 
Operations 

VPPH VPP During Read/Write 
Operations 

VLKO Low Vee Lock-Out Voltage 

Notes: 
1. Two Flash devices active, six in standby. 

2. Vpp1 and Vpp2 are active. 

PRELIMINARY 

Test Conditions 

Vee= Vee Max., 
V1N = Vee or Vss 

Vee= Vee Max., 
Vour = Vee or Vss 

Vee= Vee Max. 
CE = Vee ±0.2 V 

Vee= VeeMax.,CE = V1L. 
OE = V1H, lour = 0 mA, 
at 6 MHz 

CE= V1L 
Programming in Progress 

CE= V1L 
Erasure in Progress 

VPP S Vee 

VPP >Vee 

VPP.$ Vee 

VPP = VPPL 
Programming in Progress 

VPP = VPPH 
Erasure in Pro_g_ress 

Except CE, REG = 3.2 V Min. 

loL= 3.2 mA 
Vee= Vee Min. 

loH = 2.0 mA 
Vee= Vee Min. 

Note: Erase/Program are 
inhibited when VPP = VPPL 

AmC002FLKA 

AMO~ 

Min. Typ. Max. Unit 

1.0 ±20 µA 

1.0 20 µA 

0.4 0.8 mA 

40 80 mA 

6 60 mA 

10 60 mA 

10 µA 

0.4 0.8 
mA 

0.08 

16 60 mA 

20 60 mA 

-0.5 0.8 v 
2.4 Vee v 

+ 0.3 

0.40 v 

3.8 v 

0.0 Vee+2 v 

11.4 12.6 v 

3.2 v 
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~AMO PRELIMINARY 

PIN CAPACITANCE 
Parameter 

Symbol Parameter Description Test Conditions 

C1N1 Address Capacitance V1N = 0 

Cour Output Capacitance Vour = 0 

C1N2 Control Capacitance V1N = 0 (CE, REG) 

C110 1/0 Capacitance V11o=O 

Notes: 
1. Sampled, not 100% tested. 

2. Test conditions TA= 25°C, f = 1.0 MHz 

SWITCHING AC CHARACTERISTICS 

Read Only Operation (Note 1) 
Parameter 
Symbols 

JED EC Standard Parameter Description 

tAVAV tRC Read Cycle Time 

tELOV tcE Chip Enable Access Time 

tAvav !Ace Address Access Time 

tGLOV toE Output Enable Access Time 

tELOX tLz Chip Enable to Output in Low Z 

tEHOZ toF Chip Disable to Output in High Z 

tGLOX toLz Output Enable to Output in Low Z 

tGHOZ toF Output Disable to Output in High Z 

tAxax toH Output Hold from first of Address, 
CE, or OE Change 

twHGL Write Recovery Time before Read 

Note: 
1. Input Rise and Fall Times (10% to 90%): .s. 10 ns, Input Pulse levels: 

VoL and VoH, Timing Measurement Reference Level - Inputs: V1L and V1H 
Outputs: V1L and V1H 
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Typ. Max. Unit 

21 pF 

21 pF 

47 pF 

21 pF 

Min. Max. Unit 

250 ns 

250 ns 

250 ns 

150 ns 

5 ns 

60 ns 

5 ns 

60 ns 

5 ns 

6 µs 



PRELIMINARY 

AC CHARACTERISTICS 
Write/Erase/Program Operations 

Parameter 
Symbols 

JED EC Standard Parameter Description 

fAVAV twc Write Cycle Time 

fAVWL t.A.s Address Set-Up Time 

twLAX tAH Address Hold Time 

tovwH tos Data Set-Up Time 

twHOX toH Data Hold Time 

twHGL twR Write Recovery Time before Read 

tGHWL Read Recovery Time before Write 

tWLOZ Output in High-Z from Write Enable 

twHOZ Output in Low-Z from Write Enable 

tELWL· tcs Chip Enable Set-Up Time 

tWHEH tcH Chip Enable Hold Time 

twLWH twp Write Pulse Width 

twHWL tWPH Write Pulse Width HIGH 

tWHWH1 Duration of Programming Operation 
(Notes 1, 2) 

tWHWH2 Duration of Erase Operation 
(Notes 1, 2) 

tVPEL VPP Set-Up Time to Chip Enable LOW 

Notes: 
1. Rise/Fall < = 1 O ns. 

AMO~ 

Min. Max. Unit 

250 ns 

0 ns 

100 ns 

80 ns 

30 ns 

6 . µs 

0 µs 

5 ns 

60 ns 

40 ns 

0 ns 

100 ns 

50 ns 

10 µs 

9.5 ms 

100 ns 

2. Maximum specification not needed due to the devices internal stop timer that will stop any erase or write operation that 
exceed the device specification. 
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~AMO PRELIMINARY 

Device and Outputs Data 
Power-up, Standby Address Selection Enabled Valid 

Addresses 

CE(E) 

OE(G) 

Data (DO) 

5.0V 
Vee 
ov 

HighZ 

Note: CE refers to CE1. 2 

3-66 

Addresses Stable 

twHGL 

tELQV (teE) 

tGLQV (tOLZ) -.J 
I- tELOX (tLz) 

Output Valid 

Figure 1 O. AC Waveforms for Read Operations 

AmC002FLKA 

Standby, Power-down 

High Z 
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Addresses 

CE(E) 

OE(G) 

WE(W) 

Data (DQ) 

Power-Up & 
Standby 

Set-Up Erase 
Command 

Note: CE refers to CE1. 2 

PRELIMINARY 

Erase Command 
Erase-Verify 
Command 

Figure 11. AC Waveforms for Erase Operations 

AmC002FLKA 

Erase 
Verification 

AMO~ 

Standby/ 
Power-Down 

16661A-12 
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~AMO 

Addresses 

CE(E) 

OE(G) 

WE(W) 

Data (DQ) 

5.0V 
Vee 
ov 

VPPH 
VPP 

VPPL 

Power-Up & 
Standby 

~ 

Set-Up Program 
Command 

IVPEL 

PRELIMINARY 

Program Command 
Latch Address & 

Data 
Verify 

Command 

tELOX (IL2) 
tELOV (teE) 

Note: CE refers to CE1. 2 

Figure 12. AC Waveforms for Programming Operations 
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Programming 
Verification 

Standby/ 
Power-Down 

\_ 
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PRELIMINARY AMO~ 
AC CHARACTERISTICS-ALTERNATE CE CONTROLLED WRITES 
Write/Erase/Program Operations 

Parameter 
Symbols 

JED EC Standard Parameter Description Min. Max. Unit 

tAVAV twc Write Cycle Time 250 ns 

tAVEL tA.s Address Set-Up Time 0 ns 

tELAX tAH Address Hold Time 100 ns 

tovEH tos Data Set-Up Time 80 ns 

tEHDX toH Data Hold Time 30 ns 

tEHGL twR Write Recovery Time before Read 6 µs 

tGHEL Read Recovery Time before Write 0 µs 

twLEL tws WE Set-Up Time before CE 0 ns 

tEHWH tcP WE Hold Time 0 ns 

tELEH tcP Write Pulse Width 100 ns 

tEHEL tcPH Write Pulse Width HIGH (Note 3) 50 ns 

tEHEH1 Duration of Programming Operation 10 µs 
(Notes 1, 2) 

tEHEH2 Duration of Erase Operation 9.5 ms 
(Notes 1, 2) 

tvPWL VPP Set-Up Time to Write Enable LOW 100 ns 

Notes: 

1. Rise/Fall <=1 O ns 
2. Maximum specification not needed due to the internal stop timer that will stop any erase or write operation that exist the de­

vice specification. 
3. Chip Enable Controlled Programming: 

Flash Programming is controlled by the valid combination of the Chip Enable (CE1. 2) and Write Enable (WE) signals. For 
system that uses the Chip Enable signal(s) to define the write pulse width, all Set-up, Hold, and inactive Write Enable timing 
should be measured relative to the Chip Enable signal(s). 
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Vee Power-Up & 
Standby 

Addresses 

Set-Up Program 
Command 

PRELIMINARY 

Program Command 
Latch Address 

& Data 
Program-Verify 

Programming Command 

~ 
ss~ss 

teHWH twLEL 

tEHWH 

Program 
Verification 

,.....------t-r----1------r-----+-------.....------11---ss~---.1 
OE(G) 

Data (DO) 

5.0V 
Vee 
ov 

VPPH 

VPP 

HIGHZ 

VPPL ____ _, 

Note: CE refers to CE1, 2 

Figure 13. Alternate AC Waveforms for CE Controlled Programming Operations 
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Standby/ 
Vee Power-Down 
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PRELIMINARY AMO~ 
CARD INFORMATION STRUCTURE 
The AmC001 FLKA contains a separate 512 byte 
EEPROM memory for the Card Information Structure. 
All or part of the 512 byte could be used for the card's 
attribute memory space. This allows all of the Flash 
memory to be used for the common memory space. Part 
of the common memory space could also be mapped 
into the attribute memory space if more than 512 bytes 
of CIS are needed. 

The EEPROM used in the AmC002FLKA is a NEC 
µPD28C05GX-20-EJA designed to operate from a 5 V 
single power supply. The µPD28C05 provides a DATA 
polling function that provides the End of Write Cycle, 
Chip Erase and Auto Erase and Programming 
functions. 

SYSTEM DESIGN AND INTERFACE INFORMATION 
Power Up and Power Down Protection 
The PCMCIA standard socket provides for proper 
power up and power down sequencing via different pin 
lengths to ensure that hot insertion and removal of the 
PC card will not result in card damage or data loss. 

AMD's Flash memory devices are designed to protect 
against accidental programming or erasure caused by 
spurious system signals that might exist during hot in­
sertion, hot removal, or power transitions. The AMD PC 
card will power-up into a READ mode and the card will 
function as a read only memory as long as Vpp is less 

than Vee +2 V. Erasing of the memory segments can be 
accomplished only by writing the proper Erase com­
mand to the card twice along with the proper Chip En­
able, Output Enable and Write Enable control signals. 

System Power Supply Decoupling 
The AMD Flash memory card has a 0.1 µF decoupling 
capacitor between the Vee and the GND pins, and be­
tween the Vpp and the GND pins. It is recommended the 
system side also have a 4.7 µF capacitor between the 
Vee and the GND pins, and between the Vpp and the 
GND pins. 
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~AMO 
PHYSICAL DIMENSIONS 
Type 1 PC Card 

PRELIMINARY 

85.6± 0.2 mm 

H 10.0 Min. (mm) 

-++- - - - - - - - - - - - - - - - ++-

H 10.0 Min. (mm) 

p q 
Back Side 
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1 
54.0 ± 0.1 mm 

J 
_J_ 

3.3± 0.1 mm 

f 
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AmC004FLKA 
4 Megabyte Flash Memory PC Card 

DISTINCTIVE CHARACTERISTICS 
• High performance 

- 250 ns maximum access time 

• CMOS low power consumption 
- 25 mA typical active current (XB) 
- 400 µA typical standby current 

• PCMCIA/JEIDA 68-pin standard 
- Selectable byte or word-wide 

configuration 

B Write protect switch 
- Prevents accidental data loss 

• High re-programmable endurance 
- Minimum 10,000 write/erase cycles 

• Zero data retention power 
- Batteries not required for data storage 

• Separate attribute memory 
- 512 byte EEPROM 

GENERAL DESCRIPTION 
AMD's Flash Memory PC Card provides the highest 
system level performance for data and file storage 
solutions to the portable PC market segment. Data files 
and application programs can be stored on the 
AmC004FLKA. This allows OEM manufacturers of 
portable system to eliminate the weight, extreme power 
consumption and reliability issues associated with 
electro-mechanical disk-based systems. The 
AmC004FLKA also allows today's bulky and heavy 
battery packs to be reduced in weight and size. Typically 
only two "AA" alkaline batteries are required for total 
system operation. AMD's Flash Memory PC Cards 
provide the most.efficient method to transfer useful work 
between different hardware platforms. The enabling 
technology of the AmC004FLKA enhances the produc­
tivity of mobile workers. 

Widespread acceptance of the AmC004FLKA is as­
sured due to its compatibility with the 68-pin 
PCMCINJEIDA international standard. AMD's Flash 

~ 
Advanced 

Micro 
Devices 

• Flashrite™ and Flasherase™ Operations 
- 256K byte memory segment 
- Typically two seconds per single memory 

segment erase 
Random address writes to previously 
erased Bytes (1 O µs typical per byte) 

• Total system integration solution 
- Support from independent software and 

hardware vendors 

• Read voltage, 5 V ± 5% 

• Write and erase voltage, 12.0 V ± 5% 

• Insertion and removal force 
- State of art connector allows for minimum card 

insertion and removal effort 

II Manufactured by DuPont Connector Systems 

Memory Cards can be read in either a byte-wide or 
word-wide mode which allows for flexible integration 
into various system platforms. Compatibility is assured 
at the hardware interface and software interchange 
specification. The Card Information Structure (CIS) or 
Metaformat, can be written by the OEM at the Memory 
Card's attribute memory address space beginning at 
address OOOOOH by using a format utility. The CIS 
appears at the beginning of the Card's attribute memory 
space and defines the low-level organization of data on 
the PC Card. The AmC004FLKA contains a separate 
512 byte EEPROM memory for the card's attribute 
memory space. This allows all of the Flash Memory to 
be used for the common memory space. 

Third party software solutions such as Microsoft's Flash 
File System (FFS), enable AMD's Flash Memory PC 
Card to replicate the function of traditional disk-based 
memory systems. 

Manufactured by DuPont Connector Systems ~ 

Publication# 16662 Rev. A Amendment/O 

Issue Date: September 1992 
...._~~~~~~~~~~~~ 

This document contains information on a product under development at Advanced Micro Devices Inc. The information 
~~!~n~r~~~t::rh~~~ ~~ti~ve~luate this product. AMD reserves the right to change or discontinue work on this pro- 3. 73 



~AMO 
BLOCK DIAGRAM 
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PRELIMINARY 
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PRELIMINARY 

PC CARD PIN ASSIGNMENTS 
Pin# S!_g_nal 1/0 Function 

1 GND Ground 

2 03 1/0 Data Bit 3 
3 04 1/0 Data Bit 4 
4 Os 1/0 Data Bit 5 
5 Os 1/0 Data Bit 6 
6 07 1/0 Data Bit 7 
7 CE1 I Card Enable (Note 1) 
8 A10 I Address Bit 1 O 
9 OE I Output Enable 

10 A11 I Address Bit 11 
11 A.9 I Address Bit 9 
12 As I Address Bit 8 
13 A13 I Address Bit 13 
14 A14 I Address Bit 14 
15 WE I Write Enable 

16 NC No Connect 

17 Vee Power Supply 

18 Vpp1 Pgm Sply Vltg 1 
19 A1s Address Bit 16 
20 A1s Address Bit 15 
21 A12 Address Bit 12 
22 A1 Address Bit 7 
23 As Address Bit 6 
24 As Address Bit 5 
25 A4 Address Bit 4 
26 Aa Address Bit 3 
27 A2 Address Bit 2 
28 A1 Address Bit 1 
29 Ao Address Bit O 
30 Do /0 Data Bit O 
31 01 1/0 Data Bit 1 
32 02 1/0 Data Bit 2 
33 WP 0 Write Protect (Note 1) 
34 GND Ground 

Notes: 
I = Input to card, 0 = Output from card 
1/0 = Bi-directional 
NC = No connect 

Pin# S!_g_nal 
35 GND 
36 CD1 
37 011 
38 012 
39 013 
40 014 

41 D1s 
42 CE2 

43 NC 
44 RFU 
45 RFU 
46 A11 
47 A1s 
48 A19 
49 A20 
50 A21 
51 Vee 
52 Vpp2 

53 NC 
54 NC 
55 NC 
56 NC 
57 NC 
58 NC 

59 NC 
60 NC 
61 REG 
62 BVD2 

63 BVD1 

64 Os 

65 De 
66 010 
67 CD2 

68 GND 

AMO~ 

1/0 Function 
Ground 

0 Card Detect (Note 1) 
1/0 Data Bit 11 
1/0 Data Bit 12 
1/0 Data Bit 13 
1/0 Data Bit 14 
1/0 Data Bit 15 
I Card Enable 2 (Note 1) 

No Connect 
Reserved 
Reserved 

I Address Bit 17 
I Address Bit 18 
I Address Bit 19 
I Address Bit 20 
I Address Bit 21 

Power Supply 
Pgm Sply Vltg 2 
No Connect 
No Connect 
No Connect 
No Connect 
No Connect 
No Connect 
No Connect 
No Connect 

I Register Select 
0 Battery Vltg Detect 2 (Note 2) 
0 Battery Vltg Detect 1 (Note 2) 
1/0 Data Bit 8 

1/0 Data Bit 9 
1/0 Data Bit 10 
0 Card Detect 

Ground 

In systems which switch Vee individually to cards, no signal should be directly connected between cards other than ground. 
1. Signal must not be connected between cards 
2. BVD = Internally pulled-up 
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ORDERING INFORMATION 
Standard Products 

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: 

3-76 

Am c 004 FL K A -250 

CSxxxxx._I ___ CUSTOMER SPECIFIC 

IDENTIFICATION NUMBER 

'--------- SPEED OPTION 

--------- REVISION LEVEL 

'------------ OUTPUTCONFIGURATION: 
(x16/x8) 

'---------------FLASH TECHNOLOGY 

'----------------- MEMORY CARD DENSITY 
004 =Four Megabyte 

'-------------------- PC MEMORY CARD 

-----------------------AMO 

AmC004FLKA 
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PIN DESCRIPTION 

Symbol Type Name and Function 

Ao-A21 INPUT ADDRESS INPUTS are internally latched during write cycles. 

Do-015 INPUT/ DATA INPUT/OUTPUT: Data inputs are internally latched on write cycles. Data 
OUTPUT outputs during read cycles. Data pins are active high. When the memory card is 

de-selected or the outputs are disabled the outputs float to tri-state. 

CE1, CE2 INPUT CARD ENABLE is active low. The memory card is de-selected and power 
consumption is reduced to stand-by levels when CE is high. CE activates the 
internal memory card circuitry that controls the high and low byte control logic of 
the card, input buffers segment decoders, and associated memory devices. 

OE INPUT OUTPUT ENABLE is active low and enables the data buffers through the card 
outputs during read cycles. 

WE INPUT WRITE ENABLE is active low and controls the write function of the command 
register to the memory array. The target address is latched on the falling edge of 
the WE pulse and the appropriate data is latched on the rising edge of the pulse. 

VPP1,VPP2 ERASE/WRITE POWER SUPPLY for erase and programming. Vpp enables the 
command register which controls all functions required to alter the memory array 
contents. 
Note: AmC004FLKA functions as a read-only memory when VPP <Vee +2 V. 

Vee PC CARD POWER SUPPLY for device operation (5.0 V ± 5%) 

GND GROUND 

CD1, CD2 OUTPUT CARD DETECT. When card detect 1 and 2 =ground the system detects the card. 

WP OUTPUT WRITE PROTECT is active high and disables all card write operations. 

NC NO CONNECT - corresponding pin is not connected internally. 

BVD1, BVD2 OUTPUT BATTERY VOLTAGE DETECT. lnternal!lQulled-u_Q_. 

MEMORY CARD OPERATIONS 
The AmC004FLKA Flash Memory Card is organized as 
an array of individual devices. Each device is 256K 
bytes in size. Although the address space is continuous 
each physical device defines a logical address segment 
size. Erase operations are performed in increments of 
this segment size. Multiple segments may be erased 
concurrently when additional Vpp current is supplied to 
the device. Once a memory segment is erased any 
address location may be programmed. Flash technol­
ogy allows any logical "1" data bit to be programmed to a 
logical "O". The only way to reset bits to a logical "1" is to 
erase the entire memory segment of 256K bytes. High 
voltage is required on Vpp1 and Vpp2 to perform program 
and erase operations. 

The common memory space data contents are altered 
in a similar manner as writing to individual Flash 
Memory devices. On-card address and data buffers 
activate the appropriate Flash device in the memory 
array. Each device internally latches address and data 
during write cycles. Refer to Table 2A. 

Attribute memory is a separately accessed card mem­
ory space. The register memory space is active when 

the REG pin is driven low. The Card Information 
Structure describes the capabilities and specification of 
a card. The CIS is stored in the attribute memory space 
beginning at address OOOOOH. The AmC004FLKA 
contains a separate 512 byte EEPROM memory for the 
Card Information Structure. Alternatively, the CIS can 
be stored at the beginning of the common memory 
address space. Do-01 are active during attribute 
memory accesses. Da-015 should be ignored. Odd 
order bytes present invalid data. Refer to Table 28. 

Word-Wide Operations 
The AmC004FLKA provides the flexibility to operate on 
data in a byte-wide or word-wide format. In word-wide 
~rations the Low-bytes are controlled with Vpp1 and 
CE1 when Ao = 0. The High-bytes are controlled with 
Vpp2 and CE2, Ao= don't care. 

Erase operations are the only operations th~t work on 
entire memory segment. All other operations such as 
word-wide programming are not affected by the physical 
memory segments. 
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Byte-Wide Operations 
Byte-wide data is available on Do-07 for read and write 
operations (CE1 =low, CE2 =high). Even and odd bytes 
are stored in separate memory segments (i.e. So and 
81) and are accessed when AO is low and high 
respectively. The even byte is the low order byte and the 
odd byte is the high order byte of a 16-bit word. 

Erase operations in the byte-wide mode must account 
for data multiplexing on Do-01 by changing the state of 
AO. Each memory segment pair must be addressed 
separately for erase operations. 

Card Detection 
Each CD (output) pin should be read by the host system 
to· determine if the memory card is adequately seated in 
the socket. CD1 and CD2 are internally tied to ground. If 
both bits are not detected, the system should indicate 
that the card must be re-inserted. 

Write Protection 
The AMO Flash memory card has three types of write 
protection. The PCMCINJEIDA socket itself provides 

MEMORY CARD BUS OPERATIONS 
Read Enable 
Two Card Enable (CE} pins are available on the memory 
card. Both CE pins must be active low for word-wide 
read accesses. Only one CE is required for byte-wide 
accesses. The CE pins control the selection and gates 
power to the h~ and low memory segments. The 
Output Enable (OE} controls gating accessed data from 
the memory segment outputs. 

Output Disable 
Data outputs from the card are disabled when OE is at a 
logic-high level. Under this condition, outputs are in the 
high-impedance state. 

Standby Operations 
Byte-wide read accesses only require half of the 
read/write output buffer (x16) to be active. In addition, 
only one memory segment is active with in either the 
high order or low order bank. Activation of the appropri­
ate half of the ou~t buffer is_£ontrolled by the 
combination of both CE pins. The CE pins also control 
power to the high and low-order banks of memory. 
Outputs of the memory bank not selected are placed in 
the high impedance state. The individual memory 
segment is activated by the address decoders. The 
other memory segments operate in standby. An active 
memory segment continues to draw power until comple­
tion of a write, erase, or verify operation if the card is 
de-selected in the process of one of these operations. 

Auto Select Operation 
A host system or external card reader/writer can 
determine the on-card manufacturer and device l.D. 

the first type of write protection. Power supply and 
control pins have specific pin lengths in order to protect 
the card with proper power supply sequencing in the 
case of hot insertion and removal. 

A mechanical write protect switch provides a second 
~ of write protection. When this switch is activated, 
WE is internally forced high. The Flash memory 
command register is disabled from accepting any write 
commands. 

The third type of write protection is achieved with Vpp1 
and Vpp2 at logic low levels to reset the Flash devices to 
read-only mode. Memory contents can not be changed 
in this state. The command register of individual Flash 
memory segments is only active when Vpp1 and/or Vpp2 
are at high voltage (VppH). 

Each Flash memory device that comprises a Flash 
memory segment will reset the command register to the 
read-only mode when Vee is below VLKO. VLKO is the 
voltage below which write operations to individual 
command registers are disabled. 

codes. Codes are available after writing the 90H 
command to the command register of a memory 
segment. Reading from address location OOOOOH in any 
segment provides the manufacturer l.D. while address 
location 00002H provides the device l.D. 

Write Operations 
Write and erase operations are valid only when Vpp1 and 
Vpp2 are at high voltage. This activates the state 
machine of an addressed memory segment. The 
command register is a latch which saves address, 
commands, and data information used by the state 
machine and memory array. 

When Write Enable (WE} and appropriate CE(s) are 
a logic-level low, the command register is enabled for 
write operations. The falling edge of WE latches 
address information and the rising edge latches data/ 
command information. 

Memory Segment Command Definitions 
When the Vpp pin(s) are at low voltage the command 
register of each Flash memory segment defaults to OOH, 
the Read only mode. 

With high voltage on the Vpp pin(s}, the Flash memory 
segments are active for either read, write, or erase 
operations. 

Write or erase operations are performed by writing 
appropriate data patterns to the command register of 
accessed Flash memory segments. 

The byte-wide and word-wide commands are defined in 
Tables 3 and 4 respectively. 
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Table 2A. Common Memory Bus Operations 

Pins/ (1, 6) (1, 6) 
Operation REG CE2 CE1 OE WE VPP2 VPP1 AO Ds-015 Do-D1 

READ-ONLY 

Read {x8) {Note 7) V1H V1H V1L V1L V1H VPPL VPPL V1L HighZ Data Out-Even 

Read {x8) {Note 8) V1H V1H V1L V1L V1H VPPL VPPL V1H HighZ Data Out-Odd 

Read (x8) (Note 9) V1H V1L V1H V1L V1H VPPL VPPL x Data Out- HighZ 
Odd 

Read (x16) (Note 1 O) V1H V1L V1L V1L V1H VPPL VPPL x Data Out- Data Out-Even 
Odd 

Output Disable V1H x x V1H V1H VPPL VPPL x HighZ HighZ 

Stand~ x V1H V1H x x VPPL VPPL x H!g_h Z High Z 

READ/WRITE 

Read {x8) {Notes 2, 7) V1H V1H V1L V1L V1H VPPX VPPH V1L HighZ Data Out-Even 

Read (x8) (Notes 2, 8) V1H V1H V1L V1L V1H VPPH VPPX V1H HighZ Data Out-Odd 

Read (x8) {Notes 2, 9) V1H V1L V1H V1L V1H VPPH VPPX x Data Out- HighZ 
Odd 

Read {x16) (Notes 2, 10) V1H V1L V1L V1L V1H VPPH VPPH x Data Out- Data Out-Even 
Odd 

Write {x8) (Notes 4, 7) V1H V1H V1L V1H V1L VPPX VPPH V1L HighZ Data In-Even 

Write (x8) (Notes 4, 8) V1H V1H V1L V1H V1L VPPH VPPX V1H HighZ Data In-Odd 

Write (x8) (Notes 4, 9) V1H V1L V1H V1H V1L VPPH VPPX x Data In High Z 

Write (x1 6) (Note 5, 10) V1H V1L V1L V1H V1L VPPH VPPH x Data In- Data In-Even 
Odd 

Output Disable V1H x x V1H V1L VPPH VPPH x HighZ High Z 

Standby (Note 3) x V1H V1H x x VPPH VPPH x HighZ HighZ 

Legend: 
X =Don't Care, where Don't Care is either V1L or V1H levels, VPPL = VPP <Vee+ 2 V, See DC Characteristics for voltage levels of 

VPPH, 0 V < An, Vee + 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 
Notes: 

1. VPPL may be grounded, connected with a resistor to ground, or< Vee +2 V. VPPH is the programming voltage specified for the 
device. Refer to the DC characteristics. When VPP = VPPL, memory contents can be read but not written or erased. 

2. Read operation with VPP = VPPH may access array data or the Auto select codes. Manufacturer and device codes may also 
be accessed via a command register write sequence. Refer to Table 3. 

3. With VPP at high voltage, the standby current is Ice + lpp (standby). 
4. Refer to Table 3 for valid D1N during a Byte write operation. 
5. Refer to Table 4 for valid D1N during a Word write operation. 
6. VPPX = VPPH or VPPL. 
7. Byte access- Even. In this xB mode, AtJ = V1L outputs or inputs the "even" byte (low byte) of the x16 word on Do-D1. 
8. Byte access- Odd. In this xB mode, AcJ = V1H outputs or inputs the "odd" byte (high byte) of the x16 word on Do-D1. This is 

accomplished internal to the card by transposing Ds-D1s to Do-D1. 
9. Odd byte only access. In this xB mode, AtJ = X outputs or inputs the "odd" byte (high byte) of the x16 word on De-D1s. 

1 O. x16 word accesses present both "even" (low) and "odd" (high) bytes. AtJ = V1L or V1H = "Don't Care". 

AmC004FLKA 3-79 



l1 AMO PRELIMINARY 

Table 28. Attribute Memory Bus Operations 

Pins/ (1, 6) (1, 6) 
Operation REG CE2 CE1 OE WE VPP2 VPP1 AO De-D1s Do-D1 

READ-ONLY 

Read (x8) (Notes 7, 9) V1L V1H V1L V1L V1H VPPL VPPL V1L HighZ Data Out-Even 

Read (x8) (Notes 8, 9) V1L V1H V1L V1L V1H VPPL VPPL V1H HighZ Not Valid 

Read (x8) (Note 8) V1L V1L V1H V1L V1H VPPL VPPL x Not Valid HighZ 

Read (x16) V1L V1L V1L V1L V1H VPPL VPPL x Not Valid Data Out-Even 
(Notes 8, 9, 1 O) 

Output Disable V1L x x V1H V1H VPPL VPPL x HighZ High Z 

Standby x V1H V1H x x VPPL VPPL x High Z High Z 

READ/WRITE 

Read (x8) (Notes 2, 7, 9) V1L V1H V1L V1L V1H VPPX VPPH V1L HighZ Data Out-Even 

Read (x8) (Notes 2, 8, 9) V1L V1H V1L V1L V1H VPPH VPPX V1H HighZ Not Valid 

Read (x8) (Note 9) V1L V1L V1H V1L V1H VPPH VPPX x Not Valid High Z 

Read (x16) V1L V1L V1L V1L V1H VPPH VPPH x Not Valid Data Out-Even 
(Notes 2, 9) 

Write (x8) V1L V1H V1L V1H V1L VPPX VPPH V1L HighZ Data In-Even 
(Notes 4, 7, 10) 

Write (x8) V1L V1H V1L V1H V1L VPPH VPPX V1H High Z Not Valid 
(Notes 4, 8, 10) 

Write (x8) V1L V1L V1H V1H V1L VPPH VPPX x Not Valid High Z 
(Notes 4, 9, 10) 

Write (x16) V1L V1L V1L V1H V1L VPPH VPPH x Not Valid Data In-Even 
(Note 10) 

Output Disable V1L x x V1H V1L VPPH VPPH x HighZ High Z 

Standby (Note 3) x V1H V1H x x VPPH VPPH x HighZ High Z 
Legend: 

X = Don't Care, where Don't Care is either V1L or V1H levels, VPPL = VPP <Vee+ 2 V, See DC Characteristics for voltage levels of 
VPPH, 0 V <An, Vee+ 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 

Notes: 

1. VPPL may be grounded, connected with a resistor to ground, or< Vee +2 V. VPPH is the programming voltage specified for the 
device. Refer to the DC characteristics. When Vpp = VPPL, memory contents can be read but not written or erased. 

2. Read operation with VPP = VPPH may access array data or the Auto select codes. Manufacturer and device codes may also 
be accessed via a command register write sequence. Refer to Table 3. 

3. With VPP at high voltage, the standby current is Ice + IPP (standby). 

4. Refer to Table 3 for valid D1N during a Byte write operation. 

5. Refer to Table 4 for valid D1N during a Word write operation. 

6. VPPX = VPPH or VPPL. 

7. In this xa mode, kJ = V1L outputs or inputs the "even" byte (low byte) of the x16 word on D<rD1. 
8. Only even-byte data is valid during Attribute Memory Read function. 
9. During Attribute Memory Read function, REG and OE must be active for the entire cycle. 

10. During Attribute Memory Write fuction, REG and WE must be active for the entire cycle, OE must be inactive for the entire 
cycle. 
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Table 3. Command Definitions for Byte-Wide Operations 

First Bus Cycle Second Bus Cycle 

Operation Address Data 
Command (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write x OOH/FFH 

Read Auto SelectJ_Note 7) Write x 90H 

Erase Set-up/Erase Write SA 20H 
_!Note 41 
Erase-Ver1!YJ.Note "!}_ Write EA AOH 

Set-up Program/Program Write x 40H 
(Note 5) 

Program-Ver!!Y__{_Note ~ Write x COH 

Reset (Note 6) Write x FFH 

Notes: 
1. Bus operations are defined in Table 2A. 

2. RA= Address of the memory location to be read. 
EA= Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
SA= Address of memory segment to be erased. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD =Data read from location EA during erase-verify. 

Operation 
(Note 1) 

Read 

Read 

Write 

Read 

Write 

Read 

Write 

PD= Data to be programmed at location PA. Data latched on the rising edge of WE. 

Address 
(Note 2) 

RA 

OOH/01H 

SA 

x 
PA 

x 
x 

PVD = Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figures 1, 3 illustrates the Flasherase Electrical Erase Algorithm. 

5. Figure 2 illustrates the Flashrite Programming Algorithm. 

6. Please reference Reset Command section. 

7. Please reference Auto Select section 
Address: OOH/01 H = Address for manufacturer code/Device code. 
Data: 01 H/2AH = Data for manufacturer code/Device code 

AmC004FLKA 

Data 
(Note 3) 

RD 

01H/2AH 

20H 

EVD 

PD 

PVD 

FFH 
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Table 4. Command Definitions for Word-Wide Operations 

First Bus Cycle Second Bus Cycle 

Operation Address Data 
Command (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write x OOOOH/ 
FFFFH 

Read Auto Select (Note 7) Write x 9090H 

Erase Set-up/Erase Write SA 2020H 
(Note 4) 

Erase-Verify (Note 4) Write EA AO A OH 

Set-up Program/Program Write x 4040H 
(Note 5) 

Program-Verify (Note 5) Write x COCOH 

Reset (Note 6) Write x FFFFH 

Notes: 
1. Bus operations are defined in Table 2A. 

2. RA= Address of the memory location to be read. 
EA= Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
SA= Address of memory segment to be erased. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD =Data read from location EA during erase-verify. 

Operation 
(Note 1) 

Read 

Read 

Write 

Read 

Write 

Read 

Write 

PD= Data to be programmed at location PA. Data latched on the rising edge of WE. 

Address 
(Note 2) 

RA 

OOOOH/ 
0101H 

SA 

x 
PA 

x 
x 

PVD =Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figures 1, 3 illustrates the Flasherase Electrical Erase Algorithm. 

5. Figure 2 illustrates the Flashrite Programming Algorithm. 

6. Please reference Reset Command section. 

7. Please reference Auto Select section. 
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(Note 3) 

RD 

0101H/ 
2A2AH 

2020H 

EVD 

PD 

PVD 

FFFFH 
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FLASH MEMORY PROGRAM/ERASE OPERATIONS 

Details of AMD's Flasherase and Flashrite 
Algorithms 

Flasherase Erase Sequence 
Erase Set-Up/Erase Commands 

Erase Set-Up 

Erase Set-up is the first of a two-cycle erase command. 
It is a command-only operation that stages the ad­
dressed memory segment for bulk erase. The array 
contents are not altered with this command. 20H is 
written to the command register (2020H for word-wide) 
in order to perform the erase Set-up operation. 

