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Over the last five years, Flash memory products have revolutionized how designers think about
storing control code in computers, peripherals, communication devices, and a wealth of other
applications. In fact, Flash memory is seen as an enabling technology in many new microproces-
sor-based designs. The features of Flash memory, including non-volatility, in-system re-
programmability, and high density, have made it the fastest growing IC memory type in the 1990s.
AMD’s Flash memory products are ideally suited for use in a wide array of microprocessor-based
products. .

The first generation of Flash memory devices required 12.0 Volts to program and erase and 5.0
Volts to read. Today, however, system designers are asking for single-voltage Flash memory
products. Other Flash memory features being requested by system designers include: fast read
access time, the ability to erase portions of the memory array, simplified program and erase algo-
rithms, high endurance and reliability. The Am29Fxxx Flash family is addressing these requests
from system designers today.

AMD is the leader in providing cost effective 5.0 Volt-only Flash memory devices with its
Am29Fxxx Flash family. These devices meet the JEDEC (Joint Electron Devices Engineering
Council) pin-out and software standards for single voltage supply Flash. AMD achieves 5.0 Volt—
only operation in its Am29Fxxx family Flash devices using patented Negative Gate Erase technol-
ogy. AMD has seen overwhelming acceptance of the Am239Fxxx Flash architecture from design-
ers representing many applications.

AMD offers Flash memory cards that meet the PCMCIA and JEIDA standards. This data book
contains condensed data sheets of AMD's Flash memory card offerings.

AMD is the world leader in non-volatile memory devices. The market's acceptance of our Flash
components and memory cards has strengthened our position as a major Flash memory supplier.

Walid Maghribi
Vice President and General Manager
Non-Volatile Memroy Division
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FLASH MEMORIES SELECTOR GUIDE

Flash Memories

12.0 Volt 5.0 Volt-only
Bulk Erase Sector Etase
256K 512K 1024K 2048K 1024K 2048K 4096K 16384K
Am28F256 Am28F512  Am28F010 Am28F020 Am29F010 Am29F200*  Am29F040 Am29F016*
Am28F256A AmM28F512A Am28F010A Am28F020A Am29F100* Am29F400*
12.0 Volt Flash, Flashrite™/Flasherase™ Algorithms, 10K Cycle Endurance
Part Access Temp Package Supply Programming
Number Organization Time (ns) Range’ Type? Pin Count Voltage Voltage

Am28F256-75 32Kx 8 70 C, I D, LPJEF 32 5Vt 5% 12V
Am28F256-90 32K x 8 90 C,1 D,LPJEF 32 5V+10% 12V
Am28F256-95 32K x 8 90 C 1 bLPJEF 32 5Vt 5% 12V
Am28F256-120 32K x 8 120 C ILEM D,LPJEF 32 5V+10% 12V
Am28F256-150 32K x 8 150 C,ILEM D,LPJEF 32 5V£10% 12V
Am28F256-200 32K x 8 200 CILEM D,LPJEF 32 5V+10% 12V
Am28F512-75 64K x 8 70 G, DL P JEF 32 5Vt 5% 12V
Am28F512-90 64K x 8 90 C I D, LPJEF 32 5V+10% 12V
Am28F512-95 64K x 8 90 C,1 DL P, JEF 32 5V+ 5% 12V
Am28F512-120 64K x 8 120 C,LEM D,LPJEF 32 5V+10% 12V
Am28F512-150 64K x 8 150 CLEM D,LPJEF 32 5V+10% 12V
Am28F512-200 64K x 8 200 C,LEM D, LPJEF 32 5V+10% 12V
AmM28F010-90 128K x 8 90 (oA D,L P, J,EF 32 5V10% 12V
Am28F010-95 128K x 8 90 (o] DL PJEF 32 5Vt 5% 12V
Am28F010-120 128K x 8 120 CILEM D,LPJEF 32 5V 10% 12V
Am28F010-150 128K x 8 150 C,LEM b LP,JEF 32 5V+10% 12V
Am28F010-200 128K x 8 200 C,LEM DL PJEF 32 5V+10% 12V
Am28F020-90 256K x 8 90 C P, J,E F 32 5V+10% 12V
Am28F020-95 256K x 8 90 (o} P,J,E,F 32 5Vt 5% 12V
Am28F020-120 256K x 8 120 C 1LEM P,J,EF 32 5V+10% 12V
Am28F020-150 256K x 8 150 C,LEM P,JEF 32 5V+10% 12V
Am28F020-200 256K x 8 200 C,LEM P,J,E, F 32 5V+10% 12V

Notes: see notes on next page.
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12.0 Voit Flash, Embedded Algorithms, 100K Cycle Endurance

Part Access Temp Package Supply Programming
Number Organization | Time (ns) Range' Type? Pin Count Voltage Voltage
Am28F256A-75 32Kx 8 70 C, 1 DL P JEF 32 5Vt 5% 2V
Am28F256A-90 32K x 8 90 C, 1 D,LP,JEF 32 5V+10% 12V
Am28F256A-95 32Kx 8 90 C, I D,L P, J,EF 32 5Vt 5% 12V
Am28F256A-120 32K x 8 120 C,ILE.M DL P JEF 32 5V+10% 12v
Am28F256A-150 32Kx 8 150 C,ILEM DL P JEF 32 5V+10% 12V
Am28F256A-200 32Kx 8 200 C,LEM DL P JEF 32 5V+10% 12V
Am28F512A-75 64K x 8 70 (ol D, L P JEF 32 5Vt 5% 12V
Am28F512A-90 64K x 8 90 C, 1 D,LPJEF 32 5Vt 10% 12V
Am28F512A-95 64K x 8 90 C, 1 DL P JEF 32 5Vt 5% 12V
Am28F512A-120 64K x 8 120 C,LEM DL P JEF 32 5V+10% 12V
Am28F512A-150 64K x 8 150 C,LEM | DL P,JEF 32 .| 5VE10% 12V
Am28F512A-200 64K x 8 200 C,ILEM DL P JEF 32 5V+10% 12v
Am28F010A-90 128K x 8 90 C, I D,L,P,JEF 32 5V+10% 12V
Am28F010A-95 128K'x 8 90 C, 1 DL PJEF 32 5Vt 5% 122V
Am28F010A-120 128K x 8 120 C,LE,M DL P JEF 32 5V+10% 12V
Am28F010A-150 128K x 8 150 C,LEM D,LP,JEF 32 5V+10% 12V
Am28F010A-200 128K x 8 150 C,I,LELM DL PJEF 32 5V+10% 12V
Am28F020A-90 256K x 8 90 C D,PJ,EF 32 5V+10% 12V
Am28F020A-95 256K x 8 90 (] D,P,JEF 32 5Vt 5% 122V
Am28F020A-120 256K x 8 120 C,LEM D,P,JEF 32 5V 10% 12V
Am28F020A-150 256K x 8 150 C,LE,M D,P,J,EF 32 5V10% 12V
Am28F020A-200 256K x 8 200 C.LEM D,PJEF 32 5V+10% 12V

vii



Pn

5.0 Volt-only Flash, Embedded Algorithms, Sector Erase, 100K Cycle Endurance

Part Access Temp Package Supply Programming
Number Organization Time (ns) [ Range' Type? Pin Count Voltage Voltage
Am29F010-45 128K x 8 45 C, I D,L P JEF 32 5Vt 5% 5V
Am29F010-55 128K x 8 55 C, 1 D,L P JEF 32 5V +10% 5V
Am29F010-70 128K x 8 70 C,LEM | D,L,P,J,E,F 32 5V +10% 5V
Am29F010-90 128K x 8 90 C,LEM | DLPJEF 32 5V +10% 5V
Am29F010-120 128K x 8 120 C,LEM | DLPJIEF 32 5V+10% 5V
Am29F100-75* | 128K x 8, 64K x 16 70 C EF,S 44/48 5Vt 5% 5V
Am29F100-90* | 128K x 8, 64K x 16 90 CILE E,F,S 44/48 5V+10% 5V
Am29F100-120*| 128K x 8, 64K x 16 120 C.LE E,F, S 44/48 5V +10% 5V
Am29F100-150*| 128K x 8, 64K x 16 150 CLE E,F,S 44/48 5Vt 5% 5V
Am29F200-75* |256K x 8, 128K x 16 70 (o] EF,S 44/48 5Vt 5% 5V
Am29F200-90* |256K x B, 128K x 16 90 CILE E,F,S 44/48 5V+10% 5V
Am29F200-120*|256K x 8, 128K x 16 120 CILE E,F,S 44/48 5V+10% 5V
Am29F200-150*|256K x 8, 128K x 16 150 CLE E,FS 44/48 5Vt 5% 5V
Am29F040-75 512K x 8 70 C D,L,PJEF 32 5Vt 5% 5V
Am29F040-90 512K x 8 90 C,LEM | D,L,P,J,EF 32 5V +10% 5V
Am29F040-120 512K x 8 120 C,LEEM | DL, P, J,EF 32 5V +10% 5V
Am29F040-150 512K x 8 150 C,LEEM | DLPJEF 32 5V +10% 5V
Am29F400-75* |512K x 8, 256K x 16 70 o] E,F, S 44/48 5Vt 5% 5V
Am29F400-90* |512K x 8, 256K x 16 90 CILE E,F, S 44/48 5V +10% 5V
Am29F400-120*|512K x 8, 256K x 16 120 CIlLE E,F S 44/48 5V +10% 5V
Am29F400-150*|512K x 8, 256K x 16 150 CLE E,FS 44/48 5V+10% 5V
Am29F016-90* 2Mx 8 90 C EF 48 5V+10% 5V
Am29F016-120* 2Mx 8 120 CLE E,F 48 5V +10% 5V
Am29F016-150* 2Mx8 150 Cc E,F 48 5V +10% 5V

Notes:
1. Temperature Range
C = Commercial (0°C to 70°C)
| = Industrial (—40°C to +85°C)
E = Extended Commercial (-55°C to +125°C)
M= Military (-55°C to +125°C) most products available in both APL and DESC versions.

2. Package Type
DIP (Dual In-Line Packages)
D = Ceramic DIP
P = Plastic DIP
SMT (Surface Mount Technology)
L. = Rectangular Ceramic Leadless Chip Carrier
J = Rectangular Plastic Leaded Chip Carrier
E = Thin Small Outline Package — standard pin-out
F = Thin Small Outline Package — reverse pin-out
S = Small Outline Package '

*Contact the local AMD sales office for availability of this device.
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1mCO01AFLKA  AmCO02AFLKA AmCO04AFLKA

2.0 Volt Flash Memory Cards

PCMCIA
Flash Memory
Cards
12.0 Volt 5.0 Volt-only
1MB 2MB 4 MB 1MB 2MB 4 MB 10MB

AmCO01CFLKA AmCO02CFLKA

AmCOO01BFLKA AmCO002BFLKA AmCO004BFLKA AmCO10CFLKA

: Minimum | Automated
Part Density Access Temp Package Type Write Write/Erase Read Write
Number (Mbytes) | Time (ns) [ Range’ (PCMCIA) Cycles Operations | Voltage | Voltage
AmCO01AFLKA 1 250 ns (o} 68-Pin, Type 1 100,000 Yes 5V+5% [12V£5%
AmCO02AFLKA 2 250 ns (o} 68-Pin, Type 1 100,000 Yes 5V+5% [12V£5%
AmCO04AFLKA 4 250 ns C 68-Pin, Type 1 100,000 Yes 5V+5% | 12V£5%
.0 Volt-only Flash Memory Cards
Minimum | Automated
Part Density Access Temp Package Type Write Write/Erase Read Write
Number (Mbytes) | Time (ns) [ Range’ (PCMCIA) Cycles Operations | Voltage | Voltage
\mCO01BFLKA 1 200 ns o] 68-Pin, Type 1 100,000 Yes 5V+5% | 5V+5%
\mCO02BFLKA 2 200 ns (o} 68-Pin, Type 1 100,000 Yes 5V+5% | 5V+5%
\mCO01CFLKA 1 150 ns C 68-Pin, Type 1 100,000 Yes 5V+5% | 5V+5%
\mCO002CFLKA 2 150 ns C 68-Pin, Type 1 100,000 Yes 5V+5% | 5V+5%
\mCO004CFLKA 4 150 ns (o] 68-Pin, Type 1 100,000 Yes 5V+5% | 5V+5%
\mCO10CFLKA 10 150 ns [oF 68-Pin, Type 1 100,000 Yes 5V+5% | 5V+5%
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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 AMD 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,
AMD’s Am29F family is ideal. With AMD’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 AMD’s Am29F family of data sheets for further
details.

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 AMD is 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
AMD to help you accomplish your goals. As the world’s
#1 supplier of EPROMs and Flash, AMD 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 AMD we are proud to
offer another tool to give our customers this strategic
advantage.

ExpressFlash Flow ‘

AMD’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
referto AMD’s Flash data sheets for valid combinations.
For die orders, please contact your local AMD sales
representative. :

Publication# 17125 Rev.B Amendment/0
Issue Date: March 1994
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Figure 1. ExpressFlash Flow

Ordering Flash Devices Using the
ExpressFlash Service

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

1) Fill out the ExpressFlash Code Approval Form
Anexample of the ExpressFlash Code Approval Form is
shown in Figure 2. Please have your field sales
representative provide you with the latest version of
the ExpressFlash Code Approval Form. This formwill
provide all the necessary information required for
processing your order. After receiving this form, fill out
the Code Transmittal and Ordering Information
sections. Do not fill out the Approval Section Terms and
Conditions. For sector erase flash devices that require
sector protection, a sector map will be provided with the
ExpressFlash Code Approval Form. On the sector map,
indicate which sectors need to be protected. A detailed
description of how to fill out the sector map will be
provided with the form.

2) Send in the Code

Send in the form with two (2) master copies of each code
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.

3) 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  XXXXX

Device Code
Number Designation
17125B-2

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.

4) 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.

5) Customer Special Shipping Labels (optional)
AMD can provide labels on the shipping boxes that
indicate that the boxes contain ExpressFlash devices.
To designate that you want special shipping labels,
please provide specific instructions with your Ex-
pressFlash purchase order.

Introduction to AMD’s ExpressFlash Service Xi
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TERMS AND CONDITIONS
You should be aware of the following when ordering
Flash devices using the ExpressFlash service.

1.

AMD will maintain customer code confidentiality.

2. AMD 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.

. AMD may begin production 14 days in advance of

the AMD scheduled ship date covered by apurchase
order and requires 14 days minimum notification
from the AMD scheduled ship date for code
changes. The customer is liable for all work-in-proc-
ess covered by the same purchase order.

. No schedule changes may be made within 14 days

of AMD scheduled ship date.

. 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 AMD.

. Code changes with Work-In-Process will require ad-

ditional charges and may affect delivery schedules.

. Ali other terms and conditions which normally apply

to AMD's Flash devices (if any) also apply using
AMD's ExpressFlash service.

xli

Introduction to AMD’s ExpressFlash Service
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ExpressFlash™ Code Approval Form “"

CODE TRANSMITTAL AND ORDERING INFORMATION SECTIOM Rev. 15/12/92

Please complete items 1 thru 9. To minimize the verication 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:
DERI, ORMATION SECTION

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

5. Part# Am

O  Sector information %o! cted? Q ‘Yes O No
Q Other L

6. Package and Temperature: Q Plastic DIP mergf3l (0°C to +70°C)
O PLCC In #(—40°C to +85°C)
Q TSOP Standard
0 TSOP Reverge Pirgw
0 soic «
Q Other \
7.  AMD Standard Part Number: N
8.  Customer Ordering Part Number: XA\
9.  Please indicate the exact marking a the blank sections (10 characters per line including spaces,
© = 2 spaces if required). AMD Logo
Date Code

APPROVAL SECTION TERMS AND CONDITIONS
(This section to be completed after samples are returned for customer verification)

AMD will maintain customer code confidentially. AMD will absorb all initial set-up costs.

AMD may begin production 14 days in advanced of the AMD scheduled ship date covered by a purchase order and requires 14 days minimum
notification from the AMD 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 AMD 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 AMD.

All orders are subject to minimum quantities.

Code changes with Work In Process will require additional charges and may affect delivery schedules.

AMD Standard Part #: Am Checksum:
Customer Signature: Date:
Name (Print): Title:

Contact your local AMD sales office for approval form.

Figure 2 17125B-3

Introduction to AMD’s ExpressFlash Service xiit
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DISTINCTIVE CHARACTERISTICS
B Testing of AC and DC parameters
B Operating temperature ranges:

— Commercial 0°C to 70°C

— Industrial —40°C to +85°C

— Military -55°C to +125°C

B Advanced CMOS Flash memory technology
B High typical yield —98% after assembly
B Full data sheet compatibility

W Die visual inspection per MIL-STD-883,
Method 2010 Condition B

GENERAL DESCRIPTION

AMD 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 AC and DC tested
at wafer sort to guarantee full device functionality over
commercial through military temperature ranges.
AMD’s Flash technology reliably stores memory con-
tents even after 100,000 erase and program cycles.

Features such as “5.0 Volt-only” program and erase,
Sector erase architecture and Embedded Program™
and Embedded Erase™ algorithms are also available.
Specific product information is available in the product
data sheets.

Please refer to the notes below for die handling
considerations.

PRODUCT SELECTOR GUIDE

Die Ordering Access Endurance Program/ Embedded Data Sheet
Part Number Organization Time Cycles Erase Voltage Algorithms Reference
Am28F256A-XC/3 256K (32K x 8) 200 ns 100,000 12V +5% Yes Am28F256A
Am28F512A-XC/2 512K (64K x 8) 200 ns 100,000 12V+5% Yes Am28F512A
Am28F010A-XC/6 1M (128K x 8) 200 ns 100,000 12V15% Yes Am28F010A
Am29F010-XC/4 1M (128K x 8) 90 ns 100,000 5V+10% Yes Am29F010
Am28F020A-XC/3 2M (256K x 8) 200 ns 100,000 12V+5% Yes Am28F020A
Am29F200-XC/1** 2M (131K x 16) 120 ns 100,000 5V*10% Yes Am29F200
Am29F040-XC/1 4M (512K x 8) 120 ns 100,000 5V+10% Yes Am29F040
Am29F400-XC/1** 4M (512K x 186) 120 ns 100,000 5V+10% Yes Am29F400

Notes:

1. NVD only guarantees die, which is processed by the customers, at temperatures less than 250° C. If the die is hermetically
sealed, NVD will not be liable for die failure.

2. Exposure of Flash die to ultraviolet light may effect device functionality.
**Contact sales office for availability.

xiv This document contains information on a product under development at Advanced Micro Devices, Inc. The information | Publication# 17126 Rev. B Amendment/0
is intended to help you 1o evaluate this product. AMD reserves the right to change or discontinue work on this proposed .
praduct without notice. Issue Date: March 1994
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ORDERING INFORMATION

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

combination of:

AM29F010 X

(%]

L—— DIEI.D.

TEMPERATURE RANGE
C = Commercial

| = Industrial
E = Extended
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
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Am28F256A-XC/3
256K (32K x 8) Flash Memory
100K endurance cycles
Embedded Algorithms
Die Size: 0.160 x 0.156 inches
Technology: 0.85 um
Reference: Am28F256A data sheet

Am28F512A-XC/2
512K (64K x 8) Flash Memory
100K endurance cycles
Embedded Algorithms
Die Size: 0.160 x 0.156 inches
Technology: 0.85 um
Reference: Am28F512A data sheet

Flash Memories in Die Form XV
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DIE SIZE AND BONDING PAD LOCATIONS
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Am29F010-XC/4
1 Megabit (128K x 8) Flash Memory
5 Volt-only program & erase
100K endurance cycles
Embedded Algorithms
Die Size: 0.174 x 0.189 inches
Technology: 0.85 pm (non-SAS)
Reference: Am239F010 data sheet

ooooo®? ¥ oooo ooooo®? F oooo
6 54 3 2 31 29 28 27 6 54 3 2 3129 28 27
07 26 [ 07 26 0
Os 250 ImE:} 253
Os 24 Oo 24
o 230 0o 20
BBEAS & & BERED BEEAS & B BAERE
Am28F010A-XC/6

1 Megabit (128K x 8) Flash Memory
100K endurance cycles

Am28F010A-XC/5
Embedded Algorithms

1 Megabit (128K x 8) Flash Memory

100K endurance cycles
Embedded Algorithms
Die Size: 0.187 x 0.252 inches
Technology: 1 um
Reference: Am28F010A data sheet

Die Size: 0.160 x 0.217 inches

Technology: 0.85 pum
Reference: Am28F010A data sheet

Flash Memories in Die Form
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DIE SIZE AND BONDING PAD LOCATIONS
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Am28F020A-XC/2 Am28F020A-XC/3
1 Megabit (256K x 8) Flash Memory 2 Megabit (256K x 8) Flash Memory
100K endurance cycles 100K endurance cycles
Embedded Algorithms Embedded Algorithms
Die Size: 0.213 x 0.374 inches Die Size: 0.190 x 0.318 inches
Technology: 1 um Technology: 0.85 um
Reference: Am28F020A data sheet Reference: Am28F020A data sheet

Note:
1.0 um products will not be in production after 1994.

Flash Memories In Die Form ' xvii
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DIE SIZE AND BONDING PAD LOCATIONS
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Am29F040-XC/1
4 Megabit (512K x 8) Flash Memory
100K endurance cycles
Embedded Algorithms
Die Size: 0.262 x 0.297 inches
Technology: 0.85 pm
Reference: Am23F040 data sheet
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Am29F200-XC/1
2 Megabit (262,144 x 8-Bit/131,072 x 16-Bit)
100K endurance cycles
Embedded Algorithms
Die Size: 0.266 x 0.203 inches
Technology: 0.85 um
Reference: Am29F200 data sheet

Am29F400-XC/1
4 Megabit (524,288 x 8-Bit/262,144 x 16-Bit)
100K endurance cycles
Embedded Algorithms
Die Size: 0.266 x 0.312 inches
- Technology: 0.85 um
Reference: Am29F400 data sheet

xviii
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TERMS AND CONDITIONS OF SALE FOR
AMD 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 AMD’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. AMD's factory; and (d) AMD'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

IMPLIED 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
DEFECTIVE OR NON CONFORMING ARTICLES
AND AMD SHALL NOT IN ANY EVENT BE LIABLE
FOR DAMAGES BY REASON OF FAILURE OF ANY
PRODUCT TO FUNCTION PROPERLY OR FOR ANY
SPECIAL, INDIRECT, CONSEQUENTIAL, INCIDEN-
TAL OR EXEMPLARY DAMAGES, INCLUDING BUT
NOTLIMITED TO, LOSS OF PROFITS, LOSS OF USE
OR COST OF LABOR BY REASON OF THE FACT
THAT SUCH ARTICLES SHALL HAVE BEEN DEFEC-
TIVE OR NON CONFORMING. Buyer agrees that it will
make no warranty representations to its customers
which exceed those given by AMD to Buyer unless and
until Buyer shall agree to indemnify AMD in writing for
any claims which exceed AMD’s warranty. Buyer ac-
knowledges that electrical testing of die is limited to A.C.
and D.C. testing at 25 degrees C unless otherwise
specified. As such, data sheet limits for packaged and
tested devices do not apply to die sales and are not
guaranteed by AMD unless otherwise specified. Buyer
also assumes all responsibility for successful die prep,
die attach and wire bonding processes. Due to the un-
protected nature of the AMD Products which are the
subject hereof, AMD assumes no responsibility for envi-
ronmental effects on die.

AMD products are not designed or authorized foruse 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.