Erase 

The second two-cycle erase command initiates the 
segment erase operation. You must write the Erase 
command 20H (2020H for word-wide) again to the 
register. The erase operation begins with the rising edge 
of the WE pulse. The erase operation must be 
terminated by writing a new command (Erase-verify) to 
the register. 

This two step sequence of the Set-up and Erase 
commands helps to ensure that memory contents are 
not accidentally erased. Also, segment erasure can only 
occur when high voltage is applied to the Vpp pins. In 
absence of this high voltage, memory contents cannot 
be altered. Refer to AC Erase Characteristics and 
Waveforms for specific timing parameters. 

Erase-Verify Command 

The erase operation erases all bytes of the segment in 
parallel. After the erase operation, all bytes in the 
segment must be sequentially verified. For byte-wide 
operations, the Ao signal selects between the odd and 
even byte banks within the memory segment. Erase and 
erase-verify operations must be performed in comple­
tion on the even byte segment of 256K byte then the odd 
byte segment of 256K byte. The Erase-verify operation 
is initiated by writing AOH (AOAOH for word-wide) to the 
register. The byte address to be verified must be 
supplied with the command. Addresses are latched on 
the falling edge of the WE pulse. The rising edge of the 
WE pulse terminates the erase operation. 

Margin Verify 

During the Erase-verify operation, the segment applies 
an internally generated margin voltage to the addressed 
byte. Reading FFH from the addressed byte (FFFFH for 
word-wide) indicates that all bits in the byte (word) are 
properly erased. 

Verify Next Address 

You must write the Erase-verify command with the 
appropriate address to the register prior to verification of 
each address. Each new address is latched on the 
falling edge of WE. The process continues for each byte 
(word) in the memory segment until a byte (word) does 
not return FFH (FFFFH) data or all the bytes in the 
segment are accessed and verified. 

If an address is not verified to FFH (FFFFH) data, the 
segment is erased again (refer to erase Set-up/Erase). 
Erase verification then resumes at the address that 
failed to verify. Erase is complete when all bytes in the 
array have been verified. The segment is now ready to 
be programmed. The verification operation is termi­
nated by writing a valid command (e.g. Program set-up) 
to the command register. Figures 1 and 3 and Table 6, 
the Flasheraseelectrical erase algorithm, illustrate how 
commands and bus operations are combined to perform 
electrical erasure. Refer to AC Erase Characteristics 
and Waveforms for specific timing parameters. 

Flasherase Electrical Erase Algorithm 
This Flash memory segment erases the entire array in 
parallel. The erase time depends on VPP, temperature, 
and number of erase/program cycles on the device. In 
general, reprogramming time increases as the number 
of erase/program cycles increases. 

The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the accessed memory segment. Erasure begins 
with a read of the memory contents. Reading FFH 
(FFFFH for word-wide) data from the segment would 
immediately be followed by executing the Flashrite 
programming algorithm with the appropriate data 
pattern. 

Should the segment be currently programmed, data 
other than FFH will be returned from address locations. 
Follow the Flasherase algorithm. Uniform and reliable 
erasure is ensured by first programming all bits in the 
segment to their charged state (Data= OOH or OOOOH). 
This is accomplished using the Flashrite Programming 
algorithm. Erasure then continues with an initial erase 
operation. Erase verification (Data = FFH or FFFFH) 
begins at address OOOOOH and continues through the 
array to the last address, or until data other than FFH 
(FFFFH) is encountered. For byte-wide erase opera-
tions, the Ao signal selects between the odd and even 
byte banks within the memory segment. Each bank 
must be operated on individually and completely in 
verify operations. If a byte (word) fails to verify, the 
device is erased again. With each erase operation, an 
increasing number of bytes (words) verify to the erased 
state. Typically, devices are erased in less than 70 
pulses. Erase efficiency may be improved by storing the 
address of the last byte (word) that fails to verify in a 
register. Following the next erase operation, verification 
may start at the stored address location. When all bytes 
within an accessed segment are erased, additional 
segments may be erased by following the same routine. 
Memory segments are typically erased in less than two 
seconds. The entire sequence of erase and byte 
verification is performed with high voltage applied to the 
Vpp pin. 
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Flashrite Programming Sequence 
Program Set-Up/Program Command 

Program Set-Up 

The AmC004FLKA is programmed byte by byte (or word 
by word). Bytes may be programmed sequentially or at 
random. Set-up Program is the first of a two-cycle 
program command. It stages the addressed memory 
segment for byte programming. The Set-up Program 
operation is performed by writing 40H (4040H for 
word-wide) to the command register. 

Program 

Only after th~ogram set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for 
programming· must be available on the second WE 
pulse. Addresses and data are internally latched on the 
falling and rising~ of the WE pulse respectively. The 
rising edge of WE also begins the programming 
operation. You must write the Program-verify command 
to terminate the programming operation. This two step 
sequence of the Set-up and Program commands helps 
to ensure that memory contents are not accidentally 
written. Also, programming can only occur when high 
voltage is applied to the VPP pin and all control pins are in 
their proper state. In absence of this high voltage, 
memory contents cannot be programmed. 

Refer to AC Characteristics and Waveforms for specific 
timing parameters. 

Program Verify Command 

Following each programming operation, the byte (word) 
just programmed must be verified. 

Write COH (COCOH) into the command register in order 
to initiate the Program-verify operation. The rising edge 
of this WE pulse terminates the programming operation. 
The Program-verify operation stages the device for 
verification of the last byte (word) programmed. Ad­
dresses were previously latched. No new information is 
required. 

Margin Verify 

During the Program-verify operation, the memory 
segment applies an internally generated margin voltage 
to the addressed byte (word). A normal microprocessor 

read cycle outputs the data. A successful comparison 
between the programmed byte and the true data 
indicates that the byte (word) was successfully pro­
grammed. The original programmed data should be 
stored for comparison. Programming then proceeds to 
the next desired byte (word) location. Should the byte 
(word) fail to verify, reprogram the byte (word) using the 
Program Set-up/Program Commands. Figure 2 and 
Table 5 indicate how instructions are combined with the 
bus operations to perform byte (word) programming. 
Refer to AC Programming Characteristics and 
Waveforms for specific timing parameters. 

Reset Command 

The reset command initializes the memory segment to 
the read mode. In addition, it also provides a safe 
method to abort any memory segment operation 
(including program or erase). The reset command must 
be written two consecutive times after the program 
set-up command. This will safely reset the segment 
memory to the read mode. Memory contents are not 
altered. Following any other command, write the reset 
command once to the segment. This will safely abort 
any operation and reset the device to the Read mode. 

Flashrite Programming Algorithm 

The Flashrite Programming algorithm employs an 
interactive closed loop flow to program data. Bytes or 
words may be programmed sequentially or at random 
using 1 O microsecond programming pulses. Each 
operation is followed by a byte or word verification to 
determine when the addressed byte has been success­
fully programmed. The program algorithm allows for up 
to 25 programming operations per byte or word per 
reprogramming cycle. Most bytes verify after the first or 
second pulse. The entire sequence of programming and 
byte or word verification is performed with high voltage 
applied to the Vpp pin. Figure 2 and Table 5 illustrate the 
programming algorithm. 

Auto Select 

The Auto Select mode allows the reading out of a binary 
code from the memory devices to identify its 
manufacturer and type. This mode is intended .for the 
purpose of automatically matching the device to be 
programmed with its corresponding programming 
algorithm. 
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MEMORY CARD ERASE ROUTINE 

Overview 

N 

PRELIMINARY 

Set number of memory 
segments and size 

Segment E=O 
Segment0=1 

(Note 1) 

Erase segments E, 0 

Increment segments E, 0 

Note: 
1. E = Even byte, 0 = Odd byte. 

Figure 1. 

AmC004FLKA 

AMO~ 

N 

16662A-2 
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N 

Increment PLSCNT 

Increment Address 

Appl VPPL 

Programming Completed 
16662A-3 

Figure 2. Flashrite Programming Algorithm In Byte-Wide Mode 

Table 5. Flashrite Programming Algorithm 

Bus Operations Command Comments 

Standby Wait for VPP ramp to VPPH (Note 1) 
Initialize pulse counter 

Write Set-Up Program Data= 40H 

Write Program Valid Address/Data 

Standby Duration of Programming Operation (twHwH1) 

Write Program-Verify (2) Data = COH Stops Program Operation 

Standby Write Recovery Time before Read = 6 µs 

Read Read byte to verify programming 

Standby Compare data output to data expected 

Write Reset Data = FFH, resets the register for read operations. 

Standb_y Wait for VPP ram_Q_ to VPPL _{_Note 1}_ 
Notes: 

1. See DC Characteristics for value of VPPH. The VPP power supply can be hard-wired to the device or switchable. When VPP is 
switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0 V. 

2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. 
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Notes: 

Address= 00001H 
PLSCNT = 0 

Low= 1 Note 2 

Increment 
PLSCNT 

1. Low = O: Even byte segment Erase/Erase verify operation. 

2. Low = 1: Odd byte segment Erase/Erase verify operation. 

Erasure completed 

Increment address 

Figure 3. Flasherase Electrical Erase Algorithm In Byte-Wide Mode 

AmC004FLKA 

AMDl1 

16662A-4 
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Table 6. Flasherase Electrical Erase Algorithm 

Bus Operations Command Comments 

Entire memory must = OOH before erasure (Note 3) 
Note: Use Flashrite programming algorithm (Figure 2) for 
programming. 

Standby Wait for VPP ramp to VPPH (Note 1) 
Initialize: 
Addresses 
PLSCNT (Pulse count) 

Write Erase Set-up Data= 20H 

Write Erase Data= 20H 

Standby Duration of Erase Operation (twHwH2) 

Write Erase-verify (Note 2) Address = Byte to Verify 
Data= AOH 
Stops Erase Operation 

Standby Write Recovery Time before Read = 6 µs 

Read Read byte to verify erasure 

Standby Compare output to FFH 
Increment pulse count 

Write Reset Data= FFH, reset the register for read operations. 

Standby Wait for VPP ramp to VPPL (Note 1) 

Notes: 

1 . See DC Characteristics for value of VPPH or VPPL. The Vpp power supply can be hard-wired to the device or switchable. 
When Vpp is switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee + 2.0 V. 

2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 
written with the read command. 

3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 
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WORD-WIDE PROGRAMMING 
The program sequence will be followed as usual. The 
program word command is 4040H. Each device is 
independently verified. When one of the program flags 
is active, indicating that a particular device has success­
fully completed programming, the software should 
change the command for that device from Program to 
Reset and from program verify to Reset. The software 
should also change the Program Data to the null data 
set (FFH). This effectively masks the programmed 
device from further programming. 

Should the high order byte device verify first, the next 
program command will be FF40H. The low order byte 
device programs on each subsequent program com­
mand until verified. The high order byte device remains 
in Reset/Read mode. During verification, write the 
program verify command of FFCOH. This will enable the 
low order byte device for verify operations and main­
tains the programmed high order byte device in 
Reset/Read mode. 
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WORD-WIDE PROGRAMMING 
Overview 

3-90 

Raise Vpp to 12 V 

Get address and 
data word for 
programming 

Initialize variables 

Program data word 
to unprogrammed 

memory segment(s) 

Time-out = 10 µs 

Terminate 
Programming 

operation. Write 
Program-verify 
command to 

unprogrammed 
memory segment(s). 

Write Read 
command 

LowerVpp 

PRELIMINARY 

LowerVpp 

Figure 4. 

AmC004FLKA 

Mask high 
order byte 

Mask low 
order byte 

16662A-5 



PRELIMINARY AMO~ 
WORD-WIDE PROGRAMMING FLOW CHART 

Note: 

Begin 
programming 

Apply VppH to 
devices 

PLSCNT= 0 

Get ADDRS/PDW 

Initialization: 
PGM = 4040H 
VFY = COCOH 
VDAT= POW 

PLSCNT Odd = 0 
PLSCNT Even = 0 
EF = 0 

Write ADDRS/PGM 

Write ADDRS/PDW 

Time-out = 10 µs 

Write ADDRSNFY 

Time-out = 6 µs 

Read ADDRS/FMD 

Write Read 
command 

Lower·Vpp 

Word Wide 
verify and mask 

subroutine 

Write Read 
command 

LowerVpp 

16662A-6 

Although the Reset command (FFH) is recommended, the 
Read command (OOH) will also mask any device from pro­
gramming operations. 

Activity 

Allow Vpp to stabilize. 

PLSCNT = Pulse Counter. 

ADDRS = Word Address to program. 
PDW = Data Word to program. 

Initialize Programming Variables: 
PGM = Program Command 
VFY =Program-verify Command 
VDAT = Valid Data 
PLSCNT Odd = Pulse count for odd (high) byte 
PLSCNT Even = Pulse count for even (low) byte 
EF = Error Flag for write 

ADDRS =Address do not care. 
Write Program Set-up command. 

Appropriate address and data for programming. 

Duration of programming pulse. 

Program-verify command terminates the programming 
pulse. 

Internal margin verify voltages are tapped from exter­

nal 12 V Vpp for proper byte verification. 

Read from previously latched address. FMD = Flash 
Memory Data. 

See Word Wide Programming subroutine. Each de­
vice is independently verified. The Program command 
is masked by the Reset command (FFH) for all de­
vices that are completely Programmed. Please see 
note below. 

Compare Flash Memory Data to valid word data. If 
verified, reset PLSCNT and get next address and data 
word for programming. If not last pulse, compare high 
order byte device and low order byte device for valid 
byte data. 

Reset devices for read operation. 

VPPL deactivates command register. Device is in Read 
Only Mode. 

Figure 5. 
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WORD-WIDE PROGRAMMING VERIFY SUBROUTINE 

3-92 

Even byte = (FMD and OOFFH) 

y 

PGM = (PGM or OOFFH) • 
VFY = (VFY or OOFFH) 
VDAT = (VDAT or OOFH) 

N 

Odd byte= (FMD and FFOOH) 

y 

PGM = (PGM or FFOOH) 
VFY = (VFY or FFOOH) 
VDAT = (VDAT or FFOOH) 

N 

16662A-7 

Commentary 

This subroutine verifies the high order (odd) and low 
order (even) bytes independently. If either byte verifies, 
all commands are masked to that device. 

Mask the odd byte to look at the even byte. 

If the even byte doesn't verify, increment pulse count 
and continue of program even byte. 
EF = Error Flag 

Mask the even byte commands and program data if it 
verifies. 

Mask the even byte to look at the odd byte. 

If the odd byte doesn't verify, increment pulse count and 
continue to program odd byte. 

Mask the odd byte commands and program data if it 
verifies. , 

Error Flag Summary: 

EF = 0 indicates no program error 
EF = 1 indicates even byte program error 
EF = 2 indicates odd byte program error 
EF = 3 indicates both even and odd byte program error 

Figure 6. 
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WORD-WIDE ERASING 
Overview 

Word-Wide Erasure 

Word-wide erasure reduces total erase time when 
compared to erasing each byte individually. Each Flash 
memory may erase at different rates. Therefore each 
device must be verified separately after every erase 
pulse. Once a device has successfully completed 
erasure, do not issue the erase command again to that 
device. Issue the Reset command FFH to the erased 
device. The Erase command sequence may be issued 
to each of the remaining devices that have not erased 
yet. In addition to the address verify register required for 
each device, you will need an erase complete flag for 
each device. 

Word-Wide 

The erase sequence will be followed as usual. The CPU 
will issµe word commands. The erase word command is 
2020H. Each device is independently verified and the 
address of the last verified byte per device is stored in 
separate registers. When one of the erase flags is 
active, indicating that a particular device has success­
fully completed erasure, the CPU will change the 
command for that device from Erase to Reset. This 
effectively masks the erased device from further 
erasure. 

Should the high order byte device verify first, the next 
erase command will be FF20H. The low order byte 
device erases on each subsequent erase command 
until verified. The high order byte device remains in 
ReseVRead mode. During verification, write the erase 
verify command of FFAOH. This will enable the low order 
byte device for verify operations and maintains the 
erased high order byte device in the ReseVRead mode. 

Raise Vpp to 12 V 

Program all 
devices to OOH 

Initialize variables 

Write Erase 
command to all 

unerased memory 
segments 

Time-out = 10 ms 

Terminate Erase 
operation. Write 
the Erase-verify 
command to all 

unerased memory 
segments 

Write Read 
Command 

AmC004FLKA 

AMO~ 

Mask high order 
byte device 

Figure 7. 

Mask low order 
byte device 

Write Read 
Command 

16662A-8 
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WORD-WIDE ERASURE FLOW CHART 

3-94 

Begin 
erase 

Apply VppH to 
devices 

Program all 
segments to OOH 

Initialization: 
PLSCNT Odd = 0 
PLSCNT Even = 0 
SEGADRS = 0 
EF=O 
ERS = 2020H 
VFY=AOAOH 

Write SEG ADRS/ERS 

Write SEG ADRS/ERS 

Timeout = 10 ms 

Write SEG ADRSNFY 

Write Read 
command 

ApplyVPPL 

Write Read 
command 

ApplyVPPL 

€rase complete~ ( Erase error ) 

Note: 16662A-9 

Activity 

Allow VPP to stabilize. 

Follow F/ashrite programming algorithm. 

Initialize Erase Variables: 
PLSCNT Odd = Pulse count for odd (high) byte 
PLSCNT Even = Pulse count for even (low) byte 
SEG ADRS =Address 
EF = Error Flag for error 
ERS = Erase Command 
VFY = Erase-verify Command 

Write Program Set-up command. 

Initiate erase pulse. 

Duration of programming pulse. 

Erase-verify command terminates the erase pulse. 

See Word Wide Erasure subroutine. Each device is 
independently verified. The command is masked by 
the Reset command (FFH) for all devices that are 
completely erased. Please see note below. 

FMD = FFFFH when memory segment at SEG 
ADRS is erased. 

Reset devices for read operation. 

VPPL deactivates command register. Device is in the 
Read Only Mode. 

Although the Reset command (FFH) is recommended, the 
Read command (OOH) will also mask any completely erased 
device from further erase operations. 

Figure 8. 
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WORD-WIDE ERASE VERIFY SUBROUTINE 

Time out = 6 µs 

Read SEG ADRS/FMD 

ERS = (ERS or OOFFH) 
VFY = (VFY or OOFFH) 

Odd byte = (FMD and FFOOH) 

ERS = (ERS or FFOOH) 
VFY = (VFY or FFOOH) 

Figure 9. 

AmC004FLKA 

N 

16662A-10 

AMO~ 

FMD = Flash Memory Data 

Define Even-Byte=FMD Anded 
with OOFFH 

Define Odd-Byte=FMD Anded 
with FFOOH 

Error Flag Summary: 

EF = 0 indicates no erase error 
EF = 1 indicates even byte erase 

error 
EF = 2 indicates odd byte erase 

error 
EF = 3 indicates even and odd 

byte erase error 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ........... -30°C to +70°C 

Ambient Temperature 
with Power Applied . . . . . . . . . . . . . - 10°c to + 70°C 

Voltage with Respect to Ground 
All pins except VPP (Note 1) ....... - 2.0 V to + 7.0 V 

Vee (Note 1) .................. -2.0 V to +7.0 V 

Vpp (Note 2) .................. - 2.0 V to +14.0 V 

Output Short Circuit Current (Note 3) . . . . . . 200 mA 

Notes: 
1. Minimum DC voltage on input or 1/0 pins is-0.5 V. During 

voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 
and 1/0 pins is Vee +0.5 V. During voltage transitions, out­

puts may overshoot to Vee +2.0 V for periods up to 20 ns. 

2. Min!mum DC input voltage on Vpp pins is -0.5 V. During 
voltage transitions,Vpp may overshoot Vss to -2.0 V for 
periods of up to 20 ns. Maximum DC input voltage on Vpp 
is+ 13.5 V which may overshoot to 14.0 V for periods up to 
20ns. 

3. No more than one output shorted at a time. Duration 
of the short circuit should not be greater than one second. 
Conditions equal Vour = 0.5 V or 5.0 V, Vee= Vee max. 
These values are chosen to avoid test problems 
caused by tester ground degradation. This parameter is 
sampled and not 100% tested, but guaranteed by 
characterization. 

Stresses above those listed under "Absolute Maximum Rat­
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these or 
any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure of the de­
vice to absolute maximum rating conditions for extended peri­
ods may affect device reliability. 

Commercial (C) Devices 
Case Temperature (Tc} .......... 0°C to +60°C 

Vee Supply Voltages • • • • • • • • +4. 75 V to 5.25 V 

Vpp Supply Voltages 
Read Only . . . . . . . . . . . . . . . . . . . . O V to +6.5 V 

Program, Erase, Verify, 
and Read ................ +11.4 V to +12.6 V 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 
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DC CHARACTERISTICS 
Byte Wide Operation 
Parameter 
Symbol Parameter Description 

lu Input Leakage Current 

ILO Output Leakage Current 

Ices Vee Standby Current 

lcc1 Vee Active Read Current 

lcc2 Vee Programming Current 

lcc3 Vee Erase Current 

IPPS VPP Standby Current 

IPP1 VPP Read Current 

IPP2 VPP Programming Current 

IPP3 VPP Erase Current 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage 

VoH1 Output High Voltage 

VPPL VPP During Read-Only 
Operations 

VPPH VPP During Read/Write 
Operations 

VLKO Low Vee Lock-Out Voltage 

Notes: 
1. One Flash device active, seven in standby. 
2. Only one Vpp is active. 

PRELIMINARY 

Test Conditions 

Vee. Vee Max., 
V1N = Vee or Vss 

Vee. Vee Max., 
VoUT = Vee or Vss 

Vee. Vee Max. 
CE = Vee ±0.2 V 

Vee. Vee Max.,CE = V1L, 
OE = V1H, loUT = 0 mA, 
at 6 MHz 

CE= V1L 
Programming in Progress 

CE= V1L 
Erasure in Pr~ress 

VPP .$Vee 

VPP >Vee 

VPP.$ Vee 

VPP= VPPL 
Programming in Progress 

VPP= VPPH 
Erasure in Progress 

Except CE, REG = 3.2 V Min. 

loL= 3.2 mA 
Vee. Vee Min. 

loH.-2.0 mA 
Vee. Vee Min. 

Note: Erase/Program are 
inhibited when VPP = VPPL 

AmC004FLKA 

AMO~ 

Min. Typ. Max. Unit 

1.0 ±28 µA 

1.0 28 µA 

0.4 1.6 mA 

25 50 mA 

3.0 30 mA 

5.0 30 mA 

16 µA 

0.2 0.4 
mA 

0.04 

8.0 30 mA 

10 30 mA 

-0.5 0.8 v 
2.4 Vee v 

+0.3 

0.40 v 

3.8 v 

0.0 Vcc+2 v 

11.4 12.6 v 

3.2 v 
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DC CHARACTERISTICS 
Word-Wide Operation 
Parameter 
Symbol Parameter Description 

lu Input Leakage Current 

ILO Output Leakage Current 

Ices Vee Standby Current 

lcc1 Vee Active Read Current 

lcc2 Vee Programming Current 

lcc3 Vee Erase Current 

IPPS VPP Standby Current 

IPP1 VPP Read Current 

IPP2 VPP Programming Current 

IPP3 VPP Erase Current 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage 

VoH1 Output High Voltage 

VPPL VPP During Read-Only 
O_Q__erations 

VPPH VPP During Read/Write 
O_Q_erations 

VLKO Low Vee Lock-Out Voltage 

Notes: 
1. Two Flash devices active, six in standby. 
2. Vpp1 and Vpp2 are active. 
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PRELIMINARY 

Test Conditions 

Vee. Vee Max., 
V1N = Vee or Vss 

Vee. Vee Max., 
VoVT = Vee or Vss 

Vee. Vee Max. 
CE = Vee :1:0.2 V 

Vee. Vee Max.,CE = V1L. 
OE = V1H, loVT = 0 mA, 
at 6 MHz 

CE= V1L 
Programming in Progress 

CE= V1L 
Erasure in Progress 

VPP .s Vee 

VPP >Vee 

VPP.S Vee 

VPP= VPPL 
Programming in Progress 

VPP= VPPH 
Erasure in Progress 

Except CE, REG = 3.2 V Min. 

loL= 3.2 mA 
Vee= Vee Min. 

loH~ 2.0 mA 
Vee= VeeMin. 

Note: Erase/Program are 
inhibited when VPP = VPPL 

AmC004FLKA 

Min. Typ. Max. Unit 

1.0 ±28 µA 

1.0 28 µA 

0.4 1.6 mA 

40 80 mA 

6 60 mA 

10 60 mA 

16 µA 

0.4 0.8 
mA 

0.08 

16 60 mA 

20 60 mA 

-0.5 0.8 v 
2.4 Vee v 

+ 0.3 

0.40 v 

3.8 v 

0.0 Vcc+2 v 

11.4 12.6 v 

3.2 v 



PRELIMINARY 

PIN CAPACITANCE 
Parameter 

Symbol Parameter Description Test Conditions 

C1N1 Address Capacitance V1N =0 

Cour Output Capacitance Vour = O 

C1N2 Control Capacitance V1N = 0 (CE, REG) 

C110 1/0 Capacitance V11o=O 

Notes: 
1. Sampled, not 100% tested. 

2. Test conditions TA= 25°C, f = 1.0 MHz 

SWITCHING AC CHARACTERISTICS 

Read Only Operation (Note 1) 
Parameter 
Symbols 

JED EC Standard Parameter Description 

iAVAV tRC Read Cycle Time 

tELQV tCE Chip Enable Access Time 

tAvav tAcc Address Access Time 

tGLQV toE Output Enable Access Time 

lELQX tLz Chip Enable to Output in Low Z 

lEHOZ toF Chip Disable to Output in High Z 

tGLOX toLZ Output Enable to Output in Low Z 

tGHQZ toF Output Disable to Output in High Z 

tAxax toH Output Hold from first of Address, 
CE, or OE Change 

twHGL Write Recovery Time before Read 

Note: 

1. Input Rise and Fall Times (10% to 90%): .s 10 ns, Input Pulse levels: 
VoL and VoH, Timing Measurement Reference Level - Inputs: V1L and V1H 

Outputs: V1L and V1H 

AmC004FLKA 

AMO~ 

Typ. Max. Unit 

21 pF 

21 pF 

47 pF 

21 pF 

Min. Max. Unit 

250 ns 

250 ns 

250 ns 

150 ns 

5 ns 

60 ns 

5 ns 

60 ns 

5 ns 

6 µs 
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AC CHARACTERISTICS 
Write/Erase/Program Operations 

Parameter 
Symbols 

JED EC Standard Parameter Description 

tAVAV twc Write Cycle Time 

tAVWL tAs Address Set-Up Time 

twLAX tAH Address Hold Time 

tovwH tos Data Set-Up Time 

twHDX toH Data Hold Time 

tWHGL twR Write Recovery Time before Read 

tGHWL Read Recovery Time before Write 

twLOZ Output in High-Z from Write Enable 

twHOZ Output in Low-Z from Write Enable 

tELWL tcs Chip Enable Set-Up Time 

twHEH tcH Chip Enable Hold Time 

twLWH twp Write Pulse Width 

twHWL twPH Write Pulse Width HIGH 

twHWHl Duration of Programming Operation 
(Notes 1, 2) 

tWHWH2 Duration of Erase Operation 
(Notes 1, 2) 

tvPEL VPP Set-Up Time to Chip Enable LOW 

Notes: 

1. Rise/Fall < = 10 ns. 

Min. Max. Unit 

250 ns 

0 ns 

100 ns 

80 ns 

30 ns 

6 µs 

0 µs 

5 ns 

60 ns 

40 ns 

0 ns 

100 ns 

50 ns 

10 µs 

9.5 ms 

100 ns 

2. Maximum specification not needed due to the devices internal stop timer that will stop any erase or write operation that 
exceed the device specification. 
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PRELIMINARY 

Device and Outputs Data 
Power-up, Standby Address Selection Enabled Valid 

Addresses 

CE(E) 

OE(G) 

Data (DQ) 

5.0V 
Vee 
ov 

Note: CE refers to CE1. 2 

Addresses Stable 

tAxax (toH) 

Output Valid 

Figure 1 O. AC Waveforms for Read Operations 

AmC004FLKA 

AMO~ 

Standby, Power-down 

tGHOZ 
(tDF) 

High Z 

16662A-11 
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Addresses 

CE (E) 

OE(G) 

Data (DO) 

Power-Up & 
Standby 

Set-Up Erase 
Command 

tVPEL 

Note: CE refers to CE1. 2 

3-102 

PRELIMINARY 

Erase Command 
Erase-Verify 
Command 

Figure 11. AC Waveforms for Erase Operations 

AmC004FLKA 

Erase 
Verification 

Standby/ 
Power-Down 

\_ 
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Addresses 

CE{E) 

OE(G) 

Data (DO) 

5.0V 
Vee 
av 

VPPH 
VPP 

VPPL 

Power-Up & 
Standby 

~ 

Set-Up Program 
Command 

tVPEL 

PRELIMINARY 

Program Command 
Latch Address & 

Data 
Verify 

Command 

lELQX (tLZ) 
tELOV (teE) 

Note: CE refers to CE1, 2 

Figure 12. AC Waveforms for Programming Operations 

AmC004FLKA 

Programming 
Verification 

AMO~ 

Standby/ 
Power-Down 

\_ 
16662A-13 
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AC CHARACTERISTICS-ALTERNATE CE CONTROLLED WRITES 
Write/Erase/Program Operations 

Parameter 
Symbols 

JED EC Standard Parameter Description Min. Max. Unit 

tft.VAV twc Write Cycle Time 250 ns 

tAVEL tAs Address Set-Up Time 0 ns 

tELAX lAH Address Hold Time 100 ns 

tovEH tos Data Set-Up Time 80 ns 

tEHDX toH Data Hold Time 30 ns 

tEHGL twR Write Recovery Time before Read 6 µs 

tGHEL Read Recovery Time before Write 0 µs 

twLEL tws WE Set-Up Time before CE 0 ns 

tEHWH tcp WE Hold Time 0 ns 

tELEH tcP Write Pulse Width 100 ns 

tEHEL tcPH Write Pulse Width HIGH (Note 3) 50 ns 

1EHEH1 Duration of Programming Operation 10 ~lS 

(Notes 1, 2) 

1EHEH2 Duration of Erase Operation 9.5 ms 
(Notes 1, 2) 

tvPWL Vpp Set-Up Time to Write Enable LOW 100 ns 

Notes: 
1. Rise/Fall <=10 ns 
2. Maximum specification not needed due to the internal stop timer that will stop any erase or write operation that exist the de­

vice specification. 
3. Chip Enable Controlled Programming: 

Flash Programming is controlled by the valid combination of the Chip Enable (CE1, 2) and Write Enable (WE) signals. For 
system that uses the Chip Enable signal(s) to define the write pulse width, all Set-up, Hold, and inactive Write Enable timing 
should be measured relative to the Chip Enable signal(s). 
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CARD INFORMATION STRUCTURE 
The AmC001 FLKA contains a separate 512 byte 
EEPROM memory for the Card Information Structure. 
All or part of the 512 byte could be used for the card's 
attribute memory space. This allows all of the Flash 
memory to be used for the common memory space. Part 
of the common memory space could also be mapped 
into the attribute memory space if more than 512 bytes 
of CIS are needed. 

The EEPROM used in the AmC004FLKA is a NEC 
µPD28C05GX-20-EJA designed to operate from a 5 V 
single power supply. The µPD28C05 provides a DATA 
polling function that provides the End of Write Cycle, 
Chip Erase and Auto Erase and Programming 
functions. 

SYSTEM DESIGN AND INTERFACE INFORMATION 
Power Up and Power Down Protection 
The PCMCIA standard socket provides for proper 
power up and power down sequencing via different pin 
lengths to ensure that hot insertion and removal of the 
PC card will not result in card damage or data loss. 

AMD's Flash memory devices are designed to protect 
against accidental programming or erasure caused by 
spurious system signals that might exist during hot in­
sertion, hot removal, or power transitions. The AMD PC 
card will power-up into a READ mode and the card will 
function as a read only memory as long as Vpp is less 

than Vee +2 V. Erasing of the memory segments can be 
accomplished only by writing the proper Erase com­
mand to the card twice along with the proper Chip En­
able, Output Enable and Write Enable control signals. 

System Power Supply Decoupling 
The AMD Flash memory card has a 0.1 ~tF decoupling 
capacitor between the Vee and the GND pins, and be­
tween the Vpp and the GND pins. It is recommended the 
system side also have a 4. 7 µF capacitor between the 
Vee and the GND pins, and between the Vpp and the 
GND pins. 
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PHYSICAL DIMENSIONS 
Type 1 PC Card 
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AmC001 AFLKA 
1 Megabyte Flash Memory PC Card 

DISTINCTIVE CHARACTERISTICS 
• High performance 

- 250 ns maximum access time 

• CMOS low power consumption 
- 25 mA typical active current (XS) 
- 400 µA typical standby current 

• PCMCIA/JEIDA 68-pin standard 
- Selectable byte or word-wide 

configuration 

• Write protect switch 
- Prevents accidental data loss 

• High re-programmable endurance 
- Minimum 100,000 erase/write cycles 

• Zero data retention power 
- Batteries not required for data storage 

II Separate attribute memory 
- 512 byte EEPROM 

GE;NERAL DESCRIPTION 
AMD's Flash Memory PC Card provides the highest 
system level performance for data and file storage solu­
tions to the portable PC market segment. Data files and 
application programs can be stored on the 
AmC001 AFLKA. This allows OEM manufacturers of 
portable system to eliminate the weight, extreme power 
consumption and reliability issues associated with 
electro-mechanical disk-based systems. . The 
AmC001 AFLKA also allows today's bulky and heavy 
battery packs to be reduced in weight and size. Typically 
only two "AA" alkaline batteries are required for total 
system operation. AM D's Flash Memory PC Cards pro­
vide the most efficient method to transfer useful work 
between different hardware platforms. The enabling 
technology of the AmC001 AFLKA enhances the pro­
ductivity of mobile workers. 

Widespread acceptance of the AmC001 AFLKA is 
assured due to its compatibility with the 68-pin 
PCMCINJEIDA international standard. AMD's Flash 

~ 
Advanced 

Micro 
Devices 

• Automated write and erase operations 
(increases system write performance) 
- 128K byte memory segment 
- Typically <1 second per single memory segment 

erase 
- Random address writes to previously 

erased bytes (1 o µs typical per byte) 

• Total system integration solution 
- Support from independent software and 

hardware vendors 

• Insertion and removal force 
- State of art connector allows for minimum card 

insertion and removal effort 

• Write and erase voltage, 12.0 V ± 5% 

• Read voltage, 5 V ± 5% 

• Manufactured by DuPont Connector Systems 

Memory Cards can be read in either a byte-wide or 
word-wide mode which allows for flexible integration 
into various system platforms. Compatibility is assured 
at the hardware interface and software interchange 
specification. The Card Information Structure (CIS) or 
Metaformat, can be written by the OEM at the Memory 
Card's attribute memory address space beginning at 
address OOOOOH by using a format utility. The CIS 
appears atthe beginning of the Card's attribute memory 
space and defines the low-level organization of data on 
the PC Card. The AmC001 AFLKA contains a separate 
512 byte EEPROM memory for the card's attribute 
memory space. This allows all of the Flash Memory to 
be used for the common memory space. 