Flash Memories in Die Form xix
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5.0 Volt-only, SECTOR ERASE
FLASH MEMORIES

Am29F010 Data Sheet
Am29F100 Data Sheet
Am29F200 Data Sheet
AmM29F040 Data Sheet
Am29F400 Data Sheet
Am29F016 Data Sheet
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Am29F010

1 Megabit (131,072 x 8-Bit) CMOS 5.0 Volt-only,

Sector Erase Flash Memory

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

@ 5.0V £10% read, write, and erase
— Minimizes system level power consumption
B Compatible with JEDEC-standard commands
— Uses same software commands as E2PROMs
B 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
B Sector erase architecture
— 8 equal size sectors of 16K bytes each
— Any combination of sectors can be
concurrently erased. Also supports full
chip erase

B Embedded Erase™ Algorithms
— Automatically pre-programs and erases
the chip or any sector
o Embedded Program™ 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 pA typical standby current
Low Vcc write inhibit <3.2 V
Sector Protection
Hardware method disables any combination
of sectors from program or erase operations

GENERAL DESCRIPTION

The Am29F010 is a 1Mbit, 5.0 V-only Flash memory or-
ganized as 128K bytes of 8 bits each. The Am29F010is
offeredin a 32-pin package which allows for upgrades to
4 Mbit densities in the same pin out. This device is
designed to be programmed or erased in-system with
the standard system 5.0 V Vcc supply. 12.0 V Vpp is not
required for program or erase operations. The device
can also be reprogrammed in standard EPROM
programmers.

The Am29F010 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 chip enable (CE), write

enable (WE) and output enable (OE) controls.

The Am29F010 is entirely pin and command set com-
patible with JEDEC standard 1 Mbit E2PROMs. Com-
mands 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
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 Am239F010 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 canbe
programmed and verified in less than 0.3 seconds.
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

PRODUCT SELECTOR GUIDE

Family Part No: Am29F010

Ordering Part No:  Vec=5.0V £5% -45

Read Voltage Vee=5.0V £10% -55 -70 -90 -120
Max Access Time (ns) 45 55 70 90 120
CE (E) Access (ns) 45 55 70 90 120
OE (G) Access (ns) 25 30 30 35 50

Publication# 16736 Rev.E Amendment/0
Issue Date: March 1993
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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).

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 Am29F010 is erased when shipped from
the factory.

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 Vcc detector automatically
inhibits write operations during power transitions. The
end of program or erase is detected by Data Polling of
DQ7 or by the Toggle Bit feature on DQ6. 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
Am29F010 memory electrically erases the entire chip or

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

W 16K bytes per sector

B Individual-sector, multiple-sector, or
bulk-erase capability

B Individual or multiple-sector protection is
user definable

1FFFFh
1BFFFh
17FFFh
13FFFh

OFFFFh
OBFFFh

O07FFFh
03FFFh

00000h
16736E-2

16K Bytes Per Sector

BLOCK DIAGRAM
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@DQO—DQ?

Vss e

Erase Voltage
Switch

Input/Output
Buffers

: r

WE —» State

—]

Control
Command Y
Register |-»] Program Voltage
Switch
] Chip Enable Data
CE Output Enable Latch
GE Logic |_'
y
Embedded L] A ] '
:1 Al;orithms | g Y-Decoder [~ Y-Gating
r
Low Ve Detector Program/ e
Erase Pulse s |,
T
— S| x-Decoder 1 n°483i-t576
Ao-A1 > L Cell Matrix
a |
t
c
h
—’ 16736E-1
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CONNECTION DIAGRAMS

CERDIP/PDIP PLCC/LCC
e
NC[]1°® 32 ] Vee 3
o K Se2ogmo
A5 ] 3 30 [ NC LT <ZS|IZ2
A12[]4 29 ] A14 4321323130
A7 [ls 28 {1 A13 A7[] s 29 [lA14
As [} 6 27[] As As[] & 28 [1A13
As 7 26 [] A9 o 27 [l A8
A4[] s 26 [J A9
Ad[]e 25 ] A1
A3 — A3[] o 25 []At1
Qo 2#foE@ n2f] 10 24 IoE @)
A2 [J 10 23 J ato AL} 1 23 [1A10
Al 2f1cE®E Aof] 12 »eE®
Ao ] 12 21 [] paz DQo[] 13 21 []oa7
DQo ] 13 20 |[J DQ6 14 15 16 17 18 1920
pat [ 14 19 [] D5 59 >‘u’38888
02 [] 15 18 [] b4 68 >AAan
Vss [] 16 17 [J pas
16736E-3 16736E-4
TSOP
AT 10 32 1 CE
A ] 2 31 [ A10
A8 3 30 [3 CE
a3z 4 29 |23 ba7
A4 ] 5 28 |1 bQs
NC[] 6 27 |3 DQs
we T} 7 26 [ DQ4
Vec & 8 25 3 DQ3
NC ] o 24 | Vss
A16 ] 10 23 [ DQ2
A5 ] 11 22 [ Da1
peis B 2B o
13 20
As L 14 19 B2 At
As ] 15 18 |3 A2
A4 1 16 17 3 A3
29F010 Standard Pinout 16736E-5
CE 1 ¢ 32 B At
A0 O 2 31 (2 A9
CE 3 30 [ A8
DQ7 ] 4 29 & A13
Das ] s 28 |3 A14
Das 1 6 27 3 NC
Do4 ] 7 26 |1 WE
DVQS E 8 25 % Vce
ss 9 24 NC
pa2 ] 10 23 [ A16
pa1 1 11 22 [ A15
DQo [ 12 21 ] A12
A0 [ 13 20 2 A7
A1 ] 14 19 2 A6
A2 ] 15 18 ] A5
A3 [} 16 17 |1 A4
29F010 Reverse Pinout 16736E-6

Am29F010
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LOGIC SYMBOL

Table 1. Am23F010 Pin Configuration
Pin Function
% AO— A16 A0-A16 | Address Inputs
8 DQO-DQ7| Data Input/Output
DQo- DQ7 —
CE Chip Enable
_ OE Output Enable
—»{ CE (E) —
_ WE Write Enable
——3> OE (G)
o Vss Device Ground
—»| WEW)
Vce Device Power Supply (5.0 V * 10% or + 5%)
NC No Internal Connection
16736E-7
1-6
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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:

AM29F010

45 c B

_I—— OPTIONAL PROCESSING

Blank = Standard Processing
B = Burn-In

TEMPERATURE RANGE

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

PACKAGE TYPE
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 (TSR 032)

DEVICE NUMBER/DESCHIPTION
Am29F010

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

AM29F010-45

JC,EC,FC

AM29F010-55

PC, PI,JC, JI,
EC, EL, FC, FI

AM29F010-70
AM239F010-90
AM29F010-120

PC, PI, JC,

JI, PCB, PIB,
JCB, JIB, PE,
PEB, JE, JEB,
EC, El, FC, FI, EE,
EEB, FE, FEB

Valid Combinations

Valid Combinations list configurations planned to be
supported in volume for this device. Consult the lo-
cal AMD sales office to confirm availability of specific
valid combinations and to check on newly released
combinations.

Am29F010

1-7
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MILITARY ORDERING INFORMATION
APL Products

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved
Produttz)gs List) pr'oducts are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) is formed by
a combination of:

AM29FO10 70 /B X A

L 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 list configurations planned to
AM29F010-70 : be supported in volume for this device. Consult

the local AMD sales office to confirm availability of
AM29F010-90 /BXA, /BUA specific valid combinations and to check on newly
AM29F010-120 released combinations.

Valid Combinations

Group A Tests

Group A tests consist of Subgroups
1,2,3,7,8,9,10, 11.

1-8 5.0 Volt-only, Sector Erase Flash Memories
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Table 2. Am29F010 User Bus Operations

Operation CE OE WE A0 A1 A9 Vo
Auto-Select Manufacturer Code (1) L L H L L Vip Code
Auto-Select Device Code (1) L L H H L Vip Code
Read L L H A0 At A9 Dour
Standby H X X X X HIGH Z
Output Disable L H H HIGH 2
Write L H L A0 A1 A9 DIN(2)
Enable Sector Protect L Vio L X Vip X
Verify Sector Protect (3) L L H L Vip Code

Legend:

L=Vi, H=Vin, X =Don't Care. See DC Characteristics for voltage levels

Notes:
1.
2. Refer to Table 4 for valid Din during a write operation.
3. Refer to the section on Sector Protection

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

Read Mode

The Am23F010 has two control functions which must be
satisfied in order to obtain data at the outputs. CE is the
power 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 Am29F010 has two standby modes, a CMOS

standby mode (CE input held at Vcc + 0.5 V), when the
current consumed is less than 100 pA; and a TTL
standby mode (CE is held at Vi) 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 (Vi+), 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
mustforce Vio (11.5Vto 12.5 V) onaddress pin AS. Two
identifier bytes may then be sequenced from the device
outputs by toggling address A0 from Vi to ViH. All ad-
dresses are don't cares except A0 and A1.

The manufacturer 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 A8 pin. The command
sequence is illustrated in Table 4 (refer to Autoselect
Command section).

Byte 0 (AO = Vi) represents the manufacture’s code
(AMD=01H) and byte 1 (A0 = ViH) the device identifier
code (Am29F010=20H). These two bytes are given in
the table below. Allidentifiers for manufactures and de-
vice will exhibit odd parity with the MSB (DQ7) defined
as the parity bit. Inorderto read the proper device codes
when executing the autoselect, A1 must be Vi (see
Table 3).

Am29F010

1-9
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Table 3. Am29F010 Autoselect and Sector Protection Verify Codes

A16 | A15 | A14 | A1 A0

' Type

(HEX)

Code

DQ7| DQ6 | DQ5| DQ4| DQ3 | DQ2| DQ1| DQO

Manufacturer Code X X X Vi viL

01H 0 0 0 0 0 0 0 1

Am29F010 Device Code X X X ViL | VIH

20H 0 0 1 0 0 0 0 0

Sector Protection Verify ViH | ViL

Sector Addresses

01H* 0 0 0 0 0 0 0 1

*Outputs 01H at protected sector addresses. Outputs 00H at

unprotected 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 Vi, while CE
is at ViL and OE is at Vii. Addresses 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.

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, AMD may program
and protect sectors in the factory prior to shipping the
device (see AMD’s ExpressFlash Service section in the
data book).

To activate this mode, the programming equipment
must force Vio on address pin A9 and control pin OE.
The sector addresses (A16, A15, and A14) should be
settothe sectorto be protected. Table 4 defines the sec-
tor addresses for each of the eight (8) individual sectors.
Programming of the protection 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 Vip on address pin
A9 with CE and OE at ViL and WE at V1. Reading the
device at a particular sector address (A16, A15 and

Table 4. Sector Addresses Table

A16 A15 A14 * Addr Range
SA0 0 0 0 00000h-03FFFh
SA1 0 0 1 04000h-07FFFh
SA2 o] 1 0 08000h-0BFFFh
SA3 0 1 1 0C000h-0FFFFh
SA4 1 0 0 10000h-13FFFh
SA5 1 0 1 14000h-17FFFh
SA6 1 1 0 18000h-1BFFFh
SA7 1 1 1 1C000h-1FFFFh

A14) will produce 01H at data outputs (DQ0-DQ7) fora
protected sector. Otherwise the device will read 00H for
unprotected sector. In this mode, the lower order
addresses, except for A0 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 Vin
and A0 at Vi (please refer to Table 3). Address location
00H and 01H are 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, A15, A14) and with A1 = Vih and A0 = Vi (other
addresses are a don't care) will produce 01H data if
those sectors are protected. (Please refer to Table 3).
Otherwise the device will read 00H for an unprotected
sector. Please refer to the section on Sector Protection
Algorithms 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. )

5.0 Volt-only, Sector Erase Flash Memories
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Table 5. Am29F010 Command Definitions

Bus . . Fourth Bus )
i First Bus | Second Bus | Third Bus i Fifth Bus Sixth Bus
Write | \yrite Cycle | Write Cycle | Write Cycl ReadWrite | Write Cycle | Write Cycle
Command Cycles rite Cycle rite Cycle rite Cycle Cycle y y
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
Autoselect 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 | 6555H | 10H
Sector Erase 6 5555H | AAH|2AAAH | 55H | 5555H | 80H 5555H AAH |2AAAH|55H | SA | 30H
Notes:
1. Address bit A15 = X = Don't Care. Write Sequences may be initiated with A15 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
fromthe 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, acommand 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 A9 to a high voltage. 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 XXX0H
retrieves the manufacturer code of 01H. A read cycle
from address XXX1H 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 (DQ7) 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 followed by the
program set-up command and data write cycles.
Addresses are latched on the falling edge of CE or WE,
whichever happens later and the data is latched on the
rising edge of CE or WE, whichever happens first. The
rising edge of CE or WE (whichever happens first)
begins programming. Upon executing the Embedded
Program Algorithm command sequence the system is
not required to provide further controls or timings. The
device will automatically provide internally generated
program pulses and verify the programmed cell margin.

The automatic programming operation is completed
when the data on DQ7 is equivalent to data written to
this bit (see Write Operation Status section) at which
time the device returns to the read mode and addresses
are no longer latched. Therefore, the device requires
that a valid address to the device be supplied by the sys-
tem at this particular time. Hence, Data Polling must be
performed at the memory location which is being
programmed. :

Programming is allowed in any sequence and across
sector boundaries. Beware that a data “0” cannot be
programmed back to a “1”. Attempting to do so will hang
up the device, or result in an apparent success accord-
ing to the data polling algorithm. However, a read from
reset/read mode will show that the data is still “0”. Only
erase operations can convert “0"sto “1”s.

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

Am29F010
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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
device prior to erase. Upon executing the Embedded
Erase™ Algorithm command sequence the device auto-
matically will program and verify the entire memory for
an allzero data patternpriorto electrical erase. The sys-
tem is not required to provide any controls or timings
during these operations.

The automatic erase begins onthe rising edge of the last
WE pulse in the command sequence and terminates
whenthe dataon DQ7is “1” (see Write Operation Status
section) at which time the device returns to read the
mode.

Figure 2 illustrates the Embedded Erase Algorithm
using 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
80 ps 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 desiredto
be concurrently erased. The time between writes must
be less than 80 ps, otherwise that command will not be
accepted. It is recommended that processor interrupts
be disabled during this time to guarantee this condition.
The interrupts can be re-enabled after the last Sector
Erase command is written. A time-out of 80 us from the
rising edge of the last WE will initiate the execution of the
Sector Erase command(s). If another falling edge of the
WE occurs within the 80 us time-out window, the timer is
reset. (Monitor DQ3 to determine if the sector erase
timer window is stil open, see section DQ3, Sector
Erase Timer.) Any command other than Sector Erase
during this period will reset the device to read mode, ig-
noringthe previous command string. Loading the sector
erase buffer may be done in any sequence and with any
number of sectors (0 to 7).

Sector erase does not require the user to program the
device prior 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 begins after the 100 ustime
out from the rising edge of the WE pulse for the last sec-
tor erase command pulse and terminates when the data
on DQ7 is “1” (see Write Operation Status section) at
whichtime 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
using typical command strings and bus operations.

Write Operation Status
Table 6. Hardware Sequence Flags
Status DQ7 | ba6 | DQ5 | DQ3 DQ2-DQO
In Progress Auto-Programming DQ7 | Toggle|] O 0 Reserved for
Program/Erase in Auto Erase 0 |Toggle|] © 1 future use
Exceeded Auto-Programming DQ7 | Toggle 1 0 Reserved for
Time Limits future use

Program/Erase in Auto-Erase

0 Toggle] 1 1

Note: DQ4 for AMD internal use only.
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DQ7
Data Polling

The Am239F010 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 DQ7. Upon completion of the
Embedded Programming Algorithm an attempt to read
the device will produce the true data fast written to DQ7.
Data Polling is valid after the rising edge of the fourth
WE pulse in the four write pulse sequence.

During the Embedded Erase Algorithm, DQ7 will be “0”
untilthe erase operation is completed. Upon completion
data at DQ7 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 Polling
is 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
Algorithm, or sector erase time-out (see Table 6).

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

DQ6
Toggle Bit

The Am29F010 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 (OE toggling) data from
the device will result in DQ6 toggling between one and
zero. Once the Embedded Program or Erase Algorithm
cycle iscompleted, DQ6 will stop toggling and valid data
willbe read on the next successive attempt. During pro-
gramming, 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 se-
quence. For Sector erase, the Toggle Bit is valid after
the last rising edge of the secior erase WE pulse. The
Toggle Bit is active during the sector time out.

It should be noted that either CE or OE toggling will
cause DQ6 to toggle. See Figure 12 for the Toggle Bit
timing specifications and diagrams.

DQ5
Exceeded Timing Limits

DQ5 will indicate if the program or erase time has ex-
ceeded the specified limits (internal pulse count). Under

these conditions DQS5 will produce a “1”. This is a failure
condition which indicates that the program or erase cy-
cle was not successfully completed. Data Polling is the
only operating function of the device under this condi-
tion. The CE circuit will partially power down the device
underthese conditions (to approximately 2 mA). The OE
and WE pins will contro! the output disable functions as
described in Table 2.

If this tailure condition occurs during the sector erase
operation, it specifies that a particular sector is bad and
it may not be reused. However, other sectors are still
functional and may be used for additional program or
erase operations. The device must be reset to use other
sectors. Write the Reset command sequence to the de-
vice, and then execute the program or erase command
sequence.

If this failure condition occurs during the chip erase op-
eration, it specifies that the entire chip is bad or combi-
nation of sectors are bad.

If this failure condition occurs during the byte
programming operation, it specifies that the entire
sector containing that byte is bad and this sector may
not be reused (other sectors are still functional and
can be reused). The device must be reset to use
other sectors.

The DQ5 failure condition may also appear if auser tries
to program a non blank location without erasing. In this
case the system never reads valid data on the DQ7 bit
and DQ6 never stops toggling. Once the device has ex-
ceeded timing limits, the DQ5 bit will indicate a “1.”
Please note that this is not a device failure condition
since the device was incorrectly used. The device must
be reset to continue using the device.

DQ3

Sector Erase Timer

After the completion of the initial sector erase command
sequence the sector erase time-out will begin. DQ3 will
remain low until the time-out is complete. Data Polling
and Toggle Bit are valid after the initial sector erase
command sequence is completed.

If Data Polling or the Toggle Bit indicates that the device
has been written with a valid erase command, DQ3 may
be used to determine if the sector erase timer window is
still open. If DQ3 is high (“1”) the internally controlled
erase cycle has begun; attempts to write subsequent
commands to the device will be ignored until the erase
operation is completed as indicated by Data Polling or
Toggle Bit. If DQ3 is low (“0”), the device will accept ad-
ditional sector erase commands. To insure the com-
mand has been accepted, the software should check
the status of DQ3 prior to and following each
subsequent sector erase command. If DQ3 were high
onthe second status check, the command may not have
been accepted.

Am29F010 1-13
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PARALLEL DEVICE ERASURE

Since the device is completely self-timed, devices can
be erased or programmed in parallel without con-
sideration of other devices in the system.

~ Data Protection

The Am29F010 is designed to offer protection against
accidental erasure 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 de-
scribed below to prevent inadvertent write cycles result-
ing from Vcc power-up and power-down transitions or
system noise.

Low Vcc Write Inhibit

To avoid initiation of a write cycle during Vcc power-up
and power-down, a write cycle is locked out for Vec less
than 3.2 V (typically 3.7 V). If Vcc < Viko, the command
register is disabled and all internal program/erase
circuits are disabled. Under this condition the device will
reset to the read mode. Subsequent writes will be

ignored until the Vee level is greater than Viko. It is the
users responsibility to ensure that the control pins are
logically correct to prevent unintentional writes when
Vcc is above 3.2 V.

Write Pulse “Glitch” Protection

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

Logical Inhibit

Writing is inhibited by holding any one of OE = Vi, CE =
Vi, or WE = Vin. 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 withWE = CE = ViLand OE =V
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 Am29F010 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

Start

Write Program Command Sequence

(see below)

Data Poli Device

Increment Address

Last Address
?

Yes

Programming Completed

Program Command Sequence (Address/Command):

5555H/AAH

2AAAH/55H

5555H/AOH

Program Address/Program Data

16736E-8

Figure 1. Embedded Programming Algorithm

Table 7. Embedded Programming Algorithm

Bus Operations Command Sequence Comments

Standby

Write Embedded Programming Algorithm Valid Address/Data Sequence
Read Data Polling to Verify Programming

Am29F010 1-15
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EMBEDDED ALGORITHMS

Chip Erase Command Sequence
(Address/Command):

Start
|

Write Erase Command Sequence

(see below)

Data Polling or Toggle Bit
Successfully Completed

l Yes

Erasure Completed

5555H/AAH

2AAAH/55H

5555H/80H

5555H/AAH

2AAAH/S55H

5555H/10H

5555H/AAH

L

2AAAH/S5H

5555H/80H

I

5555H/AAH

2AAAH/55H

Sector Address/30H

Sector Address/30H

Sector Address/30H

Figure 2. Embedded Erase Algorithm

Individual Sector/Multiple Sector
Erase Command Sequence
(Address/Command):

Additional sector
erase commands
are optional

16736E-9

Table 8. Embedded Erase Algorithm

Bus Operations Command Sequence Comments

Standby

Write Embedded Erase Algorithm

Read Data Polling to Verify Erasure
1-16 5.0 Volt-only, Sector Erase Flash Memories
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Start

v

Read Byte
™| (DQo-DQ7)

Addr=VA

Read Byte
(DQO-DQ7)
Addr=VA

VA = Byte address for programming

= Any of the sector addresses within the
sector being erased during sector erase
operation

= XXXXH during chip erase

Fail

Note:

16736E-10

1. DQ7 is rechecked even if DQ5 = “1” because DQ7 may change simultaneously with DQ5.

Figure 3. Data Polling Algorithm

Am29F010
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Start
VA = Byte address for programming
————— (ga%d—gyot% = any of the sector addresses within the
Addr=VA sector being erased during sector erase
operation
= XXXXH during chip erase
DQ6=Toggle
?
Read Byte
(DQ0-DQ7)
Addr=VA
DQ6=
Toggle
?
Yes Pass
Fail
16736E-11

Note:
1. DQ6 is rechecked even if DQ5 = “1” because DQ6 may stop toggling at the same time as DQ5 changing to “1”.

Figure 4. Toggle Bit Algorithm
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature
Ceramic Packages
Plastic Packages

Ambient Temperature
with Power Applied

Voltage with Respect To Ground

—-65°C to +150°C
—65°C to +125°C

-55°C to + 125°C

All pins except A9 (Note 1) ....... -2.0Vto+7.0V
Vec(Note1) .................. -20Vto+7.0V
A9(Note2) .................. —2.0Vto+14.0V
Output Short Circuit Current (Note 3) ... ... 200 mA
Notes:

1. Minimum DC voltage on input or I/O pins is =0.5 V. During
voltage transitions, inputs may overshoot Vssto-2.0 V for
periods of up to 20 ns. Maximum DC voltage on input and
7O pins is Vcc + 0.5 V. During voltage transitions, outputs
may overshoot to Vcc + 2.0 V for periods up to 20 ns.

2. Minimum DC input voltage on A9 pin is 0.5 V. During volt-

age transitions, A9 may overshoot Vss to -2.0 V for peri-
ods of up to 20 ns. Maximum DC input voltage on A9 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.

OPERATING RANGES
Commercial (C) Devices
Case Temperature (Tc)
Industrial () Devices
Case Temperature (Tc)
Extended (E) Devices

0°C to +70°C

—40°C to +85°C

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

Vce Supply Voltages
Vec for Am29F010-45
Vee for Am29F010-55, 70,

90, 120 +4.50Vto +5.50V

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

+4.75Vto +5.25V

20 ns

AN

+0.8 V
-05V

20 ns

/|

-2.0V

20 ns

16736E-12

Figure 5. Maximum Negative Overshoot Waveform

20 ns

Vec+2.0V

/
/

Vec +0.5V
2.0V

20 ns

A

20 ns

16736E-13

Figure 6. Maximum Positive Overshoot Waveform
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DC CHARACTERISTICS—TTL/NMOS COMPATIBLE

Parameter
Symbol Parameter Description Test Conditions Min Max Unit
] Input Load Current VIN = Vssto Vcc, +1.0 HA
Vee = Vee Max
ur A9 Input Load Current Vcc=VccMax, A9 =125V 50 HA
Lo Output Leakage Current Vour = Vss to Ve, +1.0 pA
Vce = Vee Max
lect Ve Active Current for Read CE = VI, OE = VIH 30 mA
(Note 1)
lcc2 Vcc Active Current for CE = Vi, OE = VH 50 mA
Program or Erase (Notes 2, 3)
lcca Ve Standby Current Vce = Vee Max, CE = VIH 1.0 mA
ViL Input Low Level -0.5 0.8 v
VIH Input High Level 2.0 Vee \
+05
Vip A9 Voltage for Autoselect Vcc=50V 11.56 12.5 \
VoL Output Low Voltage loL= 12 mA 0.45 \Y
Vce = Vee Min
Vo Output High Level loH=-2.5 mA 24 '
Vce = Vee Min
Viko Low Vcc Lock-out Voltage 3.2 \"
Notes:

1. The lcc current listed includes both the DC operating current and the frequency dependent component (at 6 MHz). The
frequency component typically is less than 2 mA/MHz, with OE at ViH.

2. lcc active while Embedded Algorithm (program or erase} is in progress.
3. Not 100% tested.

1-20
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DC CHARACTERISTICS—CMOS COMPATIBLE

Parameter
Symbol Parameter Description Test Conditions Min Max Unit
I Input Load Current Vce = Veec Max, +1.0 A
VIN = Vssto Vcc
I A9 Input Load Current Vcc=VecMax, A9 =125V 50 HA
ILo Output Leakage Current Vee = Vee Max, +1.0 pA
Vour = Vss to Ve
lecs Vcc Active Current for Read CE=VILOE=VH 30 mA
(Note 1)
lecz Vce Active Current for CE=VIL,OE =V 50 mA
Program or Erase (Notes 2, 3)
lcca Vce Standby Current Vce = Vee Max, CE = Vec £0.5 V 100 pA
ViL Input Low Level -0.5 0.8 \
VIH Input High Level 0.7 Vec Vee v
+0.5
Vio A9 Voltage for Autoselect Vec=5.0V 11.5 12.5 \"
Vou loL=12.0mA 0.45 \"
Vee = Vee Min
Output Low Voltage -
VoH1 loH=-2.5 mA, Vcc = Vcc Min 0.85 Ve Vv
Vo2 Output High Voltage loH=-100 pA, Vcc = Vee Min Vce-0.4 v
ViLko Low Vcc Lock-out Voltage 3.2 \
Notes:

1. The lcc current listed includes both the DC operating current and the frequency dependent component (at 6 MHz). The
frequency component typically is less than 2 mA/MHz, with OE at VIH.

2. lcc active while Embedded Algorithm (program or erase) is in progress.
3. Not 100% tested.

Am29F010
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AC CHARACTERISTICS—READ ONLY OPERATIONS CHARACTERISTICS

Parameter
Symbols
Test -45 -55 -70 -90 -120
JEDEC|Standard Description Setup (1) 2) 2 (2) (2) Unit .
tavav trRC Read Cycle Time (Note 4) Min 45 55 70 90 120 ns
tavav | tacc |Addressto Output Delay | CE=ViL Max 45 55 70 90 120 ns
(max) OE = ViL
teLav tCE Chip Enable to Output OE = ViL Max 45 55 70 90 120 ns
(max)
tGLav toE Output Enable to Max 25 30 30 35 50 ns
(max) | Output
teHQZ toF Chip Enable to Output Max 10 15 20 20 30 ns
(max) |High Z (Notes 3, 4)
tGHQZ toF Output Enable to Output Max 10 15 20 20 30 ns
High Z (Notes 3, 4)
taxax toH | Output Hold Time From Max 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 Output Load: 1 TTL gate and 100 pF 4 Not 100% tested.

Input rise and fall times: 5 ns
Input puise levels: 0.0 Vto 3.0 V

Input rise and fall times: 20 ns
Input pulse levels: 0.45 Vto 2.4 V

Timing measurement reference level Timing measurement reference level
Input: 1.5V

Output: 1.5V

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

Note:

For-45: CL = 30 pF including jig capacitance
For all others: CL = 100 pF including jig capacitance =

50V

IN3064

Device
Under
Test

or Equivalent & 2.7 kQ

Diodes = IN3064
or Equivalent

Il

16736E-14
Figure 7. Test Conditions
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AC CHARACTERISTICS—WRITE/ERASE/PROGRAM OPERATIONS

Parameter Symbol
JEDEC |Standard Description -45 -55 -70 -90 -120 Unit
tavav twe Write Cycle Time (Note 4) Min} 45 55 70 90 120 ns
tavwiL tAs Address Setup Time Min] © 0 0 0 0 ns
twiax | taH  |Address Hold Time Min| 35 | 45 | 45 45 50 ns
tOVWH s Data Setup Time Min] 20 20 30 45 50 ns
twHDx | toH  |Data Hold Time [Min] o 0 0 0 0 ns
toes  [Output Enable Setup Time ‘ Min| 0O 0 0 0 0 ns
o Output_Enable Read (Note 4) ) Min[ © 0 0 0 0 ns
Hold Time Toggle and Data Polling (Note 4)| Min| 10 10 10 10 10 ns
1GHWL tcHwL [Read Recover Time Before Write Min| © 0 0 0 0 ns
ELWL tcs CE Setup Time Min| © 0 0 0 0 ns
tWHEH | tCH CE Hold Time Min| 0 0 0 0 0 ns
tWLWH twp Write Pulse Width Min| 25 30 35 45 50 ns
WHWL twpH  |Write Pulse Width High Min| 20 20 20 20 20 ns
IWHWH1 | TWHWH1 Programming Operation Min|[ 14 14 14 14 14 pus
twhwh2| twhwhz [Erase Operation (Note 1) Min| 22 | 22 | 22 | 22 | 22 sec
tves Vcce Set Up Time (Note 4) Min[ 50 50 50 50 50 us
tvLHT | Voltage Transition Time (Notes 2, 4) Min| 4 4 4 4 4 Hs
twpp  |Write Pulse Width (Note 2) Minj 10 10 10 10 10 ms
toesp  |OE Setup Time to WE Active (Notes 2, 4) Min| 4 4 4 4 4 us
tcsp | CE Setup Time to WE Active (Notes 3, 4) Min| 4 4 4 4 4 us
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.

4. Not 100% tested.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must Be Will Be
Steady Steady
May Will Be
Change Changing
fromHto L fromHtoL
May Will Be
Change Changing
fromLtoH fromLto H
Don't Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off” State
KS000010
SWITCHING WAVEFORMS
tRC
4 -
Addresses ) Addresses Stable (
AS s
tacc
CE \_ b,
[~ toE — -l o) =
OF \ \
K 7
(tce)
(toH) - r—
High Z High Z
Outputs j/< <<<< QOutput Valid >>>> >_—
\ A
16736E-15

Figure 8. AC Waveforms for Read Operations
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SWITCHING WAVEFORMS

| Data Polling
— twC la 1AS : tAH I'_ the
cE / K_/_\‘_/—\ / -
. le— tgHwL
OE \ / /I
— twp tWHWH?
WE i i
/ tcs\ tWPH ;__/
— le— tDF
le— tDH toE lt—
t -
Data AOH H PD DQr _{
— il
tDs -»{ je = | toH
50V
Notes: T teER
: 16736E-16

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 9. Program Operation Timings
l te— tAH
T
Addresses X ssssh % 2AAAH * ssssH X ssssH X 2aaaH X sa X
tas <
=/ \ VAR AR A
IGHWL -
OE \
twp
wE / /N vV VvV
ke tWPH
tcs tDH
Data {- { ) { ) { { ) { )
/ tDs AAH / 55H \—/BOH / AAH \—/SSH / 10H/30H

Vce /k tves o 16736E-17
Note:
1. SA s 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

tcH
— 4——1 /\ ,IZL
CE (
le— tDF -ﬂ

tOE e~

—d
-
OE \_
10EH \

WE 7L l&—— tCcE ——» L \
tor +] '

*

__—00—7—\ [77F — >§~ DQ7= 2}»&’1_2_
_/ A\ Valid Data
r————————————————— tWHWH 1 0r 2

DQO-DQ6 ) {{{i DQO-DQ6=Invalid >§S€§§,‘8§§ }»—
toE

*DQ7=Valid Data (The device has completed the Embedded operation). 16736E-18

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

VYR Y Yan Y

Data DQ6= DQO—DQ?X
(DQO-DQ7) X DQ6=Toggle XDOG=Toggle >< Stop Toggling Valid

toH tOE

16736E-19

Note:
*DQ6 stops toggling (The device has completed the Embedded operation).

Figure 12. AC Waveforms for Toggle Bit During Embedded Algorithm Operations
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SECTOR PROTECTION ALGORITHMS

Sector Protection

The Am29F010 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 Vip
on control pin OE and address pin A9. The sector ad-
dresses should be set using higher address lines A16,
A15, and A14. The protection mechanism begins onthe
falling edge of the WE pulse and is terminated with the
rising edge of the same.

Itis also possible to verify if a sector is protected during
the sector protection operation. This is done by setting
CE and OFE at Vi and WE at Viri (A9 remains high at Vio).
Reading the device at address location XXX2H, where
the higher order addresses (A16, A15, and A14) define
a particular sector, will produce 01H at data outputs
(DQO-DQ7) for a protected sector.

Sector Unprotect

The Am29F010 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 Vio on control pins OE, CE, and address pin
A9. The address pins A6, A7, and A12 should be set to
A7 = A12 = Vi, and A6 = VL. The unprotection mecha-
nism begins on the falling edge of the WE pulse and is
terminated with the rising edge of the same.

Itis also possible to determine if a sector is unprotected
in the system by writing the autoselect command. Per-
forming a read operation at address location XXX2H,
where the higher order addresses (A16, A15, and A14)
define a particular sector address, will produce 00H at
data outputs (DQ0-DQ?7) for an unprotected sector.
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Start

!

Set Up Sector Addr
(A16, A15, A14)

:

PLSCNT =1

!

OE = ViD
A9 = Vp, CE = Vi

!

Activate WE Pulse

!

Time Out 100 ps

!

Increment Power Down OE
PLSCNT _ WE = Vi
CE=0E=VL

A9 should remain Vip

A

Read from Sector
Addr = SA, AO=0, Al =1

PLSCNT =25
?

Device

Failed Protect

Another

Sector?

Remove Vip From A9
Write Reset Command

!

Sector Protection
Complete

Figure 13. Sector Protection Algorithm

16736E-20
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A16,

A1S, X SAx X SAy
A4
A0 >\

12V ~ecocecacaanaa --
5V -==-
A9
tVLHT
12V ccccccncaana- --
5V ===~
OE \ /
tVLHT tVLHT
twpp
WE
toEsP
CE >\ /
Data 01H

toE
SAx = Sector Address for initial sector

SAy = Sector Address for next sector
16736E-22

Figure 14, AC Waveforms for Sector Protection
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| Start

)

I SetVec=5.0V

[

1  Protect All Sectors

[}

{ PLSCNT =1

[}

Set Up Sector
Unprotect Mode

A12 = A7 = VIH, AB = VIL

(]

I SetVec=5.0V

]

Set

E=CE=A9=Vp

(]

| Activate WE Pulse

Y

| Time Out 10 ms

!

Set OE = CE = VIL
Remove Vip from A9

)

[ SetVec=425V

1

Write Autoselect
Command Sequence

!

Set Up Sector Addr SA0
SetA1=1,A0=0

!

Read Data

from Device

Increment

Secto

r Addr

Notes:

Sector
Addr = SA7
?

Increment
PLSCNT

Wirite Reset
Command

| SetVec=5.0V

!

Write Reset
Command

Y

Sector Unprotect
Completed

SA0 = Sector Address for initial sector
SA7 = Sector Address for last sector

Please refer to Table 4 for details.

Figure 15. Sector Unprotect Algorithm

No

PLSCNT
= 1000
?

Device
Failed

16736E-21
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SWITCHING WAVEFORMS

D WL s G

w— JTTTTTITTTTTTTTTTTITITIIT SN

/777777777

2V--me-mmmmmmm oo
5V
OE
ttttt §
[
- 1)
WE
A R ] { --
5V
CE
f /o ¢
/'
Execute Auto Select
Comman d Sequence
16736E-23

Figure 16. AC Waveforms for Sector Unprotect
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AC CHARACTERISTICS—WRITE/ERASE/PROGRAM OPERATIONS
Alternate CE Controlled Writes

Parameter Symbol
JEDEC (Standard| Description -45 -55 | -70 -90 |-120 | Unit
tavav twe Write Cycle Time (Note 2) Min 45 85 70 90 120 ns
tAVEL 1as Address Setup Time Min 0 0 0 0 0 ns
tELAX 1AH . Address Hold Time Min 35 45 45 45 50 ns
tDVEH tos Data Setup Time Min 20 20 30 45 50 ns
1EHDX jol] Data Hold Time Min 0 0 0 0 0 ns
tOES Output Enable Setup Time | Min 0 0 0 0 0 ns
g Output.EnabIe Read (Notef)_ Min 0 0 0 0 0 ns
Hold Time Toggle and Data Polling (Note 2) | Min 10 10 10 10 10 ns
tGHEL teHEL  |Read Recover Time Before Write Min 0 0 0 0 0 ns
tWLEL tws 'WE Setup Time Min 0 0 0 0 0 ns
tEHWH | twH WE Hold Time Min 0 0 0 0 0 ns
tELEH tcp CE Pulse Width Min 25 30 | 35 45 50 ns
tEHEL tcPH CE Pulse Width High Min 20 20 20 20 20 ns
tWHWH1 | twHwH1 | Programming Operation E Min 14 14 14 14 14 Hs
twHwH2 | twHwH2 | Erase Operation (Note 1) Min 2.2 22 | 22 2.2 2.2 sec
tvcs Vce Set Up Time (Note 2) Min 2 2 2 2 2 us
Notes:

1. This also includes the preprogramming time.
2. Not 100% tested.
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Data Polling

- p

paroses N ssson . en IO _ee X »—
i
e

. S

p—e tcp l¢—— tWHWH1 —
o L r
/ \ tcPH |5=_/ \\_________/———_
tws
1DH
1
SR VG
tps Je-

50V

16736E-24

Notes:

1.

oA 0

PA is address of the memory location to be programmed.

PD is data to be programmed at byte address.

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

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

Figure 17. Alternate CE Controlled Program Operation Timings
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ERASE AND PROGRAMMING PERFORMANCE (Note 2)

Limits
Parameter Min Typ Max Unit Comments
Chip/Sector Erase Time 1 10 sec Excludes 00H programming
{Note 1) prior to erasure

Sector Programming Time 0.3 sec
Chip Programming Time 2 125 sec Excludes system-level overhead
Erase/Program Cycles 100,000 1,000,000 Cycles
Byte Program Time 14 us

60 ms

(Notes 3, 4)

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. DQ5 = “1”only after a byte takes longer than 60 ms to program.

4. Aminimal number of bytes may require significantly more programming pulses then the typical byte. The majority of bytes will
program within one or two pulses. This is demonstrated by the Typical and Maximum Chip Programming Times listed above.

LATCHUP CHARACTERISTICS

Min Max
Input Voitage with respect to Vss on all pins except I/O pins (including A9) -1.0V 135V
Input Voltage with respect to Vss on all I/O pins -1.0V Vcc+1.0V
Current —-100 mA +100 mA
Includes all pins except Vcc. Test conditions: Vce = 5.0 V, one pin at a time.
LCC PIN CAPACITANCE
Parameter :
Symbol Parameter Description Test Setup Typ Max Unit
CiN Input Capacitance VIN =0 6 7.5 pF
Cout Output Capacitance Vout =0 8.5 12 pF
CiN2 Control Pin Capacitance VIN=0 7.5 9 pF
Notes:
1. Sampled, not 100% tested.
2. Testconditions Ta=25°C, f= 1.0 MHz
TSOP PIN CAPACITANCE
Parameter
Symbol Parameter Description Test Setup Typ Max Unit
CIN Input Capacitance VIN=0 6 75 pF
Cout Output Capacitance Vout =0 85 12 pF
CiN2 Control Pin Capacitance VIN=0 75 9 pF
Notes:

1. Sampled, not 100% tested.
2. Testconditions Ta = 25°C, f=.1.0 MHz
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PLCC PIN CAPACITANCE

Parameter
Symbol Parameter Description Test Setup Typ Max Unit
CiN Input Capacitance VIN =0 4 6 pF
Cour Output Capacitance Vout =0 8 12 pF
Cinz Control Pin Capacitance Vep=0 8 12 pF
Notes:

1. Sampled, not 100% tested.
2. Testconditions Ta = 25°C, f = 1.0 MHz

PDIP PIN CAPACITANCE

Parameter . .
Symbol Parameter Description Test Setup Typ Max Unit
CiN Input Capacitance VIN=0 4 6 pF
Cout Output Capacitance Vout =0 8 12 pF
CiN2 Control Pin Capacitance Vpp =0 8 12 pF
Notes:

1. Sampled, not 100% tested.
2. Testconditions Ta=25°C, f= 1.0 MHz

DATA RETENTION

Parameter Test Conditions ) Min Unit
Minimum Pattern Data Retention Time 150°C 10 Years
125°C 20 Years
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Data Sheet Revision Summary for
Am29F010

Title
Data sheet is now Final, and not Preliminary.

Specify “1 Megabit” density.

General Description

Include statement “Am29F040 is erased when shipped
from factory.”

Write Operation Status, Table 6. Hardware
Sequence Flags

Remove listing of DQ4 and made DQ4 as AMD’s
internal use only.

Remove paragraph on DQ4, Hardware Sequence Flag.

DC Characteristics TTL/NMOS Compatible
Add parameter lut: “A9 Input Load Current”

Delete parameter los: Output Short Curcuit Current.

DC Characteristics: CMOS Compatible
Add parameter lur: “A9 Input Load Current.”

Delete parameter los: Output Short Curcuit Current.

AC Characteristics: Write/Erase/Program
Operations

Correct tvcs: Ve Set Up Time from 2 m to 50 m.

Figure 13. Sector Protect Algorithm Flow Chart
Correct Time Out value from 10 mto 100 m.
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ADVANCE INFORMATION

Am29F100T/Am29F100B

1 Megabit (131,072 x 8-Bit/65,536 x 16-Bit)

1

Advanced
Micro
Devices

CMOS 5.0 Volt-only, Sector Erase Flash Memory

DISTINCTIVE CHARACTERISTICS
B 5.0V +10% read, write, and erase
— Minimizes system level power requirements
B Compatible with JEDEC-standard commands
— Uses same software commands as E2PROMs
B Compatible with JEDEC-standard word-wide
pinouts
— 44-pin SO
— 48-pin TSOP
H Minimum 100,000 write/erase cycles
B High performance
— 70 ns maximum access time
B Sector erase architecture
— One 16 Kbyte, two 8 Kbytes, one 32 Kbyte,
and one 64 Kbyte
— Any combination of sectors can be concurrently
erased. Also supports full chip erase.
B Embedded Erase Algorithms

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

@ Embedded Program Algorithms
— Automatically writes and verifies data at
specified address
B Data Polling and Toggle Bit feature for detec-
tion of program or erase cycle completion
H Low power consumption
— 20 mA typical active read current for Byte Mode
— 28 mA typical active read current for Word
Mode
— 30 mA typical write/erase current
— 25 pA typical standby current
B Low Vcc write inhibit <3.2V
H Sector protection
— Hardware method disables any combination of
sectors from write or erase operations
B Erase Suspend/Resume
— Suspend the erase operation to allow a read in
another sector within the same device
H Boot Code Sector Architecture
— T =Top sector
— B = Bottom sector

GENERAL DESCRIPTION

The Am29F100is a 1 Mbit, 5.0 V-only Flash memory or-
ganized as 128K bytes of 8 bits each or 64K words of 16
bits each. The Am29F100 is offered in 44-pin SO and
48-pin TSOP packages. This device is designed to be
programmed in-system with the standard system 5.0 V
Vcc supply. A 120 V Vpee is not required for
write or erase operations. The device can also be
reprogrammed in standard EPROM programmers. The
Am29F100 is erased when shipped from the factory.

The standard Am29F100 offers access times between
70 ns and 150 ns, allowing operation of high-speed mi-
croprocessors without wait states. To eliminate bus

contention the device has separate chip enable (CE),
write enable (WE) and output enable (OE) controls.

The Am29F100 is pin and command set compatible with
JEDEC standard 1 Mbit EBPROMs. Commands are writ-
ten to the command register using standard micropro-
cessor write timings. Register contents serve asinputto
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 simi-
lar to reading from 12.0 V Flash or EPROM devices.

PRODUCT SELECTOR GUIDE

Family Part No: Am29F100
Ordering Part No:  Vec =5.0V £5% -75

Vee =5.0 V£ 10% -90 -120 -150
Max Access Time (ns) 70 90 120 150
CE (E) Access (ns) 70 90 120 150
OE (G) Access (ns) 30 35 50 55

Publication# 18926 Rev. A Amendment/0 | This document contains information on a product under development at Advanced Micro Devices, Inc. The information 1-37

Issue Date: March 1994 product without notice.
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ADVANCE INFORMATION

The Am29F100 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 canbe
programmed and verified in less than one second.
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 pro-
grammed before executing the erase operation. During
erase, the device automatically times the erase pulse
widths and verifies proper cell margin.

The entire chip or any individual sector is typically
erased and verified in 1.5 seconds (if already completely
preprogrammed).

This device also features a sector erase architecture.
The sector mode allows each sector to be erased and
reprogrammed without affecting other sectors.

The device features single 5.0 V power supply operation
for both read and write functions. [nternally generated
and regulated voltages are provided for the program
and erase operations. A low Vcc detector automatically
inhibits write operations on the loss of power. The end of
program or erase is detected by Data Polling of DQ7, by
the Toggle Bit feature on DQS, or the RY/BY pin. Once
the end of a program or erase cycle has been com-
pleted, 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
Am239F100 memory electrically erases the entire chip or
all bits within a sector simultaneously via Fowler-
Nordhiem tunneling. The bytes/words are programmed
one byte/word at a time using the EPROM programming
mechanism of hot electron injection.