Third party software solutions such as Microsoft's Flash 
File System (FFS), enable AMD's Flash Memory PC 
Card to replicate the function of traditional disk-based 
memory systems. 

Manufactured by DuPont Connector Systems ~ 
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PC CARD PIN ASSIGNMENTS 

Pin# Sig_nal 1/0 Function 

1 GND Ground 

2 03 1/0 Data Bit 3 
3 04 1/0 Data Bit 4 
4 Os 1/0 Data Bit 5 
5 Os 1/0 Data Bit 6 
6 07 1/0 Data Bit 7 
7 CE1 I Card Enable (Note 1) 
8 A1o I Address Bit 10 
9 OE I Output Enable 

rn A11 I Address Bit 11 
11 A9 I Address Bit 9 
12 As I Address Bit 8 
13 A13 I Address Bit 13 
14 A14 I Address Bit 14 
15 WE I Write Enable 

16 NC No Connect 

17 Vee Power Supply 

18 Vpp1 Pgm Sply Vltg 1 
19 A16 Address Bit 16 
20 A1s Address Bit 15 
21 A12 Address Bit 12 
22 A1 Address Bit 7 
23 As Address Bit 6 
24 As Address Bit 5 
25 A4 Address Bit 4 
26 A3 Address Bit 3 
27 A2 Address Bit 2 
28 A1 Address Bit 1 
29 Ao Address Bit O 

30 Do /0 Data Bit O 

31 D1 1/0 Data Bit 1 
32 D2 1/0 Data Bit 2 
33 WP 0 Write Protect (Note 1) 
34 GND Ground 

Notes: 

I = Input to card, 0 = Output from card 
110 = Bi-directional 
NC = No connect 

Pin# S~nal 

35 GND 

36 CD1 

37 011 

38 012 

39 013 

40 014 

41 D1s 

42 CE2 

43 NC 

44 RFU 

45 RFU 

46 A11 

47 A10 

48 A19 

49 NC 

50 NC 

51 Vee 

52 Vpp2 

53 NC 

54 NC 

55 NC 

56 NC 

57 NC 

58 NC 

59 NC 

60 NC 

61 REG 

62 BVD2 

63 BVD1 

64 Da 

65 D9 

66 D10 

67 CD2 

68 GND 

1/0 Function 

Ground 

0 Card Detect (Note 1) 
1/0 Data Bit 11 
1/0 Data Bit 12 
1/0 Data Bit 13 
1/0 Data Bit 14 
1/0 Data Bit 15 
I Card Enable 2 (Note 1) 

No Connect 

ReseNed 

Reserved 

I Address Bit 17 
I Address Bit 18 
I Address Bit 19 

No Connect 

No Connect 

Power Supply 

Pgm Sply Vltg 2 
No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

I Register Select 

0 Battery Vltg Detect 2 (Note 2) 
0 Battery Vltg Detect 1 (Note 2) 
1/0 Data Bit 8 

1/0 Data Bit 9 
1/0 Data Bit 10 
0 Card Detect 

Ground 

In systems which switch Vee individually to cards, no signal should be directly connected between cards other than ground. 
1. Signal must not be connected between cards 
2. BVD = Internally pulled-up 
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ORDERING INFORMATION 
'Standard Products 

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: 

Am c 001 A FL K A -250 

CSxxxxxl ..... ---

CUSTOMER SPECIFIC 
IDENTIFICATION NUMBER 

-------- SPEED OPTION 

REVISION LEVEL 

....._ ___________ OUTPUT CONFIGURATION: 
(x16/x8) 

FLASH TECHNOLOGY 

100,000 ERASE/PROGRAM 
CYCLES MINIMUM 

MEMORY CARD DENSITY 
001 = One Megabyte 

'----------------------~ PCMEMORYCARD 

'-------------------------- AMO 
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PIN DESCRIPTION 

Symbol Type Name and Function 

Ao-A19 INPUT ADDRESS INPUTS are internally latched during write cycles. 

Do-D1s INPUT/ DATA INPUT/OUTPUT: Data inputs are internally latched on write cycles. Data 
OUTPUT outputs during read cycles. Data pins are active high. When the memory card is 

de-selected or the outputs are disabled the outputs float to tri-state. 

CE1, CE2 INPUT CARD ENABLE is active low. The memory card is de-selected and power 
consumption is reduced to stand-by levels when CE is high. CE activates the 
internal memory card circuitry that controls the high and low byte control logic of 
the card, input buffers segment decoders, and associated memory devices. 

OE INPUT OUTPUT ENABLE is active low and enables the data buffers through the card 
outputs during read cycles. 

WE INPUT WRITE ENABLE is active low and controls the write function of the command 
register to the memory array. The target address is latched on the falling edge of 
the WE pulse and the appropriate data is latched on the rising edge of the pulse. 

VPP1,VPP2 ERASE/WRITE POWER SUPPLY for erase and programming. Vpp enables the 
command register which controls all functions required to alter the memory array 
contents. 
Note: The Memory Card functions in a read-only memory when Vpp <Vee +2 V. 

Vee PC CARD POWER SUPPLY for device operation (5.0 V ± 5%) 

GND GROUND 

CD1, CD2 OUTPUT CARD DETECT. When card detect 1 and 2 =ground the system detects the card. 

WP OUTPUT WRITE PROTECT is active high and disables all card write operations. 

NC NO CONNECT - corresponding pin is not connected internally to the die. 

BVD1, BVD2 OUTPUT BATTERY VOLTAGE DETECT. lnternal!Y...E.ulled-u_.e: 

MEMORY CARD OPERATIONS 
The AmC001 AFLKA Flash Memory Card is organized 
as an array of individual devices. Each device is 128K 
bytes in size. Although the address space is continuous 
each physical device defines a logical address segment 
size. Erase operations are performed in increments of 
this segment size. Multiple segments may be erased 
concurrently when additional Vpp current is supplied to 
the device. Once a memory segment is erased any 
address location may be programmed. Flash technol­
ogy allows any logical "1" data bit to be programmed to a 
logical "O". The only way to reset bits to a logical "1" is to 
erase the entire memory segment of 128K bytes. High 
voltage is required on Vpp1 and Vpp2 to perform program 
and erase operations. 

The common memory space data contents are altered 
in a similar manner as writing to individual Flash 
Memory devices. On-card address and data buffers 
activate the appropriate Flash device in the memory 
array. Each device internally latches address and data 
during write cycles. Refer to Table 2A. 

Attribute memory is a separately accessed card mem­
ory space. The register memory space is active when 
the REG pin is driven low. The Card Information 
Structure describes the capabilities and specification of 

a card. The CIS is stored in the attribute memory space 
beginning at address OOOOOH. The AmC001AFLKA 
contains a separate 512 byte EEPROM memory for the 
Card Information Structure. Alternatively, the CIS can 
be stored at the beginning of the common memory 
address space. Do-01 are active during attribute 
memory accesses. Da-D1s should be ignored. Odd 
order bytes present invalid data. Refer to Table 28. 

Word-Wide Operations 
The AmC001 AFLKA provides the flexibility to operate 
on data in a byte-wide or word-wide format. In word­
wide .EE.erations the Low-bytes are controlled with Vpp1 
and CE1 when AO = 0. The High-bytes are controlled 
with Vpp2 and CE2, AO = don't care. 

Erase operations are the only operations that work on 
entire memory segments. All other operations such as 
word-wide programming are not affected by the physical 
memory segments. 
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Byte-Wide Operations 
Byte-wide data is available on Do-07 for read and write 
operations (CE1 =low, CE2 =high). Even and odd bytes 
are stored in separate memory segments (i.e. So and 
S1) and are accessed when AO is low and high 
respectively. The even byte is the low order byte and the 
odd byte is the high order byte of a 16-bit word. 

Erase operations in the byte-wide mode must account 
for data multiplexing on Do-07 by changing the state of 
AO. Each memory segment pair must be addressed 
separately for erase operations. 

Card Detection 
Each co (output) pin should be read by the host system 
to determine if the memory card is adequately seated in 
the socket. CD1 and CD2 are internally tied to ground. If 
both bits are not detected, the system should indicate 
that the card must be re-inserted. 

Write Protection 
The AMO Flash memory card has three types of write 
protection. The PCMCINJEIDA socket itself provides 

MEMORY CARD BUS OPERATIONS 
Read Enable 
Two Card Enable (CE) pins are available on the memory 
card. Both CE pins must be active low for word-wide 
read accesses. Only one CE is required for byte-wide 
accesses. The CE pins control the selection and gates 
power to the high and low memory segments. The 
Output Enable (OE) controls gating accessed data from 
the memory segment outputs. 

Output Disable 
Data outputs from the card are disabled when OE is at a 
logic-high level. Under this condition, outputs are in the 
high-impedance state. 

Standby Operations 
Byte-wide read accesses only require half of the 
read/write output buffer (x16) to be active. In addition, 
only one memory segment is active with in either the 
high order or low order bank. Activation of the appropri­
ate half of the output buffer is controlled by the 
combination of both CE pins. The CE pins also control 
power to the high and low-order banks of memory. 
Outputs of the memory bank not selected are placed in 
the high impedance state. The individual memory 
segment is activated by the address decoders. The 
other memory segments operate in standby. An active 
memory segment continues to draw power until comple­
tion of a write, erase, or verify operation if the card is 
de-selected in the process of one of these operations. 

Auto Select Operation 
A host system or external card reader/writer can 
determine the on-card manufacturer and device l.D. 

the first type of write protection. Power supply and 
control pins have specific pin lengths in order to protect 
the card with proper power supply sequencing in the 
case of hot insertion and removal. 

A mechanical write protect switch provides a second 
~ of write protection. When this switch is activated, 
WE is internally forced high. The Flash memory 
command register is disabled from accepting any write 
commands. 

The third type of write protection is achieved with Vpp1 
and Vpp2 at logic low levels to reset the Flash devices to 
read-only mode. Memory contents can not be changed 
in this state. The command register of individual Flash 
memory segments is only active when Vpp1 and/or Vpp2 
are at high voltage (VppH). 

Each Flash memory device that comprises a Flash 
memory segment will reset the command register to the 
read-only mode when Vee is below VLKO. VLKO is the 
voltage below which write operations to individual 
command registers are disabled. 

codes. Codes are available after writing the 90H 
command to the command register of a memory 
segment. Reading from address location OOOOOH in any 
segment provides the manufacturer l.D. while address 
location 00002H provides the device l.D. 

Write Operations 
Write and erase operations are valid only when Vpp1 and 
Vpp2 are at high voltage. This activates the state 
machine of an addressed memory segment. The 
command register is a latch which saves address, 
commands, and data information used by the state 
machine and memory array. 

When Write Enable (WE) and appropriate CE(s) are 
a logic-level low, the command register is enabled for 
write operations. The falling edge of WE latches 
address information and the rising edge latches data/ 
command information. 

Memory Segment Command Definitions 
When the Vpp pin(s) are at low voltage the command 
register of each Flash memory segment defaults to OOH, 
the Read only mode. 

With high voltage on the Vpp pin(s), the Flash memory 
segments are active for either read, write, or erase 
operations. 

Write or erase operations are performed by writing 
appropriate data patterns to the command register of 
accessed Flash memory segments. 

The byte-wide and word-wide commands are defined in 
Tables 3 and 4 respectively. 
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Table 2A. Common Memory Bus Operations 

Pins/ (1, 6) (1, 6) 
Operation REG CE2 CE1 OE WE VPP2 VPP1 AO De-D1s Do-D1 

READ-ONLY 

Read (x8) (Note 7) V1H V1H V1L V1L V1H VPPL VPPL V1L High Z Data Out-Even 

Read (x8) (Note 8) V1H V1H V1L V1L V1H VPPL VPPL V1H High Z Data Out-Odd 

Read (x8) (Note 9) V1H V1L V1H V1L V1H VPPL VPPL x Data Out- HighZ 
Odd 

Read (x16) (Note 1 O) V1H V1L V1L V1L V1H VPPL VPPL x Data Out Data Out-Even 
Odd 

Output Disable V1H x x V1H V1H VPPL VPPL x High Z HighZ 

Standby x V1H V1H x x VPPL VPPL x High Z Hig_h Z 

REAO/WRITE 

Read (x8) (Notes 2, 7) V1H V1H V1L V1L V1H VPPX VPPH V1L High Z Data Out-Even 

Read (x8) (Notes 2, 8) V1H V1H V1L V1L V1H VPPH VPPX V1H High Z Data Out-Odd 

Read (x8) (Notes 2, 9) V1H V1L V1H V1L V1H VPPH VPPX x Data Out- HighZ 
Odd 

Read (x16) (Notes 2, 10) V1H V1L V1L V1L V1H VPPH VPPH x Data Out- Data Out-Even 
Odd 

Write (x8) (Notes 4, 7) V1H V1H V1L V1H V1L VPPX VPPH V1L High Z Data In-Even 

Write (x8) (Notes 4, 8) V1H V1H V1L V1H V1L VPPH VPPX V1H High Z Data In-Odd 

Write (x8) (Notes 4, 9) V1H V1L V1H V1H V1L VPPH VPPX x Data In HighZ 

Write (x16) (Notes 5, 10) V1H V1L V1L V1H V1L VPPH VPPH x Data In Data In-Even 
Odd 

Output Disable V1H x x V1H V1L VPPH VPPH x High Z HighZ 

Standby (Note 3) x V1H V1H x x VPPH VPPH x High Z HighZ 

Legend: 

X =Don't Care, where Don't Care is either V1L or V1H levels, VPPL = VPP <Vee+ 2 V, See DC Characteristics for voltage levels of 
VPPH, 0 V <An, Vee+ 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 

Notes: 
1. VPPL may be grounded, connected with a resistor to ground, or <Vee +2V. VPPH is the programming voltage specified for the 

device. Refer to the DC characteristics. When VPP = VPPL, memory contents can be read but not written or erased. 

2. Read operation with VPP = VPPH may access array data or the Auto select codes. Manufacturer and device codes may also 
be accessed via a command register write sequence. Refer to Table 3. 

3. With VPP at high voltage, the standby current is Ice+ IPP (standby). 

4. Refer to Table 3 for valid D1N during a byte write operation. 

5. Refer to Table 4 for valid D1N during a word write operation. 

6. VPPX = VPPH or VPPL 

7. Byte access- Even. In this xB mode, Ao= V1L outputs or inputs the "even" byte (low byte) of the x16 word on Do-D1. 
8. Byte access - Odd. In this xB mode, Ao= V1H outputs or inputs the "odd" byte (high byte) of the x16 word on Do-D1. This is 

accomplished internal to the card by transposing De-D1s to Do-D1. 
9. Odd byte only access. In this xB mode, Ao= X outputs or inputs the "odd" byte (high byte) of the x16 word on De-D1s. 

10. x16 word accesses present both "even" (low) and "odd" (high) bytes. Ao= V1L or V1H ="Don't Care". 
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Table 28. Attribute Memory Bus Operations 

Pins/ (1, 6) (1, 6) 
Operation REG CE2 CE1 OE WE VPP2 Vpp1 AO Da-D1s Do-D1 

READ-ONLY 

Read (x8) (Notes 7, 9) V1L V1H V1L V1L V1H VPPL VPPL V1L High Z Data Out-Even 

Read (x8) (Notes 8, 9) V1L V1H V1L V1L V1H VPPL VPPL V1H High Z Not Valid 

Read (x8) (Note 8) V1L V1L V1H V1L V1H VPPL VPPL x Not Valid High Z 

Read (x16) V1L V1L V1L V1L V1H VPPL VPPL x Not Valid Data Out-Even 
(Notes 8, 9, 1 O) 

Output Disable VIL x x V1H V1H VPPL VPPL x High Z HighZ 

Standby x V1H V1H x x VPPL VPPL x High Z HighZ 

READ/WRITE 

Read (x8) (Notes 2, 7, 9) V1L V1H V1L V1L V1H VPPX VPPH V1L High Z Data Out-Even 

Read (x8) (Notes 2, 8, 9) V1L V1H V1L V1L V1H VPPH VPPX V1H High Z Not Valid 

Read· (x8) (Note 9) V1L V1L V1H V1L V1H VPPH VPPX x Not Valid High Z 

Read (x16) V1L V1L V1L V1L V1H VPPH VPPH x Not Valid Data Out-Even 
(Notes 2, 9) 

Write (x8) V1L V1H V1L V1H V1L VPPX VPPH V1L High Z Data In-Even 
(Notes 4, 7, 10) 

Write (x8) V1L V11H V1L V1H V1L VPPH VPPX V1H High Z Not Valid 
(Notes 4, 8, 1 O) 

Write (x8) V1L V1L V1H V1H V1L VPPH VPPX x Not Valid HighZ 
(Notes 4, 9, 10) 

Write (x16) V1L V1L V1L V1H V1L VPPH VPPH x Not Valid Data In-Even 
(Note 10) 

Output Disable V1L x x V1H V1L VPPH VPPH x High Z High Z 

Standby (Note 3) x V1H V1H x x VPPH VPPH x High Z High Z 

Legend: 

X =Don't Care, where Don't Care is either V1L or V1H levels, VPPL = VPP <Vee+ 2 V, See DC Characteristics for voltage levels of 
VPPH, 0 V <An, Vee+ 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 

Notes: 

1. VPPL may be grounded, connected with a resistor to ground, or< Vee +2 V. VPPH is the programming voltage specified for the 
device. Refer to the DC characteristics. When Vpp = VPPL, memory contents can be read but not written or erased. 

2. Read operation with VPP = VPPH may access array data or the Auto select codes. Manufacturer ~nd device codes may also 
be accessed via a command register write sequence. Refer to Table 3. 

3. With VPP at high voltage, the standby current is Ice+ IPP (standby). 

4. Refer to Table 3 for valid D1N during a write operation. 

5. Refer to Table 4 for valid D1N during a write operation. 

6. VPPX = VPPH or VPPL. 

7. In this xB mode, Ari = V1L outputs or inputs the "even" byte (low byte) of the x16 word on Dcr-D1. 
8. Only even-byte qata is valid during Attribute Memory Read function. 
9. During Attribute Memory Read function, REG and OE must be active for the entire cycle. 

10. During Attribute Memory Write function, REG and WE must be active for the entire cycle, OE must be inactive forthe entire 
cycle. 
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Table 3. Command Definitions for Byte-Wide Operations 

First Bus Cycle Second Bus Cycle 

Operation Address Data 
Command (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write x OOH/FFH 

Read Auto Select (Note 7) Write x 90H 

Embedded Set-up/Erase Write x 30H 
Embedded Erase™ jNote 4) 

Embedded Set-up Program/ Write x 50H 
Embedded Program TM 

(Note 5) 

Reset (Note 6) Write x FFH 

Notes: 
1. Bus operations are defined in Table 2A. 

2. RA= Address of the memory location to be read. 
EA= Address of the memory location to be read during erase-verify. 
PA~ Address of the memory location to be programmed. 
SA= Address of memory segment to be erased. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD =Data read from location EA during erase-verify. 

Operation 
(Note 1) 

Read 

Read 

Write 

Write 

Write 

PD= Data to be programmed at location PA Data latched on the rising edge of WE. 

Address 
(Note 2) 

RA 

OOH/01H 

x 

PA 

x 

PVD = Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figure 1 illustrates the Embedded Erase Algorithm. 

5. Figure 2 illustrates the Embedded Programming Algorithm. 

6. Please reference Reset Command section. 

7. Please reference Auto Select section. 
Address: OOH/01 H = MFG code I Device code addresses. 
Data: 01 H/A2H = MFG code data I Device code data. 
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Data 
(Note 3) 

RD 

01H/A2H 

30H 

PD 

FFH 
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Table 4. Command Definitions for Word-Wide Operations 

First Bus Cycle Second Bus Cycle 

Operation Address Data 
Command (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write x OOOOH/ 
FFFFH 

Read Auto Select (Note 7) Write x 9090H 

Embedded Erase Write SA 3030H 
Set-up/Erase 

Embedded Set-up Program/ Write x 5050H 
Embedded Program 

Reset (Note 6) Write x FFFFH 

Notes: 
1. Bus operations are defined in Table 2A. 

2. RA.= Address of the memory location to be read. 
EA = Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
SA= Address of memory segment to be erased. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 

Operation 
(Note 1) 

Read 

Read 

Write 

Write 

Write 

PD= Data to be programmed at location PA. Data latched on the rising edge of WE. 

Address 
(Note 2) 

RA 

OOOOH/ 
0101H 

x 

PA 

x 

PVD = Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figure 1 illustrates the Embedded Electrical Erase Algorithm. 

5. Figure 2 illustrates the Embedded Programming Algorithm. 

6. Please reference Reset Command section. 

7. Please reference Auto Select section. 
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Data 
(Note 3) 

RD 

0101 H/ 
A7A7H 

3030H 

PD 

FFFFH 
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FLASH MEMORY PROGRAM/ERASE OPERATIONS 

Details of AMD's Embedded Program and 
Erase Operations 

Embedded Erase™ Algorithm 
The automatic memory segment erase does not require 
the device to be entirely pre-programmed prior to exe­
cuting the Embedded erase set-up command and Em­
bedded erase command. Upon executing the 
Embedded erase command, the addressed ·memory 
segment automatically will program and verify the entire 
memory for an all zero data pattern. The system is IlQ1 
required to provide any controls or timing during these 
operations. 

When the memory segment is automatically verified to 
contain an all zero pattern, a self-timed chip erase and 
verify begin. The erase and verify operation are com­
plete when the data on 007 of the memory segment is 
"1" (see Write Operation Status section) at which time 
the device returns to Read mode. The system is not re­
quired to provide any control or timing during these 
operations. 

When using the Embedded Erase algorithm, the erase 
automatically terminates when adequate erase margin 
has been achieved for the memory array (no erase ver­
ify command is required). The margin voltages are inter­
nally generated in the same manner as when the 
standard erase verify command is used. 

The Embedded erase set-up command is a command 
only operation that stages the memory segment for 
automatic electrical erasure of all bytes in the array. Em­
bedded erase set-up is performed by writing 30H to the 
command register of the addressed memory segment. 

To commence automatic segment erase, the command 
30H must be written again to the command register. The 
automatic erase begins on the rising edge of the WE and 
terminates when the data on 007 of the memory seg­
ment is "1" (see Write Operation Status section) at 
which time the device returns to Read mode. 

Figure 1 and Table 5 illustrate the Embedded Erase al­
gorithm, a typical command string and bus operations. 

ApplyVPPH 

Write Embedded Erase™ Set-up Command 

Write Embedded Erase™ Command 

Data Poll from Device 

17120A-2 

Figure 1. Embedded Erase™ Algorithm in Byte-Wide Mode 
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Table 5. Embedded Erase Algorithm 

Bus Operations Command Comments 

Standby Wait for VPP Ramp to VPPH (1) 

Write Embedded Erase Data= 30H 
Set-up Command 

Write Embedded Erase Command Data= 30H 

Read Data Polling to Verify Erasure 

Standby Compare Output to FFH 

Read Available for Read Operations 

Note: 
1. See DC Characteristics for value of VPPL. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 

switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0 V. Refer to Principles of 
Operation. 

Embedded Program™ Algorithm 
The Embedded Program Set-up is a command only op­
eration that stages the addressed memory segment for 
automatic programming. Embedded Program Set-up is 
performed by writing SOH to the command register. 

Once the Embedded Program Set-up operation is per­
formed, the next WE pulse causes a transition to an ac­
tive programming operation. Addresses are internally 
latched on the falling edge of the WE pulse. Data is inter­
nally latched on the rising edge of the WE pulse. The ris­
ing edge of WE also begins the programming operation. 
The system is not required to provide further controls or 
timings. The device will automatically provide an ade­
quate internally generated program pulse and verify 
margin. The automatic programming operation is com­
pleted when the data on DQ7 of the addressed memory 
segment is equivalent to data written to this bit (see 

Write Operation Status section) at which time the device 
returns to Read mode (no program verify command is 
required). 

Figure 2 and Table 6 illustrate the Embedded Program 
algorithm, a typical command string, and bus operation. 

Reset Command 

The reset command initializes the memory segment to 
the read mode. In addition, it also provides a safe 
method to abort any memory segment operation (in­
cluding program or erase). The reset command must be 
written two consecutive times after the program set-up 
command. This will safely reset the segment memory to 
the read mode. Memory contents are not altered. Fol­
lowing any other command, write the reset command 
once to the segment. This will safely abort any operation 
and reset the device to the Read mode. 

Table 6. Embedded Programming Algorithm 

Bus Operations Command Comments 

Standby Wait for Vpp Ramp to VPPH (1) 

Write Embedded Program Data= SOH 
Set-u_Q_ Command 

Write Embedded Program Valid Address/Data 
Command 

Read Data Poll in~ to VerlfY_ Com_Q!etion 

Read Available for Read Operations 

Note: 
1. See DC Characteristics for value of VPPH. The Vpp power supply can be hard-wired to the device or switchable. When VPP is 

switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee + 2.0 V. Refer to Principles of 
Operation. Device is either powered-down, erase inhibit or program inhibit. 
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ApplyVPPH 

Write Embedded Program Set-up Command 

Write Embedded Program Command (ND) 

Data Poll Device 

N 

Increment Address 

ND = Address/Data Erasure Completed 
17120A-3 

Figure 2. Embedded Programming Algorithm in Byte-Wide Mode 

Write Operation Status 
Data Polling-007 

The Flash Memory PC Card features Data Polling as a 
method to indicate to the host system that the Embed­
ded algorithms are either in progress or completed. 

While the Embedded Programming algorithm is in op­
eration, an attempt to read the device will produce the 
compliment of expected Valid data on 007 of the ad­
dressed memory segment. Upon completion of the Em­
bedded Program algorithm an attempt to read the 
device will produce Valid data on 007. The Data Polling 
feature is valid after the rising edge of the second WE 
pulse of the two write pulse sequence. 

While the Embedded Erase algorithm is in operation, 
007 will read "O" until the erase operation is completed. 
Upon completion of the erase operation, the data on 
007 will read "1 ".The Data Polling feature is valid after 
the rising edge of the second WE pulse of the two Write 
pulse sequence. 

The Data Polling feature is only active during Embedded 
Programming or erase algorithms. 

See Figures 3a and 4a for the Data Polling timing speci­
fications and diagrams. 
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N 

y 

17120A-4 
Note: 

1. D01 is rechecked even if DQs = 1 because DQ7 may change simultaneously with DQs. 

Figure 3a. Data Polling Algorithm 

Toggle Bit-DQ6 

The Flash Memory PC Card also features a "Toggle Bit" 
as a method to indicate to the host system that the Em­
bedded algorithms are either in progress or completed. 

While the Embedded Program or Erase algorithm is in 
progress, successive attempts to read data from the de­
vice will result in DOS toggling between one and zero. 
Once the Embedded Program or Erase algorithm is 
completed, DOS will stop toggling and valid data will be 

N 

Note: 

read. The toggle bit is valid after the rising edge of the 
first WE pulse of the two write pulse sequence, unlike 
Data Polling which is valid after the rising edge of the 
second WE pulse. This feature allows the user to deter­
mine if the device is partially through the two write pulse 
sequence. 

See Figures 3b and 4a for the Data Polling timing speci­
fications and diagrams. 

17120A-5 

1. DOs is rechecked even if DQs = 1 because DQs may stop toggling at the same time as DQs changing to "1 ". 

Figure 3b. Toggle Bit Algorithm 
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tDF 
toE 

tOEH 

tcE 

toH 

High Z 
Data In 

i.------- twHWH 3 or4 -+-------
17120A-6 

Figure 4a. AC Waveforms for Data Polling During Embedded Algorithm Operations 
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EMBEDDED ALGORITHM BYTE-WIDE PROGRAMMING AND ERASURE OVERVIEW 

Write Embedded 
Programming or Erase 
command sequence to 

memory segments 

Software polling from 
memory segment 

17120A-9 

The Embedded Algorithm operations completely auto­
mate the programming and erase procedure by inter­
nally executing the algorithmic command sequence of 
original AMO devices. The devices automatically pro­
vide Write Operation Status information with standard 
read operations (addresses are a don't care). 

Figure 5. 
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EMBEDDED ALGORITHM BYTE-WIDE PROGRAMMING FLOW CHART 

3-124 

Apply VPPH to 
memory segment 

Initialization: 
PGM = 50H 
EF = 0 

GetADRS/PD 

VDAT=; PD 

Write ADRS/PGM 

Write ADRSNDAT 

Wait 14 µs 

Read ADRS/FMD 

Begin software polling 
subroutine 

N 

17120A-7 

Activity 

Initialize Programming Variables: 
PGM = Embedded Set up Command 
EF = Error Flag 

ADRS =Appropriate address for memory segment. 
PD = Program Data 
VOA T = Valid Data. 

FMD = Flash Memory Data. 

EF = O = No Programming error 
EF = 1 = Programming error 

Figure 6. 
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EMBEDDED ALGORITHM BYTE-WIDE SOFTWARE POLLING FOR PROGRAMMING 
Subroutine 

N 

Note: 

Recommend 14 µs 
time out from previous 

data polling 

Device failed 
to program 

EF = 1 

005= 1 
N = Program time not exceeded limit 
Y = Program time exceed limit, device failed 

Device passed 

17120A-8 

1. D01 is checked even if DOs = 1 because 001 may have changed simultaneously 
with DOs or immediately after DOs. 

Figure 7. 
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EMBEDDED ALGORITHM BYTE-WIDE ERASURE FLOW CHART 

N 

3-126 

Apply WPH to 
memory segment 

Initialization: 
ERS =30H 
SEGADRS = 0 
EF=O 

Write SEG ADRS/ERS 

Write SEG ADRS/ERS 

Wait3s 

Read SEG 
ADRS/FMD 

Begin software 
polling subroutine 

Activity 

ERS = Erase Command 
SEGment ADdReSs = 0 
Error Flag = 0 

3 seconds wait = 2 seconds memory segment 
preprogram time + 1 second memory segment 
erase time. 

Erased Flash Memory Data = FFH. 

17120A-10 

Figure 8. 
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EMBEDDED ALGORITHM BYTE-WIDE SOFTWARE POLLING ERASE SUBROUTINE 

N 

Recommend 10 ms 
time out from previous 

data polling 

Device failed 
to erase 
EF = 2 

Device passed 

17120A-11 

Figure 9. 

DOz= 1 
Y = Erase Complete 
N = Erase not Complete 

005= 1 
Y = Erase time exceeded limit, Device failed. 
N = Erase time has not exceeded limit. 
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WORD-WIDE PROGRAMMING AND ERASING 
Word-Wide Programming 
The word-wide programming sequence will be as usual. 
The program word command is 5050H. Each byte is in­
dependently programmed. For example, if the high byte 
of the word indicates the successful completion of pro­
gramming via one of its program status bits such as 
007, software polling should continue to monitor the 
low byte for program completion and data verification. 
During the Embedded Programming operations the de­
vice executes programming pulses in 14 µs increments. 
Status reads provide information on the progress of the 
byte programming relative to the last complete program 
pulse. Status information is automatically updated upon 
completion of each internal program pulse. Status infor­
mation does not change within the 14 µs program pulse 
width. 

Word-Wide Erasing 
The word-wide erasing is similar to word-wide program­
ming. The erase word command is 3030H. Each byte is 
independently erased and verified. Word-wide erasure 
reduces total erase time when compared to byte era­
sure. Each Flash memory device in the card may erase 
at different rates. Therefore each device (byte) must be 
verified separately. The alternate method mentioned 
above also apply to erasure. Since the same 40 MHz 
system, 1 second of CPU time is equivalent to 40 million 
clock cycles. 
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EMBEDDED ALGORITHM WORD-WIDE PROGRAMMING AND 
ERASURE OVERVIEW 

Write Embedded Pro­
gramming or Erase 

command sequence to 
memo se ments 

Software polling from 
memory segments 

17120A-14 

The Embedded Algorithm operations completely auto­
mate the parallel programming and erase procedures by 
internally executing the algorithmic command se­
quences of AMD's F/ashrite and Flasherase algorithms. 
The devices automatically provide Write Operation 
Status information with standard read operations. 

Figure 10. 
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EMBEDDED ALGORITHM WORD-WIDE PROGRAMMING FLOW CHART 

3-130 

Apply VPPH to 
memory segment 

Initialization: 
PGM = 5050H 
EF = 0 

Get ADRS/PDW 

VWDAT= POW 

Write ADRS/PGM 

Write ADRS/PDW 

Wait 14 µs 

Read ADRS/FMD 

Begin software 
polling subroutine 

17120A-12 

Activity 

Initialize Programming Variables: 
PGM = Embedded Set up Command 
EF = Error Flag 

ADRS =Appropriate address for memory segment. 
POW= Program Data Word 
VWDA T = Valid Word Data 
EF = Error Flag 
EF = 0 = No failure 
EF = 1 = Low byte program error 
EF = 2 = High byte program error 
EF = 3 = Word-wide program error 

FMD = Valid Word Data 

Figure 11. 
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EMBEDDED ALGORITHM WORD-WIDE SOFTWARE POLLING 
PROGRAM SUBROUTINE 

Begin 
subroutine 

Recommend 14 µs 
time out from previous 

data polling 

Recommend 14 µs 
time out from previous 

data polling 

High byte program 
time exceeded limit, 

EF = 2 + EF 

17120A-13 

Figure 12. 

AmC001AFLKA 

Vdata = Valid data 

DOs113 = 1 ? 

Low byte program 
time exceeded limit, 

EF = 1 

Y = Erase time has exceeded limit, device failed. 
N = Erase time has not exceeded limit. 
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EMBEDDED ALGORITHM WORD-WIDE ERASURE FLOW CHART 

N 

3-132 

Apply VPPH to 
memory segment 

Initialization: 
ERS = 3030H 
SEGADRS =0 
EF= 0 

Write SEG ADRS/ERS 

Write SEG ADRS/ERS 

Wait3 s 

Read SEG 
ADRS/FMD 

Begin software 
polling subroutine 

INCSEGADRS 

N 

17120A-15 

Figure 13. 

Activity 

ERS = Erase Command 
SEG ADRS = Segment Address 

EF = Error Flag 
EF = 0 = No failure 
EF = 1 = Low byte Erase error 
EF = 2 = High byte Erase error 
EF = 3 = Word-wide Erase error 

FMD = Flash Memory Data 
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EMBEDDED ALGORITHM WORD-WIDE SOFTWARE POLLING 
ERASE SUBROUTINE 

Begin 
subroutine 

Recommend 10 ms 
time out from previous 

data polling 

Recommend 10 ms 
time out from previous 

data polling 

Subroutine 
return 

High byte erase 
time exceeded limit, 

EF = 2 + EF 

17120A-16 

Figure 14. 

AmC001AFLKA 

OQ711s = 1 

Low byte erase 
time exceeded limit, 

EF = 1 

Y = Erase complete. 
N = Erase not complete. 

DOs;13 = 1 
Y = Erase time has exceeded limit, device failed. 
N = Erase time has not exceeded limit. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature . . . . . . . . . . . - 30°C to + 70°C 

Ambient Temperature 
with Power Applied . . . . . . . . . . . . . - 10°c to + 70°C 

Voltage with Respect To Ground 
All pins except VPP (Note 1) ...... - 2.0 V to +7.0 V 

Vcc(Note1) .................. -2.0Vto+7.0V 

Vpp(Note2) .................. -2.0Vto+14.0V 

Output Short Circuit Current (Note 3) . . . . . . 200 mA 

Notes: 
1. Minimum DC voltage on input or 1/0 pins is -0.5 V. During 

voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 

and 1/0 pins is Vee + 0.5 V. During voltage transitions, 

outputs may overshoot to Vee + 2.0 V for periods up to 
20ns. 

2. Minimum DC input voltage on Vpp pins is -0.5 V. During 

voltage transitions,VPP may overshoot Vss to -2.0 V for 

periods of up to 20 ns. Maximum DC input voltage on Vpp 
is+ 13.5 V which may overshoot to 14.0 V for periods up to 
20 ns. 

3. No more than one output shorted at a time. Duration 
of the short circuit should not be greater than one second. 

Conditions equal Vour = 0.5 V or 5.0 V, Vee = Vee 
max. These values are chosen to avoid test problems 
caused by tester ground degradation. This parameter is 
sampled and not 100% tested, but guaranteed by charac­
terization. 

Stresses above those listed under "Absolute Maximum Rat­
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these or 
any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure of the de­
vice to absolute maximum rating conditions for extended peri­
ods may affect device reliability. 

Commercial (C) Devices 
Case Temperature (Tc) .......... 0°c to +60°C 

Vee Supply Voltages ......... +4. 75 V to 5.25 V 

Vpp Supply Voltages 
Read Only . . . . . . . . . . . . . . . . . . . . O V to +6.5 V 

Program, Erase, Verify, 
and Read ................ +11.4 V to +12.6 V 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 
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DC CHARACTERISTICS 
Byte Wide Operation 
Parameter 
Symbol Parameter Description 

lu Input Leakage Current 

ILO Output Leakage Current 

Ices Vee Standby Current 

lee1 VeeActive Read Current 

lee2 Vee Programming Current 

lce.3 Vee Erase Current 

IPPS VPP Standby Current 

IPP1 VPP Read Current 

IPP2 VPP Programming Current 

IPP3 VPP Erase Current 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage 

VoH1 Output High Voltage 

VPPL VPP During Read-Only 
OB_erations 

VPPH VPP During Read/Write 
O_gerations 

VLKO Low Vee Lock-Out Voltage 

Notes: 
1. One Flash device active, seven in standby. 
2. Only one Vpp is active. 

PRELIMINARY 

Test Conditions 

Vee= Vee Max., 
V1N = Vee or Vss 

Vee= Vee Max., 
VouT = Vee or Vss 

Vee= Vee Max. 
CE= Vee± 0.2 V 

Vee= Vee Max.,CE = V1L. 
OE = V1H,louT = 0 mA, 
at 6 MHz 

CE= V1L 
Programming in Progress 

CE= V1L 
Erasure in Progress 

VPP S Vee 

VPP >Vee 

VPPS,. Vee 

VPP = VPPL 
Programming in Progress 

VPP = VPPH 
Erasure in Pro_gress 

Except CE, REG = 3.2 V Min. 

loL= 3.2 mA 
Vee= Vee Min. 

loH= -2.0 mA 
Vee= Vee Min. 

Note: Erase/Program are 
inhibited when VPP = VPPL 

AmC001AFLKA 

AMO~ 

Min. Typ. Max. Unit 

1.0 ±20 µA 

1.0 20 µA 

0.4 0.8 mA 

25 50 mA 

3.0 30 mA 

5.0 30 mA 

10 µA 

0.2 0.4 
mA 

0.04 

8.0 30 mA 

10 30 mA 

-0.5 0.8 v 
2.4 Vee v 

+ 0.3 

0.40 v 

3.8 v 

0.0 Vee+2 v 

11.4 12.6 v 

3.2 v 
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DC CHARACTERISTICS 
Word-Wide Operation 
Parameter 
Symbol Parameter Description 

lu Input Leakage Current 

I Lo Output Leakage Current 

Ices Vee Standby Current 

lcc1 VccActive Read Current 

lcc2 Vee Programming Current 

lcc3 Vee Erase Current 

IPPS VPP Standby Current 

IPP1 VPP Read Current 

IPP2 VPP Programming Current 

IPP3 VPP Erase Current 

V1L Input Low Voltage 

V1H Input High Voltage 

VOL Output Low Voltage 

VoH1 Output High Voltage 

VPPL VPP During Read-Only 
Operations 

VPPH VPP During Read/Write 
Operations 

VLKO Low Vee Lock-Out Voltage 

Notes: 
1. Two Flash devices active, six in standby. 
2. Vpp1 and Vpp2 are active. 
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Test Conditions 

Vee= Vee Max., 
V1N = Vee or Vss 

Vee= Vee Max., 
VouT =Vee or Vss 

Vee= Vee Max. 
CE= Vee± 0.2 V 

Vee= VccMax.,CE = V1L. 
OE = Vi'H, louT = 0 mA, 
at 6 MHz 

CE= V1L 
Programming in Progress 

CE= V1L 
Erasure in Prqgrnss 

VPP .$.Vee 

VPP >Vee 

VPP.$. Vee 

VPP = VPPL 
Programming in Progress 

VPP= VPPH 
Erasure in Progress 

Except CE, REG = 3.2 V Min. 

loL= 3.2 mA 
Vee= Vee Min. 

loH= 2.0 mA 
Vee= Vee Min. 

Note: Erase/Program are 
inhibited when VPP = VPPL 

AmC001 AFLKA 

Min. Typ. Max. Unit 

1.0 ±20 µA 

1.0 20 µA 

0.4 0.8 mA 

40 80 mA 

6 60 mA 

10 60 mA 

10 µA 

0.4 0.8 mA 
0.08 

16 60 mA 

20 60 mA 

-0.5 0.8 v 
2.4 Vee v 

+ 0.3 

0.40 v 

3.8 v 

0.0 Vcc+2 v 

11.4 12.6 v 

3.2 v 
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PIN CAPACITANCE 
Parameter 

Symbol Parameter Description Test Conditions 

C1N1 Address Capacitance V1N =0 

Gour Output Capacitance Vour = O 

C1N2 Control Capacitance V1N = 0 (CE, REG) 

C110 1/0 Capacitance V11o=O 

Notes: 
1. Sampled, not 100% tested. 

2. Test conditions TA= 25°C, f = 1.0 MHz. 

SWITCHING AC CHARACTERISTICS 

Read Only Operation (Note 1) 

Parameter 
Symbols 

JED EC Standard Parameter Description 

tAVAV tRC Read Cycle Time 

tELQV tcE Chip Enable Access Time 

tAvav !Ace Address Access Time 

tGLQV toE Output Enable Access Time 

tELQX tLz Chip Enable to Output in Low Z 

tEHQZ toF Chip Disable to Output in High Z 

tGLQX toLZ Output Enable to Output in Low Z 

tGHQZ toF Output Disable to Output in High Z 

tAxax toH Output Hold from first of Address, 
CE, or OE Change 

tWHGL Write Recovery Time before Read 

Note: 
1. Input Rise and Fall Times (10% to 90%): ~ 1 O ns, Input Pulse levels: 

VoL and VoH, Timing Measurement Reference Level - Inputs: V1L and V1H 
Outputs: V1L and V1H 

AmC001 AFLKA 

AMDl1 

Typ. Max. Unit 

21 pF 

21 pF 

47 pF 

21 pF 

Min. Max. Unit 

250 ns 

250 ns 

250 ns 

150 ns 

5 ns 

60 ns 

5 ns 

60 ns 

5 ns 

6 µs 
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AC CHARACTERISTICS 
Write/Erase/Program Operations 

Parameter 
Symbols 

JED EC Standard Parameter Description 

tAVAV twc Write Cycle Time 

tAWIL tAs Address Set-Up Time 

twLAX tAH Address Hold Time 

tDWJH tos Data Set-Up Time 

twHDX toH Data Hold Time 

to EH Output Enable Hold Time for 
Embedded Algorithm 

twHGL twR Write Recovery Time before Read 

tGHWL Read Recovery Time before Write 

twLOZ Output in High-Z from Write Enable 

twHOZ Output in Low-Z from Write Enable 

tELWL tcs Chip Enable Set-Up Time 

twHEH tcH Chip Enable Hold Time 

twLWH twp Write Pulse Width 

twHWL twPH Write Pulse Width HIGH 

twHWH3 Embedded Programming Operation 
_iNotes 1, 2, 31 

twHWH4 Embedded Erase Operation for each 
128K byte Memory Segment (Notes 1, 2, 4) 

tvPEL Vpp Set-Up Time to Chip Enable LOW 

Notes: 
1. Rise/Fall < = 1 O ns. 

Min. Max. Unit 

250 ns 

0 ns 

100 ns 

80 ns 

30 ns 

30 ns 

6 µs 

0 µs 

5 ns 

60 ns 

40 ns 

0 ns 

100 ns 

50 ns 

14 µs 

3 s 

100 ns 

2. Maximum specification not needed due to the devices internal stop timer that will stop any erase or write operation that 
exceed the device specification. 

3. Embedded Program Operation of 14 µs consist of 10 µs program pulse and 4 µs write recovery before read. This is the 
minimum time for one pass through the programming algorithm. 

4. Embedded Erase Operation of 3 seconds consists of 2 seconds memory segment pre-programming times and 
1 second memory segment erase time for each 128K byte memory segment. This is typical time for embedded 
erase operation. 
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Addresses 

CE(E) 

OE(G) 

Data (DO) 

5.0V 
Vee 
ov 

PRELIMINARY 

Device and Outputs Data 
Power-up, Standby Address Selection Enabled Valid 

Addresses Stable 

----+- twHGL 

tAxax (toH) 

HighZ 
Output Valid 

Note: CE refers to CE1. 2 

Figure 15. AC Waveforms for Read Operations 

AmC001AFLKA 

AMO~ 

Standby, Power-down 

HighZ 

17120A-17 
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Data Polling Read 

Addresses 

tDF 

Data 

tOH 

Vee 

tEHVP 

Vpp 
17120A-18 

tvPEL 

Notes: 

1. D1N is data input to the device. 

2. DO? is the output of the complement of the data written to the device. 

3. Dour is the output of the data written to the device. 

Figure 16. AC Waveforms for Embedded Erase Operation 
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Data Polling Read 

Addresses 

Data 

Vee teE 

tEHVP 

Vpp 
17120A-19 

tvPEL 

Notes: 

1. D1N is data input to the device. 

2. Da? is the output of the complement of the data written to the device. 

3. DouT is the output of the data written to the device. 

Figure 17. AC Waveforms for Embedded Programming Operation 
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AC CHARACTERISTICS-ALTERNATE CE CONTROLLED WRITES 
Write/Erase/Program Operations 

Parameter 
Symbols 

JED EC Standard Parameter Description Min. Max. Unit 

lAVAV twc Write Cycle Time 250 ns 

lAVEL tAS Address Set-Up Time 0 ns 

tELAX lAH Address Hold Time 100 ns 

tovEH tos Data Set-Up Time 80 ns 

tEHDX toH Data Hold Time 30 ns 

tGLDV toE Output Enable Hold Time for 10 150 ns 
Embedded Algorithm 

tGHEL Read Recovery Time before Write 0 µs 

twLEL tws WE Set-Up Time before CE 0 ns 

tEHWH tcp WE Hold Time 0 ns 

tELEH tcP Write Pulse Width 100 ns 

tEHEL tcPH Write Pulse Width HIGH (Note 3) 50 ns 

tEHEH3 Embedded Programming Operation 14 µs 
_iNote '!}_ 

tEHEH4 Embedded Erase Operation for each 3 s 
128K byte Memory Segment (Notes 1, 2, 4) 

tvPWL VPP Set-Up Time to Write Enable LOW 100 ns 

Notes: 

1. Rise/Fall< =10 ns 
2. Maximum specification not needed due to the internal stop timer that will stop any erase or write operation that exist the de­

vice specification. 
3. Chip Enable Controlled Programming: 

Flash Programming is controlled by the valid combination of the Chip Enable (CE1, 2) and Write Enable fNE) signals. For 
system that uses the Chip Enable signal(s) to define the write pulse width, all Set-up, Hold, and inactive Write Enable timing 
should be measured relative to the Chip Enable signal{s). 

4. Embedded Program Operation of 14 µs consist of 1 O µs program pulse and 4 µs write recovery before read. This is the 
minimum time for one pass through the programming algorithm. 

5. Embedded Erase Operation of 3 seconds consists of 2 seconds memory segment pre-programming times and 1 second 
memory segment erase time for each 128K byte memory segment. This is typical time for embedded 
erase operation. 

3-142 AmC001 AFLKA 



PRELIMINARY 

Addresses (A) 

OE (G) 

CE(E) 

Data 
(DQ) 

Vee 

Vpp 

Notes: 

(5050H for Word mode) 

twHVP 

tvPWL 

1. D1N is data input to the device. 

Data Polling 

2. Da1 is the output of the complement of the data written to the device. 

3. Dour is the output of the data written to the device. 

AMO~ 

Read 

tcE 

17120A-20 

Figure 18. Alternate AC Waveforms for CE Controlled Embedded Programming or Erasing Operation 
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CARD INFORMATION STRUCTURE 
The AmC001AFLKA contains a separate 512 byte 
EEPROM memory for the Card Information Structure. 
All or part of the 512 byte could be used for the card's 
attribute memory space. This allows all of the Flash 
memory to be used for the common memory space. Part 
of the common memory space could also be mapped 
into the attribute memory space if more than 512 bytes 
of CIS are needed. 

The EEPROM used in the AmC001 AFLKA is a NEC 
µPD28C05GX-20-EJA designed to operate from a 5 V 
single power supply. The µPD28C05 provides a DATA 
polling function that provides the End of Write Cycle, 
Chip Erase and Auto Erase and Programming 
functions. 

SYSTEM DESIGN AND INTERFACE INFORMATION 
Power Up and Power Down Protection 
The PCMCIA standard socket provides for proper 
power up and power down sequencing via different pin 
lengths to ensure that hot insertion and removal of the 
PC card will not result in card damage or data loss. 

AMD's Flash memory devices are designed to protect 
against accidental programming or erasure caused by 
spurious system signals that might exist during hot in­
sertion, hot removal, or power transitions. The AMO PC 
card will power-up into a READ mode and the card will 
function as a read only memory as long as Vpp is less 
than Vee +2 V. Erasing of the memory segments can be 

accomplished only by writing the proper Erase com­
mand to the card twice along with the proper Chip En­
able, Output Enable and Write Enable control signals. 

System Power Supply Decoupling 
The AMO Flash memory card has a 0.1 µF decoupling 
capacitor between the Vee and the GND pins, and be­
tween the Vpp and the GND pins. It is recommended the 
system side also have a 4. 7 µF capacitor between the 
Vee and the GND pins, and between the Vpp and the 
GND pins. 
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PHYSICAL DIMENSIONS 
Type 1 PC Card 

PRELIMINARY 

-+t----------------++-

85.6 :t 0.2 mm 

H 10.0 Min. (mm) 

-t-t----------------++-

H 10.0 Min. (mm) 

q 
Back Side 

AmC001AFLKA 

AMO~ 

1 
54.0 :t 0.1 mm 

J 
_l 

3.3 :t 0.1 mm 

f 

17120A-21 
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AmC002AFLKA 
2 Megabyte Flash Memory PC Card 

DISTINCTIVE CHARACTERISTICS 
• High performance 

- 250 ns maximum access time 

• CMOS low power consumption 
- 25 mA typical active current (XS) 
- 400 µA typical standby current 

• PCMCIA/JEIDA 68-pin standard 
- Selectable byte or word-wide 

configuration 

• Write protect switch 
- Prevents accidental data loss 

• High re-programmable endurance 
- Minimum 100,000 erase/write cycles 

• Zero data retention power 
- Batteries not required for data storage 

• Separate attribute memory 
- 512 byte EEPROM 

GENERAL DESCRIPTION 
AMD's Flash Memory PC Card provides the highest 
system level performance for data and file storage solu­
tions to the portable PC market segment. Data files and 
application programs can be stored on the 
AmC002AFLKA. This allows OEM manufacturers of 
portable system to eliminate the weight, extreme power 
consumption and reliability issues associated with 
electro-mechanical disk-based systems. The 
AmC002AFLKA also allows today's bulky and heavy 
battery packs to be reduced in weight and size. Typically 
only two "AA" alkaline batteries are required for total 
system operation. AMD's Flash Memory PC Cards pro­
vide the most efficient method to transfer useful work 
between different hardware platforms. The enabling 
technology of the AmC002AFLKA enhances the pro­
ductivity of mobile workers. 

Widespread acceptance of the AmC002AFLKA is 
assured due to its compatibility with the 68-pin 
PCMCINJEIDA international standard. AMD's Flash 

~ 
Advanced 

Micro 
Devices 

• Automated Write and Erase Operations 
(Increases System Write Performance) 

256K byte memory segment 
- Typically <1.5 seconds per single memory 

segment erase 
Random address writes to previously 
erased bytes (14 µs typical per byte) 

• Total system integration solution 
- Support from independent software and 

hardware vendors 

• Insertion and removal force 
- State of art connector allows for minimum card 

insertion and removal effort 

• Write and erase voltage, 12.0 V ± 5% 

• Read voltage, 5 V ± 5% 

• Manufactured by DuPont Connector Systems 

Memory Cards can be read in either a byte-wide or 
word-wide mode which allows for flexible integration 
into various system platforms. Compatibility is assured 
at the hardware interface and software interchange 
specification. The Card Information Structure (CIS) or 
Metaformat, can be written by the OEM at the Memory 
Card's attribute memory address space beginning at 
address OOOOOH by using a format utility. The CIS 
appears atthe beginning of the Card's attribute memory 
space and defines the low-level organization of data on 
the PC Card. The AmC002AFLKA contains a separate 
512 byte EEPROM memory for the card's attribute 
memory space. This allows all of the Flash Memory to 
be used for the common memory space. 

Third party software solutions such as Microsoft's Flash 
File System (FFS), enable AMD's Flash Memory PC 
Card to replicate the function of traditional disk-based 
memory systems. 

Manufactured by DuPont Connector Systems ~ 
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PC CARD PIN ASSIGNMENTS 

Pin# Sig_nal 1/0 Function 

1 GND Ground 

2 D3 1/0 Data Bit 3 
3 D4 1/0 Data Bit 4 
4 D5 1/0 Data Bit 5 
5 D6 1/0 Data Bit 6 
6 D7 1/0 Data Bit 7 
7 CE1 I Card Enable (Note 1) 
8 A10 I Address Bit 10 
9 OE I Output Enable 

10 A11 I Address Bit 11 
11 Ag I Address Bit 9 
12 As I Address Bit 8 
13 A13 I Address Bit 13 
14 A14 I Address Bit 14 
15 WE I Write Enable 

16 NC No Connect 

17 Vee Power Supply 

18 Vpp1 Pgm Sply Vltg 1 
19 A16 Address Bit 16 
20 A15 Address Bit 15 
21 A12 Address Bit 12 
22 A7 Address Bit 7 

23 A6 Address Bit 6 
24 A5 Address Bit 5 
25 A4 Address Bit 4 
26 A3 Address Bit 3 
27 A2 Address Bit 2 
28 A1 Address Bit 1 
29 Ao Address Bit O 

30 Do /0 Data Bit O 

31 D1 1/0 Data Bit 1 
32 D2 1/0 Data Bit 2 
33 WP 0 Write Protect (Note 1) 
34 GND Ground 

Notes: 

I= Input to card, 0 =Output from card 
1/0 = Bi-directional 
NC = No connect 

Pin# S!.g_nal 

35 GND 

36 CD1 

37 D11 

38 D12 

39 D13 

40 D14 

41 D15 

42 CE2 

43 NC 

44 RFU 

45 RFU 

46 AH 

47 A10 

48 A19 

49 A2o 

50 NC 

51 Vee 

52 Vpp2 

53 NC 

54 NC 

55 NC 

56 NC 

57 NC 

58 NC 

59 NC 

60 NC 

61 REG 

62 BVD2 

63 BVD1 

64 De 

65 D9 

66 D10 

67 CD2 

68 GND 

1/0 Function 

Ground 

0 Card Detect (Note 1) 
1/0 Data Bit 11 
1/0 Data Bit 12 
1/0 Data Bit 13 
1/0 Data Bit 14 
1/0 Data Bit 15 
I Card Enable 2 (Note 1) 

No Connect 

Reserved 

Reserved 

I Address Bit 17 
I Address Bit 18 
I Address Bit 19 
I Address Bit 20 

No Connect 

Power Supply 

Pgm Sply Vltg 2 
No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

I Register Select 

0 Battery Vltg Detect 2 (Note 2) 
0 Battery Vltg Detect 1 (Note 2) 
1/0 Data Bit 8 
1/0 Data Bit 9 
1/0 Data Bit 10 
0 Card Detect 

Ground 

In systems which switch Vee individually to cards, no signal should be directly connected between cards other than ground. 
1. Signal must not be connected between cards 
2. BVD = Internally pulled-up 
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ORDERING INFORMATION 
Standard Products 

AMO standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: 

Am c 002 A FL K A -250 CSxxxxx 

I._ --- CUSTOMER SPECIFIC 
IDENTIFICATION NUMBER 

.___ _______ SPEED OPTION 

'----------- REVISION LEVEL 

.___ ___________ OUTPUT CONFIGURATION: 
(x16/x8) 

.__ _____________ FLASHTECHNOLOGY 

'----------------- 100,000 ERASE/PROGRAM 
CYCLES MINIMUM 

.___-----------------~ MEMORYCARDDENSITY 
001 = One Megabyte 
002 = Two Megabyte 

'----------------------- PC MEMORY CARD 

.__ _________________________________ ~AMO 
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PIN DESCRIPTION 

Symbol Type Name and Function 

Ao· A20 INPUT ADDRESS INPUTS are internally latched during write cycles. 

Do- D1s INPUT/ DATA INPUT/OUTPUT: Data inputs are internally latched on write cycles. Data 
OUTPUT outputs during read cycles. Data pins are active high. When the memory card is 

de-selected or the outputs are disabled the outputs float to tri-state. 

CE1, CE2 INPUT CARD ENABLE is active low. The memory card is de-selected and power 
consumption is reduced to stand-by levels when CE is high. CE activates the 
internal memory card circuitry that controls the high and low byte control logic of 
the card, input buffers segment decoders, and associated memory devices. 

OE INPUT OUTPUT ENABLE is active low and enables the data buffers through the card 
outputs during read cycles. 

WE INPUT WRITE ENABLE is active low and controls the write function of the command 
register to the memory array. The target address is latched on the falling edge of 
the WE pulse and the appropriate data is latched on the rising edge of the pulse. 

VPP1,VPP2 ERASE/WRITE POWER SUPPLY for erase and programming. Vpp enables the 
command register which controls all functions required to alter the memory array 
contents. 
Note: The Memory Card functions in a read-only memory when Vpp <Vee +2 V. 

Vee PC CARD POWER SUPPLY for device operation (5.0 V ± 5%) 

GNO GROUND 

C01, C02 OUTPUT CARD DETECT. When card detect 1 and 2 =ground the system detects the card. 

WP OUTPUT WRITE PROTECT is active high and disables all card write operations. 

NC NO CONNECT - corresponding pin is not connected internally to the die. 

BV01, BV02 OUTPUT BATTERY VOLTAGE DETECT. Internally pulled-up. 

MEMORY CARD OPERATIONS 
The AmC002AFLKA Flash Memory Card is organized 
as an array of individual devices. Each device is 256K 
bytes in size. Although the address space is continuous 
each physical device defines a logical address segment 
size. Erase operations are performed in increments of 
this segment size. Multiple segments may be erased 
concurrently when additional Vpp current is supplied to 
the device. Once a memory segment is erased any 

·address location may be programmed. Flash technol-
ogy allows any logical "1" data bit to be programmed to a 
logical "O~'. The only way to reset bits to a logical "1" is to 
erase the entire memory segment of 256K bytes. High 
voltage is required on Vpp1 and Vpp2 to perform program 
and erase operations. 

The common memory space data contents are altered 
in a similar manner as writing to individual Flash 
Memory devices. On-card address and data buffers 
activate the appropriate Flash device in the memory 
array. Each device internally latches address and data 
during write cycles. Refer to Table 2A. 

Attribute memory is a separately accessed card mem­
ory space. The register memory space is active when 
the REG pin is driven low. The Card Information 
Structure describes the capabilities and specification of 

a card. The CIS is stored in the attribute memory space 
beginning at address OOOOOH. The AmC002AFLKA 
contains a separate 512 byte EEPROM memory for the 
Card Information Structure. Alternatively, the CIS can 
be stored at the beginning of the common memory 
address space. 00-01 are active during attribute 
memory accesses. Oa-01s should be ignored. Odd 
order bytes present invalid data. Refer to Table 28. 

Word-Wide Operations 
The AmC002AFLKA provides the flexibility to operate 
on data in a byte-wide or word-wide format. In word­
wide _2Eerations the Low-bytes are controlled with Vpp1 
and CE1 when AO = 0. The High-bytes are controlled 
with Vpp2 and CE2, AO = don't care. 

Erase operations are the only operations that work on 
entire memory segment. All other operations such as 
word-wide programming are not affected by the physical 
memory segments. 
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Byte-Wide Operations 
Byte-wide data is available on Do-07 for read and write 
operations (CE1 =low, CE2 =high). Even and odd bytes 
are stored in separate memory segments (i.e. So and 
81) and are accessed when AO is low and high 
respectively. The even byte is the low order byte and the 
odd byte is the high order byte of a 16-bit word. 

Erase operations in the byte-wide mode must account 
for data multiplexing on Do-07 by changing the state of 
AO. Each memory segment pair must be addressed 
separately for erase operations. 

Card Detection 
Each co (output) pin should be read by the host system 
to determine if the memory card is adequately seated in 
the socket. CD1 and CD2 are internally tied to ground. If 
both bits are not detected, the system should indicate 
that the card must be re-inserted. 

Write Protection 
The AMO Flash memory card has three types of write 
protection. The PCMCINJEIDA socket itself provides 

MEMORY CARD BUS OPERATIONS 
Read Enable 
Two Card Enable (CE} pins are available on the memory 
card. Both CE pins must be active low for word-wide 
read accesses. Only one CE is required for byte-wide 
accesses. The CE pins control the selection and gates 
power to the high and low memory segments. The 
Output Enable (OE} controls gating accessed data from 
the memory segment outputs. 

Output Disable 
Data outputs from the card are disabled when OE is at a 
logic-high level. Under this condition, outputs are in the 
high-impedance state. 

Standby Operations 
Byte-wide read accesses only require half of the 
read/write output buffer (x16) to be active. In addition, 
only one memory segment is active with in either the 
high order or low order bank. Activation of the appropri­
ate half of the output buffer is controlled by the 
combination of both CE pins. The CE pins also control 
power to the high and low-order banks of memory. 
Outputs of the memory bank not selected are placed in 
the high impedance state. The individual memory 
segment is activated by the address decoders. The 
other memory segments operate in standby. An active 
memory segment continues to draw power until comple­
tion of a write, erase, or verify operation if the card is 
de-selected in the process of one of these operations. 

Auto Select Operation 
A host system or external card reader/writer can 
determine the on-card manufacturer and device l.D. 

the first type of write protection. Power supply and 
control pins have specific pin lengths in order to protect 
the card with proper power supply sequencing in the 
case of hot insertion and removal. 

A mechanical write protect switch provides a second 
~of write protection. When this switch is activated, 
WE is internally forced high. The Flash memory 
command register is disabled from accepting any write 
commands. 

The third type of write protection is achieved with Vpp1 
and Vpp2 at logic low levels to reset the Flash devices to 
read-only mode. Memory contents can not be changed 
in this state. The command register of individual Flash 
memory segments is only active when Vpp1 and/or Vpp2 
are at high voltage (VppH). 

Each Flash memory device that comprises a Flash 
memory segment will reset the command register to the 
read-only mode when Vee is below VLKO. VLKO is the 
voltage below which write operations to individual 
command registers are disabled. 

codes. Codes are available after writing the 90H 
command to the command register of a memory 
segment. Reading from address location OOOOOH in any 
segment provides the manufacturer l.D. while address 
location 00002H provides the device l.D. 

Write Operations 
Write and erase operations are valid only when Vpp1 and 
Vpp2 are at high voltage. This activates the state 
machine of an addressed memory segment. The 
command register is a latch which saves address, 
commands, and data information used by the state 
machine and memory array. 

When Write Enable (WE} and appropriate CE(s) are 
a logic-level low, the command register is enabled for 
write operations. The falling edge of WE ·latches 
address information and the rising edge latches data/ 
command information. 

Memory Segment Command Definitions 
When the Vpp pin(s) are at low voltage the command 
register of each Flash memory segment defaults to OOH, 
the Read only mode. 

With high voltage on the Vpp pin(s), the Flash memory 
segments are active for either read, write,· or erase 
operations. 

Write or erase operations are performed by writing 
appropriate data patterns to the command register of 
accessed Flash memory segments. 

The byte-wide and word-wide commands are defined in 
Tables 3 and 4 respectively. 
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Table 2A. Common Memory Bus Operations 

Pins/ (1, 6) (1, 6) 
Operation REG CE2 CE1 OE WE VPP2 VPP1 AO Da-D1s Do-D1 

READ-ONLY 

Read (x8) (Note 7) V1H V1H V1L V1L V1H VPPL VPPL V1L HighZ Data Out-Even 

Read (x8) (Note 8) V1H V1H V1L V1L V1H VPPL VPPL V1H High Z Data Out-Odd 

Read (x8) (Note 9) V1H V1L V1H V1L V1H VPPL VPPL x Data Out- HighZ 
Odd 

Read (x16) (Note 10) V1H V1L V1L V1L V1H VPPL VPPL x Data Out Data Out-Even 
Odd 

Output Disable V1H x x V1H V1H VPPL VPPL x High Z HighZ 

Standb_y_ x V1H V1H x x VPPL VPPL x H~hZ H~hZ 

READ/WRITE 

Read (x8) (Notes 2, 7) V1H V1H V1L V1L V1H Vppx VPPH V1L High Z Data Out-Even 

Read (x8) (Notes 2, 8) V1H V1H V1L V1L V1H VPPH VPPX V1H High Z Data Out-Odd 

Read (x8) (Notes 2, 9) V1H V1L V1H V1L V1H VPPH VPPX x Data Out- HighZ 
Odd 

Read (x16) (Notes 2, 1 O) V1H V1L V1L V1L V1H VPPH VPPH x Data Out- Data Out-Even 
Odd 

Write (x8) (Notes 4, 7) V1H V1H V1L V1H V1L Vppx VPPH V1L High Z Data In-Even 

Write (x8) (Notes 4, 8) V1H V1H V1L V1H V1L VPPH VPPX V1H High Z Data In-Odd 

Write (x8) (Notes 4, 9) V1H V1L V1H V1H V1L VPPH VPPX x Data In High Z 

Write (x16) (Notes 5, 10) V1H V1L V1L V1H V1L VPPH VPPH x Data In Data In-Even 
Odd 

Output Disable V1H x x V1H V1L VPPH VPPH x High Z High Z 

Standby (Note 3) x V1H V1H x x VPPH VPPH x High Z HighZ 

Legend: 

X =Don't Care, where Don't Care is either V1L or V1H levels, VPPL = VPP <Vee+ 2 V, See DC Characteristics for voltage levels of 
VPPH, 0 V <An, Vee+ 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 

Notes: 

1. VPPL may be grounded, connected with a resistor to ground, or< Vee +2 V. VPPH is the programming voltage specified for the 
device. Refer to the DC characteristics. When VPP = VPPL, memory contents can be read but not written or erased. 

2. Read operation with VPP = VPPH may access array data or the Auto select codes. Manufacturer and device codes may also 
be accessed via a command register write sequence. Refer to Table 3. 

3. With VPP at high voltage, the standby current is Ice+ IPP (standby). 

4. Refer to Table 3 for valid D1N during a byte write operation. 

5. Refer to Table 4 for valid D1N during a word write operation. 

6. VPPx = VPPH or VPPL. 

7. Byte access - Even. In this x8 mode, Ao= V1L outputs or inputs the "even" byte (low byte) of the x16 word on Do-01. 

8. Byte access - Odd. In this x8 mode, Ao= V1H outputs or inputs the "odd" byte (high byte) of the x16 word on Do-D1. This is 
accomplished internal to the card by transposing De-Dis to Do-D1. 

9. Odd byte only access. In this x8 mode, Ao= X outputs or inputs the "odd" byte (high byte) of the x16 word on De-Dis. 

10. x16 word accesses present both "even" (low) and "odd" (high) bytes. Ao= V1L or V1H ="Don't Care". 
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Table 28. Attribute Memory Bus Operations 

Pins/ (1, 6) (1, 6) 
Operation REG CE2 CE1 OE WE VPP2 VPP1 AO Da-D1s Do-D1 

READ-ONLY 

Read (x8) (Notes 7, 9) V1L V1H V1L V1L V1H VPPL VPPL V1L High Z Data Out-Even 

Read (x8) (Notes 8, 9) V1L V1H V1L V1L V1H VPPL VPPL V1H High Z Not Valid 

Read (x8) (Note 8) V1L V1L V1H V1L V1H VPPL VPPL x Not Valid High Z 

Read (x16) V1L V1L V1L V1L V1H VPPL VPPL x Not Valid Data Out-Even 
(Notes 8, 9, 1 O) 

Output Disable V1L x x V1H V1H VPPL VPPL x High Z High Z 

Standby x V1H V1H x x VPPL VPPL x High Z HighZ 

READ/WRITE 

Read (x8) (Notes 2, 7, 9) V1L V1H V1L V1L V1H VPPX VPPH V1L High Z Data Out-Even 

Read (x8) (Notes 2, 8, 9) V1L V1H V1L V1L V1H VPPH VPPX V1H High Z Not Valid 

Read (x8) (Note 9) V1L V1L V1H V1L V1H VPPH VPPX x Not Valid High Z 

Read (x16) V1L V1L V1L V1L V1H VPPH VPPH x Not Valid Data Out-Even 
(Notes 2, 9) 

Write (x8) V1L V1H V1L V1H V1L VPPX VPPH V1L High Z Data In-Even 
(Notes 4, 7, 10) 

Write (x8} V1L V11H V1L V1H V1L VPPH VPPX V1H High Z Not Valid 
(Notes 4, 8, 1 O) 

Write (x8) V1L V1L V1H V1H V1L VPPH VPPX x Not Valid HighZ 
(Notes 4, 9, 10) 

Write (x16) V1L V1L V1L V1H V1L VPPH VPPH x Not Valid Data In-Even 
(Note 1 O) 

Output Disable V1L x x V1H V1L VPPH VPPH x High Z High Z 

Standby (Note 3) x V1H V1H x x VPPH VPPH x High Z High Z 

Legend: 
X =Don't Care, where Don't Care is either V1L or V1H levels, VPPL = VPP <Vee+ 2 V, See DC Characteristics for voltage levels of 

VPPH, 0 V <An, Vee + 2 V, (normal TTL or CMOS input levels, where n = O or 9). 
Notes: 

1. VPPL may be grounded, connected with a resistor to ground, or< Vee +2 V. VPPH is the programming voltage specified forthe 
device. Refer to the DC characteristics. When VPP = VPPL, memory contents can be read but not written or erased. 