Flexible Sector-Erase Architecture
One 16 Kbyte, two 8 Kbytes, one 32 Kbyte, and

one 64 Kbyte

Individual-sector, multiple-sector, or bulk-erase

capability

Individual or multiple-sector protection is user

definable

16 Kbyte

8 Kbyte

8 Kbyte

32 Kbyte

64 Kbyte

Am29F100T Sector Architecture

64 Kbyte

32 Kbyte

8 Kbyte

8 Kbyte

16 Kbyte

Am29F100B Sector Architecture

1FFFFh
1BFFFh
19FFFh
17FFFh
OFFFFh
00000h
18926A-1

1FFFFh
OFFFFh
07FFFh
05FFFh
03FFFh
00000h

18926A-2
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BLOCK DIAGRAM

DQo-DQ1s
RY/BY , —
Vec— Buffer RY/BY
Ves—» Erase Voltage Input/Output
Generator Buffers
1 T AN
— State
WE * Control A
BYTE —¥] c N <
BESET ——»| Command
RESET Register PGM Voltage _’
l—’ Generator —
) Chip Enable ata
CE Qutput Enable STB Latch
OE » Logic
1 Y Z
ST? é\ Y-Decoder 1> Y-Gating
d
r
[ Ve Detector —I Fimerl e
s >
$ | X-Decoder Cell Matrix
AG-A15 > L
-
t
A-1 » ﬁ
I 18926A-3
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CONNECTION DIAGRAMS

SO
NC[J1® T 44[] RESET
Ryay [] 2 431 we
Nc []3 42[] A8
A7 [} 4 41[] A9
A6 [} 5 40 [0 A10
As [} 6 39 [] A11
A4} 38 [] A12
A3[]s8 37[] A13
A2[]o 36 [] A14
A1 [] 10 a5 [] Ats
Ao ] 11 34 [INC
ceE[] 12 33 [] BvTE
Vss [] 13 32 [] Vss
OE [] 14 31 [] DQ15/A-1
DQo [] 15 30 {] bQ7
pas [ 16 29 [J D14
pat [ 17 28 [ DQ6
DQ9 {] 18 27 []pQ13
pa2 [ 19 26 |1 DQS
DQ10 ] 20 25 []DQ12
D@3 [] 21 24 [] DQ4
patt []22 23 [ vee
18926A-4
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CONNECTION DIAGRAMS

dutiiutyotyudoubyouoigoooa

H|R]R|NININ|R|N|R NI RN NN R RN R RN] RN

Aas & 10 48
A4 [ 2 a7
A13 [ 3 46
A2 ] 4 45
A1 ] s 44
A0 ] s 43
A9 [ 7 42
A8 ] 8 41
NC [ 9 40
NCc [ 10 39
we ] i1 38
RESET [ 12 37
NC [ 13 36
NC T 14 35
RY/BY [] 15 34
Nc (] 16 33
Ne & 17 32
A7 T 18 31
A6 ] 19 30
As ] 20 29
A4 [ 21 28
A3 [ 22 27
A2 ] 23 26
A1 [ 24 25
Standard TSOP
NCC} 1w 48
BYTe ] 2 47
Vss ] 3 46
DQ1s/A-1 [ 4 45
DQ7 ] s 44
pa14 3 6 43
pas ] 7 42
DQi13 ] 8 41
Das [ 9 40
DQ12 ] 10 39
DQ4 ] 11 38
vee [ 12 37
bQ1t 3 13 36
DQ3 [} 14 35
pato (] 15 34
DQ2 ] 16 33
DQ9 4 17 32
DQ1 [} 18 31
DQ8 ] 19 30
DQo ] 20 29
OE [ 21 28
Vss [ 22 27
CE ] 23 26
A0 [ 24 25
Reverse TSOP

NC
BYTE

Vss
DQ15/A-1
DQ7
DQ14
DQ6
DQ13
DQ5
DQ12
DQ4
Vce
pQit1
DQ3
DQ10
DQ2
DQ9
DQ1
DQ8
DQo
OE
Vss
CE
A0

18926A-5

18926A-6

Am29F100T/Am29F100B
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ADVANCE INFORMATION

LOGIC SYMBOL

—>

A1

AO-A15

CE (E)
OE (G)
WE (W)
RY/BY
RESET
BYTE

160r8
DQoO-DQ15

18926A-7

Table 1. Am29F100 Pin Configuration

Pin Function

A-1, A0-A15 | Address Inputs

DQ0-DQ15 | Data Input/Output

CE Chip Enable

OE Output Enable

WE Write Enable

RY/BY Ready-Busy Input

RESET Hardware Reset Pin/Sector Protect Unlock
BYTE Selects 8-bit or 16-bit mode
NC No Internal Connection

Vss Device Ground

Vee Device Power Supply

(5.0 V £ 10% or + 5%)
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.. PRELIMINARY

Am29F200T/Am29F200B

2 Megabit (262,144 x 8-Bit/131,072 x 16-Bit) CMOS 5.0 Volt-only,

Sector Erase Flash Memory

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B 5.0V +10% write and erase, read
— Minimizes system level power requirements
B Compatible with JEDEC-standard commands
— Uses same software commands as E?PROMs
B Compatible with JEDEC-standard word-wide
pinouts
— 44-pin SO
— 48-pin TSOP
B Minimum 100,000 write/erase cycles
B High performance
— 70 ns maximum access time
B Sector erase architecture
— Three 64 Kbytes, one 32 Kbyte, one 16 Kbyte
and two 8 Kbytes
— Any combination of sectors can be concurrently
erased. Also supports full chip erase.
B Embedded Erase Algorithms
— Automatically pre-programs and erases the
chip or any sector

B Embedded Program Algorithms
— Automatically writes and verifies data at
specified address
B Data Polling and Toggle Bit feature for detec-
tion of program or erase cycle completion
B Low power consumption
— 20 mA typical active read current for Byte Mode
— 28 mA typical active read current for Word
Mode
— 30 mA typical write/erase current
— 25 A typical standby current
B Low Vcc write inhibit <3.2 'V
B Sector protection

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

W Erase Suspend/Resume

— Suspends the erase operation to allow a read in
another sector within the same device

N Boot Code Sector Architecture
— T =Top sector
— B = Bottom sector

GENERAL DESCRIPTION

The Am29F200 is a 2 Mbit, 5.0 V-only Flash memory or-
ganized as 256K bytes of 8 bits each or 128K words of
16 bits each. The Am29F200 is offered in 44-pin SO
and 48-pin TSOP packages. This device is designed
to be programmed in-system with the standard sys-
tem 5.0 V Vcc supply. A 12.0 V Vep is not required for
write or erase operations. The device can also be
reprogrammed in standard EPROM programmers. The
Am29F200 is erased when shipped from the factory.

The standard Am29F200 offers access times between
70 ns and 150 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 Am29F200 is pin and command set compatible with
JEDEC standard 2 Mbit E°PROMs, Commands are writ-
ten to the command register using standard micropro-
cessor write timings. Register contents 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 simi-
lar to reading from 12.0 V Flash or EPROM devices.

PRODUCT SELECTOR GUIDE

Family Part No: Am29F200
Ordering Part No:  Vec =5.0 V£ 5% -75

Vee =5.0V£10% -90 -120 -150
Max Access Time (ns) 70 90 120 150
CE (E) Access (ns) 70 90 120 150
OE (G) Access (ns) 30 35 50 55

Publication# 18608 Rev. A Amendment/0 | This document contains information on a product under development at Advanced Micro Devices, Inc. The information is 1-43

Issue Date: March 1994 "t
without notice.

intended to help you evaluate this product. AMD reserves the right to change or discontinue work on this proposed product
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The Am29F200 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
verities proper cell margin. Typically, each sector canbe
programmed and verified in less than one second.
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 pro-
grammed before executing the erase operation. During
erase, the device automatically times the erase pulse
widths and verifies proper cell margin.

The entire chip or any individual sector is typically
erased and verified in 1.5 seconds (if already completely
preprogrammed).

This device also features a sector erase architecture.
The sector mode allows each sector to be erased and
reprogrammed without affecting other sectors.

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 Vcc detector automatically
inhibits write operations on the loss of power. The end of
program or erase is detected by Data Polling of DQ7, by
the Toggle Bit feature on DQ8, or the RY/BY pin. Once
the end of a program or erase cycle has been com-
pleted, 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
Am29F200 memory electrically erases the entire chip or
all bits within a sector simultaneously via Fowler-
Nordheim tunneling. The bytes/words are programmed
one byte/word at atime using the EPROM programming
mechanism of hot electron injection.

Flexible Sector-Erase Architecture
m Three 64 Kbytes, one 32 Kbyte, one 16 Kbyte, and
two 8 Kbytes

B [ndividual-sector, multiple-sector, or bulk-erase
capability

B Individual or multiple-sector protection is user-
definable

16 Kbyte

8 Kbyte

8 Kbyte

32 Kbyte

64 Kbyte

64 Kbyte

64 Kbyte

AmM29F200T Sector Architecture

64 Kbyte

64 Kbyte

64 Kbyte

32 Kbyte

8 Kbyte

8 Kbyte

16 Kbyte

Am29F200B Sector Architecture

3FFFFh
3BFFFh
39FFFh
37FFFh
2FFFFh
1FFFFh
OFFFFh
00000h

18608A-1

3FFFFh
2FFFFh
1FFFFh
OFFFFh
07FFFh
05FFFh
03FFFh
00000h

18608A-2
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BLOCK DIAGRAM

RYBY | o vy DQo-DQ15
Vec —p Buffer RY/8Y @
Vss —p Erase Voltage Input/Output
Generator Buffers
— State
WE * Control
BYTE —¥] c g < <
»| Comman
RESET Register »] PGM Voltage ,—,
Generator = Dot
[ Chip Enable ata
CE Output Enable §18 Latch
CE > Logic
| Y
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CONNECTION DIAGRAMS

SO
NC |10~ 41 [) RESET
RYBY [] 2 s wWeE
NC ] 3 42[] A8
A7 [] 4 4[] A9
As [1s 40 [] A10
A5 16 39 [] A1t
A4} 38 [] A12
A3 f]s 74 1K
A2[]o 36 [] A14
A1[] 10 35 [] A15
Ao [ 11 34 [1At6
ce [} 2 33 [] BYTE
Vss [ 13 32 [] vss
OE [} 14 31 [J DQ15/A-1
DQo [} 15 30 [] pQ7
pas []16 29 [J p14
oot [] 17 28 [] DQs
DQ9 [] 18 27 [l pai3
pa2 [ 19 26 [] DS
DQ10 [} 20 25 []1DQ12
DQs3 [] 21 24 [1DQ4
pat1 [] 22 23 L vee
18608A-4

1-46 5.0 Volt-only, Sector Erase Flash Memories



PRELIMINARY

AMD u

CONNECTION DIAGRAMS

Uudtuuutiutobrooduyaaoy

B|R|RIN{R|B|R|R|NIN|N|RIN{RIN|N|N{R]R]E|E|E]EIN

As ] 10 48
A4 [ 2 47
A13 [ 3 46
A12 [ 4 45
A1l [ s 44
A0 [ 6 43
A9 [ 7 42
As ] 8 41
NC (] 9 40
NC [ 10 39
WE [ 11 38
RESET [} 12 37
NC ] 13 36
NC ] 14 35
RY/BY [} 15 34
Nc [ 16 33
Nc & 17 32
A7 [ 18 31
As ] 19 30
As ] 20 29
A4 ] 21 28
A3 [] 22 27
A2 ] 23 26
A1 ] 24 25
Standard TSOP
A 1 v 48
BYTE ] 2 47
Vss ] 3 46
DQ15/A1 ] 4 45
DQ7 [} 5 44
pai4 ] 6 43
pas ] 7 42
D13 I s 41
DQs [ 9 40
Da12 4 10 39
DQ4 [ 11 38
Vee 4 12 37
Dat1 [ 13 36
DQ3 ] 14 35
paio = 15 34
pQ2 ] 16 33
Da9 ] 17 32
DQ1 ] 18 31
. Das 4 19 30
DQO 3 20 29
OE (I 21 28
Vss [ 22 27
CE ] 23 26
A0 [ 24 25
Reverse TSOP

A16
BYTE

Vss
DQ15/A-1
DQ7
bQi14
DQ6
DQ13
DQs
DQ12
DQ4
Vce
DQ11
DQ3
DQ10
DQ2
DQ9
DQ1
DQs8
DQo
OE
Vss
CE
AO

18608A-5

18608A-6

Am238F200T/Am29F200B
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LOGIC SYMBOL

—

A-1

A0-A16

CE (E)
OE (G)
WE (W)
RY/BY
RESET

160r8
DQo-DQ15

18608A-7

Table 1. Am29F200 Pin Configuration

Pin Function

A-1, AO-A16 | Address Inputs
DQO-DQ15 | Data Input/Output

CE Chip Enable

OE Output Enable

WE Write Enable

RY/BY Ready-Busy Input

RESET Hardware Reset Pin/Sector Protect Unlock
BYTE Selects 8-bit or 16-bit mode
NC No Internal Connection
Vss Device Ground

Vee Device Power Supply

(5.0 V + 10% or % 5%)

1-48
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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:

Am29F200 T .75 E c B

_r—- OPTIONAL PROCESSING

Blank = Standard Processing
B = Burn-In

TEMPERATURE RANGE

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

PACKAGE TYPE

E = 48-Pin Thin Small Outline Package
(TSOP) Standard Pinout (TS 048)

F = 48-Pin Thin Small Qutline Package
(TSOP) Reverse Pinout (TSR 048)

S = 44-Pin Small Outline Package, (SO 044)

SPEED OPTION
See Product Selector Guide and
Valid Combinations

BOOT CODE SECTOR ARCHITECTURE
T = Top sector
B = Bottom sector

DEVICE NUMBER/DESCRIPTION

Am29F200

2 Megabit (256K x 8-Bit or 128K x 16-Bit) CMOS Fiash Memory
5.0 V-only Program and Erase

Valid Combinations Valid Combinations
Am29F200T/B-75 | EC, FC, SC Valid Combinations list configurations planned to be

. supported in volume for this device. Consult the lo-
Am29F200T/8-90 EC, El, FC, FI, EE, cal AMD sales office to confirm availability of specific
Am29F2001/B-120| EEB, FE, FEB, SC, valid combinations and to check on newly released

Am29F200T/8-150| S! SE, SEB . combinations.

Am29F200T/Am29F200B - 1-49
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Table 2. Am29F200 User Bu

s Operations (BYTE = Vin)

Operation CE | OE WE A0 A1l A6 A9 DQ0-DQ15 | RESET
Auto-Select Manufacturer Code (1) L L H L L L Vip Code H
Auto-Select Device Code (1) L L H H L L Vio Code H
Read (3) L L H A0 A1 A6 A9 Dout H
Standby H X X HIGH Z H
Output Disable L H H X X X HIGH Z X
Write L H L A0 Al AB A9 Din H
Enable Sector Protect L Vip L X X X Vio X H
Verify Sector Protect (2) L L H L H L Vio Code H
Temporary Sector Unprotect X X X X X X X X Vip
Reset (Hardware) X X X X X X X HIGH 2 L

Table 3. Am29F200 User Bu

s Operations (BYTE = ViL)

Operation CE | ©OE WE A0 A1 A6 A9 DQ0-DQ7 | RESET
Auto-Select Manufacturer Code (1) L L H L L L Vio Code H
Auto-Select Device Code (1) L L H H L L ViD Code H
Read (3) L L H A0 Al A8 A9 Dour H
Standby H X X HIGH Z H
Output Disable L H H X X X HIGH Z X
Write L H L A0 A1l A8 A9 DN H
Enable Sector Protect L Vip L X X X Vio X H
Verify Sector Protect (2) L L H L H L Vip Code 'H
Temporary Sector Unprotect X X X X X X X Vio
Reset (Hardware) X X X X X X X HIGH Z L

Legend:

L = Vi, H= Vi, 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 Table 7.

2. Refer to the section on Sector Protection.

3. WEcan be Vi if OF is Vi, OF at Vi initiates the write opera

tions.

Read Mode

The Am29F200 has two control functions which must be
satisfied in order to obtain data at the outputs. CE is the
power 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 accesstime 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).
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Standby Mode

The Am29F200 has two standby modes, a CMOS
standby mode (CE input held at Vcc + 0.5 V), when the
current consumed is less than 100 pA; and a TTL
standby mode (CE is held at Vi) when the current re-
quired is reduced to approximately 1 mA. In the standby
mode the outputs are in a high impedance state, inde-
pendent 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 (ViH), 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
andtype. 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 Vip(11.5V to 12.5 V) on address pin A9. Two
identifier bytes may then be sequenced from the device
outputs by toggling address A0 from ViL to ViH. All ad-
dresses are don't cares except A0, A1, and A6.

The manufacturer and device codes may also be read
via the command register, for instances when the
Am29F200 is erased or programmed in a system with-
out access to high voltage on the A9 pin. The command
sequence is illustrated in Table 7 (refer to Autoselect
Command section).

Byte 0 (A0 = ViL) represents the manufacturer's code
(AMD=01H) and byte 1 (A0 = Vi) the device identifier
code (Am239F200T = 51H and Am29F200B = 52H for x8
mode; Am29F200T = 2251H and Am239F200B = 2252H
for x16 mode). These two bytes/words are given in the
table below. All identifiers for manufacturer and device
will exhibit odd parity with the DQ7 defined as the parity
bit. In order to read the proper device codes when exe-
cuting the autoselect, A1 must be ViL (see Tables 4.1
and 4.2).

Table 4.1 Am29F200 Sector Protection Verify Autoselect Codes

Type A12-A16 A6 Al A0 Code (HEX)
Manufacturer's Code X ViL ViL Vi 01H
Am29F200T Byte X \Y Vv \ >1H
m
Am29F200 | AT Word 'L " " 2251H
Device B 52H
Code Am29F200B —X X ViL ViL ViH
Word 2252H
Sector Protection AdeergtsosreS ViL ViH ViL O1H*
*Outputs 01H at protected sector addresses
Table 4.2 Expanded Autoselect Code Table
D| D D D D D D DD D|D|D|{D|D|D|D
Type Code| Q| Q Ql Q Q Q Q QalQj]a Qa|ja|jQf{aqa] Qfa
151141 13| 12| 11| 10 9 8 7 6 514 ([3|2]1 0
Manufacturer's Code 01H] 0] ©O 0 0 0 0 0 0 0 0 0 0|JOoOjJoOf Of 1
Am29F200T(B) S51H| A-1| HI-Z| HI-Z] HI-Z} HI-Z} HI-Z | HI-Z | HI-Z| O 1 0 1 0 0 0 1
SZ‘VZISE 200 w225t ofof{ 1ol olol 1 folo]t1]lol1lo]o]o]1
Code Am29F200B(B)|  52H| A-1| HI-Z| HI-Z| HI-Z| HI-Z| HI-Z|HI=Z |HI-=Z| 0 | 1 O [ 1 JO o] 1] O
W)l 2252Hf ol o | 1 o] of o] 1 olof1{of1]o]o] 1]o0
Sector Protection O1H[ 0} O 0 0 0 0 0 0 0 0 ojojojo] o} 1

(B) — Byte mode
(W) — Word mode

Am29F200T/Am29F200B
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Table 5. Sector Address Tables (Am29F200T)

A16 A15 A14 A13 A12 Address Range
SA0 0 0 X X X 00000h-0FFFFh
SA1 0 1 X X X 10000h-1FFFFh
SA2 1 0 X X X 20000h—2FFFFh
SA3 1 1 0 X X 30000h-37FFFh
SA4 1 1 1 0 0 38000h~39FFFh
SAS 1 1 1 0 1 3A000h-3BFFFh
SA6 1 1 1 1 X 3C000h-3FFFFh

Table 6. Sector Address Tables (Am29F200B)

A16 A15 Al4 A13 A12 Address Range
SA0 0 0 0 0 X 00000h-03FFFh
SA1 0 0 0 1 0 04000h—05FFFh
SA2 0 0 0 1 1 06000h—07FFFh
SA3 0 0 1 X X 08000h—0FFFFh
SA4 0 1 X X X 10000h—1FFFFh
SAS 1 0 X X X 20000h-2FFFFh
SA6 1 1 X X X 30000h-3FFFFh

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 to by bringing WE to Vi, while
CE s at Vi and OE is at Vin. Addresses are latched on
the falling edge of WE or CE, whichever happens later;
while data is latched on the rising edge of WE or CE,
whichever happensfirst. Standard microprocessorwrite
timings are used.

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

Sector Protection

The Am29F200 features hardware sector protection.
This feature will disable both program and erase opera-
tions in any number of sectors (0 through 6). The sector
protect feature is enabled using programming equip-
ment at the user’s site. The device is shipped with all
sectors unprotected. Alternatively, AMD may program

and protect sectors in the factory prior to shipping the
device (AMD's ExpressFlash™ Service).

To activate this mode, the programming equipment
must force Vip on address pin A9 and control pin OE,
(suggest Vio = 11.5 V) and CE = ViL.. The sector ad-
dresses (A16, A15, A14, A13, and A12) should be setto
the sector to be protected. Tables 5 and 6 define the
sector address for each of the seven (7) individual sec-
tors. Programming of the protection 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. Refer to figures 17
and 18 for sector protect algorithm and waveforms.

To verify programming of the protection circuitry, the
programming equipment must force Vip on address pin
A9 with CE and OE at Vi and WE at V. Scanning the
sector addresses (A16, A15, A14, A13, and A12) while
(A8, A1, AD) = (0, 1, 0) will produce a logical “1” code at
device output DQO for a protected sector. Otherwise the
device will produce 00H for an unprotected sector.
In this mode, the lower order addresses, except for A0,
A1, and A6 are don't care. Address locations with A1 =
Vi are reserved for Autoselect manufacturer and device
codes.
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Itis also possible to determine if a sector is protected in
the system by writing an Autoselect command. Perform-
ing a read operation at the address location XX02H,
where the higher order addresses (A16, A15, A14, A13,
and A12) are the sector address will produce a logical
“1”at DQOfor aprotected sector. See Tables 4.1 and 4.2
for Autoselect codes.

Temporaty Sector Unprotect

This feature allows temporary unprotection of previ-
ously protected sectors of the Am29F200 device in or-
der to change data. The Sector Unprotect mode is
activated by setting the RESET pin to high voltage
(12V). During this mode, formerly protected sectors
can be programmed or erased by selecting the sector
addresses. Once the 12V is taken away from the
RESET pin, all the previously protected sectors will be
protected again.

Sector Unprotect

The Am29F200 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 Vip on control pin OE and address pin A9.

The CE and A0 pins must be set at Vi.. Pins A6 and A1
must be set to Viu. Refer to Figure 19 for the sector un-
protect algorithm. The unprotection mechanism begins
on the falling edge of the WE pulse and is terminated
with the rising edge of the same.

Itis also possible to determine if a sector is unprotected
inthe system by writing the autoselect command and A6
is set at Vi.. Performing a read operation at address lo-
cation XXX2H, where the higher order addresses (A16,
A15, A14, A13, and A12) define a particular sector ad-
dress, will produce 00H at data outputs (DQ0-DQ7) for
an unprotected sector.

Command Definitions

Device operations are selected by writing specific ad-
dress and data sequences into the command register.
Writing incorrect address and data values or writing
themin the improper sequence will reset the device
to the read mode. Table 7 defines the valid register
command sequences. Note that the Erase Suspend
(BO) and Erase Resume (30) commands are valid only
while the Sector Erase operationis in progress. Either of
the two reset commands will reset the device (when ap-
plicable). Please note that commands are always writ-
ten at DQO-DQ7 and DQ8-DQ15 bits are ignored.

Table 7. Am29F200 Command Definitions

Command VEV;:litse V\;:i"Sl Bus [ Second Bus | Third Bus ;2:’;,"‘”?::: Fifth Busl V?i.xtthuT
Sequence Cycles rite Cycle | Write Cycle | Write Cycle Cycle Write Cycle rite Cycle
Read/Reset Req’d | Addr |Data| Addr |Data| Addr |{Data| Addr Data Addr | Data| Addr | Data
Read/Reset 1 XXXH | FOH
Read/Reset Word 4 5555H | AAH|2AAAH | 55H | 5555H | FOH RA RD
Byte AAAAH 5555H AAAAH
Autoselect Word 4 5555H [ AAH|2AAAH [ 55H | 5555H | 90H
Byte AAAAH 5555H AAAAH
Program Word 4 5555H | AAH|2AAAH { 55H | 5555H | AOH PA Data
Byte AAAAH 5555H AAAAH
Chip Erase Word 6 5555H | AAH|2AAAH [ 55H | 5555H | 80H 5555H AAH |2AAAH | 55H | 5555H | 10H
Byte AAAAH 5555H AAAAH AAAAH 5555H AAAAH
Sector Erase Word 6 5555H [ AAH|2AAAH | 55H | 5555H | 80H 5555H AAH |[2AAAH|55H | SA | 30H
Byte AAAAH 5555H AAAAH AAAAH 5555H
Sector Erase Suspend Erase can be suspended during sector erase with Addr (don't care), Data (BOH)
Sector Erase Resume Erase can be resumed after suspend with Addr (don't care), Data (30H)

Notes:

1. Address bit A15 = X = Don’t Care for all address commands except for Program Address (PA) and Sector Address (SA)

Write Sequences may be initiated with A15 in either state.

2. Address bits 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, A13, and A12 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.

6. The system should generate the following address patterns:

Word Mode: 5555H or 2AAAH to addresses A0 - A14
Byte Mode: AAAAH or 5555H to addresses A-1 - A14.

Am29F200T/Am29F200B
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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
fromthe 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 A9 to a high voltage. However, multiplexing high
voltage onto the address lines is not generally desired
system design practice.

The device contains an autoselect command operation
to supplement traditional PROM programming method-
ology. The operation is initiated by writing the
autoselect command sequence into the command
register. Following the command write, a read cycle
from address XX00H retrieves the manufacture code of
01H. A read cycle from address XX01H returns the
device code (Am29F200T = 51H and Am29F200B =
52H for x8 mode; AmM29F200T = 2251H and
Am29F200B = 2252H for x16 mode) (see Tables 4.1
and 4.2).

Allmanufacturer and device codes will exhibit odd parity
with DQ7 defined as the parity bit.

Scanning the sector addresses (A16, A15, A14, A13,
and A12) while (A6, A1, AO) = (0, 1, 0) will produce a
logical “1” at device output DQO for a protected sector.

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

Byte/Word Programming

The device is programmed on a byte-by-byte (or
word-by-word) basis. Programming is a four bus cycle
operation. There are two “unlock” write cycles. These
are followed by the program set-up command and data
write cycles. Addresses are latched on the falling edge
of CE or WE, whichever happens later and the data is
latched on the rising edge of CE or WE, whichever
happens first. The rising edge of CE or WE (whichever
happens first) begins programming: Upon executing the
Embedded Program Algorithm command sequence the
system is not required to provide further controls or
timings. 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 DQ7 is equivalent to data written to

this bit (see Write Operation Status section) at which
time the device returns to the read mode and addresses
are no longer latched. Therefore, the device requires
that a valid address to the device be supplied by the sys-
tem at this particular instance of time. Hence, Data Poll-
ing must be performed at the memory location which is
being programmed.

Any commands written to the chip during this period will
be ignored.

Programming is allowed in any sequence and across
sector boundaries. Beware that a data “0” cannot be
programmed back to a “1". Attempting to do so may
either hang up the device or result in an apparent suc-
cess according to the data polling algorithm but a read
from reset/read mode will show that the data is still “0”.
Only erase operations can convert “0”s to “1”s.

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 tollowed by the chip erase command.

Chip erase does notrequire 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.

The automatic erase begins on the rising edge of the last
'WE pulse in the command sequence and terminates
whenthe dataon DQ7 is “1” (see Write Operation Status
section) at which time the device returns to read
the mode.

Figure 2 illustrates the Embedded Erase Algorithm
using 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
(30H) is latched on the rising edge of WE. A time-out of
80 us 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 to addresses in other sectors desired to be
concurrently erased. The time between writes must be
less than 80 us, otherwise that command will not be ac-
cepted and erasure will start. It is recommended that
processor interrupts be disabled during this time to
guarantee this condition. The interrupts can be
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re-enabled after the last Sector Erase command is writ-
len. Atime-out of 80 ps from the rising edge of the last
WE will initiate the execution of the Sector Erase com-
mand(s). If another falling edge of the WE occurs within
the 80 us time-out window the timer is reset. (Monitor
DQ3 to determine if the sector erase timer window is still
open, see section DQ3, Sector Erase Timer.) Any com-
mand other than Sector Erase or Erase Suspend during
this period will reset the device to the read mode,
ignoring the previous command string. Resettingthe de-
vice once execution has begun will corrupt the data in
that sector. In that case, restart the erase on those sec-
tors and allow them to complete. (Refer to the Write Op-
eration Status section for Sector Erase Timer
operation.) Loading the sector erase buffer may be done
in any sequence and with any number of sectors (0 to 6).

Sector erase does not require the user to program the
device prior 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 begins after the 80 s time
out from the rising edge of the WE pulse for the last sec-
tor erase command pulse and terminates when the data
on DQ7 is “1” (see Write Operation Status section) at
which time the device returns to the read mode. Data
Polling must be performed at an address within any of
the sectors being erased.

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

Erase Suspend

Erase Suspend command allows the user to interrupt
the chip and then perform data reads (not program) from
a non-busy sector during a Sector Erase operation
(which may take up to several seconds). This command
is applicable ONLY during the Sector Erase operation
and will be ignored if written during the Chip Erase or
Programming operation. The Erase Suspend command
(BOH) which is allowed only during the Sector Erase Op-
eration includes the sector erase time-out period after

the Sector Erase commands (30H). Writing this
command during the time-out will result in immediate
termination of the time-out period. Any subsequent
writes of the Sector Erase command will be ignored as
such, but instead will be taken as the Erase Resume
command. Note that any other commands during the
time out will reset the device to read mode. The ad-
dresses are don't-cares when writing the erase Sus-
pend or Erase Resume commands.

When the Erase Suspend command is written during a
Sector Erase operation, the chip will take between
0.1 us to 15 us to suspend the erase operation and go
into erase suspended read mode (pseudo-read mode),
duringwhich the user can read from a sector thatis NOT
being erased. Aread from a sector being erased may re-
sult in invalid data. The user must monitor the toggle bit
(DQs) to determine if the chip has entered the pseudo-
read mode, at which time the toggle bit stops toggling.
An address of a sector NOT being erased must be used
to read the toggle bit, otherwise the user may encounter
intermittent problems. Note that the user must keep
track of what state the chipisin since there is no external
indication of whether the chip is in pseudo-read mode or
actual read mode. After the user writes the Erase Sus-
pend command, the user must wait until the toggle bit
stops toggling before data reads from the device canbe
performed. Any further writes of the Erase Suspend
command at this time will be ignored.

Every time an Erase Suspend command followed by an
Erase Resume command is written, the internal (pulse)
counters are reset. These counters are used to count
the number of high voltage pulses the memory cell
requires to program or erase. If the count exceeds a
certainlimit, then the DQ5 bit will be set (Exceeded Time
Limit flag). This resetting of the counters is necessary
since the Erase Suspend command can potentially
interrupt or disrupt the high voltage pulses.

To resume the operation of Sector Erase, the Resume
command (30H) should be written. Any further writes of
the Resume command at this point will be ignored.
Another Erase Suspend command can be written after
the chip has resumed erasing.

Write Operation Status

Table 8. Hardware Sequence Flags

Status DQ7 | DQ6 | DQ5 | DQ3 DQ2-DQ0
In Progress Auto-Programming DQ7 |Toggle| © 0 (D) (Note 1)
Program/Erase in Auto Erase 0 |Toggle 0 1
Exceeded Auto-Programming DQ7 |Toggle| 1 1 (D) (Note 1)
Time Limits Program/Erase in Auto-Erase 0 |Toggle| 1 1
Notes:

1. DQO, DQ1, and DQ2 are reserve pins for future use.
2. DQ8-DQ15 = Don't Care for x16 mode.
3. DQ4 for AMD internal use only.

Am29F200T/Am29F200B
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Data Polling

The Am29F200 device features Data Poliing as a
method to indicate to the host that the Embedded Algo-
rithms are in progress or completed. During the Embed-
ded Program Algorithm an attempt to read the device
will produce the complement of the data last written to
DQ7. Upon completion of the Embedded Program Algo-
rithm, an attempt to read the device will produce the true
data last written to DQ7. During the Embedded Erase
Algorithm, an attempt to read the device will produce a
“0" at the DQ7 output. Upon completion of the Embed-
ded Erase Algorithm an attempt to read the device will
produce a “1” at the DQ7 output. The flowchart for Data
Polling (DQ7) is shown in Figure 3.

For chip erase, the Dala Polling is valid after the rising
edge of the sixth WE pulse in the six write pulse se-
quence. For sector erase, the Data Polling is valid after
the last rising edge of the sector erase WE pulse. Data
Polling must be performed at sector address within any
of the sectors being erased and not a protected sector.
Otherwise, the status may not be valid. Once the Em-
bedded Algorithm operation is close to being com-
pleted, the Am29F200 data pins (DQ7) may change
asynchronously while the output enable (OE) is as-
serted low. This means that the device is driving status
information on DQ7 at one instant of time and then that
byte’s valid data at the next instant of time. Depending
on when the system samples the DQ7 output, it may
read the status or valid data. Even if the device has com-
pletedthe Embedded Algorithm operation and DQ7 has
a valid data, the data outputs on DQO-DQ6 may be still
invalid. The valid data on DQ0O~-DQ7 will be read on the
successive read attempts.

The Data Polling feature is only active during the Em-
bedded Programming Algorithm, Embedded Erase Al-
gorithm, or sector erase time-out (see Table 8).

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

DQ6
Toggle Bit

The Am29F200 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 (OE toggling) data from
the device will result in DQ6 toggling between one and
zero. Once the Embedded Program or Erase Algorithm
cycleis completed, DQ6 will stop toggling and valid data
will be read on the next 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 se-
quence. For Sector erase, the Toggle Bit is valid after
the last rising edge of the sector erase WE pulse. The
Toggle Bit is active during the sector time out.

In programming, if the sector being written to is pro-
tected, the toggle bit will toggle for about 2 us and then
stoptoggling without the data having changed. In erase,
the device will erase all the selected sectors except for
the ones that are protected. If all selected sectors are
protected, the chip will toggle the toggle bit for about 100
us and then drop back into read mode, having changed
none of the data.

Either CE or OE toggling will cause the DQ6 to toggle. In
addition, an Erase Suspend/Resume command will
cause DQ6 to toggle.

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

DQ5
Exceeded Timing Limits

DQ5 will indicate if the program or erase time has ex-
ceeded the specified limits (internal pulse count). Under
these conditions DQS5 will produce a “1”. This is a failure
condition which indicates that the program or erase cy-
cle was not successfully completed. Data Polling is the
only operating function of the device under this condi-
tion. The CE circuit will partially power down the device
underthese conditions (to approximately 2 mA). The OE
and WE pins will control the output disable functions as
described in Table 2.

If this failure condition occurs during sector erase opera-
tion, it specifies that a particular sector is bad and it may
not be reused. However, other sectors are still functional
and may be used for the program or erase operation.
The device must be reset to use other sectors. Write the
Reset command sequence to the device, and then exe-
cute program or erase command sequence. This allows
the systemto continue to use the other active sectors in
the device.

If this failure condition occurs during the chip erase op-
eration, it specifies that the entire chip is bad or combi-
nation of sectors are bad.

If this failure condition occurs during the byte program-
ming operation, it specifies that the entire sector con-
taining that byte is bad and this sector may not be
reused, (other sectors are still functional and can
be reused).

The DQ5 failure condition may also appear if a user tries
to program a non blank location without erasing. In this
case the device locks out and never completes the
Embedded Algorithm operation. Hence, the system
never reads a valid data on DQ7 bit and DQ6 never
stops toggling. Once the device has exceeded timing
limits, the DQ5 bit will indicate a “1.” Please note that this
is not a device failure condition since the device was
incorrectly used.

DQ3
Sector Erase Timer

After the completion of the initial sector erase command
sequence the sector erase time-out will begin. DQ3 will
remain low until the time-out is complete. Data Polling
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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, DQ3 may be
used to determine if the sector erase timer window is still
open. If DQ3 is high (“1”) the internally controlled erase
cycle has begun; attempts to write subsequent com-
mands to the device will be ignored until the erase op-
eration is completed as indicated by Data Polling or
Toggle Bit. If DQ3 is low (“0"), the device will accept ad-
ditional sector erase commands. To insure the com-
mand has been accepted, the system software should
check the status of DQ3 prior to and following each sub-
sequent sector erase command. If DQ3 were high on
the second status check, the command may not have
been accepted.

Refer to Table 8: Hardware Sequence Flags.

RY/BY
Ready/Busy

The Am29F200 provides a RY/BY output pin as away to
indicate to the host system that the Embedded Algo-
rithms are either in progress or completed. If the output
is low, the device is busy with either a program or erase
operation. If the output is high, the device is ready to ac-
cept any read/write or erase operation. When the RY/BY
pin is low, the device will not accept any additional pro-
gram or erase commands. If the Am29F200 is placed in
an Erase Suspend mode, the RY/BY output will be high.
Also, since this is an open drain output, many RY/BY
pins can be tied together in parallel with a pull up resistor
to Vce.

During programming, the RY/BY pin is driven low after
the rising edge of the fourth WE pulse. During an erase
operation, the RY/BY pin is driven low after the rising
edge of the sixth WE pulse. The RY/BY pin should be
ignored while RESET is at Vi.. Refer to Figure 13 for a
detailed timing diagram.

RESET
Hardware Reset

The Am29F200 device may be reset by driving the
RESET pin to ViL.. The RESET pin has a puise require-
ment and has to be kept low (Vi) for at least 500 ns in
order to properly reset the internal state machine. Any
operation in the process of being executed will be termi-
nated and the internal state machine will be reset 20 us
after the RESET pin is driven low. Furthermore, once
the RESET pin goes high, the device requires an addi-
tional 50 ns before it will allow read access. When the
RESET pinis low, the device will be in the standby mode
for the duration of the pulse and all the data output pins
will be tri-stated. If ahardware reset occurs during a pro-
gram or erase operation, the data at that particular loca-
tion will be corrupted. Please note that the RY/BY output

signal should be ignored duringthe RESET pulse. Refer
to Figure 14 for the timing diagram.

Byte/Word Configuration

The BYTE pin selects the byte (8-bit) mode or word
(16 bit) mode for the Am29F200 device. Whentthis pinis
driven high, the device operates in the word (16 bit)
mode. The data is read and programmed at
DQO0-DQ15. When this pin is driven low, the device op-
erates in byte (8 bit) mode. Under this mode, the
DQ15/A-1 pin becomes the lowest address bit and
DQ8-DQ14 bits are tristated. However, the command
bus cycle is always an 8-bit operation and hence com-
mands are written at DQ0-DQ7 and the DQ8-DQ15bits
are ignored. Refer to Figures 15 and 16 for the timing
diagram.

Data Protection

The Am29F200 is designed to offer protection against
accidental erasure 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 pre-

vent inadvertent write cycles resulting form Vcc power-
up and power-down transitions or system noise.

Low Vcc Write Inhibit

To avoid initiation of a write cycle during Vcc power-up
and power-down, a write cycle is locked out for Vcc less
than 3.2 V (typically 3.7 V). If Vcc < Viko, the command
register is disabled and all internal progranverase cir-
cuits are disabled. Under this condition the device will
reset to the read mode. Subsequent writes will be ig-
nored until the Vcc level is greater than Viko. It is the
users responsibility to ensure that the control pins are
logically correct to prevent unintentional writes when
Vcc is above 3.2 V.

Write Pulse “Glitch” Protection

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

Logical Inhibit

Writing is inhibited by holding any one of OE = Vi,
CE = Vi or WE = Viu. 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 = Vi and OE = V
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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EMBEDDED ALGORITHMS

Start

Write Program Command Sequence
(see below)

Data Poll Device

Increment Address

Last Address
?

Programming Completed

Program Command Sequence (Address/Command):

5555H/AAH

2AAAH/55H

5555H/A0H

Program Address/Program Data 18608A-8

Figure 1. Embedded Programming Algorithm

Table 9. Embedded Programming Algorithm

Bus Operations Command Sequence Comments

Standby (Note 1)

Write Program Valid Address/Data Sequence

Read Data Polling to Verify Programming

Standby (Note 1) Compare Data Output to Data Expected
Note:

1. Device is either powered-down, erase inhibit or program inhibit.
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EMBEDDED ALGORITHMS
Start
]
Write Erase Command Sequence
(see below)
I
Data Polling or Toggle Bit
Successfully Completed
Erasure Completed
Chip Erase Command Sequence Individual Sector/Multiple Sector
(Address/Command): Erase Command Sedquence
(Address/Command):
5555H/AAH 5555H/AAH
[ |
2AAAH/55H 2AAAH/55H
| |
5555H/80H 5555H/80H
I |
5555H/AAH 5555H/AAH
| ]
2AAAH/55H 2AAAH/S5H
| I
5555H/10H Sector Address/30H
Sector Address/30H Additional sector
S erase commands
) are optional
Sector Address/30H
18608A-9
Figure 2. Embedded Erase Algorithm
Table 10. Embedded Erase Algorithm
Bus Operations Command Sequence Comments
Standby (Note 1)
Write Erase
Read Data Polling to Verify Erasure
Standby (Note 1) Compare Output to FFH
Note:

1. Device is either powered-down, erase inhibit or program inhibit.
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Note:

Start

Y

Read Byte

(DQ0-DQ7)
Addr=VA

Read Byte
(DQ0-DQ7)
Addr=VA

Fail

VA = Byte address for programming

= Any of the sector addresses within the
sector being erased during sector erase
operation

= XXXXH during chip erase

18608A-10

1. DQ7 is rechecked even if DQ5 = “1” because DQ7 may change simultaneously with DQ5.

Figure 3. Data Polling Algorithm
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Start
VA = Byte address for programming
(gé%{gyot% = any of the sector addresses within the
Addr=VA sector being erased during sector erase
operation
= XXXXH during chip erase

= any address not within the sector in the
process of an Erase Suspend operation

DQ6=Toggle
?
Yes

Read Byte
(DQO-DQ7)
Addr=VA

Note: 18608A-11

1. DQ6 is rechecked even if DQ5 = “1” because DQ6 may stop toggling at the same time as DQ5 changing to “1”.
Figure 4. Toggle Bit Algorithm

20 ns 20 ns
Coew 000K /|
-05V
2.0V
18608A-12
20 ns
Figure 5. Maximum Negative Overshoot Waveform
20 ns
Vee +2.0V
oy KKK N
20V
20 ns 20 ns 18608A-13

Figure 6. Maximum Positive Overshoot Waveform
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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 A9 (Note 1) ....... -20Vto+7.0V
Vec{Note1) .................. -2.0Vto+7.0V
A3 (Note2) .................. -2.0Vio+14.0V
Qutput Short Circuit Current (Note 3) . ... .. 200 mA
Notes:

1. Minimum DC voltage on input or I/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
/O pins is Ve + 0.5 V. During voltage transitions, outputs
may overshoot to Ve + 2.0 V for periods up to 20 ns.

2. Minimum DC input voltage on A9 pin is—0.5 V. During volt-
age transitions, A9 may overshoot Vss to 2.0 V for peri-
ods of up to 20 ns. Maximum DC input voltage on A9 is
+13.5 V which may overshoot to 14.0 V for periods up to
20 ns.

3. Nomore 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

Case Temperature (Tc) ............ 0°C to +70°C
Industrial (l) 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
Vcc Supply Voltages

Vec for Am29F200T/B-75 ... . ... +4.75Vto +5.25V

Vee for Am29F200T/B-90, 120 ... +4.50Vto +5.50 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.
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DC CHARACTERISTICS
TTL/NMOS Compatible
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
It Input Load Current VIN = Vssto Vce, Vee = Vee Max +1.0 HA
lur A9 input Load Current Vcec = VecMax, A9 =125V 50 pHA
Lo Output Leakage Current Vour = Vssto Vce, Vee = Vec Max +1.0 HA
lec Vce Active Current (Note 1) CE = VIL OE = Vi Byte 40 mA
Word 50
lcc2 Ve Active Current (Notes 2, 3) CE = VIL,OE = Vi1 ’ 60 mA
lcca Vce Standby Current Vee = Vec Max, CE = Vi, OF = Vin 1.0 mA
Vi Input Low Level -0.5 0.8 Vv
ViH Input High Level 2.0 Vee Vv
+ 0.5
Vip Voltage for Autoselect Vee=5.0V 11.5 125 v
and Sector Protect
Vou Qutput Low Voltage loL = 5.8 mA, Vcc = Vec Min 0.45
VoH Output High Level lon=-2.5 mA Vcc = Vec Min 24
VLko Low Vcc Lock-Out Voltage 3.2 4.2
Notes:
1. The lcc current listed includes both the DC operating current and the frequency dependent component (at 6 MHz).
The frequency component typically is less than 2 mA/MHz, with OE at ViH.
2. lec active while Embedded Algorithm (program or erase) is in progress.
3. Not 100% tested.
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DC CHARACTERISTICS (continued)

CMOS Compatible
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
] Input Load Current VIN = Vssto Vee, Vee = Vee Max +1.0 pA
Iur A9 Input Load Current Vec=VeccMax, A9 =125V 50 pA
o Output Leakage Current Vour = Vss to Ve, Vee = Vee Max +1.0 HA
lect Vcce Active Current (Note 1) CE = VILLOE = ViH Byte 40 mA
Word 50
lec2 Vce Active Current (Notes 2, 3) CE=VILLOE = Vi 60 mA
Icca Vcc Standby Current Vce = Vee Max, CE = Vec £ 0.5 V, 100 pA
OE = VH
ViL Input Low Level -0.5 0.8
ViH Input High Level 0.7x Vece
Vee +0.3
Vip Voltage for Autoselect Vec=5.0V 11.5 12.5 \
and Sector Protect
VoL Output Low Voltage loL = 5.8 mA, Vce = Vee Min 0.45
VoH1 loH=-2.56 mA, Vcc = Vcc Min 0.85
Output High Voltage Vee
VoH2 loH= =100 pA, Vcec = Vec Min Vce v
-0.4
Viko Low Vcc Lock-out Voltage 3.2 4.2 \
Notes:

1. The Icc current listed includes both the DC operating current and the frequency dependent component (at 6 MHz).

The frequency component typically is less than 2 mA/MHz, with OF at ViH.

2. lcc active while Embedded Algorithm (program or erase) is in progress.
3. Not 100% tested.
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AC CHARACTERISTICS
Read Only Operations Characteristics
Parameter
Symbol
ymoo's 75 90 | -120 | -150
JEDEC | Standard | Description Test Setup (Note 1) | (Note 2) | (Note 2) | (Note 2) | Unit
tavav | trRC Read Cycle Time (Note 4) Min 70 90 120 150 ns
tavav | tacc Address to Output Delay CE=ViL Max 70 90 120 150 ns
OE = VL
teLav | tce Chip Enable to Output Delay] OE = Vi Max 70 90 120 150 ns
taLav toe Output Enable to Max 30 35 50 55 ns
Output Delay
teHQz | tDF Chip Enable to Output . Max 20 20 30 35 ns
High Z (Note 3, 4)
tcHoz | tDF Output Enable to Output Max 20 20 30. 35 ns
High Z (Note 3, 4)
taxax toH Output Hold Time From Min [o] (o] 0 0 ns
Addresses, CE or OE,
Whichever Occurs First
tReady RESET pin low to read Max 20 20 20 20 us
mode
tELFL CE to BYTE switching low or Max 5 5 5 5 ns
tELFH high
Notes:
1. Test Conditions: 2. Test Conditions: 3. Output driver disable time.
Output Load: 1 TTL gate and 30 pF Output Load: 1 TTL gate and 100 pF 4. Not 100% tested.
Input rise and fall times: 5 ns Input rise and fall times: 20 ns
Input pulse levels: 0.0 V to 3.0 V Input pulse levels: 0.45 Vto 2.4 V
Timing measurement reference level Timing measurement reference level
Input: 1.5V Input: 0.8 and 2.0 V
Output: 1.5 V Output: 0.8 and 2.0 V
50V
IN3064
) or Equivalent & 2.7 kQ
Device
Under ¢ \ 4
Test |
6.2 kQ
CL |
Diodes = IN3064
= = or Equivalent
Notes:

For -70: CL = 30 pF including jig capacitance
For all others: CL = 100 pF including jig capacitance - 18608A-14

Figure 7. Test Conditions
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AC CHARACTERISTICS
Write/Erase/Program Operations

Parameter Symbols

JEDEC| Standard | Description 70 -90 -120 -150 Unit
tAVAY twe Write Cycle Time (3) Min 70 90 120 150 ns
tavwL | tas Address Setup Time Min 0 0 0 0 ns
twLax | tAH Address Hold Time Min 45 45 50 50 ns
tovwH | tos Data Setup Time Min 30 45 50 50 ns
twHDX | tOH Data Hold Time Min 0 0 0 0 ns
tOES Output Enable Setup Time (3) Min 0 0 0 0 ns
oen Output Enable Read (3) __ : M?n 0 0 0 0 ns
Hold Time Toggle and Data Polling (3) | Min | 10 10 10 10 ns
tGHwWL | tGHWL Read Recover Time Before Write Min 0 0 0 0 ns
teLwe | tcs CE Setup Time Min 0 0 0 0 ns
twHEH | tcH CE Hold Time Min 0 0 0 ] ns
twiwH | twp Write Pulse Width Min 35 45 50 50 ns
twHWL | twPH Write Pulse Width High Min 20 20 20 20 ns
IWHWH1 [ tWHWH1 Byte Programming Operation Typ 16 16 16 16 us
tWHWH2| twHWH2 Erase Operation (1) Typ 1.5 1.5 1.5 1.5 sec
Max 30 30 30 30 sec
tvcs Vee Set Up Time (3) Min 50 50 50 50 us
tVLHT Voltage Transition Time (2, 3, 5) Min 4 4 4 4 us
twpp Write Pulse Width (2) Min 100 100 100 100 ps
twpp2 Write Pulse Width (5) Min 10 10 10 10 ms
tOESP OE Setup Time to WE Active (2, 3, 5) Min 4 4 4 4 1s
tcsp CE Setup Time to WE Active (3) Min 4 4 4 4 us
tRP RESET Pulse Width Min | 500 500 500 500 ns
tFLQz BYTE Switching Low to Output High Z (3, 4) | Max 20 30 30 30 ns
tBUSY Program/Erase Valid to RD/BY delay (3) Min 30 35 50 55 ns

Notes:
This does not include the preprogramming time.