2. Read operation with VPP = VPPH may access array data or the Auto select codes. Manufacturer and device codes may also 
be accessed via a command register write sequence. Refer to Table 3. 

3. With VPP at high voltage, the standby current is Ice+ IPP (standby). 

4. Refer to Table 3 for valid D1N during a write operation. 

5. Refer to Table 4 for valid D1N during a write operation. 

6. VPPX = VPPH or VPPL. 

7. In this x8 mode, kJ = V1L outputs or inputs the "even" byte (low byte) of the x16 word on Do-D1. 
8. Only even-byte data is valid during Attribute Memory Read function. 
9. During Attribute Memory Read function, REG and OE must be active for the entire cycle. 

10. During Attribute Memory Write function, REG and WE must be active for the entire cycle, OE must be inactive for the entire 
cycle. 
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Table 3. Command Definitions for Byte-Wide Operations 

First Bus Cycle 

Operation Address Data 
Command (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write x OOH/FFH 

Read Auto Select (Note 7) Write x 90H 

Embedded Set-up/Erase Write x 30H 
Embedded Erase™ 1Note '!}_ 

Embedded Set-up Program/ Write x 50H 
Embedded Program TM 

1Note 51 
Reset (Note 6) Write x FFH 

Notes: 
1. Bus operations are defined in Table 2A. 

2. RA= Address of the memory location to be read. 
EA = Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
SA= Address of memory segment to be erased. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 

Operation 
(Note 1) 

Read 

Read 

Write 

Write 

Write 

PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 

Second Bus Cycle 

Address 
(Note 2) 

RA 

OOH/01 H 

x 

PA 

x 

PVD = Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figure 1 illustrates the Embedded Erase Algorithm. 

5. Figure 2 illustrates the Embedded Programming Algorithm. 

6. Please reference Reset Command section. 

7. Please reference Auto Select section. 
Address: OOH/01 H = MFG code/Device code addresses. 
Data: 01 H/29H = MFG code data/Device code data. 
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(Note 3) 

RD 

01H/29H 

30H 

PD 

FFH 
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Table 4. Command Definitions for Word-Wide Operations 

First Bus Cycle Second Bus Cycle 

Operation Address Data 
Command (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write x OOOOH/ 
FFFFH 

Read Auto Select (Note 7) Write x 9090H 

Embedded Erase Write SA 3030H 
Set-up/Erase 

Embedded Set-up Program/ Write x SOS OH 
Embedded Program 

Reset (Note 6) Write x FFFFH 

Notes: 
1. Bus operations are defined in Table 2A. 

2. RA = Address of the memory location to be read. 
EA= Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
SA = Address of memory segment to be erased. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 

Operation 
(Note 1) 

Read 

Read 

Write 

Write 

Write 

PD= Data to be programmed at location PA. Data latched on the rising edge of WE. 

Address 
(Note 2) 

RA 

OOOOH/ 
0101H 

x 

PA 

x 

PVD = Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figure 1 illustrates the Embedded Electrical Erase Algorithm. 

5. Figure 2 illustrates the Embedded Programming Algorithm. 

6. Please reference Reset Command section. 

7. Please reference Auto Select section. 

AmC002AFLKA 

Data 
(Note 3) 

RD 

0101H/ 
2929H 

3030H 

PD 

FFFFH 
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FLASH MEMORY PROGRAM/ERASE OPERATIONS 

Details of AMD's Embedded Program and 
Erase Operations 

Embedded Erase™ Algorithm 
The automatic memory segment erase does not require 
the device to be entirely pre-programmed prior to exe­
cuting the Embedded Erase set-up command and Em­
bedded Erase command. Upon executing the 
Embedded Erase command, the addressed memory 
segment automatically will program and verify the entire 
memory for an all zero data pattern. The system is nQ1 
required to provide any controls or timing during these 
operations. 

When the memory segment is automatically verified to 
contain an all zero pattern, a self-timed chip erase and 
verify begin. The erase and verify operation are com­
plete when the data on DQ7 of the memory segment is 
"1" (see Write Operation Status section) at which time 
the device returns to Read mode. The system is not re­
quired to provide any control or timing during these 
operations. 

When using the Embedded Erase algorithm, the erase 
automatically terminates when adequate erase margin 
has been achieved for the memory array (IlQ erase ver­
ify command is required). The margin voltages are inter­
nally generated in the same manner as when the 
standard erase verify command is used. 

The Embedded Erase set-up command is a command 
only operation that stages the memory segment for 
automatic electrical erasure of all bytes in the array. Em­
bedded Erase set-up is performed by writing 30H to the 
command register of the addressed memory segment. 

To commence automatic segment erase, the command 
30H must be written again to the command register. The 
automatic erase begins on the rising edge of the WE and 
terminates when the data on DQ7 of the memory seg­
ment is "1" (see Write Operation Status section) at 
which time the device returns to Read mode. 

Figure 1 and Table 5 illustrate the Embedded Erase al­
gorithm, a typical command string and bus operations. 

ApplyVPPH 

Write Embedded Erase™ Set-up Command 

Write Embedded Erase™ Command 

Data Poll from Device 

N 

Erasure Completed 
17273A-2 

Figure 1. Embedded Erase Algorithm™ in Byte-Wide Mode 
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Table 5. Embedded Erase Algorithm 

Bus Operations Command Comments 

Standby Wait for VPP Ramp to VPPH (1) 

Write Embedded Erase Data= 30H 
Set-up Command 

Write Embedded Erase Command Data= 30H 

Read Data Polling to Verify Erasure 

Standby Compare Output to FFH 

Read Available for Read Operations 

Note: 
1. See DC Characteristics for value of VPPL. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 

switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0 V. Refer to Principles of 
Operation. 

Embedded Program™ Algorithm 
The Embedded Program Set-up is a command only op­
eration that stages the addressed memory segment for 
automatic programming. Embedded Program Set-up is 
performed by writing 50H to the command register. 

Once the Embedded Program Set-up operation is per­
formed, the next WE pulse causes a transition to an ac­
tive programming operation. Addresses are internally 
latched on the falling edge of the WE pulse. Data is inter­
nally latched on the rising edge of the WE pulse. The ris­
ing edge of WE also begins the programming operation. 
The system is not required to provide further controls or 
timings. The device will automatically provide an ade­
quate internally generated program pulse and verify 
margin. The automatic programming operation is com­
pleted when the data on DO? of the addressed memory 
segment is equivalent to data written to this bit (see 

Write Operation Status section) at which time the device 
returns to Read mode (no program verify command is 
required). 

Figure 2 and Table 6 illustrate the Embedded Program 
algorithm, a typical command string, and bus operation. 

Reset Command 

The reset command initializes the memory segment to 
the read mode. In addition, it also provides a safe 
method to abort any memory segment operation (in­
cluding program or erase). The reset command must be 
written two consecutive times after the program set-up 
command. This will safely reset the segment memory to 
the read mode. Memory contents are not altered. Fol­
lowing any other command, write the reset command 
once to the segment. This will safely abort any operation 
and reset the device to the Read mode. 

Table 6. Embedded Programming Algorithm 

Bus Operations Command Comments 

Standby Wait for VPP Ramp to VPPH (1) 

Write Embedded Program Data= 50H 
Set-u_Q Command 

Write Embedded Program Valid Address/Data 
Command 

Read Data Polling to Verify_ Com_Qletion 

Read Available for Read Operations 

Note: 
1. See DC Characteristics for value of VPPH. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 

switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee + 2.0 V. Refer to Principles of 
Operation. Device is either powered-down, erase inhibit or program inhibit. 
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ApplyVPPH 

Write Embedded Program Set-up Command 

Write Embedded Program Command (ND) 

Data Poll Device 

N 

Increment Address 

ND = Address/Data Erasure Completed 
17273A-3 

Figure 2. Embedded Programming Algorithm in Byte-Wide Mode 

Write Operation Status 
Data Polling-DQ7 

The Flash Memory PC Card features Data Polling as a 
method to indicate to the host system that the Embed­
ded algorithms are either in progress or completed. 

While the Embedded Programming algorithm is in op­
eration, an attempt to read the device will produce the 
compliment of expected Valid data on 007 of the ad­
dressed memory segment. Upon completion of the Em­
bedded Program algorithm an attempt to read the 
device will produce Valid data on 007. The Data Polling 
feature is valid after the rising edge of the second WE 
pulse of the two write pulse sequence. 

While the Embedded Erase algorithm is in operation, 
007 will read "O" until the erase operation is completed. 
Upon completion of the erase operation, the data on 
007 will read "1 ". The Data Polling feature is valid after 
the rising edge of the second WE pulse of the two Write 
pulse sequence. 

The Data Polling feature is only active during Embedded 
Programming or erase algorithms. 

See Figures 3a and 4a for the Data Polling timing speci­
fications and diagrams .. 
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N 

y 

17273A-4 
Note: 

1. 001 is rechecked even if DQs = 1 because DQ1 may change simultaneously with DQs. 

Figure 3a. Data Polling Algorithm 

Toggle Bit-DQ6 

The Flash Memory PC Card also features a "Toggle Bit" 
as a method to indicate to the host system that the Em­
bedded algorithms are either in progress or completed. 

While the Embedded Program or Erase algorithm is in 
progress, successive attempts to read data from the de­
vice will result in 006 toggling between one and zero. 
Once the Embedded Program or Erase algorithm is 
completed, 006 will stop toggling and valid data will be 

N 

Note: 

read. The toggle bit is valid after the rising edge of the 
first WE pulse of the two write pulse sequence, unlike 
Data Polling which is valid after the rising edge of the 
second WE pulse. This feature allows the user to deter­
mine if the device is partially through the two write pulse 
sequence. 

See Figures 3b and 4a for the Data Polling timing speci­
fications and diagrams. 

17273A-5 

1. DOs is rechecked even if DQs = 1 because DQs may stop toggling at the same time as DQs changing to "1 ". 

Figure 3b. Toggle Bit Algorithm 
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CE. 

toF 

tOEH 

HighZ 

17273A-6 

Figure 4a. AC Waveforms for Data Polling During Embedded Algorithm Operations 
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EMBEDDED ALGORITHM BYTE-WIDE PROGRAMMING AND ERASURE OVERVIEW 

Write Embedded 
Programming or Erase 
command sequence to 

memory segments 

Software polling from 
memory segment 

17273A-9 

The Embedded Algorithm operations completely auto­
mate the programming and erase procedure by inter­
nally executing the algorithmic command sequence of 
original AMO devices. The devices automatically pro­
vide Write Operation Status information with standard 
read operations (addresses are a don't care). 

Figure 5. 
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EMBEDDED ALGORITHM BYTE-WIDE PROGRAMMING FLOW CHART 

3-162 

Apply VppH to 
memory segment 

Initialization: 
PGM = 50H 
EF=O 

Get ADAS/PD 

VDAT =PD 

Write ADRS/PGM 

Write ADRSNDAT 

Wait 14 µs 

Read ADRS/FMD 

Begin software polling 
subroutine 

N 

17273A-7 

Activity 

Initialize Programming Variables: 
PGM =Embedded Set up Command 
EF = Error Flag 

ADRS =Appropriate address for memory segment. 
PD = Program Data 
VDAT = Valid Data. 

FMD = Flash Memory Data. 

EF = 0 = No Programming error 
EF = 1 = Programming error 

Figure 6. 
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EMBEDDED ALGORITHM BYTE-WIDE SOFTWARE POLLING FOR PROGRAMMING 
Subroutine 

N 

Note: 

Recommend 14 µs 
time out from previous 

data polling 

Device failed 
to program 

EF = 1 

005= 1 
N = Program time not exceeded limit 
Y = Program time exceed limit, device failed 

Device passed 

17273A-8 

1. D01 is checked even if DOs = 1 because D01 may have changed simultaneously 
with DOs or immediately after DOs. 

Figure 7. 
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EMBEDDED ALGORITHM BYTE-WIDE ERASURE FLOW CHART 

3-164 

Apply VPPH to 
memory segment 

Initialization: 
ERS =30H 
SEGADRS = 0 
EF=O 

Write SEG ADRS/ERS 

Write SEG ADRS/ERS 

Wait3s 

Read SEG 
ADRS/FMD 

Begin software 
polling subroutine 

Activity 

17273A-10 

ERS = Erase Command 
SEGment ADdReSs = 0 
Error Flag = O 

3 seconds wait = 2 seconds memory segment 
preprogram time + 1 second memory segment 
erase time. 

Erased Flash Memory Data = FFH. 

Figure 8. 
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EMBEDDED ALGORITHM BYTE-WIDE SOFTWARE POLLING ERASE SUBROUTINE 

N 

Recommend 10 ms 
time out from previous 

data polling 

Device failed 
to erase 
EF= 2 

Device passed 

17273A-11 

Figure 9. 

001= 1 
Y = Erase Complete 
N = Erase not Complete 

005= 1 
Y = Erase time exceeded limit, Device failed. 
N = Erase time has not exceeded limit. 
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WORD-WIDE PROGRAMMING AND ERASING 
Word-Wide Programming 
The word-wide programming sequence will be as usual. 
The program word command is 5050H. Each byte is in­
dependently programmed. For example, if the high byte 
of the word indicates the successful completion of pro­
gramming via one of its program status bits such as 
007, software polling should continue to monitor the 
low byte for program completion and data verification. 
During the Embedded Programming operations the de­
vice executes programming pulses in 14 µs increments. 
Status reads provide information on the progress of the 
byte programming relative to the last complete program 
pulse. Status information is automatically updated upon 
completion of each internal program pulse. Status infor­
mation does not change within the 14 µs program pulse 
width. 

Word-Wide Erasing 
The word-wide erasing is similar to word-wide program­
ming. The erase word command is 3030H. Each byte is 
independently erased and verified. Word-wide erasure 
reduces total erase time when compared to byte era­
sure. Each Flash memory device in the card may erase 
at different rates. Therefore each device (byte) must be 
verified separately. The alternate method mentioned 
above also apply to erasure. Since the same 40 MHz 
system, 1 second of CPU time is equivalent to 40 million 
clock cycles. 
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EMBEDDED ALGORITHM WORD-WIDE PROGRAMMING AND 
ERASURE OVERVIEW 

Write Embedded Pro­
gramming or Erase 

command sequence to 
memo se ments 

Software polling from 
memory segments 

17273A-14 

The Embedded Algorithm operations completely auto­
mate the parallel programming and erase procedures by 
internally executing the algorithmic command se­
quences of AMD's Flashrite and F/asherase algorithms. 
The devices automatically provide Write Operation 
Status information with standard read operations. 

Figure 10. 
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EMBEDDED ALGORITHM WORD-WIDE PROGRAMMING FLOW CHART 

3-168 

Begin 
programming 

Apply VPPH to 
memory segment 

Initialization: 
PGM =5050H 
EF =0 

Get ADRS/PDW 

VWDAT= POW 

Write ADRS/PGM 

Write ADRS/PDW 

Wait 14 µs 

Read ADRS/FMD 

Begin software 
polling subroutine 

17273A-12 

Activity 

Initialize Programming Variables: 
PGM = Embedded Set up Command 
EF = Error Flag 

ADRS =Appropriate address for memory segment. 
POW= Program Data Word 
VWDA T = Valid Word Data 
EF =Error Flag 
EF = 0 = No failure 
EF = 1 = Low byte program error 
EF = 2 = High byte program error 
EF = 3 = Word-wide program error 

FMD = Valid Word Data 

Figure 11. 
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EMBEDDED ALGORITHM WORD-WIDE SOFTWARE POLLING 
PROGRAM SUBROUTINE 

Recommend 14 µs 
time out from previous 

data polling 

Recommend 14 µs 
time out from previous 

data polling 

Vdata = Valid data 

005113 = 1? 

Low byte program 
time exceeded limit, 

EF = 1 

AMO~ 

Y = Erase time has exceeded limit, device failed. 
N = Erase time has not exceeded limit. 

High byte program 
time exceeded limit, 

EF = 2 + EF 

17273A·13 

Figure 12. 
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EMBEDDED ALGORITHM WORD-WIDE ERASURE FLOW CHART 

N 

3-170 

Apply VPPH to 
memory segment 

Initialization: 
ERS = 3030H 
SEG ADRS = 0 
EF = 0 

Write SEG ADRS/ERS 

Write SEG ADRS/ERS 

Wait3s 

Read SEG 
ADRS/FMD 

Begin software 
polling subroutine 

INC SEGADRS 

N 

17273A-15 

Figure 13. 

Activity 

ERS = Erase Command 
SEG ADRS = Segment Address 

EF = Error Flag 
EF = 0 = No failure 
EF = 1 = Low byte Erase error 
EF = 2 = High byte Erase error 
EF = 3 = Word-wide Erase error 

FMD = Flash Memory Data 
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EMBEDDED ALGORITHM WORD-WIDE SOFTWARE POLLING 
ERASE SUBROUTINE 

Recommend 1 o ms 
time out from previous 

data polling 

Recommend 1 O ms 
time out from previous 

data polling 

DOms= 1 

Low byte erase 
time exceeded limit, 

EF = 1 

Y = Erase complete. 
N = Erase not complete. 

DOs113 = 1 

AMO~ 

Y = Erase time has exceeded limit, device failed. 
N = Erase time has not exceeded limit. 

High byte erase 
time exceeded limit, 

EF = 2 + EF 

17273A-16 

Figure 14. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ........... -30°C to +70°C 

Ambient Temperature 
with Power Applied . . . . . . . . . . . . . - 10°c to + 70°C 

Voltage with Respect To Ground 
All pins except VPP (Note 1) ...... - 2.0 V to + 7.0 V 

Vee (Note 1) .................. - 2.0 V to +7.0 V 

Vpp (Note 2) .................. - 2.0 V to + 14.0 V 

Output Short Circuit Current (Note 3) . . . . . . 200 mA 

Notes: 
1. Minimum DC voltage on input or 1/0 pins is -0.5 V. During 

voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 

and 1/0 pins is Vee + 0.5 V. During voltage transitions, 

outputs may overshoot to Vee + 2.0 V for periods up to 
20ns. 

2. Minimum DC input voltage on Vpp pins is -0.5 V. During 

voltage transitions,Vpp may overshoot Vss to -2.0 V for 

periods of up to 20 ns. Maximum DC input voltage on VPP 
is+ 13.5 V which may overshoot to 14.0 V for periods up to 
20 ns. 

3. No more than one output shorted at a time. Duration 
of the short circuit should not be greater than one second. 

Conditions equal VouT = 0.5 V or 5.0 V, Vee = Vee 

max. These values are chosen to avoid test problems 
caused by tester ground degradation. This parameter is 
sampled and not 100% tested, but guaranteed by charac­
terization. 

Stresses above those listed under "Absolute Maximum Rat­
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these or 
any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure of the de­
vice to absolute maximum rating conditions for extended peri­
ods may affect device reliability. 

Commercial (C) Devices 
Case Temperature (Te) . . . . . . . . . . 0°c to +60°C 

Vee Supply Voltages . . . . . . . . . +4. 75 V to 5.25 V 

VPP Supply Voltages 
Read Only . . . . . . . . . . . . . . . . . . . . O V to +6.5 V 

Program, Erase, Verify, 
and Read ................ + 11.4Vto+12.6 V 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 
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DC CHARACTERISTICS 
Byte Wide Operation 
Parameter 
Symbol Parameter Description 

lu Input Leakage Current 

I Lo Output Leakage Current 

Ices Vee Standby Current 

lcc1 VccActive Read Current 

lcc2 Vee Programming Current 

lcc3 Vee Erase Current 

IPPS VPP Standby Current 

IPP1 VPP Read Current 

IPP2 VPP Programming Current 

IPP3 VPP Erase Current 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage 

VoH1 Output High Voltage 

VPPL VPP During Read-Only 
Operations 

VPPH VPP During Read/Write 
Operations 

VLKO Low Vee Lock-Out Voltage 

Notes: 
1. One Flash device active, seven in standby. 
2. Only one Vpp is active. 

PRELIMINARY 

Test Conditions 

Vee= Vee Max., 
V1N = Vee or Vss 

Vee. Vee Max., 
VoUT = Vee or Vss 

Vee= Vee Max. 
CE= Vee± 0.2 V 

Vee= VccMax.,CE = V1L. 
OE = V1H, loUT = 0 mA, 
at 6 MHz 

CE= V1L 
Programming in Progress 

CE= V1L 
Erasure in Pro_g_ress 

VPP ~Vee 

VPP >Vee 

VPr>~ Vee 

VPP = VPPL 
Programming in Progress 

VPP= VPPH 
Erasure in Progress 

Except CE, REG = 3.2 v Min. 

loL= 3.2 mA 
Vee= Vee Min. 

loH= -2.0 mA 
Vee= Vee Min. 

Note: Erase/Program are 
inhibited when VPP = VPPL 

.. 

AmC002AFLKA 

AMO~ 

Min. Typ. Max. Unit 

1.0 ±20 µA 

1.0 20 µA 

0.4 0.8 mA 

25 50 mA 

3.0 30 mA 

5.0 30 mA 

10 µA 

0.2 0.4 
mA 

0.04 

8.0 30 mA 

10 30 mA 

--0.5 0.8 v 
2.4 Vee v 

+ 0.3 

0.40 v 

3.8 v 

0.0 Vcc+2 v 

11.4 12.6 v 

3.2 v 
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DC CHARACTERISTICS 
Word-Wide Operation 
Parameter 
Symbol Parameter Description 

lu Input Leakage Current 

ILO Output Leakage Current 

Ices Vee Standby Current 

lce1 Vee Active Read Current 

lce2 Vee Programming Current 

lce3 Vee Erase Current 

IPPS VPP Standby Current 

IPP1 VrP Read Current 

IPP2 VPP Programming Current 

IPP3 VPP Erase Current 

V1L ln_Q_ut Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage 

VoH1 Output High Voltage 

VPPL VrP During Read-Only 
Operations 

VPPH VPP During Read/Write 
Operations 

VLKO Low Vee Lock-Out Voltage 

Notes: 
1. Two Flash devices active, six in standby. 
2. Vpp1 and Vpp2 are active. 
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Test Conditions 

Vee; Vee Max., 
V1N = Vee or Vss 

Vee. Vee Max., 
VouT = Vee or Vss 

Vee; Vee Max. 
CE = Vee ±0.2 V 

Vee: VccMax.,CE = V1L. 
OE = V1H, louT = 0 mA, 
at 6 MHz 

CE= V1L 
Programming in Progress 

CE= V1L 
Erasure in Progress 

VPP ~Vee 

VrP >Vee 

VrP~ Vee 

VrP = VPPL 
Programming in Progress 

VPP= VPPH 
Erasure in Pro_g_ress 

Except CE, REG = 3.2 V Min. 

loL: 3.2 mA 
Vee; Vee Min. 

loH- 2.0 mA 
Vee - Vee Min. 

Note: Erase/Program are 
inhibited when VrP = VrPL 

.. 

AmC002AFLKA 

Min. Typ. Max. Unit 

1.0 ±20 µA 

1.0 20 µA 

0.4 0.8 mA 

40 80 mA 

6 60 mA 

10 60 mA 

10 µA 

0.4 0.8 
mA 

0.08 

16 60 mA 

20 60 mA 

-0.5 0.8 v 
2.4 Vee v 

+ 0.3 

0.40 v 

3.8 v 

0.0 Vcc+2 v 

11.4 12.6 v 

3.2 v 
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PIN CAPACITANCE 
Parameter 

Symbol Parameter Description Test Conditions 

C1N1 Address Capacitance V1N = 0 

Cour Output Capacitance Vour = O 

C1N2 Control Capacitance V1N = 0 (CE, REG) 

C110 1/0 Capacitance V11o=O 

Notes: 
1. Sampled, not 100% tested. 

2. Test conditions TA= 25°C, f = 1.0 MHz. 

SWITCHING AC CHARACTERISTICS 

Read Only Operation (Note 1} 
Parameter 
Symbols 

JED EC Standard Parameter Description 

tAVAV tRC Read Cycle Time 

tELOV tcE Chip Enable Access Time 

tAvov tACC Address Access Time 

tGLOV toE Output Enable Access Time 

tELOX tLz Chip Enable to Output in Low-Z 

tEHOZ toF. Chip Disable to Output in High-Z 

tGLOX toLZ Output Enable to Output in Low-Z 

tGHOZ toF Output Disable to Output in High-Z 

tAxax toH Output Hold from first of Address, 
CE, or OE Change 

twHGL Write Recovery Time before Read 

Note: 

1. Input Rise and Fall Times (10% to 90%): ~ 10 ns, Input Pulse levels: 
VoL and VoH, Timing Measurement Reference Level - Inputs: V1L and V1H 

Outputs: V1L and V1H 

AmC002AFLKA 

AMO~ 

Typ. Max. Unit 

21 pF 

21 pF 

47 pF 

21 pF 

Min. Max. Unit 

250 ns 

250 ns 

250 ns 

150 ns 

5 ns 

60 ns 

5 ns 

60 ns 

5 ns 

6 µs 
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AC CHARACTERISTICS 
Write/Erase/Program Operations 

Parameter 
Symbols 

JED EC Standard Parameter Description 

f.AVAV twc Write Cycle Time 

f.AVWL tAs Address Set-Up Time 

twLAX tAH Address Hold Time 

tovwH tos Data Set-Up Time 

twHDX toH Data Hold Time 

to EH Output Enable Hold Time for 
Embedded Algorithm 

twHGL twR Write Recovery Time before Read 

tGHWL Read Recovery Time before Write 

tWLOZ Output in High-Z from Write Enable 

twHOZ Output in Low-Z from Write Enable 

tELWL tcs Chip Enable Set-Up Time 

twHEH tcH Chip Enable Hold Time 

twLWH twp Write Pulse Width 

tWHWL twPH Write Pulse Width HIGH 

twHWH3 Embedded Programming Operation 
J_Notes 1, 2, 31 

twHWH4 Embedded Erase Operation for each 
256 KB Memory Segment (Notes 1, 2, 4) 

tvPEL VPP Set-Up Time to Chip Enable LOW 

Notes: 
1. Rise/Fall < = 10 ns. 

Min. Max. Unit 

250 ns 

0 ns 

100 ns 

80 ns 

30 ns 

30 ns 

6 µs 

0 µs 

5 ns 

60 ns 

40 ns 

0 ns 

100 ns 

50 ns 

14 µs 

5 s 

100 ns 

2. Maximum specification not needed due to the devices internal stop timer that will stop any erase or write operation that 
exceed the device specification. 

3. Embedded Program Operation of 14 µs consist of 10 µs program pulse and 4 µs write recovery before read. This is the 
minimum time for one pass through the programming algorithm. 

4. Embedded Erase Operation of 5 seconds consists of 4 seconds memory segment pre-programming times and 
1 second memory segment erase time for each 256K byte memory segment. This is typical time for embedded 
erase operation. 
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Device and Outputs Data 
Power-up, Standby Address Selection Enabled Valid 

Addresses 

CE(E) 

OE(G) 

WE(W) 

Data (DO) 

5.0V 
V.cc 
ov 

HighZ 

Note: CE refers to CE1. 2 

Addresses Stable 

tELQV (tCE) 

tGLQV (tOLZ) ...j 
I- tELOX (tLz) 

tAxax (toH) 

Output Valid 

Figure 15. AC Waveforms for Read Operations 

AmC002AFLKA 

AMO~ 

Standby, Power-down 

tGHOZ 

(tDF) 

HighZ 

17273A-17 
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Data Polling Read 

Addresses 

Data 

Vee teE 

tEHVP 

Vpp 
17273A-18 

tvPEL 

Notes: 

1 . D1N is data input to the device. 

2. Dm is the output of the complement of the data written to the device. 

3. Dour is the output of the data written to the device. 

Figure 16. AC Waveforms for Embedded Erase Operation 
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Data Polling Read 

Addresses 

toF 

Data 

toH 

Vee teE 

tEHVP 

Vpp 
17273A-19 

tvPEL 

Notes: 

1. D1N is data input to the device. 

2. Da1 is the output of the complement of the data written to the device. 

3. Dour is the output of the data written to the device. 

Figure 17. AC Waveforms for Embedded Programming Operation 
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AC CHARACTERISTICS-ALTERNATE CE CONTROLLED WRITES 
Write/Erase/Program Operations 

Parameter 
Symbols 

JED EC Standard Parameter Description Min. Max. Unit 

f.AVAV twc Write Cycle Time 250 ns 

f.AVEL t.As Address Set-Up Time 0 ns 

tELAX f.AH Address Hold Time 100 ns 

tovEH tos Data Set-Up Time 80 ns 

tEHDX toH Data Hold Time 30 ns 

tGLDV toE Output Enable Hold Time for 10 150 ns 
Embedded Algorithm 

tGHEL Read Recovery Time before Write 0 µs 

twLEL tws WE Set-Up Time before CE 0 ns 

tEHWH tcp WE Hold Time 0 ns 

tELEH tcp Write Pulse Width 100 ns 

tEHEL tcPH Write Pulse Width HIGH (Note 3) 50 ns 

tEHEH3 Embedded Programming Operation 14 µs 
_{_Note~ 

tEHEH4 Embedded Erase Operation for each 5 s 
256 KB Memory Segment (Notes 1, 2, 4) 

tVPWL VPP Set-Up Time to Write Enable LOW 100 ns 

Notes: 
1. Rise/Fall < =1 o ns 
2. Maximum specification not needed due to the internal stop timer that will stop any erase or write operation that exist the de­

vice specification. 
3. Chip Enable Controlled Programming: 

Flash Programming is controlled by the valid combination of the Chip Enable {CE l, 2) and Write Enable (WE) signals. For 
system that uses the Chip Enable signal{s) to define the write pulse width, all Set-up, Hold, and inactive Write Enable timing 
should be measured relative to the Chip Enable signal{s). 

4. Embedded Program Operation of 14 µs consist of 10 µs program pulse and 4 µs write recovery before read. This is the 
minimum time for one pass through the programming algorithm. 

5. Embedded Erase Operation of 5 seconds consists of 4 seconds memory segment pre-programming times and 1 second 
memory segment erase time for each 256K byte memory segment. This is typical time for embedded 
erase operation. 
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Data Polling Read 

Addresses (A) 

OE(G} 

CE(E) 

Data (DQ) 

(5050H for Word mode) 

Vee 

twHVP 

Vpp 

tvPWL 

Notes: 
17273A-20 

1. D1N is data input to the device. 

2. Da7 is the output of the complement of the data written to the device. 

3. Dour is the output of the data written to the device. 

Figure 18. Alternate AC Waveforms for CE Controlled Embedded Programming or Erasing Operation 
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CARD INFORMATION STRUCTURE 
The AmC001AFLKA contains a separate 512 byte 
EEPROM memory for the Card Information Structure. 
All or part of the 512 byte could be used for the card's 
attribute memory space. This allows all of the Flash 
memory to be used for the common memory space. Part 
of the common memory space could also be mapped 
into the attribute memory space if more than 512 bytes 
of CIS are needed. 

The EEPROM used in the AmC002AFLKA is a NEC 
µPD28C05GX-20-EJA designed to operate from a 5 V 
single power supply. The µPD28C05 provides a DATA 
polling function that provides the End of Write Cycle, 
Chip Erase and Auto Erase and Programming 
functions. 

SYSTEM DESIGN AND INTERFACE INFORMATION 
Power Up and Power Down Protection 
The PCMCIA standard socket provides for proper 
power up and power down sequencing via different pin 
lengths to ensure that hot insertion and removal of the 
PC card will not result in card damage or data loss. 

AMD's Flash memory devices are designed to protect 
against accidental programming or erasure caused by 
spurious system signals that might exist during hot in­
sertion, hot removal, or power transitions. The AMD PC 
card will power-up into a READ mode and the card will 
function as a read only memory as long as Vpp is less 
than Vee +2 V. Erasing of the memory segments can be 

accomplished only by writing the proper Erase com­
mand to the card twice along with the proper Chip En­
able, Output Enable and Write Enable control signals. 

System Power Supply Decoupling 
The AMO Flash memory card has a 0.1 µF decoupling 
capacitor between the Vee and the GND pins, and be­
tween the Vpp and the GND pins. It is recommended the 
system side also have a 4.7 µF capacitor between the 
Vee and the GND pins, and between the Vpp and the 
GND pins. 
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PHYSICAL DIMENSIONS 
Type 1 PC Card 

H 10.0 Min. (mm) 

85.6 ± 0.2 mm 

-+-+- - - - - - - - - - - - - - - - -+-+-

H 10.0 Min. (mm) 

q 
Back Side 

AmC002AFLKA 

AMO~ 

1 
54.0± 0.1 mm 

J 
_1 

3.3 ± 0.1 mm 

f 

17273A-21 
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AmC004AFLKA 
4 Megabyte Flash Memory PC Card 

DISTINCTIVE CHARACTERISTICS 
• High performance 

- 250 ns maximum access time 

• CMOS low power consumption 
- 25 mA typical active current (XB} 
- 400 µA typical standby current 

I! PCMCIA/JEIDA 68-pin standard 
- Selectable byte or word-wide 

configuration 

• Write protect switch 
- Prevents accidental data loss 

• High re-programmable endurance 
- Minimum 100,000 erase/write cycles 

• Zero data retention power 
- Batteries not required for data storage 

• Separate Attribute Memory 
- 512 byte EEPROM 

GENERAL DESCRIPTION 
AMD's Flash Memory PC Card provides the highest 
system level performance for data and file storage solu­
tions to the portable PC market segment. Data files and 
application programs can be stored on the 
AmC004AFLKA. This allows OEM manufacturers of 
portable system to eliminate the weight, extreme power 
consumption and reliability issues associated with 
electro-mechanical disk-based systems. The 
AmC004AFLKA also allows today's bulky and heavy 
battery packs to be reduced in weight and size. Typically 
only two "AA" alkaline batteries are required for total 
system operation. AMD's Flash Memory PC Cards pro­
vide the most efficient method to transfer useful work 
between different hardware platforms. The enabling 
technology of the AmC004AFLKA enhances the pro­
ductivity of mobile workers. 