1.

2. These timings are for Sector Protect operation.

3. Not 100% tested.

4. Output Driver Disable Time
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must Be Will Be
Steady Steady
May Will Be
Change Changing
fromHto L fromHto L
May Will Be
Change Changing
fromLto H fromLto H
Don't Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off” State
KS000010
SWITCHING WAVEFORMS
tRC
a -
Addresses )g Addresses Stable (
- +
tacc
CE X
. 7
e
[— toE —> 7| (o)
OF \ \
u _7
(tce)
(toH) = e
High 2 / High Z
Outputs \ < Output Valid > y—
18608A-15

Figure 8. AC Waveforms for Read Operations
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SWITCHING WAVEFORMS

r g
Addresses >§ 5555H PA JKM( PA X B .
le— twe L lAS_: 1AH [e— ' tRC
=/ N/ VN /v

3rd Bus Cycle Data Polling [

E [*— iGHWL
oE \ / [
— twp [e—— tWHWH{ =
WE ) I
E twPH |3
tcs
- —P — tDF
le— tDH 10E
| -
Data ACH H PD _<
—— [
tos = |« . - I+ toH
50V
Notes: —"| iCE [*—
1. PAis address of the memory location to be programmed. 18608A-16
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.
6. These waveforms are for the x16 mode.
Figure 9. Program Operation Timings
lt— 1AH
T
Addresses X 5555H 2AAAH 5555H X 5555H X 2AAAH X SA X
fe— tAS
=/ X N/ S L S S
tGHWL =
OE \
I twp ,
wE / /S NV VvV VvV \V
- tWPH
tcs tDH
Data { { y { > —~ ) { > { >
/ DS AAH N/ 55H \—/BOH / AAH \—/SSH / 10H/30H
Vce k tves »f 18608A-17
Notes:

1.

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

2. These waveforms are for the x16 mode.

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

fCH
— y
CE _P

le— {DF —
—» 10E (e

tOEH N

—_ A
WE 7 l¢—— tCE ——» \

“ toH
N High Z
o) @ oo X e
[ tWHWH 10r 2 —————————————
DQO-DQ5 ) «({i DQO-DQ6=Invalid X o oar :»»—

*DQ7=Valid Data (The device has completed the Embedded operation). 18608A-18

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

= /1\

tOEH "=
WE
toEs
OE \ / \_/ 5(_/ \_./
*
Data DQ6= DQO-DQ7
(DQ0-DQY) X DQ6=Toggle X DQ6=Toggle ) Stop Toggling Valid X:
—*>ltoe'*=

18608A-19
Note:
*DQE6 stops toggling (The device has completed the Embedded operation).

Figure 12. AC Waveforms for Toggle Bit During Embedded Algorithm Operations
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=\

—

—»] The rising edge of the last WE signal

e W \_/ E
ntire programming

or erase operanons

RY/BY M
tBusy
18608A-20
Figure 13. RY/BY Timing Diagram During Program/Erase Operations
CE \ /
] ) 1
RY/BY ( ' 4 )!
]
0 ’ 1
' 4 '
' . '
RESET W

. 18608A-21
:
1

Figure 14. RESET/RY/BY Timing Diagram
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CE &_ /
OE —\ /—— ’
BYTE \ /
)
e
tELFL |
tELFH ! /
| ! Data Output Data Out ut>
bao-Da14 \ (DQo-DQ14) (DQO-DQY7)

DQ15/A1 ' /pais \ Address
. \ Output Input
'

18608A-22
Figure 15. BYTE Timing Diagram for Read Operation

=\ S

—» The falling edge of the last WE signal

BYTE

)

1
1SET — ™
tHOLD (tAH) 18608A-23

(tas)

Figure 16. BYTE Timing Diagram for Write Operations
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Start

!

Set Up Sector Addr
(A16, A15, At4,
A13, A12)

!

PLSCNT =1

:

OE = Vip, A9 = ViD
CE = ViL, RESET = VIH

!

Activate WE Pulse

:

Time Out 100 us

Increment
PLSCNT

!

PLSCNT
=25
?

Power Down OE
WE = VH
CE=0E=ViL
A9 should remain Vip

!

Read from Sector
Addr = SA, A1A0 = 10,
A6 =0

Device
Failed

Protect
Another
Sector?

Remove Vip from A9
Write Reset Command

!

Sector Protection
Complete

Figure 17. Sector Protection Algorithm

18608A-24
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SWITCHING WAVEFORMS

A16, A15,
A14, A13, >< SAx X SAy
A12
A0 >\
Al >
A8 >\
12V e -meccacnananna .-
5V ===~
A9
tVLHT
12V e e ee e m e cca e o - -
5V ----
OE N /
tVLHT tVLHT .
twPp
WE
toESP
CE >\ /
Data 01H

toE

SAx = Sector Address for initial sector

SAy = Sector Address for next sector 18608A-25

Figure 18. AC Waveforms for Sector Protection
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Start

!

Protect All Sectors

!

PLSCNT =1

!

__SetOE=A9=VD
CE = Vi, RESET = VHH
A6 =1, A1A0=10

v

Activate WE Pulse

* Increment
PLSCNT

Time Out 10 ms

Y

Set OE = CE = ViL
A9 = Vip

!

Set Up Sector Addr SA0

'

Read Data
o from Device
. No
Increment No . ACNT
Sector Addr = 19000
Device
No Sector Failed
Addr = SA6
?
Yes
i Remove Vip
Notes: from A9
SAO = Sector Address for initial sector
SAG6 = Sector Address for last sector ; 18608A-26
Please refer to Table 4.1 for details. Sector Unprotect
: Complete

Figure 19. Sector Unprotect Algorithm
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SWITCHING WAVEFORMS
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Figure 20. AC Waveforms for Sector Unprotect
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AC CHARACTERISTICS

Write/Erase/Program Operations
Alternate CE Controlled Writes

Parameter Symbols

JEDEC | Standard | Description -70 -90 -120 -150 Unit
tavav twe Write Cycle Time (4) Min 70 90 120 150 ns
AVEL tAs Address Setup Time Min 0 0 0 (o] ns
tELAX tAH Address Hold Time Min 45 45 50 50 ns
1DVEH tos Data Setup Time Min 30 45 50 50 ns
teHDX | oM Data Hold Time Min| 0 0 0 0 ns
toES Output Enable Setup Time Min 0 0 0 0 ns
o8 Sg:gl%gga(a’)e :lead (4) — M?n 0 0 0 0 ns
oggle and Data Polling | Min 10 10 10 10 ns
tGHEL tGHEL Read Recover Time Before Write Min 0 ] 0 0 ns
tWLEL | tws WE Setup Time Min 0 0 0 0 ns
tEHWH | twH WE Hold Time Min 0 0 0 0 ns
teten | tcp CE Pulse Width Min 35 45 50 50 ns
fEHEL . | tCPH CE Pulse Width High Min 20 20 20 20 ns
tWHWH1 | tWHWH1 Byte Programming Operation Typ 16 16 16 16 Hs
IWHWH2 | tWHWH2 Erase Operation( (1) Typ 1.5 15 1.5 1.5 sec
Max 30 30 30 30 sec
tves Vcce Set Up Time (4) Typ 50 50 50 50 us
tRP RESET Pulse Width Min | 500 500 500 500 ns
tFLOZ BYTE Switching Low to Output High Z (3, 4) | Max 20 30 30 30 ns
tBUSY Program/Erase Valid to RD/BY Delay (4) Min 30 35 50 55 ns
Notes:

1. This does not include the preprogramming time.

2. These timings are for Sector Protect/Unprotect operations.
3. This timing is only for Sector Unprotect.

4. Not 100% tested.
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Data Polling
Addresses )g 5555H PA PA X >—'
la— tWC e !AS_: tAH
=/ N_/
E l— {GHEL

N N/

—a tcp | e—— tWHWH1 —

tDH

Data /——< AloH PD Dar

!
tos | fe-

2
~
I/

5.0V

18608A-28
Notes:
PA is address of the memory location to be programmed.
PD is data to be programmed at byte address. )
DQ7 is the output of the complement of the data written to the device.
Dour is the output of the data written to the device.
Figure indicates last two bus cycles of four bus cycle sequence.

o0 A LN~

These waveforms are for the x16 mode.

Figure 21. Alternate CE Controlled Program Operation Timings
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ERASE AND PROGRAMMING PERFORMANCE

Limits

Parameter Min Typ Max Unit Comments

Chip and Sector Erase Time 1.5 30 sec Excludes OOH programming
(Note 1) prior to erasure

Byte Programming Time 16 1000 us Excludes system-level overhead

’ (Note 2)

Chip Programming Time 8.5 50 sec Excludes system-level overhead
(Note 1)

Erase/Program Cycles 100,000 1,000,000 Cycles

Notes:
1. 25°C, § V Vce, 100,000 cycles

2. The Embedded Algorithms allow for 48 ms byte program time.

LATCHUP CHARACTERISTICS

Min Max
Input Voltage with respect to Vss on all I/O pins -1.0V Vec+ 1.0V
Vcc Current ~100 mA +100 mA
Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time.
TSOP PIN CAPACITANCE
Parameter
Symbol Parameter Description Test Setup Typ Max Unit
CiN Input Capacitance VIN=0 6 7.5 pF
Cour Output Capacitance Vout =0 8.5 12 pF
Cin2 Control Pin Capacitance ViN=0 8 10 pF
Notes:
1. Sampled, not 100% tested.
2. Testconditions Ta = 25°C, f = 1.0 MHz
SO PIN CAPACITANCE
Parameter :
Symbol Parameter Description Test Setup Typ Max Unit
CiN Input Capacitance VIN=0 6 75 pF
Cout Output Capacitance Vout =0 8.5 12 pF
Cinz Control Pin Capacitance Vpp =0 8 10 pF
Notes:
1. Sampled, not 100% tested.
2. Testconditions Ta = 25°C, f= 1.0 MHz
DATA RETENTION
Parameter Test Conditions Min Unit
Minimum Pattern Data Retention Time 150°C 10 Years
125°C 20 Years
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Am29F040

4 Megabit (524,288 x 8-Bit) CMOS 5.0 Volt-only,

Sector Erase Flash Memory

n

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B 5.0V = 10% read, write, and erase
— Minimizes system level power requirements
B Compatible with JEDEC-standard commands
— Uses same software commands as E2PROMs
B Compatible with JEDEC-standard byte-wide
pinouts
— 32-pin PLCC/LCC
— 32-pin TSOP
— 32-pin DIP
B Minimum 100,000 write/erase cycles
H High performance
— 70 ns maximum access time
B Sector erase architecture
— 8 equal size sectors of 64K bytes each
— Any combination of sectors can be concurrently
erased. Also supports full chip erase.
B Embedded Erase Algorithms

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

B Embedded Program Algorithms

— Automatically writes and verifies data at
specified address

W Data Polling and Toggle Bit feature for detec-
tion of program or erase cycle completion

H Low power consumption
— 20 mA typical active read current
— 30 mA typical write/erase current
— 25 pA typical standby current

B Low Vcc write inhibit <3.2V

B Sector protection

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

B Suspend Erase/Resume

— Suspend the erase operation to allow a read
data in another sector within the same device

GENERAL DESCRIPTION

The Am29F040is a 4 Mbit, 5.0 V-only Flash memory or-
ganized 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 Vcc supply. A 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 150 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 com-
patible with JEDEC standard 4 Mbit E?PROMS.

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
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 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 sectorcanbe
programmed and verified in less than one

PRODUCT SELECTOR GUIDE

Family Part No: Am29F040
Ordering Part No:  Vcc =5.0V £5% -75 »

Vec =5.0V+10% -90 -120 -150
Max Access Time (ns) 70 90 120 150
CE (E) Access (ns) 70 90 120 150
OE (G) Access (ns) 30 35 50 55

Publication# 17113 Rev.C Amendmenl/OJ This document contains intormation on a product under development at Advanced Micro Devices, Inc. The information is 1-79

Issue Date: March 1994 i
without notice.

intended to help you evaluate this product. AMD reserves the right to change or discontinue work on this preposed product
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second. Erase is accomplished by executing the erase
command sequence. This will invoke the Embedded
Erase Algorithm which is an internal algorithm that auto-
matically 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 celt margin.

The entire chip or any individual sector is typically
erased and verified in 1.5 seconds (if already completely
preprogrammed).

This device also features a sector erase architecture.
The sector mode allows for 64K byte blocks of memory

Am29F040 memory electrically erases the entire chip or
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

m 64K Bytes per sector

m Individual-sector, multiple-sector, or bulk-erase
capability

m Individual or multiple-sector protection is user
definable

to be erased and reprogrammed without affecting 7FFFFh
other blocks. The Am29F040 is erased when shipped
6FFFFh
from the factory. SEFFFh
The device features single 5.0 V power supply operation 64K Bytes Per Sector
for both read and write functions. Internally generated 4FFFFh
and regulated voltages are provided for the program 3FFFFh
and erase operations. A low Vcc detector automatically
bl . 2FFFFh
inhibits write operations on the loss of power. The end of
program or erase is detected by Data Polling of DQ7 or 1FFFFh
by the Toggle Bit feature on DQ6. Once the end of a pro- OFFFFh
gram or erase cycle has been completed, the device 00000h
internally resets to the read mode.
AMD's Flash technology combines years of EPROM 17113C4
and E2PROM experience to produce the highest levels
of quality, reliability and cost effectiveness. The
BLOCK DIAGRAM
v DQo-DQ7
CC P
Ves —> Erase Voltage Input/Output
Generator Buffers
; J
State
WE > Control <
Command [
Register PGM Voltage —l
Generator .
.3 Chip Enable Data
GE of Output Enable sT8 Latch
OE Logic T
f Y
STLB’ Q Y-Decoder 2 Y-Gating
d
r
L Vee Detector | I Timer] e
s —>
S 1 X-Decoder Cell Matrix
AO-A18 L
a >
t
[o]
h
I 17113C-2
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CONNECTION DIAGRAMS
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—__—
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A6 ]2 31 [Jwe s << >3<
A15[] 3 30 [] A17 43 2 1323130
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29F040 Standard Pinout 17113C-5
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29F040 Reverse Pinout 17113C-6
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LOGIC SYMBOL
Table 1. Am29F040 Pin Configuration
Pin Function
% AO-A18 A0-A18 Address Inputs
8 DQo-DQ7 Data Input/Output
DQo-DQ7 —
CE Chip Enable
OE Output Enable
—»1 CE (E) — P
. WE Write Enable
—3»1 OE (G)
- Vss Device Ground
—»1 WE (W)
Vee Device Power Supply
(5.0 V£ 10% or £ 5%)

17113C-7
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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:

AM29F040 75 J c B

_r————- OPTIONAL PROCESSING

Blank = Standard Processing
B = Burn-In
TEMPERATURE RANGE -

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

PACKAGE TYPE

32-Pin Plastic DIP (PD 032)

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 (TSR 032)

«7

SPEED OPTION
See Product Selector Guide and
Valid Combinations

DEVICE NUMBER/DESCRIPTION

Am29F040

4 Megabit (512K x 8-Bit) CMOS Flash Memory
5.0 V Program and Erase

64K Byte Sectors

Valid Combinations Valid Combinations
AM29F040-75 JC, EC, FC Valid Combinations list configurations planned to be
i supported in volume for this device. Consult the lo-
AM29F040-90 | DE, DEB, LE, LEB, cal AMD sales office to confirm availability of specific

PC, PI, JC, JI, PCB, valid combinations and to check on newly released
AM29F040-120 PIB, JCB, JIB. PE, combinations.
AM29F040-150 | PEB, JE, JEB, EC,
El, FC, FI, EE, EEB,
FE, FEB
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MILITARY ORDERING INFORMATION
APL Products

AMD products for Aerospace and Defense apﬁlications are available in several packages and operating ranges, APL (Approved
Produzt:)tls List) prfoducts are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) is formed by
a combination of:

AM20F0s0 90 /B X .

B A
L 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

Am29F040

4 Megabit (512K x 8-Bit) CMOS Flash Memory
5.0 V Program and Erase

64K Byte Sectors

Valid Combinations Valid Combinations
Valid Combinations list configurations planned to
AM29F040-90 be supported in volume for this device. Consuilt
i /BXA, /BUA the local AMD sales office to confirm availability of
AM29F040-120 specific valid combinations and or to check on
AM29F040-150 newly released combinations.
Group A Tests

Group A tests consist of Subgroups
1,2,8,7,8,9,10, 11,
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Table 2. Am29F040 User Bus Operations

Operation CE OE WE AC A1 A6 A9 110
Auto-Select Manufacturer Code (1) L L H L L L Vip Code
Auto-Select Device Code (1) L L H H L L Vip Code
Read (4) L L H A0 Al A6 A9 Dour
Standby H X X X HIGH Z
Output Disable L H H HIGH Z
Write L H L A0 A1 A6 A9 Din(2)
Enable Sector Protect L Vip L X X X Vip X
Verify Sector Protect (3) L L H L H L Vip Code

Legend: :

L=V, H=Vin, 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. Referto Table 4 for valid Din during a write operation.
3. Refer to the section on Sector Protection
4

. WE can be Vi if OE is Vi, OF at ViH initiates the write operations.

Read Mode

The Am29F040 has two control functions which must be
satisfied in order to obtain data at the outputs. CE is the
power control and should be used for device selection.
OE isthe 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
accesstime (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 Am29F040 has two standby modes, a CMOS
standby mode (CE input held at Vcc + 0.5 V), whenthe
current consumed is less than 100 pA; and a TTL
standby mode (CE is held at Vin) 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 OF 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 (Vin), 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 Vip(11.5 V to 12.5 V) on address pin AS. Two
identifier bytes may then be sequenced from the device
outputs by toggling address A0 from Vi to Vin. All ad-
dresses are don't cares except A0, At, and A6.

The manufacturer and device codes may also be read
via the command register, for instances when the
AM29F040 is erased or programmed in a system with-
out access to high voltage on the A9 pin. The command
sequence is illustrated in Table 5 (refer to Autoselect
Command section).

Byte 0 (A0 = Vi) represents the manufacture’s code
(AMD=01H) and byte 1 (A0 = Vi) the device identifier
code (Am29F040=A4H). These two bytes are given in
the table below. All identifiers for manufactures and de-
vice will exhibit odd parity with the MSB (DQ7) defined
as the parity bit. In order to read the proper device codes
when executing the autoselect, A1 must be Vi (see
Table 3).
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Table 3. Am29F040 Sector Protection Verify Autoselect Codes

Code

Type A18 | A17 | A16 | A6 | A1 A0 (HEX) DQ7| DQ6 | DQ5| DQ4| DQ3 | DQ2| DQ1| DQO
Manufacture Code X X X VL | VL | Vi 01H 0 0 0 0 0 0 0 1
Am29F040 X X X ViL | Vi ViH AdH 1 0 1 0 0 1 0 0
Device Code

Sector Protection Sector Addresses | ViL | ViH | ViL

O1H* 0 0 0 0 0 0 0 1

*Outputs 01H at protected sector addresses

Table 4. Sector Address Tables

A18 A17 A16 Address Range
SAQ 0 0 0 00000h~-0FFFFh
SA1 0 0 1 10000h—1FFFFh
SA2 0 1 ¢] 20000h-2FFFFh
SA3 0 1 1 30000h-3FFFFh
SA4 1 0 0 40000h—-4FFFFh
sas | 1 | o 1 50000h-5FFFFh
SA6 1 1 0 60000h-6FFFFh
SA7 1 1 1 70000h-7FFFFh

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 Vi, while CE
is at Vi and OE s at Vin. Addresses are latched on the
falling edge of WE or CE, whichever happens later;
while data is latched on the rising edge of WE or CE,
whichever happensfirst. Standard microprocessorwrite
timings are used. .

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

The Am29F040 features hardware sector protection.
This feature will disable both program and erase opera-

tions in any number of sectors (0 through 8). The sector
protect feature is enabled using programming

equipment at the user's site. The device is shipped with
all sectors unprotected. Alternatively, AMD may pro-
gram and protect sectors in the factory prior to shipping
the device (AMD's ExpressFlash™ Service).

To activate this mode, the programming equipment
must force Vip on address pin A9 and control pin OE,
(suggest Vio= 11 V) and CE = Vin. The sector addresses
(A18, A17, and A16) should be set to the sector to be
protected. Table 4 defines the sector address for each of
the eight (8) individual sectors. Programming of the
protection 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 Vio on address pin
A9 with CE and OE at Vi. and WE at Vin. Scanning the
sector addresses (A16, A17, and A18) while (A6, A1,
A0) = (0, 1, 0) will produce a logical “1” code at device
output DQO for a protected sector. Otherwise the device
will read 00H for unprotected sector. In this mode, the
lower order addresses, except for A0, A1, and A6 are
don't care. Address locations with A1 = Vi are reserved
for Autoselect manufacturer and device codes.

Itis also possible to determine if a sector is protected in
the system by writing an Autoselect command. Perform-
ing a read operation at the address location XX02H,
where the higher order addresses (A16, A17, and A18)
are the sector address will produce a logical “1” at DQO
for a protected sector. See Table 3 for Autoselect codes.

Command Definitions

Device operations are selected by writing specific ad-
dress and data sequences into the command register.
Writing incorrect address and data values or writing
them in the improper sequence will reset the device to
read mode. Table 5 defines the valid register command
sequences. Note that the Erase Suspend (BO) and
Erase Resume (30) commands are valid only while the
Sector Erase operation is in progress. Either of the two
reset commands will reset the device (whenapplicable).
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Table 5. AmM29F040 Command Definitions

B ) ) Fourth Bus . .
us First Bus | Second Bus | Third Bus Read/Write Fifth Bus Sixth Bus
Command Write i i i i i
Write Cycle | Write Cycle | Write Cycle Cycle Write Cycle | Write Cycle
Sequence Cycles
Read/Reset Req’'d Addr [Data| Addr |Data| Addr [Data Addr Data Addr | Data| Addr | Data
Read/Reset 1 XXXH | FOH
Read/Reset 4 5555H | AAH | 2AAAH | 55H | 8555H | FOH RA RD
Autoselect 4 5555H | AAH | 2AAAH | 55H | 5555H | 90H
Byte Program 4 5555H | AAH |2AAAH | 55H | 5555H | AOH PA Data
Chip Erase 6 5555H | AAH | 2AAAH | 55H | 5555H | 80H 5555H AAH |2AAAH | 55H | 5555H | 10H
Sector Erase 6 5555H | AAH [2AAAH | 55H | 5555H | 8CH 5555H AAH [2AAAH | 55H SA 30H
Sector Erase Suspend Erase can be suspended during sector erase with Addr (don't care), Data (BOH)
Sector Erase Resume Erase can be resumed after suspend with Addr (don't care), Data (30H)

Notes:

1. Address bits A15, A16, A17, and A18 = X = Don't Care. Write Sequences may be initiated with A15 in either state.
. Address bits A15,A16, A17, and A18 = X = Don't Care for all address commands except for Program Address (PA) and Sector Address (SA).

2
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 A18, A17, A16 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
fromthe 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. Inthis case, acommand sequence is not required
to read data. Standard microprocessor read cycles will
retrieve array data. This defauit 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 A9 to a high voltage. However, multiplexing high
voltage onto the address lines is not generally desired
system design practice.