Widespread acceptance of the AmC004AFLKA is 
assured due to its compatibility with the 68-pin 
PCMCINJEIDA international standard. AMD's Flash 

~ 
Advanced 

Micro 
Devices 

• Automated write and erase operations 
(increases system write performance) 
- 256K byte memory segment 
- Typically <1.5 seconds per single memory 

segment erase 
Random address writes to previously 
erased bytes (14 µs typical per byte) 

• Total system integration solution 
- Support from independent software and 

hardware vendors 

• Insertion and removal force 
- State of art connector allows for minimum card 

insertion and removal effort 

• Write and erase voltage, 12.0 V ± 5% 

• Read voltage, 5 V ± 5% 

• Manufactured by DuPont Connector Systems 

Memory Cards can be read in either a byte-wide or 
word-wide mode which allows for flexible integration 
into various system platforms. Compatibility is assured 
at the hardware interface and software interchange 
specification. The Card Information Structure (CIS) or 
Metaformat, can be written by the OEM at the Memory 
Card's attribute memory address space beginning at 
address OOOOOH by using a format utility. The CIS 
appears atthe beginning of the Card's attribute memory 
space and defines the low-level organization of data on 
the PC Card. The AmC004AFLKA contains a separate 
512 byte EEPROM memory for the card's attribute 
memory space. This allows all of the Flash Memory to 
be used for the common memory space. 

Third party software solutions such as Microsoft's Flash 
File System (FFS), enable AMD's Flash Memory PC 
Card to replicate the function of traditional disk-based 
memory systems. 

Manufactured by DuPont Connector Systems ~ 
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BLOCK DIAGRAM 
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PC CARD PIN ASSIGNMENTS 

Pin# Signal 1/0 Function 

1 GND Ground 

2 D3 1/0 Data Bit 3 
3 D4 1/0 Data Bit 4 
4 Ds 1/0 Data Bit 5 
5 Ds 1/0 Data Bit 6 
6 D1 1/0 Data Bit 7 
7 CE1 I Card Enable (Note 1) 
8 A10 I Address Bit 1 O 
9 OE I Output Enable 

10 A11 I Address Bit 11 
11 A9 I Address Bit 9 
12 Aa I Address Bit 8 
13 A13 I Address Bit 13 
14 A14 I Address Bit 14 
15 WE I Write Enable 

16 NC No Connect 

17 Vee Power Supply 

18 Vpp1 Pgm Sply Vltg 1 
19 A16 Address Bit 16 
20 A1s Address Bit 15 
21 A12 Address Bit 12 
22 A1 Address Bit 7 
23 As Address Bit 6 
24 As Address Bit 5 
25 A4 Address Bit 4 
26 A3 Address Bit 3 
27 A2 Address Bit 2 
28 A1 Address Bit 1 
29 Ao Address Bit O 
30 Do /0 Data Bit O 
31 D1 1/0 Data Bit 1 
32 D2 1/0 Data Bit 2 

33 WP 0 Write Protect (Note 1) 
34 GND Ground 

Notes: 

I = Input to card, 0 = Output from card 
1/0 = Bi-directional 
NC = No connect 

Pin# S~nal 

35 GND 

36 CD1 

37 D11 

38 D12 

39 D13 

40 D14 

41 D1s 

42 CE2 

43 NC 

44 RFU 

45 RFU 

46 A11 

47 A10 

48 A19 

49 A2o 

50 A21 

51 Vee 

52 Vpp2 

53 NC 

54 NC 

55 NC 

56 NC 

57 NC 

58 NC 

59 NC 

60 NC 

61 REG 

62 BVD2 

63 BVD1 

64 De 

65 D9 

66 D10 

67 CD2 

68 GND 

1/0 Function 

Ground 

0 Card Detect (Note 1) 
1/0 Data Bit 11 
1/0 Data Bit 12 
1/0 Data Bit 13 
1/0 Data Bit 14 
1/0 Data Bit 15 
I Card Enable 2 (Note 1) 

No Connect 

Reserved 

Reserved 

I Address Bit 17 
I Address Bit 18 
I Address Bit 19 
I Address Bit 20 
I Address Bit 21 

Power Supply 

Pgm Sply Vltg 2 
No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

I Register Select 

0 Battery Vltg Detect 2 (Note 2) 
0 Battery Vltg Detect 1 (Note 2) 
1/0 Data Bit 8 
1/0 Data Bit 9 
1/0 Data Bit 10 
0 Card Detect 

Ground 

In systems which switch Vee individually to cards, no signal should be directly connected between cards other than ground. 
1. Signal must not be connected between cards 
2. BVD = Internally pulled-up 
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ORDERING INFORMATION 
Standard Products 

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: 

Am c 004 A FL K A -250 CSxxxxx 

I CUSTOMER SPECIFIC 
IDENTIFICATION NUMBER 

'--------- SPEED OPTION 

REVISION LEVEL 

.__ ___________ OUTPUT CONFIGURATION: 
(x16/x8) 

FLASH TECHNOLOGY 

100,000 ERASE/PROGRAM 
CYCLES MINIMUM 

MEMORY CARD DENSITY 
001 = One Megabyte 
004 = Four Megabyte 

.___--------------------- PCMEMORYCARD 

'--------------------------- AMO 
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PIN DESCRIPTION 

Symbol Type Name and Function 

Ao- A21 INPUT ADDRESS INPUTS are internally latched during write cycles. 

Do- D1s INPUT/ DATA INPUT/OUTPUT: Data inputs are internally latched on write cycles. Data 
OUTPUT outputs during read cycles. Data pins are active high. When the memory card is 

de-selected or the outputs are disabled the outputs float to tri-state. 

CE1, CE2 INPUT CARD ENABLE is active low. The memory card is de-selected and power 
consumption is reduced to stand-by levels when CE is high. CE activates the 
internal memory card circuitry that controls the high and low byte control logic of 
the card, input buffers segment decoders, and associated memory devices. 

OE INPUT OUTPUT ENABLE is active low and enables the data buffers through the card 
outputs during read cycles. 

WE INPUT WRITE ENABLE is active low and controls the write function of the command 
register to the memory array. The target address is latched on the falling edge of 
the WE pulse and the appropriate data is latched on the rising edge of the pulse. 

Vpp1,VPP2 ERASE/WRITE POWER SUPPLY for erase and programming. Vpp enables the 
command register which controls all functions required to alter the memory array 
contents. 
Note: The Memory Card functions in a read-only memory when Vpp < Vee +2 V. 

Vee PC CARD POWER SUPPLY for device operation (5.0 V ± 5%) 

GND GROUND 

CD1, CD2 OUTPUT CARD DETECT. When card detect 1 and 2 =ground the system detects the card. 

WP OUTPUT WRITE PROTECT is active high and disables all card write operations. 

NC NO CONNECT - corresponding pin is not connected internally to the die. 

BVD1, BVD2 OUTPUT BATTERY VOLTAGE DETECT. lnternallyj:l_ulled-U_Q. 

MEMORY CARD OPERATIONS 
The AmC004AFLKA Flash Memory Card is organized 
as an array of individual devices. Each device is 256K 
bytes in size. Although the address space is continuous 
each physical device defines a logical address segment 
size. Erase operations are performed in increments of 
this segment size. Multiple segments may be erased 
concurrently when additional Vpp current is supplied to 
the device. Once a memory segment is erased any 
address location may be programmed. Flash technol­
ogy allows any logical "1" data bit to be programmed to a 
logical "O". The only way to reset bits to a logical "1" is to 
erase the entire memory segment of 256K bytes. High 
voltage is required on Vpp1 and Vpp2 to perform program 
and erase operations. 

The common memory space data contents are altered 
in a . similar manner as writing to individual Flash 
Memory devices. On-card address and data buffers 
activate the appropriate Flash device in the memory 
array. Each device internally latches address and data 
during write cycles. Refer to Table 2A. 

Attribute memory is a separately accessed card mem­
ory space. The register memory space is active when 
the REG pin is driven low. The Card Information 
Structure describes the capabilities and specification of 

a card. The CIS is stored in the attribute memory space 
beginning at address OOOOOH. The AmC004AFLKA 
contains a separate 512 byte EEPROM memory for the 
Card Information Structure. Alternatively, the CIS can 
be stored at the beginning of the common memory 
address space. Do-D1 are active during attribute 
memory accesses. Da-D1s should be ignored. Odd 
order bytes present invalid data. Refer to Table 28. 

Word-Wide Operations 
The AmC004AFLKA provides the flexibility to operate 
on data in a byte-wide or word-wide format. In word­
wide _EEerations the Low-bytes are controlled with Vpp1 
and CE1 when AO= 0. The High-bytes are controlled 
with Vpp2 and CE2, AO = don't care. 

Erase operations are the only operations that work on 
entire memory segment. All other operations such as 
word-wide programming are not affected by the physical 
memory segments. 
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Byte-Wide Operations 
Byte-wide data is available on Do-D1 for read and write 
operations (CE1 =low, CE2 =high). Even and odd bytes 
are stored in separate memory segments (i.e. So and 
81) and are accessed when AO is low and high 
respectively. The even byte is the low order byte and the 
odd byte is the high order byte of a 16-bit word. 

Erase operations in the byte-wide mode must account 
for data multiplexing on Do-01 by changing the state of 
AO. Each memory segment pair must be addressed 
separately for erase operations. 

Card Detection 
Each CD (output) pin should be read by the host system 
to determine if the memory card is adequately seated in 
the socket. CD1 and CD2 are internally tied to ground. If 
both bits are not detected, the system should indicate 
that the card must be re-inserted. 

Write Protection 
The AMO Flash memory card has three types of write 
protection. The PCMCINJEIDA socket itself provides 

MEMORY CARD BUS OPERATIONS 
Read Enable 
Two Card Enable (CE) pins are available on the memory 
card. Both CE pins must be active low for word-wide 
read accesses. Only one CE is required for byte-wide 
accesses. The CE pins control the selection and gates 
power to the high and low memory segments. The 
Output Enable (OE) controls gating accessed data from 
the memory segment outputs. 

Output Disable 
Data outputs from the card are disabled when OE is at a 
logic-high level. Under this condition, outputs are in the 
high-impedance state. 

Standby Operations 
Byte-wide read accesses only require half of the 
read/write output buffer (x16) to be active. In addition, 
only one memory segment is active with in either the 
high order or low order bank. Activation of the appropri­
ate half of the ou~t buffer is__£ontrolled by the 
combination of both CE pins. The CE pins also control 
power to the high and low-order banks of memory. 
Outputs of the memory bank not selected are placed in 
the high impedance state. The individual memory 
segment is activated by the address decoders. The 
other memory segments operate in standby. An active 
memory segment continues to draw power until comple­
tion of a write, erase, or verify operation if the card is 
de-selected in the process of one of these operations. 

Auto Select Operation 
A host system or external card reader/writer can 
determine the on-card manufacturer and device l.D. 

the first type of write protection. Power supply and 
control pins have specific pin lengths in order to protect 
the card with proper power supply sequencing in the 
case of hot insertion and removal. 

A mechanical write protect switch provides a second 
~of write protection. When this switch is activated, 
WE is internally forced high. The Flash memory 
command register is disabled from accepting any write 
commands. 

The third type of write protection is achieved with Vpp1 
and Vpp2 at logic low levels to reset the Flash devices to 
read-only mode. Memory contents can not be changed 
in this state. The command register of individual Flash 
memory segments is only active when Vpp1 and/or Vpp2 
are at high voltage (VppH). 

Each Flash memory device that comprises a Flash 
memory segment will reset the command register to the 
read-only mode when Vee is below VLKO. VLKO is the 
voltage below which write operations to individual 
command registers are disabled. 

codes. Codes are available after writing the 90H 
command to the command register of a memory 
segment. Reading from address location OOOOOH in any 
segment provides the manufacturer l.D. while address 
location 00002H provides the device l.D. 

Write Operations 
Write and erase operations are valid only when Vpp1 and 
Vpp2 are at high voltage. This activates the state 
machine of an addressed memory segment. The 
command register is a latch which saves address, 
commands, and data information used by the state 
machine and memory array. 

When Write Enable (WE) and appropriate CE(s) are 
a logic-level low, the command register is enabled for 
write operations. The falling edge of WE latches 
address information and the rising edge latches data/ 
command information. 

Memory Segment Command Definitions 
When the Vpp pin(s) are at low voltage the command 
register of each Flash memory segment defaults to OOH, 
the Read only mode. 

With high voltage on the Vpp pin(s), the Flash memory 
segments are active for either read, write, or erase 
operations. 

Write or erase operations are performed by writing 
appropriate data patterns to the command register of 
accessed Flash memory segments. 

The byte-wide and word-wide commands are defined in 
Tables 3 and 4 respectively. 
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Table 2A. Common Memory Bus Operations 

Pins/ (1, 6) (1, 6) 
Operation REG CE2 CE1 OE WE VPP2 Vpp1 AO Da-D1s Do-D1 

READ-ONLY 

Read (x8) (Note 7) V1H V1H V1L V1L V1H VPPL VPPL V1L High Z Data Out-Even 

Read (x8) (Note 8) V1H V1H V1L V1L V1H VPPL VPPL V1H HighZ Data Out-Odd 

Read (x8) (Note 9) V1H V1L V1H V1L V1H VPPL VPPL x Data Out- HighZ 
Odd 

Read (x16) (Note 10) V1H V1L V1L V1L V1H VPPL VPPL x Data Out- Data Out-Even 
Odd 

Output Disable V1H x x V1H V1H VPPL VPPL x High Z HighZ 

Standby_ x V1H V1H x x VPPL VPPL x H!.g_hZ H!.9._hZ 

READ/WRITE 

Read (x8) (Notes 2, 7) V1H V1H V1L V1L V1H VPPX VPPH V1L HighZ Data Out-Even 

Read (x8) (Notes 2, 8) V1H V1H V1L V1L V1H VPPH VPPX V1H High Z Data Out-Odd 

Read (x8) (Notes 2, 9) V1H V1L V1H V1L V1H VPPH VPPX x Data Out- High Z 
Odd 

Read (x16) (Notes 2, 10) V1H V1L V1L V1L V1H VPPH VPPH x Data Out- Data Out-Even 
Odd 

Write (x8) (Notes 4, 7) V1H V1H V1L V1H V1L VPPX VPPH V1L High Z Data In-Even 

Write (x8) (Notes 4, 8) V1H V1H V1L V1H V1L VPPH VPPX V1H High Z Data In-Odd 

Write (x8) (Notes 4, 9) V1H V1L V1H V1H V1L VPPH VPPX x Data In High Z 

Write (x16) (Notes 5, 10) V1H V1L V1L V1H V1L VPPH VPPH x Data In Data In-Even 
Odd 

Output Disable V1H x x V1H V1L VPPH VPPH x High Z High Z 

Standby (Note 3) x V1H V1H x x VPPH VPPH x High Z High Z 

Legend: 

X =Don't Care, where Don't Care is either V1L or V1H levels, VPPL = VPP <Vee+ 2 V, See DC Characteristics for voltage levels of 
VPPH, 0 V <An, Vee+ 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 

Notes: 

1. VPPL may be grounded, connected with a resistor to ground, or< Vee +2 V. VPPH is the programming voltage specified forthe 
device. Refer to the DC characteristics. When VPP = VPPL, memory contents can be read but not written or erased. 

2. Read operation with VPP = VPPH may access array data or the Auto select codes. Manufacturer and device codes may also 
be accessed via a command register write sequence. Refer to Table 3. 

3. With VPP at high voltage, the standby current is Ice+ IPP (standby). 

4. Refer to Table 3 for valid D1N during a byte write operation. 

5. Refer to Table 4 for valid D1N during a word write operation. 

6. VPPX = VPPH or VPPL. 

7. Byte access - Even. In this xB mode, AD = V1L outputs or inputs the "even" byte (low byte) of the x16 word on Do-D1. 
8. Byte access - Odd. In this xB mode, AD= V1H outputs or inputs the "odd" byte (high byte) of the x16 word on Do-D1. This is 

accomplished internal to the card by transposing De-D1s to Do-D1. 
9. Odd byte only access. In this xB mode, AD= X outputs or inputs the "odd" byte (high bYte) of the x16 word on De-D1s. 

10. x16 word accesses present both "even" (low) and "odd" (high) bytes. AJ = V1L or V1H ="Don't Care". 
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Table 28. Attribute Memory Bus Operations 

Pins/ (1, 6) (1, 6) 
Operation REG CE2 CE1 OE WE VPP2 VPP1 AO Da-015 Do-D1 

READ-ONLY 

Read (x8) (Notes 7, 9) V1L V1H V1L V1L V1H VPPL VPPL V1L HighZ Data Out-Even 

Read (x8) (Notes 8, 9) V1L V1H V1L V1L V1H VPPL VPPL V1H HighZ Not Valid 

Read (x8) (Note 8) V1L V1L V1H V1L V1H VPPL VPPL x Not Valid HighZ 

Read (x16) V1L V1L V1L V1L V1H VPPL VPPL x Not Valid Data Out-Even 
(Notes 8, 9, 10) 

Output Disable V1L x x V1H V1H VPPL VPPL x HighZ HighZ 

Standby x V1H V1H x x VPPL VPPL x High Z HighZ 

READ/WRITE 

Read (x8) (Notes 2, 7, 9) V1L V1H V1L V1L V1H VPPX VPPH V1L HighZ Data Out-Even 

Read (x8) (Notes 2, 8, 9) V1L V1H V1L V1L V1H VPPH VPPX V1H HighZ Not Valid 

Read (x8) (Note 9) V1L V1L V1H V1L V1H VPPH VPPX x Not Valid HighZ 

Read (x16) V1L V1L V1L V1L V1H VPPH VPPH x Not Valid Data Out-Even 
(Notes 2, 9) 

Write (x8} V1L V1H V1L V1H V1L VPPX VPPH V1L HighZ Data In-Even 
(Notes 4, 7, 10) 

Write (x8) V1L V11H V1L V1H V1L VPPH VPPX V1H HighZ Not Valid 
(Notes 4, 8, 10) 

Write (x8) V1L V1L V1H V1H V1L VPPH VPPX x Not Valid HighZ 
(Notes 4, 9, 1 O) 

Write (x16) V1L V1L V1L V1H V1L VPPH VPPH x Not Valid Data In-Even· 
(Note 10) 

Output Disable V1L x x V1H V1L VPPH VPPH x HighZ High Z 

Standby (Note 3) x V1H V1H x x VPPH VPPH x High Z HighZ 

Legend: 
X =Don't Care, where Don't Care is either V1L or V1H levels, VPPL = VPP <Vee+ 2 V, See DC Characteristics for voltage levels of 

VPPH, 0 V <An, Vee + 2 V, (normal TTL or CMOS input levels, where n = O or 9). 
Notes: 

1. VPPL may be grounded, connected with a resistor to ground, or< Vee +2 V. VPPH is the programming voltage specified for the 
device. Refer to the DC characteristics. When Vpp = VPPL, memory contents can be read but not written or erased. 

2. Read operation with VPP = VPPH may access array data or the Auto select codes. Manufacturer and device codes may also 
be accessed via a command register write sequence. Refer to Table 3. 

3. With Vpp at high voltage, the standby current is Ice+ IPP (standby). 

4. Refer to Table 3 for valid D1N during a write operation. 

5. Refer to Table 4 for valid D1N during a write operation. 

6. VPPX = VPPH or VPPL. 

7. In this x8 mode, A.J = V1L outputs or inputs the "even" byte (low byte) of the x16 word on Do-D1. 
8. Only even-byte data is valid during Attribute Memory Read function. 
9. During Attribute Memory Read function, REG and OE must be active for the entire cycle. 

10. During Attribute Memory Write function, REG and WE must be active for the entire cycle, OE must be inactive for the entire 
cycle. 
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Table 3. Command Definitions for Byte-Wide Operations 

First Bus Cycle 

Operation Address Data 
Command (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write x OOH/FFH 

Read Auto Select (Note 7) Write x 90H 

Embedded Set-up/Erase Write x 30H 
Embedded Erase TM J_Note "!l 
Embedded Set-up Program/ Write x 50H 
Embedded Program TM 

(Note 5) 

ResetJ.Note ~ Write x FFH 

Notes: 
1. Bus operations are defined in Table 2A. 

2. RA= Address of the memory location to be read. 
EA= Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
SA= Address of memory segment to be erased. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 

Operation 
(Note 1) 

Read 

Read 

Write 

Write 

Write 

PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 

Second Bus Cycle 

Address 
(Note 2) 

RA 

OOH/01H 

x 

PA 

x 

PVD =Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figure 1 illustrates the Embedded Erase Algorithm. 

5. Figure 2 illustrates the Embedded Programming Algorithm. 

6. Please reference Reset Command section. 

7. Please reference Auto Select section. 
Address: OOH/01 H = MFG code/ Device code addresses. 
Data: 01 H/29H = MFG code data I Device code data. 
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Table 4. Command Definitions for Word-Wide Operations 

First Bus Cycle Second Bus Cycle 

Operation Address Data 
Command (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write x OOOOH/ 
FFFFH 

Read Auto Select (Note 7) Write x 9090H 

Embedded Erase Write SA 3030H 
Set-up/Erase 

Embedded Set-up Program/ Write x 5050H 
Embedded Program 

Reset (Note 6) Write x FFFFH 

Notes: 

1. Bus operations are defined in Table 2A. 

2. RA= Address of the memory location to be read. 
EA= Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
SA =Address of memory segment to be erased. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 

Operation 
(Note 1) 

Read 

Read 

Write 

Write 

Write 

PD= Data to be programmed at location PA. Data latched on the rising edge of WE. 

Address 
(Note 2) 

RA 

OOOOH/ 
0101H 

x 

PA 

x 

PVD =Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figure 1 illustrates the Embedded Electrical Erase Algorithm. 

5. Figure 2 illustrates the Embedded Programming Algorithm. 

6. Please reference Reset Command section. 

7. Please reference Auto Select section. 
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Data 
(Note 3) 

RD 

0101H/ 
2929H 

3030H 

PD 

FFFFH 
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FLASH MEMORY PROGRAM/ERASE OPERATIONS 

Details of AMD's Embedded Program and 
Erase Operations 

Embedded Erase™ Algorithm 
The automatic memory segment erase does not require 
the device to be entirely pre-programmed prior to exe­
cuting the Embedded erase set-up command and Em­
bedded erase command. Upon executing the 
Embedded erase command, the addressed memory 
segment automatically will program and verify the entire 
memory for an all zero data pattern. The system is nQ1 
required to provide any controls or timing during ~hese 
operations. 

When the memory segment is automatically verified to 
contain an all zero pattern, a self-timed chip erase and 
verify begin. The erase and verify operation are com­
plete when the data on DQ7 of the memory segment is 
"1" (see Write Operation Status section) at which time 
the device returns to Read mode. The system is not re­
quired to provide any control or timing during these 
operations. 

When using the Embedded Erase algorithm, the erase 
automatically terminates when adequate erase margin 
has been achieved for the memory array (no erase ver­
ify command is required). The margin voltages are inter­
nally generated in the same manner as when the 
standard erase verify command is used. 

The Embedded erase set-up command is a command 
only operation that stages the memory segment for 
automatic electrical erasure of all bytes in the array. Em­
bedded erase set-up is performed by writing 30H to the 
command register of the addressed memory segment. 

To commence automatic segment erase, the command 
30H must be written again to the command register. The 
automatic erase begins on the rising edge of the WE and 
terminates when the data on DQ7 of the memory seg­
ment is "1" (see Write Operation Status section) at 
which time the device returns to Read mode. 

Figure 1 and Table 5 illustrate the Embedded Erase al­
gorithm, a typical command string and bus operations. 

ApplyVPPH 

Write Embedded Erase™ Set-up Command 

Write Embedded Erase™ Command 

Data Poll from Device 

N 

Erasure Completed 
17274A-2 

Figure 1. Embedded Erase™ Algorithm in Byte-Wide Mode 
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Table 5. Embedded Erase Algorithm 

Bus Operations Command Comments 

Standby Wait for VPP Ramp to VPPH {1) 

Write Embedded Erase Data= 30H 
Set-up Command 

Write Embedded Erase Command Data= 30H 

Read Data Polling to Verify Erasure 

Standby Compare Output to FFH 

Read Available for Read Operations 

Note: 
1. See DC Characteristics for value of VPPL. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 

switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee + 2.0 V. Refer to Principles of 
Operation. 

Embedded Program TM Algorithm 
The Embedded Program Set-up is a command only op­
eration that stages the addressed memory segment for 
automatic programming. Embedded Program Set-up is 
performed by writing 50H to the command register. 

Once the Embedded Program Set-up operation is per­
formed, the next WE pulse causes a transition to an ac­
tive programming operation. Addresses are internally 
latched on the falling edge of the WE pulse. Data is inter­
nally latched on the rising edge of the WE pulse. The ris­
ing edge of WE also begins the programming operation. 
The system is not required to provide further controls or 
timings. The device will automatically provide an ade­
quate internally generated program pulse and verify 
margin. The automatic programming operation is com­
pleted when the data on DQ7 of the addressed memory 
segment is equivalent to data written to this bit (see 

Write Operation Status section) at which time the device 
returns to Read mode (no program verify command is 
required). 

Figure 2 and Table 6 illustrate the Embedded Program 
algorithm, a typical command string, and bus operation. 

Reset Command 

The reset command initializes the memory segment to 
the read mode. In addition, it also provides a safe 
method to abort any memory segment operation {in­
cluding program or erase). The reset command must be 
written two consecutive times after the program set-up 
command. This will safely reset the segment memory to 
the read mode. Memory contents are not altered. Fol­
lowing any other command, write the reset command 
once to the segment. This will safely abort any operation 
and reset the device to the Read mode. 

Table 6. Embedded Programming Algorithm 

Bus Operations Command Comments 

Standby Wait for VPP Ramp to VPPH (1) 

Write Embedded Program Data= 50H 
Set-u_Q Command 

Write Embedded Program Valid Address/Data 
Command 

Read Data Pollin_g_ to Ver!!Y_ Com_Q)etion 

Read Available for Read Operations 

Note: 
1. See DC Characteristics for value of VPPH. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 

switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee + 2.0 V. Refer to Principles of 
Operation. Device is either powered-down, erase inhibit or program inhibit. 
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ApplyWPH 

Write Embedded Program Set-up Command 

Write Embedded Program Command (ND) 

Data Poll Device 

N 

Increment Address 

ND = Address/Data Erasure Completed 
17274A-3 

Figure 2. Embedded Programming Algorithm in Byte-Wide Mode 

Write Operation Status 
Data Polling-007 

The Flash Memory PC Card features Data Polling as a 
method to indicate to the host system that the Embed­
ded algorithms are either in progress or completed. 

While the Embedded Programming algorithm is in op­
eration, an attempt to read the device will produce the 
compliment of expected Valid data on 007 of the ad­
dressed memory segment. Upon completion of the Em­
bedded Program algorithm an attempt to read the 
device will produce Valid data on 007. The Data Polling 
feature is valid after the rising edge of the second WE 
pulse of the two write pulse sequence. 

While the Embedded Erase algorithm is in operation, 
007 will read "O" until the erase operation is completed. 
Upon completion of the erase operation, the data on 
007 will read "1 ".The Data Polling feature is valid after 
the rising edge of the second WE pulse of the two Write 
pulse sequence. 

The Data Polling feature is only active during Embedded 
Programming or erase algorithms. 

See Figures 3a and 4a for the Data Polling timing speci­
fications and diagrams. 
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N 

y 

17274A-4 
Note: 

1. D01 is rechecked even if DOs = 1 because D01 may change simultaneously with DQs. 

Figure 3a. Data Polling Algorithm 

Toggle Bit-DOG 

The Flash Memory PC Card also features a "Toggle Bit" 
as a method to indicate to the host system that the Em­
bedded algorithms are either in progress or completed. 

While the Embedded Program or Erase algorithm is in 
progress, successive attempts to read data from the de­
vice will result in DOS toggling between one and zero. 
Once the Embedded Program or Erase algorithm is 
completed, DOS will stop toggling and valid data will be 

N 

Note: 

read. The toggle bit is valid after the rising edge of the 
first WE pulse of the two write pulse sequence, unlike 
Data Polling which is valid after the rising edge of the 
second WE pulse. This feature allows the user to deter­
mine if the device is partially through the two write pulse 
sequence. 

See Figures 3b and 4a for the Data Polling timing speci­
fications and diagrams. 

17274A-5 

1. DOs is rechecked even if DQs = 1 because DQs may stop toggling at the same time as DQs changing to "1 ". 

Figure 3b. Toggle Bit Algorithm 
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toE 

tOEH 

tcE 

High Z 
Data In 

14------- twHWH 3 or 4 -+------~ 

17274A-6 

Figure 4a. AC Waveforms for Data Polling During Embedded Algorithm Operations 
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EMBEDDED ALGORITHM BYTE-WIDE PROGRAMMING AND ERASURE OVERVIEW 

Write Embedded 
Programming or Erase 
command sequence to 

memory segments 

Software polling from 
memory segment 

Completed 
17274A-9 

The Embedded Algorithm operations completely auto­
mate the programming and erase procedure by inter­
nally executing the algorithmic command sequence of 
original AMO devices. The devices automatically pro­
vide Write Operation Status information with standard 
read operations (addresses are a don't care). 

Figure 5. 
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EMBEDDED ALGORITHM BYTE-WIDE PROGRAMMING FLOW CHART 

3·200 

Begin 
programming 

Apply VPPH to 
memory segment 

Initialization: 
PGM = 50H 
EF = 0 

GetADRS/PD 

VDAT= PD 

Write ADRS/PGM 

Write ADRSNDAT 

Wait 14 µs 

Read ADRS/FMD 

Begin software polling 
subroutine 

N 

Vpp = VPPL 
program error 

17274A-7 

Activity 

Initialize Programming Variables: 
PGM = Embedded Set up Command 
EF = Error Flag 

ADRS = Appropriate address for memory segment. 
PD= Program Data 
VDAT = Valid Data. 

FMD = Flash Memory Data. 

EF = 0 = No Programming error 
EF = 1 = Programming error 

Figure 6. 
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EMBEDDED ALGORITHM BYTE-WIDE SOFTWARE POLLING FOR PROGRAMMING 
Subroutine 

N 

Note: 

Recommend 14 µs 
time out from previous 

data polling 

Device failed 
to program 

EF = 1 

005= 1 
N = Program time not exceeded limit 
Y = Program time exceed limit, device failed 

Device passed 

17274A-8 

1. D01 is checked even if DQs = 1 because D01 may have changed simultaneously 
with DOs or immediately after DOs. 

Figure 7. 
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EMBEDDED ALGORITHM BYTE-WIDE ERASURE FLOW CHART 

N 

3-202 

Apply VppH to 
memory segment 

Initialization: 
ERS = 30H 
SEG ADRS = 0 
EF = 0 

Write SEG ADRS/ERS 

Write SEG ADRS/ERS 

Wait3s 

Read SEG 
ADRS/FMD 

Begin software 
polling subroutine 

Activity 

17274A-10 

ERS = Erase Command 
SEGment ADdReSs = 0 
Error Flag = 0 

3 seconds wait = 2 seconds memory segment 
preprogram time + 1 second memory segment 
erase time. 

Erased Flash Memory Data = FFH. 

Figure 8. 
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EMBEDDED ALGORITHM BYTE-WIDE SOFTWARE POLLING ERASE SUBROUTINE 

N 

Start 
subroutine 

Recommend 1 O ms 
time out from previous 

data polling 

Device failed 
to erase 
EF = 2 

Device passed 

17274A-11 

Figure 9. 

QOr= 1 
Y = Erase Complete 
N = Erase not Complete' 

005 = 1 
Y = Erase time exceeded limit, Device failed. 
N = Erase time has not exceeded limit. 
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WORD-WIDE PROGRAMMING AND ERASING 
Word-Wide Programming 
The word-wide programming sequence will be as usual. 
The program word command is 5050H. Each byte is in­
depe.ndently programmed. For example, if the high byte 
of the word indicates the successful completion of pro­
gramming via one of its program status bits such as 
007, software polling should continue to monitor the 
low byte for program completion and data verification. 
During the Embedded Programming operations the de­
vice executes programming pulses in 14 µs increments. 
Status reads provide information on the progress of the 
byte programming relative to the last complete program 
pulse. Status information is automatically updated upon 
completion of each internal program pulse. Status infor­
mation does not change within the 14 µs program pulse 
width. 

Word-Wide Erasing 
The word-wide erasing is similar to word-wide program­
ming. The erase word command is 3030H. Each byte is 
independently erased and verified. Word-wide erasure 
reduces total erase time when compared to byte era­
sure. Each Flash memory device in the card may erase 
at different rates. Therefore each device (byte) must be 
verified separately. The alternate method mentioned 
above also apply to erasure. Since the same 40 MHz 
system, 1 second of CPU time is equivalent to 40 million 
clock cycles. 
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EMBEDDED ALGORITHM WORD-WIDE PROGRAMMING AND 
ERASURE OVERVIEW 

Write Embedded Pro­
gramming or Erase 

command sequence to 
memo se ments 

Software polling from 
memory segments 

17274A-14 

The Embedded Algorithm operations completely auto­
mate the parallel programming and erase procedures by 
internally executing the algorithmic command se­
quences of AMD's F/ashrite and Flasherase algorithms. 
The devices automatically provide Write Operation 
Status information with standard read operations. 

Figure 10. 
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EMBEDDED ALGORITHM WORD-WIDE PROGRAMMING FLOW CHART 

3·206 

Apply VppH to 
memory segment 

Initialization: 
PGM = 5050H 
EF = 0 

Get ADRS/PDW 

VWDAT= POW 

Write ADRS/PGM 

Write ADRS/PDW 

Wait 14 µs 

Read ADRS/FMD 

Begin software 
polling subroutine 

17274A-12 

Activity 

Initialize Programming Variables: 
PGM = Embedded Set up Command 
EF = Error Flag 

ADRS =Appropriate address for memory segment. 
POW= Program Data Word 
VWDAT = Valid Word Data 
EF = Error Flag 
EF = 0 = No failure 
EF = 1 = Low byte program error 
EF = 2 = High byte program error 
EF = 3 = Word-wide program error 

FMD = Valid Word Data 

Figure 11. 
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EMBEDDED ALGORITHM WORD-WIDE SOFTWARE POLLING 
PROGRAM SUBROUTINE 

Recommend 14 µs 
time out from previous 

data polling 

Recommend 14 µs 
time out from previous 

data polling 

Vdata = Valid data 

DOs113 = 1 ? 

Low byte program 
time exceeded limit, 

EF = 1 

AMO~ 

Y = Erase time has exceeded limit, device failed. 
N = Erase time has not exceeded limit. 

High byte program 
time exceeded limit, 

EF = 2 + EF 

17274A-13 

Figure 12. 
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EMBEDDED ALGORITHM WORD-WIDE ERASURE FLOW CHART 

N 

3-208 

Apply VPPH to 
memory segment 

Initialization: 
ERS = 3030H 
SEGADRS = 0 
EF = 0 

Write SEG ADRS/ERS 

Write SEG ADRS/ERS 

Wait3 s 

Read SEG 
ADRS/FMD 

Begin software 
polling subroutine 

INCSEGADRS 

N 

17274A-15 

Figure 13. 