The device contains acommand autoselect operationto -
supplement traditional PROM programming methodol-
ogy. The operation is initiated by writing the autoselect
command sequence into the command register. Follow-
ing the command write, a read cycle from address
XXOO0H retrieves the manufacture code of 01H. A read
cycle from address XX01H returns the device code A4H
(see Table 3). All manufacturer and device codes will
exhibit odd parity with the MSB (DQ7) defined as the
parity bit.

Scanning the sector addresses (A16, A17, A18) while
(A6, A1, A0) = (0,1, 0) will produce alogical “1” at device
output DQO for a protected sector.

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 followed by the
program set-up command and data write cycles.
Addresses are latched on the falling edge of CE or WE,
whichever happens later and the data is latched on the
rising edge of CE or WE, whichever happens first. The
rising edge of CE or WE (whichever happens first)
begins programming. Upon executing the Embedded
Program Algorithm command sequence the system is
not required to provide further controls or timings. The
device will automatically provide adequate internally
generated program pulses and verity the programmed
cell margin.

The automatic programming operation is completed
when the data on DQ7 is equivalent to data written to
this bit (see Write Operation Status section) at which
time the device returns to the read mode and addresses
are no longer latched. Therefore, the device requires
that a valid address to the device be supplied by the sys-
tem at this particular instance of time. Hence, Data Poll-
ing must be performed at the memory location which is
being programmed.

Any commands written to the chip during this period will
be ignored.

Am29F040
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Programming is allowed in any sequence and across
sector boundaries. Beware that a data “0” cannot be
programmed back to a “1”. Attempting to do so will prob-
~ably hang up the device (exceed timing limits), or per-
haps result in an apparent success according to the data
polling algorithm but a read from reset/read mode will
show that the data is still “0". Only erase operations can
convert “0"s to “1”s.

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 notrequire 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.

The automatic erase begins onthe rising edge of the last
WE pulse in the command sequence and terminates
when the dataon DQ7 is “1" (see Write Operation Status
section) at which time the device returns to read
the mode.

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

Sector Erase

Sectorerase 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 locationwithin 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
80 us from the rising edge of the last sector erase com-
mand will initiate the sector erase command(s). Please
note: Do not attempt to write an invalid command se-
quence during the sector erase operation. Otherwise, it
will terminate the sector erase operation and the device
will reset back into the read mode.

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 to addresses in other sectors desired to be
concurrently erased. The time between writes must be
less than 80 us, otherwise that command will not be ac-
cepted. It is recommended that processor interrupts be
disabled during this time to guarantee this condition.
The interrupts can be re-enabled after the last Sector
Erase command is written. A time-out of 80 s from the
rising edge of the last WE will initiate the execution of the
Sector Erase command(s). If another falling edge of the
WE occurs within the 80 pus time-out window the timeris

reset. (Monitor DQ3 to determine if the sector erase win-
dow is still open, see section DQ3, Sector Erase Timer.)
Any command other than Sector Erase or Erase Sus-
pend during this period and afterwards will reset the de-
vice to read mode, ignoring the previous command
string. Resetting the device after it has begun execution
will result in the data of the operated sectors beingunde-
fined (messed up). In that case, restart the erase on
those sectors and allow themto complete. (Refer to the
Write Operation Status section for Sector Erase Timer
operation.) Loading the sector erase buffermay be done
in any sequence and with any number of sectors (110 8).

Sector erase does not require the user to program the
device prior 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 begins after the 100 us time
out from the rising edge of the WE pulse for the last sec-
tor erase command pulse and terminates when the data
on DQ7 is “1” (see Write Operation Status section) at
which time the device returns to read mode. During the
execution of the Sector Erase command, only the Erase
Suspend and Erase Resume commands are allowed.
All other commands will reset the device to read mode.
Data poiling must be performed at an address within any
of the sectors being erased.

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

Erase Suspend

Erase Suspend command allows the user to interrupt
the chip and then do data reads (not program) from a
non-busy sector while it is in the middle of a Sector
Erase operation (which may take up to several sec-
onds). This command is applicable ONLY during the
Sector Erase operation and will be ignored if written dur-
ing the chip Erase or Programming operation. The
Erase Suspend command (BO) will be allowed only dur-
ing the Sector Erase Operation that will include the sec-
tor erase time-out period after the Sector Erase
commands (30). Writing this command during the time-
out will result in immediate termination of the time-out
period. Any subsequent writes of the Sector Erase com-
mand will be taken as the Erase Resume command.
Note that any other commands during the time out will
reset the device to read mode. The addresses are don't-
cares in writing the erase Suspend or Erase Resume
commands.

When the Erase Suspend command is written during a
Sector Erase operation, the chip will take between
0.1 us to 15 ps to suspend the erase operation and go
into erase suspended read mode (pseudo-read mode),
duringwhichthe user canread from a sector thatis NOT
being erased. Aread from a sector being erased may re-
sult in invalid data. The user must monitor the toggle bit
to determine if the chip has entered the pseudo-read
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mode, at which time the toggle bit stops toggling. An
address of a sector NOT being erased must be used to
readthe toggle bit, otherwise the user may encounter in-
termittent problems. Note that the user must keep track
of what state the chip is in since there is no external indi-
cation of whether the chip is in pseudo-read mode or ac-
tual read mode. Afterthe userwrites the Erase Suspend
command and waits until the toggle bit stops toggling,
data reads from the device may then be performed. Any
further writes of the Erase Suspend command at this
time will be ignored.

Every time an Erase Suspend command followed by an
Erase Resume command is written, the internal (pulse)

counters are reset. These counters are used to count
the number of high voltage pulses the memory cell
requires to program or erase. If the count exceeds a
certain limit, then the DQ5 bit willbe set (Exceeded Time
Limit flag). This resetting of the counters is necessary
since the Erase Suspend command can potentially
interrupt or disrupt the high voltage pulses.

To resume the operation of Sector Erase, the Resume
command (30) should be written. Any further writes of
the Resume command at this point will be ignore.
Another Erase Suspend command can be written after
the chip has resumed.

Write Operation Status

Table 6. Hardware Sequence Flags

Status DQ7 | DQ6 | DQ5 | DQ3 DQ2-DQo
In Progress Auto-Programming DQ7 |Toggle 0 0 (D)
Program/Erase in Auto Erase 0 Toggle 0 1
Exceeded Auto-Programming DQ7 |Toggle| 1 1 (D)
Time Limits Program/Erase in Auto-Erase 0 |Toggle 1 1

Note: DQO, DQ1, and DQ2 are reserve pins for future use. DQ4 is for AMD internal use only.

DQ7
Data Polling

The Am29F040 device features Data Polling as a
method to indicate to the host that the Embedded Algo-
rithms are in progress or completed. During the Embed-
ded Program Algorithm an attempt to read the device
will produce the compliment of the data last written to
DQ7. Upon completion of the Embedded Program Algo-
rithm, an attempt to read the device will produce the true
data last written to DQ7. During the Embedded Erase
Algorithm, an attempt to read the device will produce a
“0” at the DQ7 output. Upon completion of the Embed-
ded Erase Algorithm an attempt to read the device will
produce a “1” at the DQ7 output. The flowchart for Data
Polling (DQ7) is shown in Figure 3.

For chip erase, the Data Polling is valid after the rising
edge of the sixth WE pulse in the six write pulse se-
quence. For sector erase, the Data Polling is valid after
the last rising edge of the sector erase WE pulse. Data
Polling must be performed at sector address within any
of the sectors being erased and not a protected sector.
Otherwise, the status may not be valid. Once the Em-
bedded Algorithm operation is close to being com-
pleted, the Am29F040 data pins (DQ7) may change
asynchronously while the output enable (OE) is as-
serted low. This means that the device is driving status
information on DQ7 at one instant of time and then that
byte’s valid data at the next instant of time. Depending
on when the system samples the DQ7 output, it may
read the status or valid data. Even if the device has com-
pleted the Embedded Algorithm operation and DQ7 has
a valid data, the data outputs on DQ0O-DQ6 may be still

invalid. The valid data on DQ0-DQ7 will be read on the
successive read attempts.

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.

DQs6
Toggle Bit

The Am29F040 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 attempis to read (OE toggling) data from
the device will result in DQ6 toggling between one and
zero. Once the Embedded Program or Erase Algorithm
cycleis completed, DQ6 will stop toggling and valid data
will be read on the next successive attempts. During
programming, the Toggle Bit is valid after the rising edge
of the fourth WE pulse in the four write pulse séquence.
For chip erase, the Toggle Bit is valid after the rising
edge of the sixth WE pulse in the six write pulse se-
quence. For Sector erase, the Toggle Bit is valid after
the last rising edge of the sector erase WE pulse. The
Toggle Bit is active during the sector time out.

In programming, if the sector being written to is pro-
tected, the toggle bit will toggle for about 2 us and then
stoptoggling without the data having changed. In erase,
the device will erase all the selected sectors except for
the ones that are protected. If all selected sectors are
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protected, the chip will toggle the toggle bit for about 100
us andthen drop back into read mode, having changed
none of the data.

Either CE or OE toggling will cause the DQ6 to toggle.

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

DQ5
Exceeded Timing Limits

DQ5 will indicate if the program or erase time has ex-
ceeded the specified limits (internal pulse count). Under
these conditions DQ5 will produce a “1”. This is a failure
condition which indicates that the program or erase cy-
cle was not successfully completed. Data Polling is the
only operating function of the device under this condi-
tion. The CE circuit will partially power down the device
underthese conditions (to approximately 2 mA). The OE
and WE pins will control the output disable functions as
described in Table 2.

If this failure condition occurs during sector erase opera-
tion, it specifies that a particular sector is bad and it may
not be reused, however, other sectors are still functional
and may be used for the program or erase operation.
The device must be reset to use other sectors. Write the
Reset command sequence to the device, and then exe-
cute program or erase command sequence. This allows
the systemto continue to use the other active sectors in
the device.

If this failure condition occurs during the chip erase op-
eration, it specifies that the entire chip is bad or combi-
nation of sectors are bad.

If this failure condition occurs during the byte program-
ming operation, it specifies that the entire sector con-
taining that byte is bad and this sector may not be
reused, (other sectors are still functional and can
be reused).

The DQ5 failure condition may also appear if auser tries
to program a non blank location without erasing. In this
case the device locks out and never completes the
Embedded Algorithm operation. Hence, the system
never reads a valid data on DQ7 bit and DQ6 never
stops toggling. Once the device has exceeded timing
limits, the DQ5 bit willindicate a “1.” Please note that this
is not a device failure condition since the device was
incorrectly used.

DQ3
Sector Erase Timer

After the completion of the initial sector erase command
sequence the sector erase time-out will begin. DQ3 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, DQ3 may be
used to determine if the sector erase timer window is still

open. If DQ3 is high (“1") the internally controlled 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 DQ3 is low (*0"), the device will accept ad-
ditional sector erase commands. To insure the com-
mand has been accepted, the system software should
check the status of DQ3 prior to and following each sub-
sequent sector erase command. If DQ3 were high on
the second status check, the command may not have
been accepted.

Refer to Table 6: Hardware Sequence Flags.
Data Protection ‘

The Am29F040 is designed to offer protection against
accidental erasure 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 ofthe 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 Vec
power-up and power-down transitions or system noise.

Low Vcc Write Inhibit

To avoid initiation of a write cycle during Vcc power-up
and power-down, a write cycle is locked out for Vcc less
than 3.2 V (typically 3.7 V). If Ve < Vixo, the command
register is disabled and all internal progranverase cir-
cuits are disabled. Under this condition the device will
reset to the read mode. Subsequent writes will be ig-
nored until the Vec level is greater than Vixo.

Write Pulse “Glitch” Protection

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

Logical Inhibit

Writing is inhibited by holding any one of OF = Vi,
CE = Vinor WE = Viu. To initiate a write cycle CEand WE
must be a logical zero while OE is a logical one.

Power-Up Write Inhibit

Power-up of the device with WE = CE = ViLand OE = Vi
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 Am29F040 may be hardware protected at
the users factory. The protection circuitry will disable
both program and erase functions for the protected
sector(s). Requests to program or erase a protected
sector will be ignored by the device.
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EMBEDDED ALGORITHMS

Start

Write Program Command Sequence
(see below)

Data Poll Device

Increment Address

Last Address
?

Programming Completed

Program Command Sequence (Address/Command):

5555H/AAH

2AAAH/55H

5555H/A0H

Program Address/Program Data 17113C-8

Figure 1. Embedded Programming Algorithm

Table 7. Embedded Programming Algorithm

Bus Operations Command Sequence Comments

Standby (Note 1)

Write Program Valid Address/Data Sequence

Read Data Polling to Verify Programming
Standby (Note 1) Compare Data Output to Data Expected

Note: Device is either powered-down, erase inhibit or program inhibit.

Am29F040 1-91



uAMD PRELIMINARY

EMBEDDED ALGORITHMS
Start
]
Write Erase Command Sequence
(see below)
|
Data Polling or Toggle Bit
Successfully Completed
Erasure Completed
Chip Erase Command Sequence Individual Sector/Multiple Sector
(Address/Command): Erase Command Sequence
(Address/Command):
5555H/AAH 5555H/AAH
] |
2AAAH/55H - 2AAAH/S55H
| |
5555H/80H 5555H/80H
] |
5555H/AAH 5555H/AAH
| |
2AAAH/55H 2AAAH/55H
1 1
5555H/10H Sector Address/30H
|
Sector Address/30H Additional sector
e erase commands
L] are optional
Sector Address/30H
17113C-9
Figure 2. Embedded Erase Algorivthm
Table 8. Embedded Programming Algorithm
.Bus Operations Command Sequence Comments
Standby
Write Erase
Read Data Polling to Verify Erasure
Standby Compare Output to FFH
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Start

Y

Read Byte
| (DQo-DQ7)

Addr=VA

VA = Byte address for programming
= Any of the sector addresses within the
sector being erased during sector erase
operation
= XXXXH during chip erase

Read Byte
(DQ0-DQ7)
Addr=VA

Fail -

17113C-10

Note: DQ7 is rechecked even if DQS = “1” because DQ7 may change simultaneously with DQ5.

Figure 3. Data Polling Algorithm
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Start

!

Read Byte
(DQO-DQ7)
Addr=VA

DQ6=Toggle
?

Read Byte
(DQO-DQY7)
Addr=VA

VA

Note:

= Byte address for programming

= any of the sector addresses within the
sector being erased during sector erase
operation

= XXXXH during chip erase

Pa

SS

17113C-11

DQ6 is rechecked even if DQ5 = “1" because DQ6 may stop toggling at the same time as DQS5 changing to “1".

Figure 4. Toggle Bit Algorithm

20 ns 20 ns
08V WAYAYAYAYAY;
Coav KXOXKXX OOXXX
2.0V
20 s 17113C-12
Figure 5. Maximum Negative Overshoot Waveform
B 20 ns
Vec+2.0V
Ve +0.5V VVVVVV
20V / ’A’A’A A‘A
20 ns 20ns 17113C-13

Figure 6. Maximum Positive Overshoot Waveform
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature

Ceramic Packages .. ... e -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 A9 (Note 1) .. ..... -20Vto+7.0V
Vecc(Note 1) .................. -2.0Vto+7.0V
AS(Note2) .................. -20Vto+14.0V
Output Short Circuit Current (Note 3) . ..... 200 mA
Notes:

1. Minimum DC voltage on input or I/O pins is 0.5 V. During
voltage transitions, inputs may undershoot Vss to 2.0 V
for periods of up to 20 ns. Maximum DC voltage on output
and /O pins is Vcc + 0.5 V. During voltage transitions, out-
puts may overshoot to Ve + 2.0 V for periods up to 20 ns.

2. Minimum DC input voltage on A9 pin is ~0.5 V. During volt-
age transitions, A9 may undershoot Vto —2.0 V for periods
of up to 20 ns. Maximum DC input voltage on A is +13.5V
which may overshoot to 14.0 Vss 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

Case Temperature (Te) ............ 0°C to +70°C
Industrial (I) Devices

Case Temperature (Tc) .......... —40°C to +85°C
Extended (E) Devices

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

Case Temperature (Tc) ......... -55°C to +125°C
Vee Supply Voltages

Vccfor Am29F040-75.......... +4.75Vto +5.25V
Vce for Am29F040 .

90,120,150 ...t +4.50 Vto +5.50 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.
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DC CHARACTERISTICS
TTL/NMOS Compatible
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
Ll Input Load Current VIN = VSS to Ve, Vee = Vee Max +1.0 HA
Iur A9 Input Load Current Vcc=VeccMax, A9 =125V 50 HA
Lo Output Leakage Current Vourt = Vssto Vcc, Vee = Ve Max +1.0 HA
lcct Vcc Active Current (Note 1) CE = ViLLOE = Vi 40 mA
lec2 Vce Active Current (Notes 2, 3) CE = VILLOE = Vi 60 mA
lcea Vee Standby Current Vce = Vec Max, CE = Vin, OE = Vi 1.0 mA
Vi Input Low Level -0.5 0.8
ViH Input High Level 2.0 Vee
+05
Vio Voltage for Autoselect Vcec=5.0V 115 12.5 \
and Sector Protect
VoL Output Low Voltage loL= 12 mA, Vcc = Vcc Min 0.45
Vo Output High Level loH=-2.5 mA Vcc = Veec Min 2.4
ViLko Low Vcc Lock-Out Voltage 3.2 4.2
Notes:

1. The lcc current listed includes both the DC operating current and the frequency dependent component (at 6 MHz).

The frequency component typically is less than 2 mA/MHz, with OE at ViH.

2. lcc active while Embedded Algorithm (program or erase) is in progress.
3. Not 100% tested.
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DC CHARACTERISTICS (continued)

CMOS Compatible
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
1L Input Load Current VIN = Vssto Vce, Vee = Vee Max +1.0 A
lut A9 Input Load Current Vcc=VecMax, A9 =125V 50 HA
o Output Leakage Current Vour = Vss to Vce, Vee = Veec Max +1.0 pA
leet Vcc Active Current (Note 1) CE=Vi,OE =VH 40 mA
lccz Vce Active Current (Notes 2, 3) CE = VILLOE = VIH 60 mA
lcca Ve Standby Current Vce = Vec Max, CE = Vec £ 0.5 V, 100 pA
OE = ViL
Vi Input Low Level -05 0.8
ViH Input High Level 0.7x Vce
Vce +0.3
Vip Voltage for Autoselect Vcc=5.0V 115 125 v
and Sector Protect
VoL Output Low Voltage loL=12.0 mA, Vcc = Vee Min 0.45
VOH1 loH=-2.5 mA, Vcc = Vce Min 0.85
. Vec
Output High Voltage
VoHz loH=~100 pA, Vcc = Vcc Min Ve Vv
-04
VLko Low Vcc Lock-out Voltage 3.2 4.2 \
Notes:
1.. The lcc current listed includes both the DC operating current and the frequency dependent component (at 6 MHz).
The frequency component typically is less than 2 mA/MHz, with OE at ViH.
2. lcc active while Embedded Algorithm (program or erase) is in progress.
3. Not 100% tested.
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AC CHARACTERISTICS
Read Only Operations Characteristics
Parameter
Symbols
-75 -90 -120 -150
JEDEC| Standard | Description Test Setup (Note 1) | (Note 2) | (Note 2) | (Note 2) | Unit
tavav tRC Read Cycle Time (Note 4) Min 70 90 120 150 ns
tavav | tacc Address to Qutput Delay CE=ViL Max 70 9 | 120 150 ns
OE = ViL
teLav | tce Chip Enable to Output Delay| OE = ViL Max 70 90 120 150 ns
tgLav toE Output Enable to Max 30 35 50 55 ns
Output Delay
teHaz | toF Chip Enable to Output Max 20 20 30 35 ns
High Z (Notes 3, 4)
tcHoz | toF Output Enable to Output 20 20 30 35 ns
High Z (Notes 3, 4)
taxax | toH Output Hold Time From Min 0 . 0 0 0 ns
Addresses, CE or OE, i
Whichever Occurs First
Notes:
1. Test Conditions: 2. Test Conditions: 3. Output driver disable time.
Output Load: 1 TTL gate and 30 pF Output Load: 1 TTL gate and 100 pF 4. Not 100% tested.
Input rise and fall times: 5 ns Input rise and fall times: 20 ns
Input pulse levels: 0.0 Vto 3.0 V Input pulse levels: 0.45 Vto 2.4 V
Timing measurement reference level Timing measurement reference level
Input: 1.5V Input: 0.8 and 2.0 V
Output: 1.5 V Output: 0.8 and 2.0 V
5.0V
IN3064
or Equivalent & 2.7 kQ
Device
Under
Test
:I: Diodes = IN3064
- or Equivalent
Notes:

For -75: CL = 30 pF including jig capacitance
For all others: CL = 100 pF including jig capacitance = 17113C-14

Figure 7. Test Conditions
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Write/Erase/Program Operations
Parameter
Symbols
JEDEC| Standard|Description -75 -90 -120 -150 Unit
tavav twe Write Cycle Time (Note 4) Min| 70 90 120 150 ns
favwL | tas Address Setup Time Min 0 0 0 0 ns
twLax | taH Address Hold Time Min] 45 45 50 50 ns
tovwH | tbs Data Setup Time Min| 30 45 50 50 ns
tWHDX | tDH Data Hold Time Min ¢} 0 0 0 ns
toES Output Enable Setup Time Min 0 0 0 0 ns
e Output Enable Read (Note 4) Min 0 0 0 0 ns
Hold Time  [Toggle and Data Polling (Note 4){ Min] 10 10 10 10 ns
tGHWL | tGHWL Read Recover Time Before Write Min 0 0 0 0 ns
tEWL | fos CE Setup Time Min 0 0 0 0 ns
tWHEH | tcH CE Hold Time Min| 0 0 0 "0 ns
tWLwWH | twp Write Pulse Width Min 35 45 50 50 ns
twHwL | twpH Write Pulse Width High Min| 20 20 20 20 ns
tWHWH1{ twHwH1 |Byte Programming Operation Min| 16 16 16 16 us
tWHWH2| twHwH2 |Erase Operation (Note 1) Min 1.5 1.5 15 1.5 sec
Max| 30 30 30 30 sec
tvcs Vce Set Up Time (Note 4) Min{ 50 . 50 50 50 Hs
VLHT Voltage Transition Time (Notes 2, 4) Min 4 4 4 4 us
twpp Write Pulse Width (Note 2) Min| 100 100 100 100 us
toesp | OE Setup Time to WE Active (Notes 2, 4) Min| 4 4 4 4 us
tcsp CE Setup Time to WE Active (Notes 3, 4) Min| 4 4 4 4 us
Notes:
1. This does not include the preprogramming time.
2. These timings are for Sector Protect/Unprotect operations.
3. This timing is only for Sector Unprotect.
4. Not 100% tested.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must Be Will Be
Steady _ Steady

May Will Be
Change Changing
fromHto L fromHtoL
May Will Be
Change Changing
fromLto H

from Lto H

Don't Care, Changing,

Any Change State

Permitted Unknown

Does Not Center

Apply Line is High-
Impedance
“Off” State

KS000010
SWITCHING WAVEFORMS
- tRC
- e
Addresses X Addresses Stable
x.
tacc

(tor)

= {OF —

=/

(tce)

; R
}
S0

(ton) -=1

L (TR Sk

17113C-15

|

Figure 8. AC Waveforms for Read Operations
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SWITCHING WAVEFORMS

Data Polling [

|
p
Addresses >§ 5555H PA PA X ){
pA
e twe e a5 ] tAH [*— |-— tRC
CE [/ SK_/_\ / y i

e tonwe
OE \ / i
—» twp - tWHWH1
/ ms\- tweH ;_/
toH ' toe +of et IO
| — r

SRR I .o, S S = o S o |

tos = = & toy
50V

Notes: e

1. PAis address of the memory location to be programmed. 17113C-18

PD is data to be programmed at byte address.
DQ7 is the output of the complement of the data written to the device.