Activity 

ERS = Erase Command 
SEG ADRS = Segment Address 

EF = Error Flag 
EF = 0 = No failure 
EF = 1 = Low byte Erase error 
EF = 2 = High byte Erase error 
EF = 3 = Word-wide Erase error 

FMD = Flash Memory Data 
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EMBEDDED ALGORITHM WORD-WIDE SOFTWARE POLLING 
ERASE SUBROUTINE 

Recommend 1 O ms 
time out from previous 

data polling 

Recommend 10 ms 
time out from previous 

data polling 

DOms = 1 

Low byte erase 
time exceeded limit, 

EF = 1 

Y = Erase complete. 
N = Erase not complete. 

DOs113 = 1 

AMO~ 

Y = Erase time has exceeded limit, device failed. 
N = Erase time has not exceeded limit. 

High byte erase 
time exceeded limit, 

EF = 2 + EF 

17274A-16 

Figure 14. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature ........... - 30°C to +70°C 

Ambient Temperature 
with Power Applied . . . . . . . . . . . . . - 10°c to + 10°c 

Voltage with Respect To Ground 
All pins except VPP (Note 1) ...... - 2.0 V to + 7 .0 V 

Vcc(Note1) .................. -2.0Vto+7.0V 

Vpp (Note 2) .................. - 2.0 V to +14.0 V 

Output Short Circuit Current (Note 3) . . . . . . 200 mA 

Notes: 
1. Minimum DC voltage on input or 1/0 pins is-0.5 V. During 

voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 
and 1/0 pins is Vee + 0.5 V. During voltage transitions, 
outputs may overshoot to Vee + 2.0 V for periods up to 
20ns. 

2. Minimum DC input voltage on Vpp pins is -0.5 V. During 
voltage transitions,Vpp may overshoot Vss to -2.0 V for 
periods of up to 20 ns. Maximum DC input voltage on Vpp 
is+ 13.5 V which may overshoot to 14.0 V for periods up to 
20 ns. 

3. No more than one output shorted at a time. Duration 
of the short circuit should not be greater than one second. 
Conditions equal Vour = 0.5 V or 5.0 V, Vee = Vee 
max. These values are chosen to avoid test problems 
caused by tester ground degradation. This parameter is 
sampled and not 100% tested, but guaranteed by charac­
terization. 

Stresses above those listed under "Absolute Maximum Rat­
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these or 
any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure of the de­
vice to absolute maximum rating conditions for extended peri­
ods may affect device reliability. 

Commercial (C) Devices 
Case Temperature (Tc) . . . . . . . . . . 0°c to +60°C 

Vee Supply Voltages . . . . . . . . . +4. 75 V to 5.25 V 

VPP Supply Voltages 
Read Only . . . . . . . . . . . . . . . . . . . . O V to +6.5 V 

Program, Erase, Verify, 
and Read ................ + 11.4 V to + 12.6 V 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 
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DC CHARACTERISTICS 
Byte Wide Operation 
Parameter 
Symbol Parameter Description 

lu Input Leakage Current 

ILO Output Leakage Current 

Ices Vee Standby Current 

lcc1 Vee Active Read Current 

lcc2 Vee Programming Current 

lcc3 Vee Erase Current 

IPPS VPP Standby Current 

IPP1 VPP Read Current 

IPP2 VPP Programming Current 

IPP3 VPP Erase Current 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage 

VoH1 Output High Voltage 

VPPL VPP During Read-Only 
Operations 

VPPH VPP During Read/Write 
Operations 

VLKO Low Vee Lock-Out Voltage 

Notes: 
1. One Flash device active, seven in standby. 
2. Only one Vpp is active. 

PRELIMINARY 

Test Conditions 

Vee= Vee Max., 
V1N = Vee or Vss 

Vee= Vee Max., 
Vour = Vee or Vss 

Vee= VccMax. 
CE= Vee± 0.2 V 

Vee= VccMax.,CE = V1L. 
OE = V1H, lour = 0 mA, 
at 6 MHz 

CE= V1L 
Programming in Progress 

CE= V1L 
Erasure in Progress 

VPP .$.Vee 

VPP >Vee 

VPP.$. Vee 

Vpp = VPPL 
Programming in Progress 

Vpp= VPPH 
Erasure in Progress 

Except CE, REG = 3.2 v Min. 

loL= 3.2 mA 
Vee= Vee Min. 

loH= -2.0 mA 
Vee= Vee Min. 

Note: Erase/Program are 
inhibited when VPP = VPPL 

AmC004AFLKA 

AMO ;t-q 

Min. Typ. Max. Unit 

1.0 ±28 µA 

1.0 28 µA 

0.4 1.6 mA 

25 50 mA 

3.0 30 mA 

5.0 30 mA 

16 µA 

0.2 0.4 

0.04 
mA 

8.0 30 mA 

10 30 mA 

-0.5 0.8 v 
2.4 Vee v 

+ 0.3 

0.40 v 

3.8 v 

0.0 Vcc+2 v 

11.4 12.6 v 

3.2 v 
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~AMO 
DC CHARACTERISTICS 
Word-Wide Operation 
Parameter 
Symbol Parameter Description 

lu Input Leakage Current 

I Lo Output Leakage Current 

Ices Vee Standby Current 

lcc1 Vee Active Read Current 

lcc2 Vee Programming Current 

lcc3 Vee Erase Current 

IPPS VPP Standby Current 

IPP1 VPP Read Current 

IPP2 VPP Programming Current 

IPP3 VPP Erase Current 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage 

VoH1 Output High Voltage 

VPPL VPP During Read-Only 
Operations 

VPPH VPP During Read/Write 
Operations 

VLKO Low Vee Lock-Out Voltage 

Notes: 
1. Two Flash devices active, six in standby. 
2. Vpp1 and Vpp2 are active. 
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PRELIMINARY 

Test Conditions 

Vee= Vee Max., 
V1N = Vee or Vss 

Vee= Vee Max., 
VouT = Vee or Vss 

Vee= Vee Max. 
CE= Vee± 0.2 V 

Vee= Vee Max.,CE = V1L. 
OE = V1H, louT = 0 mA, 
at 6 MHz 

CE= V1L 
Programming in Progress 

CE= V1L 
Erasure in Progress 

VPP ~Vee 

VPP >Vee 

VPP~ Vee 

VPP = VPPL 
Programming in Progress 

VPP= VPPH 
Erasure in Progress 

Except CE, REG = 3.2 V Min. 

h= 3.2 mA 
Vee= Vee Min. 

loH= 2.0 mA 
Vee= Vee Min. 

Note: Erase/Program are 
inhibited when VPP = VPPL 

AmC004AFLKA 

Min. Typ. Max. Unit 

1.0 ±28 µA 

1.0 28 µA 

0.4 1.6 mA 

40 80 mA 

6 60 mA 

10 60 mA 

16 µA 

0.4 0.8 
mA 

0.08 

16 60 mA 

20 60 mA 

-0.5 0.8 v 
2.4 Vee v 

+ 0.3 

0.40 v 

3.8 v 

0.0 Vee+2 v 

11.4 12.6 v 

3.2 v 



PRELIMINARY 

PIN CAPACITANCE 
Parameter 

Symbol Parameter Description Test Conditions 

C1N1 Address Capacitance V1N = 0 

Cour Output Capacitance Vour = 0 

C1N2 Control Capacitance V1N = 0 (CE, REG) 

C1;0 1/0 Capacitance V110 = O 

Notes: 

1. Sampled, not 100% tested. 

2. Test conditions TA= 25°C, f = 1.0 MHz. 

SWITCHING AC CHARACTERISTICS 

Read Only Operation (Note 1) 
Parameter 
Symbols 

JED EC Standard Parameter Description 

tAVAV tRC Read Cycle Time 

tELQV tcE Chip Enable Access Time 

tAvav tACC Address Access Time 

tGLQV toE Output Enable Access Time 

tELOX tLz Chip Enable to Output in Low-Z 

tEHOZ toF Chip Disable to Output in High-Z 

tGLOX tOLZ Output Enable to Output in Low-Z 

tGHOZ toF Output Disable to Output in High-Z 

tAXOX toH Output Hold from first of Address, 
CE, or OE Change 

tWHGL Write Recovery Time before Read 

Note: 

1. Input Rise and Fall Times (10% to 90%): .!S 1 O ns, Input Pulse levels: 
VoL and VoH, Timing Measurement Reference Level - Inputs: V1L and V1H 

Outputs: V1L and V1H 

AmC004AFLKA 

AMO~ 

Typ. Max. Unit 

21 pF 

21 pF 

47 pF 

21 pF 

Min. Max. Unit 

250 ns 

250 ns 

250 ns 

150 ns 

5 ns 

60 ns 

5 ns 

60 ns 

5 ns 

6 µs 
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~AMO PRELIMINARY 

AC CHARACTERISTICS 
Write/Erase/Program Operations 

Parameter 
Symbols 

JED EC Standard Parameter Description 

tAVAV twc Write Cycle Time 

tAVWL tAs Address Set-Up Time 

twLAX tAH Address Hold Time 

tovwH tos Data Set-Up Time 

tWHDX tDH Data Hold Time 

to EH Output Enable Hold Time for 
Embedded Algorithm 

tWHGL twR Write Recovery Time before Read 

tGHWL Read Recovery Time before Write 

twLOZ Output in High-Z from Write Enable 

twHOZ Output in Low-Z from Write Enable 

tELWL tcs Chip Enable Set-Up Time 

twHEH tcH Chip Enable Hold Time 

twLWH twp Write Pulse Width 

tWHWL twPH Write Pulse Width HIGH 

twHWH3 Embedded Programming Operation 
_{.Notes 1, 2, 3) 

twHWH4 Embedded Erase Operation for each 
256 KB Memory Segment (Notes 1, 2, 4) 

tVPEL VPP Set-Up Time to Chip Enable LOW 

Notes: 
1. Rise/Fall<= 10 ns. 

Min. Max. Unit 

250 ns 

0 ns 

100 ns 

80 ns 

30 ns 

30 ns 

6 µs 

0 µs 

5 ns 

60 ns 

40 ns 

0 ns 

100 ns 

50 ns 

14 µs 

5 s 

100 ns 

2. Maximum specification not needed due to the devices internal stop·timer that will stop any erase or write operation that 
exceed the device specification. 

3. Embedded Program Operation of 14 µs consist of 10 µs program pulse and 4 µs write recovery before read. This is the 
minimum time for one pass through the programming algorithm. 

4. Embedded Erase Operation of 5 seconds consists of 4 seconds memory segment pre-prograrT)ming times and 
1 second memory segment erase time for each 256K byte memory segment. This is typical time for embedded 
erase operation. 
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PRELIMINARY 

Device and Outputs Data 
Power-up, Standby Address Selection Enabled Valid 

Addresses 

CE(E) 

OE(G) 

Data (DQ) 

5.0V 
Vee 
ov 

High Z 

Note: CE refers to CE1. 2 

Addresses Stable 

twHGL 

tELQV (teE) 

tGLQV (tOLZ) -..t 
I- tELOX (tLZ) 

Output Valid 

Figure 15. AC Waveforms for Read Operations 

AmC004AFLKA 

AMO~ 

Standby, Power-down 

HighZ 

17274A-17 
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~AMO PRELIMINARY 

Data Polling Read 

Addresses 

Data 

Vee teE 

tEHVP 

Vpp 
17274A-18 

tvPEL 

Notes: 

1. D1N is data input to the device. 

2. Da1 is the output of the complement of the data written to the device. 

3. Dour is the output of the data written to the device. 

Figure 16. AC Waveforms for Embedded Erase Operation 
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PRELIMINARY AMO~ 

Data Polling Read 

Addresses 

Data 

Vee 

tEHVP 

VPP 
17274A-19 

tvPEL 

Notes: 

1. D1N is data input to the device. 

2. Da1 is the output of the complement of the data written to the device. 

3. Dour is the output of the data written to the device. 

Figure 17. AC Waveforms for Embedded Programming Operation 
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~AMO PRELIMINARY 

AC CHARACTERISTICS-ALTERNATE CE CONTROLLED WRITES 
Write/Erase/Program Operations 

Parameter 
Symbols 

JED EC Standard Parameter Description Min. Max. Unit 

tAVAV twc Write Cycle Time 250 ns 

tAVEL tAs Address Set-Up Time 0 ns 

tELAX tAH Address Hold Time 100 ns 

tovEH tos Data Set-Up Time 80 ns 

tEHDX toH Data Hold Time 30 ns 

tGLDV toE Output Enable Hold Time for 10 150 ns 
Embedded Algorithm 

tGHEL Read Recovery Time before Write 0 µs 

tWLEL tws WE Set-Up Time before CE 0 ns 

tEHWH tcp WE Hold Time 0 ns 

tELEH tcp Write Pulse Width 100 ns 

tEHEL tcPH Write Pulse Width HIGH (Note 3) 50 ns 

tEHEH3 Embedded Programming Operation 14 µS 

_(_Note~ 

tEHEH4 Embedded Erase Operation for each 5 s 
256 KB Memory Segment (Notes 1, 2, 4) 

tVPWL VPP Set-Up Time to Write Enable LOW 100 ns 

Notes: 
1. Rise/Fall < =1 O ns 
2. Maximum specification not needed due to the internal stop timer that will stop any erase or write operation that exist the de­

vice specification. 
3. Chip Enable Controlled Programming: 

Flash Programming is controlled by the valid combination of the Chip Enable (CE1. 2) and Write Enable (WE) signals. For 
system that uses the Chip Enable signal(s) to define the write pulse width, all Set-up, Hold, and inactive Write Enable timing 
should be measured relative to the Chip Enable signal(s). 

4. Embedded Program Operation of 14 µs consist of 1 O µs program pulse and 4 µs write recovery before read. This is the 
minimum time for one pass through the programming algorithm. 

5. Embedded Erase Operation of 5 seconds consists of 4 seconds memory segment pre-programming times and 1 second 
memory segment erase time for each 256K byte memory segment. This is typical time for embedded 
erase operation. 
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PRELIMINARY AMO~ 

Data Polling Read 

Addresses (A) 

OE(G) 

CE(E) 

Data (DO) 

(5050H for Word mode) 

Vee tcE 

twHVP 

Vpp 

tvPWL 

Notes: 
17274A-20 

1. DIN is data input to the device. 

2. Da1 is the output of the complement of the data written to the device. 

3. DouT is the output of the data written to the device. 

Figure 18. Alternate AC Waveforms for CE Controlled Embedded Programming or Erasing Operation 
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~AMO PRELIMINARY 

CARD INFORMATION STRUCTURE 
The AmC004AFLKA contains a separate 512 byte 
EEPROM memory for the Card Information Structure. 
All or part of the 512 byte could be used for the card's 
attribute memory space. This allows all of the Flash 
memory to be used for the common memory space. Part 
of the common memory space could also be mapped 
into the attribute memory space if more than 512 bytes 
of CIS are needed. 

The EEPROM used in the AmC004AFLKA is a NEC 
µPD28C05GX-20-EJA designed to operate from a 5 V 
single power supply. The µPD28C05 provides a DATA 
polling function that provides the End of Write Cycle, 
Chip Erase and Auto Erase and Programming 
functions. 

SYSTEM DESIGN AND INTERFACE INFORMATION 

Power Up and Power Down Protection 
The PCMCIA standard socket provides for proper 
power up and power down sequencing via different pin 
lengths to ensure that hot insertion and removal of the 
PC card will not result in card damage or data loss. 

AMD's Flash memory devices are designed to protect 
against accidental programming or erasure caused by 
spurious system signals that might exist during hot in­
sertion, hot removal, or power transitions. The AMO PC 
card will power-up into a READ mode and the card will 
function as a read only memory as long as Vpp is less 
than Vee +2 V. Erasing of the memory segments can be 

accomplished only by writing the proper Erase com­
mand to the card twice along with the proper Chip En­
able, Output Enable and Write Enable control signals. 

System Power Supply Decoupling 
The AMO Flash memory card has a 0.1 µF decoupling 
capacitor between the Vee and the GND pins, and be­
tween the Vpp and the GND pins. It is recommended the 
system side also have a 4. 7 µF capacitor between the 
Vee and the GND pins, and between the Vpp and the 
GND pins. 
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PHYSICAL DIMENSIONS 
Type 1 PC Card 

PRELIMINARY 

85.6 :t 0.2 mm 

H 10.0 Min. (mm) 

L 
7 

-+-t- - - - - - - - - - - - - - - --t-t-

H 10.0 Min. (mm) 

34 
Front Side 1 

q 
68.------------ 35 

Back Side 

AmC004AFLKA 

AMO~ 

1 
54.0:t 0.1 mm 

J 
_1 

3.3 :t0.1 mm 

t 

17274A-21 
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AmC001 BFLKA 
1 Megabyte 5.0 V-Only Flash Memory PC Card 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• 5 V-only operation 

- Writing, Erasing, and Reading 
- Eliminates the need of a 12 V DC/DC converter 
- Minimum 50% system level power reduction 

during Programming/Erasing operations when 
compared to 12 V Flash technology 

• 1 Megabyte capacity 

• High performance 
- 150 ns maximum read access time 
- 38 µs typical byte/word write time 

• High endurance 
- Minimum 100,000 erase and write cycles 

per 16K byte sector 
- Increases effective endurance via software 

controlled wear leveling 

• 16K byte sectors architecture 
- Typical sector program time of 600 ms 
- Typical sector erase time of 1.5 seconds 
- Background erasing increases programming 

performance 

GENERAL DESCRIPTION 
AMD's 5.0 V-only Flash memory PC cards are based 
on AMD's 5.0 V-only Negative Gate Erase Flash 
technology. The 5.0 V-only Flash PC cards provide the 
highest level of performance for data and file storage 
solution to the portable PC market segment. The 150 ns 
access time allows operations of high-speed micropro­
cessors without wait states. AMD's 5.0 V-only Flash 
technology eliminates any need for a 12 V DC to DC 
converter and provides a minimum of 50% power 
reduction as compared to the typical 12 V Flash 
technology. The Embedded Erased and Embedded 
Program algorithms greatly enhance the host system 

PRODUCT SELECTOR GUIDE 
5.0 V Program/Read 

Access Temp. 
Part Number Oi:g_anizatlon Time Ran_g_e 

AmC0018FLKA 1Mbytex8,512Kbytex 16 150 ns c 
AmC0028FLKA 2 Mbyte x 8, 1 Mbyte x 16 150 ns c 
Notes: 
Temp Range: C = Commercial (0°C to 60°C) 

• Automated Write and Erase operations 
- Increase system level performance 
- Embedded Erase™ algorithm automatically 

pre-programs and erases selected 16K byte 
sectors 

- Embedded Program™ algorithm automatically 
programs data at specified address 

• CMOS low power consumption 
20 mA typical Read current (x8) 

- 30 mA typical Write current (x8) 
- 300 µA typical Standby current 

• PCMCIA/JEIDA 68-pin standard 
- PCMCIA standard Mass Storage PC Card 
- Byte or Word-wide configuration 

• Mechanical write protect switch 
- Prevents accidental data loss 

• Flash file system compatible 
- Support from independent software and 

hardware vendors 

performance by allowing the host system to multitask 
while the PC card performs erasing or programming in 
the background. 

When used with Flash file management software such 
as Microsoft's Flash File System II (FFS II), AMD's 
Flash memory PC card emulates disk like operations 
and enables the Flash technology to be transparent to 
the end user. AM D's 5.0 V-only Flash PC card provides 
portable PC OEM system manufacturers with a rugged, 
high performance, light weight and low power all solid 
state mass storage solution not obtainable by any 
rotating mass storage media. 

Pin Program/ Supply Programming 
Count CIS Erase Volta_g_e Volt~e 

68 5128 x 8 Embedded 5V:t5% 5V:t5% 

68 5128 x 8 Embedded 5V:t5% 5V:t5% 

CIS: Card information Structure is stored in a 512 byte EEPROM 

Program/Erase: Embedded = Embedded Program and Embedded Ease algorithm 
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ADVANCE INFORMATION 
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~AMO ADVANCE INFORMATION 

PC CARD PIN ASSIGNMENTS 
Pin# Sig_nal 1/0 Function 
1 GND Ground 
2 D3 1/0 Data Bit 3 
3 D4 1/0 Data Bit 4 
4 Ds 1/0 Data Bit 5 
5 Ds 1/0 Data Bit 6 
6 D1 1/0 Data Bit 7 
7 CE1 I Card Enable 
8 A1o I Address Bit 1 O 
9 OE I Output Enable 
10 A11 I Address Bit 11 
11 Ag I Address Bit 9 
12 As I Address Bit 8 
13 A13 I Address Bit 13 
14 A14 I Address Bit 14 
15 WE I Write Enable 
16 RDY/BSY Ready/Busy (Note 3) 
17 Vee Power Supply 
18 Vpp1 Pgm Sply Vltg 1 (Note 1) 
19 A1s I Address Bit 16 
20 A1s I Address Bit 15 
21 A12 I Address Bit 12 
22 A1 I Address Bit 7 
23 As I Address Bit 6 
24 As I Address Bit 5 
25 A4 I Address Bit 4 
26 A3 I Address Bit 3 
27 A2 I Address Bit 2 
28 A1 I Address Bit 1 
29 Ao I Address Bit O 
30 Do 1/0 Data Bit O 

31 D1 1/0 Data Bit 1 
32 D2 1/0 Data Bit 2 
33 WP 0 Write Protect 
34 GND Ground 

Notes: 
I= Input to card, 0 =Output from card 
1/0 = Bi-directional 
NC= No connect 

Pin# S!g_nal 
35 GND 
36 CD1 
37 D11 
38 D12 

39 D13 
40 D14 
41 D1s 
42 CE2 
43 NC 

44 RFU 
45 RFU 
46 A11 
47 A18 
48 A19 
49 NC 
50 NC 
51 Vee 
52 Vpp2 

53 NC 
54 NC 
55 NC 
56 NC 
57 NC 
58 RESET 
59 WAIT 
60 NC 

61 REG 
62 BVD2 
63 BVD1 

64 Da 

65 D9 
66 D10 
67 CD2 

68 GND 

1/0 Function 
Ground 

0 Card Detect 
1/0 Data Bit 11 
1/0 Data Bit 12 
1/0 Data Bit 13 
1/0 Data Bit 14 
1/0 Data Bit 15 
I Card Enable 2 

No Connect 
Reserved 

Reserved 
I Address Bit 17 
I Address Bit 18 
I Address Bit 19 

No Connect 
No Connect 
Power Supply 
Pgm Sply Vltg 2 (Note 1) 
No Connect 
No Connect 
No Connect 
No Connect 
No Connect 
Card Reset (Note 4) 
Extend Bus Cycle 
No Connect 

I Register Select 
0 Battery Vltg Detect 2 (Note 2) 
0 Battery Vltg Detect 1 (Note 2) 
1/0 Data Bit 8 
1/0 Data Bit 9 
1/0 Data Bit 10 
0 Card Detect 

Ground 

In systems which switch Vee individually to cards, no signal should be directly connected between cards other than ground. 
1. VPP not required for Programming or Reading operations. 
2. BVD = Internally pulled-up. 
3. Signal must not be connected between cards when 1/0 interface is supported. 

4. Reset must not be connected between cards unless all cards are reset when any card has Vee power removed. 
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AmC002BFLKA 
2 Megabyte 5.0 V-Only Flash Memory PC Card 

Advanced 
Micro 

Devices 

DISTINCTIVE CHARACTERISTICS 
• 5 V-only operation 

Writing, Erasing, and Reading 
Eliminates the need of a 12 V DC/DC converter 
Minimum 50% system level power reduction 
during Programming/Erasing operations when 
compared to 12 V Flash technology 

• 2 Megabyte capacity 

• High performance 
- 150 ns maximum read access time 
- 38 µs typical byte/word write time 

• High endurance 
Minimum 100,000 erase and Write cycles 
per 16K byte sector 
Increases effective endurance via software 
controlled wear leveling 

• 16K byte sectors architecture 
Typical sector program time of 600 ms 
Typical sector erase time of 1.5 seconds 
Background erasing increases programming 
performance 

GENERAL DESCRIPTION 
AMD's 5.0 V-only Flash memory PC cards are based 
on AMD's 5.0 V-only Negative Gate Erase Flash 
technology. The 5.0 V-only Flash PC cards provide the 
highest level of performance for data and file storage 
solution to the portable PC market segment. The 150 ns 
access time allows operations of high-speed micropro­
cessors without wait states. AMD's 5.0 V-only Flash 
technology eliminates any need for a 12 V DC to DC 
converter and provides a minimum of 50% power 
reduction as compared to the typical 12 V Flash 
technology. The Embedded Erased and Embedded 
Program algorithms greatly enhance the host system 

PRODUCT SELECTOR GUIDE 
5.0 V Program/Read 

Part Number Or:.g_anizatlon 

AmC001 BFLKA 1 Mbytex8,512Kbytex16 

AmC002BFLKA 2 Mbyte x 8, 1 Mbyte x 16 

Notes: 

Access 
Time 

150 ns 

150 ns 

Temp Range: C = Commercial (0°C to 60°C) 

Temp. 
Ran_g_e 

c 
c 

• Automated Write and Erase operations 
- Increase system level performance 

Embedded Erase™ algorithm automatically 
pre-programs and erases selected 16K byte 
sectors 
Embedded Program TM algorithm automatically 
programs data at specified address 

• CMOS low power consumption 
20 mA typical Read current (x8) 

- 30 mA typical Write current (x8) 
- 500 µA typical Standby current 

• PCMCIA/JEIDA 68-pin standard 
- PCM CIA standard Mass Storage PC Card 
- Byte or word-wide configuration 

• Mechanical Write Protect Switch 
- Prevents accidental data loss 

Ill Flash file system compatible 
- Support from independent software and 

hardware vendors 

performance by allowing the host system to multitask 
while the PC card performs erasing or programming in 
the background. 

When used with Flash file management software such 
as Microsoft's Flash File System II (FFS II}, AMD's 
Flash memory PC card emulates disk like operations 
and enables the Flash technology to be transparent to 
the end user. AM D's 5.0 V-only Flash PC card provides 
portable PC OEM system manufacturers with a rugged, 
high performance, light weight and low power all solid 
state mass storage solution not obtainable by any 
rotating mass storage media. 

Pin Program/ Supply Programming 
Count CIS Erase Volta_g_e Volta_g_e 

68 512B x 8 Embedded 5V±5% 5V±5% 

68 5128 x 8 Embedded 5V±5% 5V±5% 

CIS: Card Information Structure is stored in a 512 byte EEPROM 

Program/Erase: Embedded = Embedded Program and Embedded Ease algorithm 
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ADVANCE INFORMATION 

PC CARD PIN ASSIGNMENTS 
Pin# S!.g_nal 1/0 Function 
1 GND Ground 

2 03 1/0 Data Bit 3 
3 04 1/0 Data Bit 4 
4 Ds 1/0 Data Bit 5 
5 De 1/0 Data Bit 6 
6 D1 1/0 Data Bit 7 
7 CE1 I Card Enable 

8 A1o I Address Bit 1 o 
9 OE I Output Enable 

10 A11 I Address Bit 11 
11 Ag I Address Bit 9 
12 As I Address Bit 8 
13 A13 I Address Bit 13 
14 A14 I Address Bit 14 
15 WE I Write Enable 

16 RDY/BSY Ready/Busy (Note 3) 
17 Vee Power Supply 

18 Vpp1 Pgm Sply Vltg 1 (Note 1) 
19 A16 Address Bit 16 
20 A1s Address Bit 15 
21 A12 Address Bit 12 
22 A7 Address Bit 7 
23 As Address Bit 6 
24 As Address Bit 5 
25 A4 Address Bit 4 
26 A3 Address Bit 3 
27 A2 Address Bit 2 
28 A1 Address Bit 1 
29 Ao Address Bit O 

30 Do /0 Data Bit O 

31 01 1/0 Data Bit 1 
32 02 1/0 Data Bit 2 
33 WP 0 Write Protect 

34 GND Ground 

Notes: 

I = Input to card, 0 = Output from card 
1/0 = Bi-directional 
NC = No connect 

Pin# S!g_nal 
35 GND 

36 CD1 

37 D11 

38 D12 

39 D13 

40 D14 

41 D1s 

42 CE2 

43 NC 

44 RFU 

45 RFU 

46 A11 

47 A10 

48 A19 

49 A20 

50 NC 

51 Vee 

52 Vpp2 

53 NC 

54 NC 

55 NC 

56 NC 

57 NC 

58 RESET 

59 WAIT 

60 NC 

61 REG 

62 BVD2 

63 BVD1 

64 Da 

65 D9 

66 D10 

67 CD2 

68 GND 

AMO~ 

1/0 Function 
Ground 

0 Card Detect 

1/0 Data Bit 11 
1/0 Data Bit 12 
1/0 Data Bit 13 
1/0 Data Bit 14 
1/0 Data Bit 15 
I Card Enable 2 

No Connect 

Reserved 

Reserved 

I Address Bit 17 
I Address Bit 18 
I Address Bit 19 
I Address Bit 20 

No Connect 

Power Supply 

Pgm Sply Vltg 2 (Note 1) 
No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

Card Reset (Note 4) 
Extend Bus Cycle 

No Connect 

I Register Select 

0 Battery Vltg Detect 2 (Note 2) 
0 Battery Vltg Detect 1 (Note 2) 
1/0 Data Bit 8 
1/0 Data Bit 9 
1/0 Data Bit 10 
0 Card Detect 

Ground 

In systems which switch Vee individually to cards, no signal should be directly connected between cards other than ground. 

1. VPP not required for Programming or Reading operations. 
2. BVD = Internally pulled-up. 
3. Signal must not be connected between cards when 1/0 interface is supported. 

4. Reset must not be connected between cards unless all cards are reset when any card has Vee power removed. 
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A Short Guide Through the Standard of 
PCMCIA/JEIDA ~ 

Advanced 
Micro 

Devices 
Application Note 
by Peter Heinrich 

INTRODUCTION 
The Personal Computer Memory Card International 
Association (PCMCIA) was founded with the goal of 
promoting and guiding interchangability of IC-cards 
among a variety of computers. Both memory and 
peripheral functions are included in the 68 pin card 
specifications. Compatibility between numerous ven­
dors and products is assured for use in small, portable 
equipment. 

The 68-pin connector was originally defined and 
proposed by the Japanese Electronics Industry Asso­
ciation (JEIDA) to overcome incompatible and proprie­
tary IC-cards. It was then selected as the basic 
connector to allow a variety of PCs and non-computer 
consumer products to freely interchange cards and data 
and also to serve as a peripheral extension for 
applications such as modems or network adapters. 
Given the goal of world-wide standardization, the 
specifics of a wide range of different memory technolo­
gies, peripheral requirements and consumer cost 
considerations had to be addressed. The following 
summary of the technical aspects of PCMCIA is meant 
to be a short guide through the standard and will 
familiarize the user of AM D's Flash memory cards with 
this environment. 

OVERVIEW 
PC-Card interchangeability is achieved through three 
major sections: 

• Card Physical Requirements such as mechanical, 
electrical and environmental elements. 

• Card Interface describing pin assignments and 
memory types with their specific attributes and elec­
trical characteristics. 

• Data Format addressing the issues of data organiza­
tion as well as software executed directly out of the 
memory card (XIP). 

Card Physical Requirements 
Mechanical/Environmental 

PCMCIA defines all dimensions and tolerances includ­
ing the location and polarity of optional batteries, a write 
protect switch and of course the connector itself. The 
reliability and mechanical performance is managed 
through stringent requirements for vibration, shock, and 
insertion and holding forces. Operating and storage 
temperature, moisture resistance and thermal parame-
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ters must meet or exceed military test methods. Also the 
design of the connector eliminates any mismatch and 
assures proper sequencing of ground and power 
connection. 

Electrical 

All suppliers must meet electrical performance tests 
including contact resistance, insulation resistance and 
maximum current and voltage per pin. 

The fundamental quality and reliability requirements of 
PCMCIA cards support applications in very harsh 
environments. Once a manufacturer meets the quality 
requirements of this standard he can assure functional-
ity of his product in daily use. · 

Card Interface 
There are two types of PC cards: Memory and 1/0. 
1/0-Cards might need to be configured after reset or 
insertion. The memory card interface is the default 
standard after insertion. Every card is described by its 
Card Information Structure (CIS). If a PC-card is 
identified or initialized as 1/0, some of its pins get a 
different assignment supporting its functionality. 

There are 64 Megabyte of common memory address 
space and 64 Megabyte of attribute memory address 
space. The common memory is accessed by the host for 
standard read and write activities including OMA-sup­
port (direct memory access). The attribute memory can 
be used for two purposes: 

• Card Information Structure: the mandatory descrip­
tion of the cards capabilities and specifications. 

• Configuration Registers: the optional set of registers 
to initialize peripheral functionality. 

The size of the attribute memory is defined by the 
manufacturer, but the CIS-header must always start at 
address OOH. CIS holds information about the memory 
type (ROM, OTP, EPROM, EEPROM, FLASH, DRAM 
or SRAM) and further details such as speed, program­
ming requirements and device l.D.s. 

Besides the standard pin assignments, such as address 
and data, there are special functions: Card Detect 1 and 
2 to verify correct card insertion, Write Protect, REG for 
common or attribute memory access definition, battery 
low voltage detect, program voltages for dual voltage 
technology, and Card Reset and Ready/Busy. 
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Finally, the electrical signal description and timing 
specifications define the operating environment includ­
ing the voltage range for 5.0 and 3.3 V, the signal 
interface levels and line status and the power up and 
down sequencing. 

Data Format 
Before we enter into the software specifics some of the 
overall objectives of the PCMCIA standard should be 
outlined. 

The definition of the software standard was influenced 
by these requirements: 

• The standard must support different operating sys­
tem file structures such as DOS or UN IX or even data 
structures representing VCR or musical recording. 

• Elementary data recording such as sequential stor­
age of block of bytes with and without error checking 
must be easy to do. 

• For compatibility with existing operating systems the 
standard must be able to mirror the disc-like data or­
ganization using sectors, tracks and cylinders. 

• The direct execution of programs out of the memory 
card in the operating system dependent data organi­
zation must be supported. 

• Future expansion should be possible without the 
need to rewrite existing software. 

Such a variety of requirements, sometimes even 
incompatible, is best outlined in a layer model similar to 
what is done for networks. 

O Physical Layer 
1 Compatible Layer 
2 Data Format Layer 
3 Data Organization Layer 
4 System Layer 

Physical Layer 

The specifics of this layer guide the mechanical and 
electrical aspects of PC-cards already mentioned as 
Card Physicals. 

Compatible Layer 

Each card should contain the Card Information Struc­
ture, CIS, with such fundamentals as card devices, size, 
speed, programming and so on. 

A card can comply at level 1 without the requirement for 
any higher level thus supporting an "open" PCMCIA 
standard. The CIS must always start at address O but it 
can be mapped into either the attribute or the common­
memory space. The definition of the coding of data 
blocks, called tuples, supports variable chaining and 
linking of all the data information within a PC-card's 
memory. 

AMO~ 
Data Format Layer 

This layer is analogous to the physical format of a floppy 
disc in the way the data is specified at the lowest level. 
Supported formats are: 

• Blocked Bytes (unchecked or checksummed) 

• Blocked with CRC 

m Unblocked (as done in the Microsoft Flash 
File System) 

Data Organization 

Here the logical organization of blocks and bytes are 
defined. Examples are: 

• DOS (or any other) File System 

• Flash File System 

• Execute In Place (XIP) Image 

a Application Specific Organization 

System Layer 

This describes the operating system dependent envi­
ronment and the possibility of sharing PC-cards through 
networks or multi-user access. 

Execute-In-Place (XIP) 
While memory cards offer many advantages as floppy 
or hard disk replacement, a major performance im­
provement can be achieved when software is executed 
directly out of the memory rather then downloaded into 
the computer's DRAM. 

In order to get an understanding of XI P, three implemen­
tation concepts are of interest. 

Iii XIP partitioning: A partition is simply a region within 
a card's memory containing a header and one or 
more applications with all its details. 

• XIP loader uses a driver interface to find a specific 
application within an XIP directory. The loader's 
responsibility is to look up, map and start the XIP 
application. 

• XIP application programming interface defines the 
entry points for calling procedures, all applications 
memory mapping services and the XIP directory 
management. 

FLASH MEMORY CARDS 
Flash is today's most exciting technology for memory 
cards. They offer non-volatility as well as advantages in 
size, power, performance and reliability. 

Flash cards are being used as simple data carriers 
between portable and desktop computers, as well as 
replacements for floppy and hard disks. In addition, they 
also add a new environment where the execution of 
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programs can be achieved with higher performance 
than in typical down-loading schemes of standard hard 
disk/DRAM architectures. 

The pace of innovation of Flash technology will require 
extensions of the current PCM CIA standard to address 
the need for more memory space (a type Ill 88-pin 
connector could be a choice) and possibly lower voltage 
operation. 

Although there is a high level of detail in PCMCIA 
standards, numerous applications of Flash cards might 
not need to deal with the rather complex operating 
system and software issues but still benefit from this 
rapidly growing market with its attractive cost and 
features. 

*Guiding Document is the PC-Card Standard Rel. 2.0 Manual available from PCMCIA 
10308 East Duane Avenue, Sunnyvale CA 94086. 
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Technical Feature 

Automated 
Algorithms Enhance 
Flash-based PC Card 

Programming 
Cflffi-Sir";e 

Increases in system level performance, reductions in programming time and 
improved system access can be realized by employing automated algorithms. 

0 
ne of the goals of the 
~CMCIA software .standard 
1s to create an environment 
that accepts interchange­

able PC cards. There are three main 
layers of software that enable 
interchangeability. Generally they 
may be referred to as the top, 
intermediate, and lowest layer. Top 
layer software drivers include BPB/ 
FAT device drivers, Flash File System 
redirected LAN-type device drivers 
and eXecute-In-Place drivers that 
support direct memory-mapped execut­
able files from extended memory. 

The lowest layer is defined as 
"BIOS Socket Services." This set of 
software calls provides a common 
interface for implementing specific 
hardware functions to the card 
interface hardware. Software and 
device drivers above this layer are 
isolated from a particular hardware 
implementation. 

The intermediate software layer is 
called "Card Services." This layer 
provides the technology and manufac­
turer-specific device drivers to control 
read and write operations of the 
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memory devices on the PC card. The 
primary purpose of Card Services is to 
support Flash memory technology. It 
is the contents of Card Services that 
allows the PCMCIA system functional 
compatibility between Flash cards built 
by different manufacturers and/or 
populated with different memory 
technologies. The device drivers in 
Card Services are called Media 
Technology Drivers. The MTDs used 
by a system may be resident in a 
PCMCIA card supporting BIOS or 
provided with the PC card and 
installed during system boot. 

The installable MTDs require part 
of the allocated system RAM for all 
drivers. This consideration is impor­
tant for Flash-based cards since device 
drivers for Flash technology are 
characterized by repetitive software 
algorithmic control of the devices. 
However, the performance of the 
Flash-based PC card is improved by 
employing automated programming 
operation, such as automated algo­
rithms. A commercially available 
Embedded Algorithm TM product is on 
the market. System level performance 

is increased since the bus accessing 
requirements between the CPU and 
card interface are practically elimi­
nated. Automated algorithms also 
reduce reprogramming time. In 
addition, the system access to the PC 
card is improved when memory 
devices are being erased in the 
background while allowing read or 
write accesses to other devices. This 
article describes these system level 
performance improvements for a 
Flash-based PC cards applications. 

System level effects 
The nature of the original Flash 

software control algorithms demands 
intensive access between the host 
CPU, ISA bus, and card interface. 

~eta&¥? .. ,, .. ' 
About the Author: 

Kurt Wolf is Senior Product Marketing 
Engineer, Flash Memories, at Advanced 
Micro Devices. He is a graduate of the 
University of Michigan and is active in a 
variety of professional associations. 
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This is because Flash memories are 
reprogrammed with repetitive se­
quences of commands in order to 
control the device during write 
operations. This ·overhead on the 
system CPU and bus accessing may 
impact system level performance if 
other multi-tasking applications are in 
operation while Flash card writes are 
in progress. 

Flash erase operations provide a 
good example of this overhead. Prior 
to erasure, the entire Flash device 
must be pre-programmed. This 
requires sequences of two bus cycle 
write commands to each address 
location, CPU timed program pulses, 
and card read operations in order to 
verify that data has programmed 
correctly. 

After the device is completely 
programmed, the system must issue 
another sequence of two bus cycle 
write commands, CPU timed erase 
pulses and a sequence of card reads at 
each individual address location of the 
accessed Flash Device. Two Megabit 
Flash memories require 256K prepro­
gram commands, 256K card read 
accesses for preprogrammed data 
verifications, and 256K card reads for 
erase verification. 

Since the host CPU must control 
the Flash devices during reprogram­
ming operations, this procedure may 
be halted if the CPU is required to 
service interrupt routines such as 
communication applications handling 
data transmission. Halting the repro­
gramming operations tends to degrade 
the performance of the Flash-based 
disk. 

Algorithmic control tends to restrict 
card accesses during write or erase 
operations. The Flash devices on the 

·PC card share a common data and 
address bus. The targeted Flash 
device also requires an active chip 
enable (CE) control line in order to 
maintain the state machine sequence 
for proper execution of the software 
algorithm. Disabling CE resets the 
state machine to the read mode. If the 
targeted device was disabled in order 
to access another device on the card 
the sequencing of the state machine 
would be lost and the algorithm would 
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Comparison of software controlled and embedded erase algorithms. 

need to be reset. This further 
complicates the software control of 
algorithmic Flash devices. 

Embedded Algorithm 
advantages 

System level performance in the 
above areas can be improved by using 
automated Flash algorithms. Auto­
mated algorithms essentially provide a 

**' 

FIHhtht Progrwnmtng Algortthm 

&k!i&#EMff.@:.Zi* 

software solution in the Flash memory 
silicon. The automatic erase operation 
provides a good example of the 
improved efficiency. With these 
algorithms the entire erase process is 
simplified to a two sequence bus 
command eliminating all the repetitive 
card accesses required of software 
controlled algorithms. 

The Embedded Algorithms product 
uses a new data command to invoke 

W*'MAsd + 

Embedded Prog~mlng Algortthm 

Comparison of software controlled and embedded programming algorithms. 
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the fully automated erase operation. 
Once this sequence is completed the 
device tri-states the outputs in order 
to take itself off the PC card bus. The 
device then automatically preprograms 
all address locations and verifies data 
prior to erase. With the preprogram­
ming completed, the internal state 
machine issues repetitive erase pulses 
and internally verifies that all address 
locations are adequately erased prior 
to resetting the device to the read 
mode and turning control of the device 
back over to the system. 

Automatic support of Write Opera­
tion Status (WOS) feature is also 
available on commercial products. 
This tells the system when the device 
has completed the program or erase 
operation. This feature does not 
require an additional command nor 
does the system need to toggle 
control pins to activate the WOS 
feature. It works in a similar manner 
as an EEPROM. Once the Embedded 
Algorithm operation is in progress the 
device outputs provide the Data 
Polling and Toggle bit function on DQ7 
and DQ6 respectively. The outputs 
are active when the device is accessed 
for read operations by enabling OE. 
Otherwise the device forces the 
outputs into a tri-state mode taking 
the device off the bus. 

Advantages to 
automated algorithms 

There are a number of system level 
advantages provided by automated 
algorithms. First, the overhead of the 
host CPU and card interface is 
dramatically reduced allowing for 
better system performance during 
operation of multitasking applications. 
The three quarter of a million bus 
accesses described earlier for device 
erasure are now replaced by one 
sequence of a two bus cycle 
command. 

One other advantage of the 
Embedded Algorithms is that it 
decreases reprogramming time. This 
performance advantage increases if 
the CPU services interrupts while in 
the process of reprogramming. The 
software controlled algorithms must 
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halt the program or erase sequencing 
during these service routines which 
increases the total time of the 
reprogramming operation. In addition, 
the automated algorithms do not 
require the software designer to 
worry about safely tenninating and 
saving the point of interruption in the 
reprogramming sequence. 

When the device tri-states its 
output other devices on the card may 
be accessed for read or reprogram­
ming operations. This increases the 
card's read/write performance by 
allowing multiple operations to be 
performed at one time. Also, time 
efficient background erase operations 
can be performed easily by the 
system. Other devices on the card can 
be accessed while a device is 
performing one of the automated 
algorithms operations since the device 
will continue to draw active current 
until the operation is complete. When 
completed the device current will 
dramatically decrease to the super 
standby level. The only system 
requirement to support concurrent 
program or erase operations is to be 
able to supply the adequate level of 
current. 

Automatic algorithms also address 
the issue of vendor compatibility. As 
other Flash silicon vendors support 
automatic programming operations the 
differences in vendor specific algo­
rithms become transparent to the 
system interface. This tends to 
increase device compatibility without 
requiring the system designer to 
accommodate different algorithms for 
each vendor. In addition, automatic 
algorithms reduce the system de­
signer's dependence on keeping track 
of changing algorithmic timings due to 
process evolution. 

Sector erase 
The performance improvements 

allowed by the Embedded Algorithms 
are also multiplied by the addition of 
sector erase capable Flash devices. It 
is expected that some Flash vendors 
will be announcing new device 
architectures based on sectors of 
equal size. Sector erase typically 
allows any sector, any combination of 
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sectors, or the entire device to be 
erased concurrently. 

Performance is increased with the 
addition of automated sector repro­
gramming primarily in the area of 
background erase or ''garbage collec­
tion'' routines employed by various 
file. systems. The flexibility of these 
operations is increased when only a 
portion of the device is required to be 
erased or "cleaned up." In addition, 
the sector capability tends to extend 
the effective endurance of a Flash 
memory. Intelligent software can 
even out the sector erase operations 
across those available throughout the 
card. Only that portion of the device 
targeted for erase is exercised leaving 
the rest of the device unaffected. 

Summary 
The performance of the Flash-based 

PC card is increased by employing 
automated programming operations. 
System level performance is increased 
since the bus accessing requirements 
between the CPU and card interface 
are practically eliminated. The repro­
gramming time also is decreased and 
the system access to the PC card is 
improved by allowing for memory 
devices to be erased in the 
background while accessing other 
devices for read or write operations. 
Potential software complications due 
to interrupt servicing is also dramati­
cally reduced. 

Automatic algorithms tend to reduce 
the differences in vendor specific 
algorithms due to technology and/or 
process differences or improvements. 
Combining sector erase with the 
automated algorithms improves the 
efficiency of file systems during 
garbage collection routines. A feature 
of sector erase also tend to increase 
the effective endurance of the 
Flash-based PC Card. 

Although the first generation of 
Flash devices provided minimum 
functionality in a PC card environment, 
device enhancements and next genera­
tion architectures are addressing 
these issues. System level perform­
ance improvements are available from 
automated algorithms and equal sector 
erase capability. D 
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Making EPROM/Oash 
trade-offs 

Bv DATAR LALVANI 
STRATEGIC MARKETING MANAGER 

AND KURT WOLF 
SENIOR PRODUCT 

MARKETING ENGINEER 
ADVANCED MICRO DEVICES INC. 

SUNNYVALE, CALIF. 

he non-volatile memory mar­
ket, long the bastion of the 
UV EPROM, has been fis­
sured with the recent emer­
gence of in-system repro­
grammable flash memories 
as a viable technology. To­
day, both EPROMs and flash 
memories coexist and they 
will continue to run parallel 
paths, with the choice of 
technology influenced by the 
requirements of the end 
product. 

Flash memories were born 
of the marriage between 

EPROM and E2PROM devices. Flash in­
corporates the same programming capabili-
ty as an EPROM with the added benefit of 
E2PROM-like electrical erasability, so it 
can be reprogrammed without removing it 
from the circuit board. This makes flash an 
ideal choice for applications that require in­
system reprograrnmability. While the same 
benefit can be obtained from either 
E2PROM or battery-backed SRAM, flash 
memories are less expensive than both. 

In light of the projected rapid growth in 
demand for flash, the product-development 
plans announced by the ever-increasing 
number of vendors, and the recent public 
announcements by some large vendors­
who have stated that their strategy is to 
"de-emphasize" EPROMs in favor of flash 
memories-the future of EPROMs has be­
come unclear. This has caused some confu­
sion in the memory marketplace. Technical 
factors such as scalability, die cost, erasure 
and package considerations-as well as 
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market-based factors such as demand, ap­
plications and features-factor into the de­
cisions to build and use either EPROM or 
flash products. 

EPROMs and flash memories will coex­
ist with the choice of technology influenced 
by the requirements of the end product as 
used by the customer. While some vendors 
have stated that flash memories are more 
scalable than EPROMs with the addition of 
double-layer metal,even down at 0.5-rni­
cron geometries, Advanced Micro Devices 
Inc. sees no need for multilayer metal for 
EPROMs. AMD's single-layer metal pro­
cess for EPROMs using 0.5-rnicron tech­
nology not only will provide the high densi­
ty-up to the 16-Mbit level-but is also 
capable of generating the smallest die size 
and highest performance in the industry. 

It is a fact that, at the same density, the 
flash-memory die is more expensive than 
an EPROM because it has the slightly larg­
er cell size required to support high endur­
ance. Also, the flash process complexity is 
greater due to additional masking steps, 
and it requires longer test times to perform 
electrical erasure in the tester, as opposed 
to UV-erase in an oven. 

Flash pricing today remains at a multiple 
of EPROM. However, flash pricing will 
continue to drop until it settles at around a 
20 percent to 30 percent premium over a 
comparable EPROM. Memory designers 
are not going to increase the cost of their 
systems by using flash when there is no need 
for future reprogramming. In these designs, 
reprogrammability does not represent value 
to the customer. Consequently, flash tech­
nology will not ubiquitously replace OTP 
EPROM designs. 

The market's demand for various price/ 
performance products supports the coexis­
tence of both EPROM and flash technology. 

There is no question that flash technol­
ogy has already reserved a bright spot in 
the history of non-volatile memories. In 
some designs, however, EPROM and 
flash memories can coexist comfortably. 

Making EPROM/Flash Trade-offs 

Laser-printer designs are becoming com­
modity-oriented items. Memory-design 
requirements are dictated by the pages­
per-minute output of the printer. Mem­
ory designers can make a trade-off be­
. tween designing interleaved systems 
with slower/less expensive devices or 
non-interleaved systems using faster/ 
higher-cost devices. The software re­
quirements for these systems are also 
fairly straightforward. Firmware that 
typically does not change in this system 
are the PCL-5 and/or Postscript engme­
control codes. 

In addition, the code for font types 
does not typically change. The density 
requirements for this code range from 2 
to 4 Mbytes of storage, depending on the 
font types available and the number of 
scaling options. EPROMs instead of 
ROMs are used to provide manufactur­
ing flexibility. The EPROMs are pro­
grammed just-in-time, depending on 
the printer engine and font options 

Datar Lalvani holds a BSEE from the Uni­
versity of Madras, India, and an MBA from 
the Wharton Graduate School of Business, 
University of Pennsylvania. Kurt Wolf holds 
a BSEE from the University of Michigan. 

Copyright© 1991 by CMP Publications, Inc. 
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with Permission. 
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Choosing flash or EPROM 
Continued 
required for that day's manufac­
turing run. Flash memory is then 
incorporated as an option that al­
lows end users to store custom­
ized fonts or screen images in the 
printer. 1bis eliminates the repet­
itive delay associated with trans­
ferring the bit-map-generated im­
ages between the computer and 
printer. This decrease in produc­
tivity is eliminated when the code 

is resident on the printer in flash 
memory' a clear example of a 
very high-volume product that re­
quires both high-density EPROM 
and flash-memory devices. 

Each technology is employed to 
take advantage of its strengths. 
OTP EPROMs are used in the 
most cost-sensitive portion of the 
memory system where the code 
typically does not change once the 

Making EPROM/Flash Trade-offs 

system is shipped. OTP EPROMs 
also allow for smooth transitions 
between manufacturing runs that 
incorporate different printer en­
gines and/or font type options. 

The higher-priced flash devices 
provide customers with the ability 
to personalize their systems. The 
value of this functionality, more 
than offsets the incremental cost 
of the devices. 

4-7 
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REPROGRAMMING A 0 D S 

SOME FLASH 
TO CELLULAR COMMUNICATION 

BY IAN WILLIAMS 

AND KURT WOLF 
MARKETING MGRS. 

AMO !Ne. 
SUNNYVALE, CALIF. A dding value such as easy repro­

grammability to a cellular communications system 
can bring about another market surge in this 
popular technology. It is a given that cellular 
phones allow people to make more efficient use of 
their driving time. However, if a user wants to 
change cellular carrier companies for more com­
petitive rates and/or features or move to an area 
not covered by his/her current carrier, the cellu­
lar phone must be reprogrammed at a cellular 
service service center, a procedure that can 
cause many hours of unproductive phone down­
time. 

The use of Flash memory in cellular phones 
can speed up that update process. For example, 
a customer who doesn't have the use of Flash 
memory who decides to change cellular has to 
bring his phone to the shop, where the phone is 
disassembled to remove and replace the old 
EPROM with a newly programmed device, then 
reassembled and, finally, reinstalled in the car. 
This is a time-consuming process and involves 
the expense of new components. The total cost 
includes the labor costs associated with manual­
ly changing code that is typically stored in 
EPROM and the lost productivity that occurs 
when the customer's phone is unavailable. 

Remote memory updates with a Flash mem­
ory-based system are more cost-effective than 
any other non-volatile memory system. The 
piece-part price of Flash memories is greater 
than EPROM- and ROM-based memories. 
However, the cost of updating memory con­
tents in a remote memory system that is 
EPROM- and ROM-based is orders of magni­
tude more costly than performing remote up­
dates on a Flash memory-based system. This 
cost difference is driven primarily by the cost of 
the labor required to update firmware in 
EPROM- and ROM-based systems. 

The Flash memory-based system evolves to 
one that employs a combination of both Flash and 
other non-volatile memory alternatives. Over 
time, more and more of a system's firmware 
becomes stable and does not require future up­
dates. This usually. in_~ludes the basic structure of 
the firmware program but not the specialized 
subroutines it may call. 

At this point, a lower-cost memory system is 
implemented with a combination of Flash and 
other non-volatile memory. The Flash memory 

stores those portions of code r,···-··~· .. ···--·---·---~-....,....."".'·-···~-:_"·----·.--- .. ---.-·-·· . · 
that many change in the future. : Cellular communication system ripe for tiash-memory use 

Subroutines that allow the host 
system to interact with other re­
mote external systems are exam­
ples of code segments that may be 
periodically updated. The alter­
nate non-volatile memory devices 
store the main structure of the 
firmware that remains stable. 

Telephone ntlwlllt sysllm : Celluiar r:arr!er system 

In fact, Flash memories offer 
benefits throughout the entire 
cellular communications system, 
which is comprised of the main 

I Q,11~"-0_/~ ~ 
ii ~ 

Phone 1 Cellul~~ Cellular 
Swrtchlng 1 relay • car phone 
exchange : s;~~~r:o 

switching equipment, the site re-
lay, and the phones themselves (see figure). 

The main cellular switching equipment 
serves as a link between the telephone network 
system to provide access for the customer. The 
switch equipment acts as a controller for the 
cellular relays, which convert the RF phone 
signals to analog. The relays also employ trans­
ceivers to send and receive the phone commu­
nications. The main system switch monitors its 
network of relays and determines call place­
ment and routing. 

The cellular switching equipment is responsi­
ble for connecting calls into the telephone net­
work system and for monitoring and controlling 
its cellufu relays. The switches contain the rout­
ing algorithms for call placement. These algo­
rithms take into account the traffic load of the 
cellular sites and the geographic terrain that may 
affect relay of the transmitted signals. The main 
switching equipment also keeps track of custom­
er databases, which maintain a file of phone ser­
vice features that are active for each customer. 
Among these features are call waiting, call for­
warding, and voice mail. 

The cellular phone itself contains the basic 
communication techniques between the phone 
and the cellular relays, the system parameters 
that allow communication with the customer's 
specific cellular carrier. The 'caller's phone 
number is also contained within the phone in 
order to identify which customer is accessing 
the system and which features should be acti­
vated. The Digital Tone Modulated Frequency 
(DTMF) parameters are also stored in order to 
allow for automated touch-tone functions such 
as voice mail. 

Another application for Flash memories in a 
cellular communications system is the customer 
database, which resides in another part of the 
switching equipment's memory system. Custom­
er databases may be set up as a file structure in 
the Flash memory space. Each customer file may 

: equipment 

consist of multiple bytes of address space. Multi­
ple account files may reside on a single Flash 
device by maintaining files that have an 1.0. 
associated with each customer's account (i.e., 
the customer's phone number). 

This link allows the system to access each 
user's file during a call to determine which 
phone service features the customer is entitled 
to use. Separate codes may exist for both the 
activation and deactivation of particular service 
features (i.e., call waiting). An activated ser­
vice feature may be canceled by adding the 
deactivation code to the customer's file. Before 
establishing the phone connection, the system 
scans the customer file to look for active ser­
vice features and to check if any features have 
been canceled. 

Today each cellular phone model must be 
uniquely programmed at the dealer's installation 
site. Typically, these phones use socketed 
EPROMs. The installation department programs 
these EPROMs with appropriate system param­
eters and DTMF codes to function with the 
specific carrier chosen. 

By contrast, when the user wants to change 
carriers or moves to a town outside of his 
current service area, his/her phone must be 
reprogrammed at a cellular service center. 

Flash memories offer an innovative solution 
to the inconvenience of bringing in your car 
phone in order to change carriers or when you 
move from one cellular service area to an­
other., Flash memories, which are electrically 
programmable in-system, allow code changes 
to be performed by transferring data over the 
cellular network. 

For instance, a user could schedule his/her 
phone to be reprogrammed during a morning 
commute. The cellular service station then dials 
the user's phone to establish a data link for 
transmitting data, thus optimizing the inherent 
communications capability of the cellular system.• 

16609A 
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Flash Menwry Cards Energize Portables 
croso[t Flash File Svstem. This 
product allows flash memory 
PC cards to function as an ordi­
nary disk in a PC and allows 
users to run popular applica­
tions for MS-DOS and Windows 
operating systems. The Micro· 
soft Flash File System consists 
of two device drivers that users 
can easilv load in their C0'.'1-
FIG.SYS .files. A higher-level 
driver provides the interlace to 
MS-DOS and interprets com­
mands from the operating sys­
tem or application. The lower­
level driver performs the re· 
quested functions on the flash 
memory. This driver is also 
modifiable so that svstem de· 
signers can support any specific 
flash memory technology. 

by Kurt Wolf 
Standardization is an ac­

cepted industry practice firmly 
entrenched in desktop comput­
ing and is now embraced by 
mobile computing since the for­
mation of the Personal Com­
puter Memory Card Interna­
tional Association (PCMCIA) in 
1989. The PCMCIA membership 
has rapidly grown to include 
more than 200 international 
companies including all of the 
major manufacturers of hard­
ware, software, semiconductor 
components, connectors and 
peripherals. 

The work of this committee 
has already resulted in two re­
leases of the PC card standard. 
Release 10, in September 1990, 
covered the memory interface, 
while Release 2.0, in September 
1991, specified an VO interface 
to support modem, LAN, cellu­
lar and radio communications 
peripherals. The PCMCIA stan­
dard defines the PC card's phys­
ical dimensions (86 mm x 54 
mm x 3.3 mm-Type I cards), 
pin assignments for the 68-pin 
interface, electrical specifica­
tions and software protocols 
and formats. In addition, Flash 
memory cards typically weigh 
in at about I oz. 

There are five mainstream 
semiconductor technologies 
potentially available for integra­
tion into mass storage PC tards. 
These alternatives are Read­
Only Memory (ROM), Erdal!lle 
Programmable Read-Only 
Memory (EPROM~ Static Ran­
dom Access Memory (SRAM) 
with battery backup, byte-write 
Electrically Erasable Program­
mable Read-Only Memory 
(EEPROM), and bulk or sector­
erasable, electrically writable 
Flash EPROMs. 

ROM-based memory cards 
are in wide use as a media for 
software and database distri­
bution, but are not acceptable 
as a writable media. Because of 
the requirement to erase 
EPROM-based cards with a spe­
cific frequency of ultraviolate 
light they are not favorable can­
didates either. SRAM technol­
ogy provides the ability to write 
the card, but incurs a cost pen­
alty in relation to other technol­
ogies because it uses a four­
transistor memory cell versus 
the single-transistor memory 
cell approach of the others. In 

addition. SRAM cards require a 
battery on the card to maintain 
data when the system is pow­
ered down or the card removed. 
Battery life is difficult to predict 
and always guaranteed to lose 
power. EEPROM technology of­
fers the byte-write capability of 
SRAMs and eliminates the 
problems of battery backup be­
cause of its inherent non-vol­
atility, but also uses a more 
costly multiple-transistor 
memory cell approach. 

Flash memory technology, on 
the other hand, has the advan­
tages of a single-transistor 
memory cell, inherent non-vol­
atility, electrical byte-write ca­
pability, and high density, but is 
restricted to bulk or sector­
erase (i.e. 16 Kbytes/sector) re­
quirements during write opera­
tions that change data in previ­
ously programmed address 
locations. The bulk or sector­
erase restriction of flash mem­
ory can be sufficiently ad­
dressed at the system software 
level to make this issue trans­
parent to the user. In addition, 
with the recent announcement 
of single-transistor, 5V-only 
flash technology, the previous 
handicap of designing and sup­
plying the 12V Vpp require­
ments for write operations can 
now be eliminated. Flash mem­
ory for use in memory cards is 
available from Advanced Micro 
Devices, Hitachi and Intel, and 
others are expected soon. 

PCMCIA System Software 
Key To Integration 

Once the PC card was defined 
and the various memory tech­
nologies considered, the chal­
lenge still remained to integrate 
the PCMCIA hardware into the 
ei:isting DOS environment. 
Many early adapters of memory 
card technology were embed­
ded applications that defined 
and controlled the environment 
in which its components inter- · 
acted. In this case, the card 
sockets, PC cards and software 
could all be dedicated to a sin­
gle purpose. The DOS environ­
ment is much more general pur­
pose, and hence needs a more 
flexible and broader solution to 
integration. 

The PCMCIA software com­
mittees have worked to create a 
layered software structure that 
isolates the system-specific 
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hardware implementation from 
higher levels of software. This is 
required, because although Re­
lease 2.0 of the PCMCIA stan­
dard defines the construction of 
the PC card, it does not offer the 
same level of detail on how to 
implement PC card sockets into 
the host system. 

There are three layers of soft­
ware addressed by the commit­
tee (Fig I). They begin at the 
lowest layer with socket ser­
vices, above that card services, 
and above that client drivers 
such as Microsoft's Flash File 
System or application pro­
grams structured in the exe­
cute In Place (XIP) format. 

Socket services, the lowest 
layer of software, addresses the 

~CATION/CLIENT DRIVE.RS 
FLASHfllfSYSTEM 

EXECUTEINPUCE(XIP) 

MEMORY 
TECHNOLOGY 

ORNER 
lfLA.SHALGORITHM) 

services. Its function is to arbi­
trate the allocation of system 
resources to the PCMCIA-aware 
device drivers, utilities and ap­
plications. One of the capa­
bilities of card services is to 
time-multiplex the same socket 
and card hardware to multiple 
higher-level software clients. In 
addition, this resource manager 
provides a common interlace 
for repetitive tasks such as in­
terpreting the card information 
structure as PC cards are inser­
ted into the host system. The 
card information structure is a 
standard data format that con­
tains sufficient information 
about the card's capabilities so 
that the host system can deter­
mine if it can communicate 

Single Chip Interface 
Controllers 

Fig The PCMCIA have created a layered software structure that isolates the 
system specific hardware implementation from higher levels of software. 

The PCMCIA adapter func­
tionality can be implemented 
as a card controller interface IC. 
Card controllers connect to the 
system bus on one side and the 
card socket on the other. They 
also offload the host CPU's con­
trol of this interlace and provide 
conditioning for all signals into 
and out of the PC card. The 
controllers that are commer­
cially available provide system 
designers a standardized inter­
face to function with standard 
system software. Controllers in­
clude CRC and checksum cir­
cuitry to ensure data integrity 
as data is transferred across the 
PCMCIA interlace and provide 
for hot insertion and removal of 
the card. They also provide a 
solution to EMl-compliant de­
signs not available with a dis­
crete multichip approach. Con­
troller chips also shorten the 
implementation design cycle 
and allow products to get to 
market faster. Controller chips 
are available from Fujitsu 
(MB86391), Intel (82365SL~ and 
VLSI Technology (VL82CJ07-LT 
"SCAMP"). 

various implementations of 
socket hardware and its capa­
bilities. It is designed to allow 
implementation as a ROM-BIOS 
extension and hence provide 
the capabilities of the memory 
card to the system during ini­
tialization. In addition, socket 
services masks the details of 
specific hardware actually im­
plemented and provides a uni· 
versa! interface to the higher 
levels of software. 

Socket services focuses on 
areas of hardware management 
~eluding the PC card _itself, the 
card socket, adapters and win­
dows. Card sockets are the ac­
tual receptors that make physi­
cal and electrical connection to 
the PC card. Adapters are the 
hardware that electrically con­
nects the card socket to the sys­
tem's bus. For example, in order 
to run XIP applications the 
adapter must support memory­
mapped windows into the host 
system's memory space. Socket 
services are responsible for 
mapping the PC card's memory 
into system memory through 
windows. Windows are objects 
that map the card resources 
into the host system's memory. 

Above socket services lies a 
resource manager called card 

with it. 
Card services also allow 

higher levels of software to 
eliminate the need to know if 
socket hardware is imple­
mented as a memory-mapped 
window or is register-based. 
Socket services provides a uni­
versal method to handle special 
write algorithms for various 
memory technologies. Re­
quests for read, write, copy or 
delete are passed to card ser­
vices which then hands the re­
quest to the memory technol­
ogy driver. The memory 
technology driver handles the 
task of executing the appropri, 
ate write algorithms required 
by the active flash memory 
card. In this way, vendor-spe­
cific flash algorithms are han­
dled by the memory technology 
driver and transparent to soft­
ware making requests to the 
flash memory card. Companies 
recently announcing support 
for memory card system soft­
ware are Award, Phoenix, 
Quadtell and System Soft. 

Above socket services are 
the client drivers that use the 
resources of the PCMCIA-based 
system. As part of Microsoft's 
Portable Computing Initiative, 
they have announced the Mi-

The widespread industry 
participation in the PCMCIA 
standards group and the prolif­
eration of products being pro­
duced compatible to this stan­
dard ensure that the benefits of 
truly portable computing are 
becoming a reality. Today the 
system designer has flash mem­
ory chips and cards available 
from many suppliers. System 
software is announced from 
many of the BIOS companies 
and from Microsoft that inte­
grate the PCMCIA hardware and 
software into the existing DOS 
environment. Interface control­
ler chips are available to speed 
the time-to-market in hardware 
design, helping many PCMCIA 
products to be introduced this 
year. Iii 

Kurt Wolf is senior product 
marketing engineer for Ad­
vanced Micro Devices (Sun­
nyvale, CA). 

Reprinted with permission from 
Computer Technology Review. 
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5 PHYSICAL DIMENSIONS* 

CD 032 32-Pin Ceramic DIP .................................................. 5-3 
CLR032 32-Pin Rectangular Ceramic Leadless Chip Carrier . . . . . . . . . . . . . . . . . . . . . . . . . 5-4 
PD 032 32-Pin Plastic DIP ..........•........................................ 5-5 
PL 032 32-Pin Rectangular Plastic Leaded Chip Carrier . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-5 
TS 032 32-Pin Thin Small Outline Package (TSOP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-6 
Type 1 PC Card . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-7 

*For reference only. All dimensions are measured in inches, unless otherwise noted. BSC is an ANSI 
standard for Basic Space Centering. 
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CLR032 
32-Pin Rectangular Ceramic Leadless Chip Carrier 
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PD032 
32-Pin Plastic DIP 
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TS032 
32-Pin Thin Small Outline Package (TSOP) 

•1* 
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*For the standard form/pin-out, the pin one is a round dimple. For the reverse form/pin-out, an inverted triangle will be 
marked here indicating pin one. 
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Munchen ....................... TEL .................................... (089) 4114-0 

FAX ................................. (089) 406490 
HONG KONG, .................... TEL ................................ (852) 865-4525 

Wanchai FAX ............................. (852) 865-1147 
ITALY, Milano ................... TEL ................................. (02) 3390541 

FAX .............................. (02) 38103458 
JAPAN, 

East Syracuse - NYCOM, INC ....................... (315) 437-8343 
Hauppauge - COMPONENT 
CONSULTANTS, INC ....................................... (516) 273-5050 

OHIO 
Centerville - DOLFUSS ROOT & CO ............ (513) 433-6776 
Columbus - DOLFUSS ROOT & CO ............. (614) 885-4844 
Westlake - DOLFUSS ROOT & CO ............... (216) 899-9370 

OREGON 
ELECTRA TECHNICAL SALES, INC ............. (503) 643-5074 

PENNSYLVANIA 
RUSSELL F. CLARK CO.,INC ........................ (412) 242-9500 

PUERTO RICO 
Atsugl ........................... TEL .............................. (0462) 29-8460 COMP REP ASSOC, INC ................................ (809) 746-6550 

FAX ............................. (0462) 29-8458 WASHINGTON 
Kanagawa .................... TEL .............................. (0462) 47-2911 

FAX ............................. (0462) 47-1729 
ELECTRA TECHNICAL SALES ...................... (206) 821-7442 

WISCONSIN 
Tokyo ............................ TEL .............................. (03) 3346-7550 Brookfield - INDUSTRIAL 

FAX ............................. (03) 3342-5196 
Osaka ........................... TEL ................................ (06) 243-3250 

FAX ............................... (06) 243-3253 
KOREA, Seoul .................. TEL ............................ (82) 2-784-7598 

REPRESENTATIVES.INC ................................. (414) 789-9393 
UTAH 

Front Range Marketing .................................... (801) 264-2500 

Advanced Micro Devices reserves the right to make changes in its product without notice in order to improve design or performance characteristics. 
The performance characteristics listed in this document are guaranteed by specific tests, guard banding, design and other practices common to 
the industry. For specific testing details, contact your local AMO sales representative. The company assumes no responsibility for the use of any 
circuits described herein. 
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