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

QA LDd

Figure indicates last two bus cycles of four bus cycle sequence.
Figure 9. Program Operation Timings

Addresses X 55!55:S SE‘;\;;HH‘%L ssssH X ssssH X 2aaaH X sA X
e I Ve e\ W W
\_

I
tGHWL =

ics {» tOH

Data / { )
DS AAH 55H

7 [ N YAV
O

O <

10H/30H

Vce /k tves > 17113C-17

Note: 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

tcH
1 N

te— {DF —»
tOE e

tOEH

g

; tce
. toH
[— r I ' High Z
pQ7 ) L oo >§ bar= }»}————
/ A\ Y - Valid Data
[¢——————————————— tWHWH 1 or 2
. ——
DQO-DQ6 ) <<<i DQO-DQ6=Invalid >§r bao-bar :}»}—
toE
*DQ7=Valid Data (The device has completed the Embedded operation). 17113C-18

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

Note:

/\

—>tOEH %~
_ 1
10ES >
*
Data DQ6= DQo-DQ7
(DQO-DQ7) X DQé=Toggle X DQ6=Toggle >< Stop Toggling Valid ><:
toH 1CE

17113C-19

*DQ6 stops toggling (The device has completed the Embedded operation).

Figure 12. AC Waveforms for Toggle Bit during Embedded Algorithm Operations
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SECTOR PROTECTION ALGORITHMS

Sector Protection

The Am29F040 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 Vip
on control pin OE and address pin A9. The sector ad-
dresses should be set using higher address lines A18,
A17, and A16. The protection mechanism begins onthe
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
A6 = CE = OE = Vi and WE = Vin (A9 remains high at
Vip). Reading the device at address location XXX2H,
where the higher order addresses (A18, A17, and A16)
define a particular sector, will produce 01H at data out-
puts (DQO-DQY7) for a protected sector.

Sector Unprotect

The Am29F040 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 Vio on control pins OE, CE, and address
pin A9. The address pins A6, A16, and A12 should be
set to Vin. The unprotection 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 determine if a sector is unprotected
inthe system by writing the autoselect command and A6
is set at Vin. Performing a read operation at address lo-
cation XXX2H, where the higher order addresses (A18,
A17, and A16) define a particular sector address, will
produce 00H at data outputs (DQ0-DQ7) for an unpro-
tected sector.

Am29F040
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Start

!

Set Up Sector Addr

(A18, A17, A18)

!

PLSCNT =1

)

OE = Vip
A9 = VI, CE = VIL

Activate WE Pulse

'

Time Out 100 ps

!

Increment
PLSCNT

PLSCNT
=25
?

Power Down OE
WE = ViH
CE=0E = ViL
A9 should remain Vip

!

Read from Sector
Addr:SA, AO = 0, At = 1,
A =

Device
Failed

Protect
Another
Sector?

Yes

Remove Vip from A9
Write Reset Command

!

Sector Protection

Complete

Figure 13. Sector Protection Algorithm

17113C-20
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SWITCHING WAVEFORMS
A18,
A17, SAx SA
A16 >< )( y
A0 N
Al Y
A6 X
12V cmmemmmmmas .-
5V === /
A9 >
tVLHT
12V eccmmmcman --

5V ----
OE N\ /
tVLHT tVLHT

twep

toEsp

Data

O1H

toe

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

Figure 14. AC Waveforms for Sector Protection

17113C-21

Am29F040
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Start

!

Protect All Sectors

!

PLSCNT =1

!

Set Up Sector
Unprotect Mode

A12 = A16 = VH
Set
OE = CE = A9 = ViD

Activate WE Pulse

* Increment
PLSCNT

Time Out 10 ms

v

SetOE = CE = ViL
A9 = Vip

!

Set Up Sector Addr SAO
Set ATA0 = 10, A6 = 1

!

Read Data
from Device
No
Increment No PLSCNT
Sector Addr = 1000

?

Sector

Device
Failed

No

Addr = SA7
?

Yes

Remove Vip
from A9

!

Sector Unprotect
Completed

Notes:

17113C-22
SAO = Sector Address for initial sector
SA7 = Sector Address for last sector
Please refer to Table 4 for details.

Figure 15. Sector Unprotect Algorithm
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SWITCHING WAVEFORMS

S WIS R G

w__J1771TTTTTITTTTTTTTTTTTTT N !
w_JL1ITTTTTTTTTTTTTTTTTTITTT Y~ :
sty ' o

49

49

{ §
A16 Y SAo X SAl (

T\

Dat 00H
Lo ) $
17113C-23

Figure 16. AC Waveforms for Sector Unprotect
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AC CHARACTERISTICS
Write/Erase/Program Operations

Alternate CE Controlled Writes

Parameter Syrnbolsl
JEDEC| Standard|Description -75 -90 -120 -150 Unit
tavav twe Write Cycle Time (Note 4) ] Min| 70 90 120 150 ns
tAVEL tAs Address Setup Time Min 0 0 0 0 ns
tELAX tAH Address Hold Time Min| 45 45 50 50 ns
iDVEH | tDS Data Setup Time Min[ 30 45 50 50 ns
tEHDX | tDH Data Hold Time Min 0 0 0 0 ns
toES Output Enable Setup Time Min 0 0 0 0 ns
o Oulput.Enable Read (Note-ti)_ ‘ an o] 0 0 0 ns
Hold Time Toggle and Data Polling (Note 4) [ Min] 10 10 10 10 ns
tGHEL {GHEL Read Recover Time Before Write Min 0 0 0 0 ns
tWLEL | tws 'WE Setup Time Min| © 0 0 0 ns
tEHWH | twH 'WE Hold Time Min| © 0 0 0 ns
tELEH | tcp GE Pulse Width Min[ 35 45 50 50 ns
tEHEL | tcPH CE Pulse Width High Min| 20 20 20 20 ns
tWHWH1| twHwH1 |Byte Programming Operation Min 16 16 16 16 ps
twHwH2| twHwH2 |Erase Operation (Note 1) Min| 1.5 1.5 1.5 1.5 sec
Max| 30 30 30 30 sec
tvcs Vcce Set Up Time (Note 4) Min 50 50 50 50 us
Notes:

1. This does not include the preprogramming time.

2. These timings are for Sector Protect/Unprotect operations.
3. This timing is only for Sector Unprotect.

4. Not 100% tested.

’
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Data Polling
e— tWC e tA.S_: taH I-—
=/ N_/
§ [*— 1GHEL
OE \ /
_—— tcp lg——— tWHWH1
CE i i
/ \- tCPH K_/ \_f
tws
te— tDH
1 "
o i
tDs = fe
50V

17113C-24

Notes:

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

PD is data to be programmed at byte address.

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

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

oA LN

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

Figure 17. Alternate CE Controlled Program Operation Timings
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" ERASE AND PROGRAMMING PERFORMANCE

Limits

Parameter Min Typ Max Unit Comments

Chip and Sector Erase Time 1.5 30 sec Excludes 00H programming
(Note 1) prior to erasure

Byte Programming Time 16 1000 us Excludes system-level overhead

{Note 2)

Chip Programming Time 8.5 50 sec Excludes system-level overhead
(Note 1)

Erase/Program Cycles 100,000 1,000,000 Cycles

Notes:
1. 25°C, 5 V Ve, 100,000 cycles

2. When programming a “1” over a “0", the Embedded Algorithms allow for 48 ms byte program time.

LATCHUP CHARACTERISTICS

Min Max
Input Voltage with respect to Vss on all /O pins -1.0V Vec+1.0V
Vce Current —100 mA +100 mA
Includes all pins except Vcc. Test conditions: Vec = 5.0 V, one pin at a time.
LCC PIN CAPACITANCE
Parameter
Symbol Parameter Description Test Setup Typ Max Unit
Cin Input Capacitance VIN=0 6 75 pF
Court Output Capacitance Vout =0 ‘ 8.5 12 pF
Cin2 Control Pin Capacitance VIN=0 75 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
Cin Input Capacitance VIN=0 6 7.5 pF
Court QOutput Capacitance Vout =0 8.5 12 pF
Cin2 Control Pin Capacitance VIN=0 7.5 9 pF
Notes:

1. Sampled, not 100% tested.
2. Testconditions Ta = 25°C, f = 1.0 MHz
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PLCC PIN CAPACITANCE
Parameter
Symbol Parameter Description Test Setup Typ Max Unit
CIN Input Capacitance VIN=0 4 6 pF
Cout Qutput Capacitance Vout =0 8 12 pF
CiN2 Control Pin Capacitance Vep=0 8 12 pF
Notes:
1. Sampled, not 100% tested.
2. Testconditions Ta=25°C, f= 1.0 MHz
PDIP PIN CAPACITANCE
Parameter
Symbol Parameter Description Test Setup Typ Max Unit
CIN Input Capacitance VIN=0 4 6 pF
Cout Output Capacitance Vour =0 8 12 pF
CiN2 Control Pin Capacitance Vep =0 8 12 pF
Notes:
1. Sampled, not 100% tested.
2. Testconditions Ta = 25°C, f = 1.0 MHz
DATA RETENTION
Parameter Test Conditions Min Unit
Minimum Pattern Data Retention Time 150°C 10 Years
125°C 20 Years

Am29F040
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DATA SHEET REVISION SUMMARY FOR
Am29F040

Title

Specify “4 Megabit” density.

Distinctive Characteristics

Include “Read” under first bullet.

General Description

Include statement "Am29F040 is erased when shipped
from factory.”

Autoselect
Correction in text (Vip) from 13 V to 12.5 V.
Table 5. Am29F040 Command Definition

Clarify Note 1, remove A16, A17, and A18 in second
sentence.

Byte Programming

Clarify the statement “hang up the device” by including
“exceed timing limits.”

DC Characteristics CMOS Compatible Table

Add parameters lui: “Input Load Current” and lur: “A9 In-
put Load Current” to be consistent with TTL/NMOS
compatible table.

Figure 12. AC Waveforms for Toggle Bit during
Embedded Algorithm Operations

Identify parameter “toes”
Figure 15. AC Waveforms for Sector Protection

CE Waveform is altered to show preferred method; this
change is also reflected in Figure 13. Sector Protection
Algorithm flow chart.

Data Retention Table
Added to be consistent with all other data sheets.

1-112
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Am29F400T/Am29F400B

4 Megabit (524,288 x 8-Bit/262,144 x 16-Bit) CMOS 5.0 Volt-only,

Sector Erase Flash Memory

e\

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B 5.0V *10% read, write, and erase
— Minimizes system level power requirements
B Compatible with JEDEC-standard commands
— Uses same software commands as E2PROMs
N Compatible with JEDEC-standard word-wide
pinouts
— 44-pin SO
— 48-pin TSOP
@ Minimum 100,000 write/erase cycles
B High performance
— 70 ns maximum access time
W Sector erase architecture
— One 16 Kbyte, two 8 Kbytes, one 32 Kbyte,
and seven 64 Kbytes
— Any combination of sectors can be concurrently
erased. Also supports full chip erase.
B Embedded Erase Algorithms

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

B Embedded Program Algorithms
— Automatically writes and verifies data at
specified address
B Data Polling and Toggle Bit feature for detec-
tion of program or erase cycle completion
B Low power consumption
— 20 mA typical active read current for Byte Mode

— 28 mA typical active read current for Word
Mode

— 30 mA typical write/erase current
— 25 pA typical standby current
B Low Vcc write inhibit < 3.2V
B Sector protection
— Hardware method disables any combination of
sectors from write or erase operations
M Erase Suspend/Resume
— Suspends the erase operation to allow a read in
another sector within the same device
H Boot Code Sector Architecture
— T =Top sector
— B = Bottom sector

GENERAL DESCRIPTION

The Am29F 400 is a 4 Mbit, 5.0 V-only Flash memory or-
ganized as 512K bytes of 8 bits each or 256K words of
16 bits each. The Am29F 400 is offered in 44-pin SO and
48-pin TSOP packages. This device is designed to be
programmed in-system with the standard system 5.0 V
Vcc supply. A 120 V Vep is not required for
write or erase operations. The device can also be
reprogrammed in standard EPROM programmers. The
Am29F400 is erased when shipped from the factory.

The standard Am29F400 offers access times between
70 ns and 150 ns, allowing operation of high-speed mi-
croprocessors 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 pin and command set compatible with
JEDEC standard 4 Mbit E2PROMs. Commands are writ-
ten to the command register using standard micropro-
cessor write timings. Register contents serve as inputto
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 simi-
lar to reading from 12.0 V Flash or EPROM devices.

PRODUCT SELECTOR GUIDE

Family Part No: Am29F400
Ordering Part No:  Vec =5.0V+5% -75

Vee =5.0 Vi 10% -90 -120 -150
Max Access Time (ns) 70 90 120 150
CE (E) Access (ns) 70 90 120 150
OE (G) Access (ns) 30 35 50 55

Publication# 18612 Rev. A Amendment/0 | This document contains information on a product under development at Advanced Micro Devices, inc. The information
is intended to help you evaluate this product. AMD reserves the right to change or discontinue work on this proposed

Issue Date: March 1994 product without nofice,
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The Am29F400 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 canbe
programmed and verified in less than one second.
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 pro-
grammed before executing the erase operation. During
erase, the device automatically times the erase pulse
widths and verifies proper cell margin.

The entire chip or any individual sector is typically
erased and verified in 1.5 seconds (if already completely
preprogrammed).

This device also features a sector erase architecture.
The sector mode allows each sector to be erased and
reprogrammed without affecting other sectors.

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 Ve detector automatically
inhibits write operations on the loss of power. The end of
program or erase is detected by Data Polling of DQ7, by
the Toggle Bit feature on DQ6, or the RY/BY pin. Once
the end of a program or erase cycle has been com-
pleted, 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
Am29F400 memory electrically erases the entire chip or
all bits within a sector simultaneously via Fowler-
Nordhiem tunneling. The bytes/words are programmed
one byte/word at a time using the EPROM programming
mechanism of hot electron injection.

Flexible Sector-Erase Architecture

B One 16 Kbyte, two 8 Kbytes, one 32 Kbyte, and
seven 64 Kbytes,

B Individual-sector, multiple-sector, or bulk-erase
capability

B Individual or multiple-sector protection is user
definable

16 Koyte 7FFFFh
8 Kbyte 7BFFFh
8 Kbyte 79FFFh
32 Koyte 77FFFh
64 Kbyte oFFFrh:
64 Koyte SFFFFh
64 Koyte 4FFFFh
64 Koyte 3FFFFh
64 Kbyte 2FFFFh
64 Kbyl 1FFFFh
64 Kbyl OFFFFh
00000h
Am29F400T Sector Architecture 18512A-1
64 Kbyte 7FFFFh
64 Kbyte BFFFFh
64 Kbyte SFFFFh
64 Kbyte AFFFFh
64 Kbyte SFFFFh
64 Kbyte 2FFFFh
64 Kbyte 1FFFFh
32 Kbyte OFFFFh
8 Koyte O7FFFh
8 Kbyte O5FFFh
16 Kbyte O3FFFh
00000h
Am29F400B Sector Architecture 18612A-2
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BLOCK DIAGRAM

DQo-DQ15
RY/BY —
Vee—p Buffer RY/BY
Ves—> Erase Voltage Input/Output
Generator Buffers
- State
WE > Control
BYTE —»] c < T
AESET ——»] Command
RESET Register PGM Voltage —l
l—’ Generator S
Chip Enable ata
CE »| Output Enable STB Latch
OE Logic
I Y
ST? Q Y-Decoder Y-Gating
d
r
I Vec Detector I |Timer| e
s
S | X-Decoder —T Cell Matrix
AO-A17 > L
a >
t
A-1 »| c
-h
L3 18612A-3
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CONNECTION DIAGRAMS

SO
NG [[1e~as | rEser
RY/BY [} 2 3 []we
A7 [} 3 42 [] A8
A7 [] 4 a1 [] A9
A6 []s 40 [J A10
A5 [] 6 39 [] A1l
A4 f]7 ag ] A12
A3[]s 37[] A3
A2 []o 36 [] A14
A1 ] 10 35 [] A15
Ao [] 11 34 [] A6
cE [} 12 33 [] 8vTE
vss [] 13 32 [1 Vss
CE[] 14 31 [J DQ15/A-1
DQO [] 15 30 [Jba7
Das [] 16 29 [1pQ14
pat ] 17 28 [1DQs
DQ9 [] 18 27 |1 pQ13
D2 [] 19 26 [ D05
Da1o [ 20 25 [] DQ12
Da3 [J21°  24[]DQ4
patt 22 23 [J vee

18612A-4
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CONNECTION DIAGRAMS

auuyuiiuyigubioooioygaooy

votbuyoupudoraoaoooomd

A15 10 48
A14 2 47
A13 [ 3 46
A2 ] 4 45
A1 3 s 44
A0 ] 6 43
A0 [ 7 42
A8 ] 8 41
NC ] 9 40
NC ] 10 39
WE ] 11 38
RESET [] 12 37
NC ] 13 36
NC [] 14 35
RY/BY [} 15 34
—] 16 33
A’i‘;‘ 3 17 32
A7 [ 18 31
As ] 19 30
As ] 20 29
A4 ] 21 28
A3 ] 22 27
A2 [ 23 26
A1 ] 24 25
Standard TSOP
At 1w 48
BYTE [] 2 47
vss ] 3 46
DQ15/A-1 [] 4 45
pQ7 4 s 44
pat4 ] s 43
pas [ 7 42
pa13 ] 8 41
DQs [] 9 40
DQ12 I 10 39
DQ4 ] 11 38
Vece [ 12 37
pQi1 ] 13 36
pa3 ] 14 35
paio = 15 34
pQ2 [ 186 33
DQ9 ] 17 32
DQ1 ] 18 31
DQ8 [ 19 30
DQo [ 20 29
OE [ 21 28
vss [ 22 27
ceE ] 23 26
A0 ] 24 25
Reverse TSOP

A16

BYTE
Vss
DQ15/A-1
DQ7
DQ14
DQ6
DQ13
DQ5
pQ12
DQ4
Vce
DQ11
DQ3
bQ1o
DQ2
DQ9
DQ1
DQs8
DQo
OE
Vss
CE
A0

18612A-5

18612A-6

Am29F400T/Am29F400B
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LOGIC SYMBOL

— A1

DQo-DQ15

16 0or 8

18612A-7

Table 1. Am29F400 Pin Configuration

Pin Function

A-1, AO-A17 | Address Inputs

DQ0-DQ15 | Data Input/Output

CE Chip Enable

OE Output Enable

WE Write Enable

RY/BY Ready-Busy Input

RESET Hardware Reset Pin/Sector Protect Unlock
BYTE Selects 8-bit or 16-bit mode
NC No Internal Connection

Vss Device Ground

Vee Device Power Supply

(5.0 V£ 10% or + 5%)
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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:

Am2oFa00 T 75 E c B

_r— OPTIONAL PROCESSING

Blank = Standard Processing
B = Burn-In

TEMPERATURE RANGE

C = Commercial (0°C to +70°C)
| = Industrial (—40°C to +85°C)
E = Extended (-55°C to +125°C)

L

PACKAGE TYPE

E = 48-Pin Thin Small Qutline Package
(TSOP) Standard Pinout (TS 048)

F = 48-Pin Thin Small Qutline Package
(TSOP) Reverse Pinout (TSR 048)

S = 44-Pin Small Outline Package, (SO 044)

SPEED OPTION
See Product Selector Guide and
Valid Combinations

BOOT CODE SECTOR ARCHITECTURE
T = Top sector
B = Bottom sector

DEVICE NUMBER/DESCRIPTION
Am29F400

4 Megabit (512K x 8-Bit or 256K x 16-Bit) CMOS Flash Memory
5.0 V-only Program and Erase

Valid Combinations ) Valid Combinations
Am29F400T/8-75 EC, FC, SC Valid Combinations list configurations planned to be
- supported in volume for this device. Consult the lo-
Am29F400T/B-90 | EC, EI, FC, FI, EE, cal AMD sales office to confirm availability of specific
Am29F400T/B-120| EEB, FE, FEB, SC, valid combinations and to check on newly released
Am29F4007/B-150| °" SE. SEB combinations.

Am29F400T/Am29F400B 1-119
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Table 2. Am29F400 User Bus Operations (BYTE = Vi)

Operation CE OE WE A0 A1 A6 A9 DQo0-DQ15 | RESET
Auto-Select Manufacturer Code (1) L L H L L L Vip Code H
Auto-Select Device Code (1) L L H H L L Vip Code H
Read (3) L L H A0 A1 A6 A9 Dour H
Standby H X X HIGH Z H
Output Disable L H H X X X HIGH Z X
Write L H L A0 A1 A6 A9 Din H
Enable Sector Protect L Vip L X X X Vip X H
Verify Sector Protect (2) L L H L H L Vip Code H
Temporary Sector Unprotect X X X X X X X X Vip
Reset (Hardware) X X X X X X X HIGH Z L
Table 3. Am29F400 User Bus Operations (BYTE = Vi)
Operation CE | OE WE A0 A1 A6 A9 DQo0-DQ7 | RESET
Auto-Select Manufacturer Code (1) L L H L L L Vip Code H
Auto-Select Device Code (1) L L H H L L Vip Code H
Read (3) L L H A0 Al A6 A9 Dour H
Standby H X X HIGH Z H
Output Disable L H H X X X HIGH Z X
Write L H L A0 Al A6 A9 Div H
Enable Sector Protect L Vio L X X X Vio X H
Verify Sector Protect (2) L L H L H L Vio Code H
Temporary Sector Unprotect X X X X X X X Vip
Reset (Hardware) X X X X X X HIGH 2 L

Legend:

L=Vi, H=ViH, 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 Table 7.

2. Refer to the section on Sector Protection.

3. WE can be VL if OE is ViL, OF at ViH initiates the write operations.

Read Mode

The Am23F400 has two control functions which must be
satisfied in order to obtain data at the outputs. CE is the
power 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

accesstime (tce) is the delay from stable addresses and
stable CE to valid data at the output pins. The output en-
able accesstime 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).
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Standby Mode

The Am29F400 has two standby modes, a CMOS
standby mode (CE input held at Vce + 0.5 V), when the
current consumed is less than 100 pA; and a TTL
standby mode (CE is held at Vin) when the current re-
quired is reduced to approximately 1 mA. In the standby
mode the outputs are in a high impedance state, inde-
pendent of the OF 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 (Vin), 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
andtype. This mode isintended 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 Vip{11.5V to 12.5 V) on address pin AS. Two
identifier bytes may then be sequenced from the device
outputs by toggling address A0 from ViL to ViH. All ad-
dresses are don't cares except A0, A1, and A6.

The manufacturer and device codes may also be read
via the command register, for instances when the
Am29F400 is erased or programmed in a system with-
out access to high voltage on the A9 pin. The command
sequence is illustrated in Table 7 (refer to Autoselect
Command section).

Byte 0 (A0 = Vi) represents the manufacturer’s code
(AMD=01H) and byte 1 (A0 = Viu) the device identifier
code (Am29F400T = 23H and Am29F400B = ABH for x8
mode; Am29F400T = 2223H and Am29F4008 = 22ABH
for x16 mode). These two bytes/words are given in the
table below. All identifiers for manufacturer and device
will exhibit odd parity with DQ7 defined as the parity bit.
Inorder to read the proper device codes when executing
the autoselect, A1 must be Vi (see Tables 4.1 and 4.2).

" Table 4.1 Am29F400 Sector Protection Verify Autoselect Codes

Type A12-A17 A6 A1 A0 Code (HEX)
Manufacturer's Code X ViL ViL viL 01H
: Byte 23H
Am2_'9F400 Am29F400T Word X Vie Vi VIH 2929H
Device Bt ABH
Code AmM29F400B |—L X ViL ViL Vi
Word 22ABH
Sector Protection Ad%?glsosres ViL 7 ViL 01H"
*Outputs 01H at protected sector addresses
Table 4. 2 Expanded Autoselect Code Table
D| D D D D D D D| D D|D|(D|D|(D| D| D
Type Code | Q Q Q Q Q Q Q Q|Q|a Qlajalajafa
15114 ] 13| 12| 11| 10 9 8 7 6 5|14]13]2 1 0
Manutacturer's Code O1Hf o0 O 0 0 0 0 0 0 0 0 ojJofo}jo}l o] 1
Am29F400T(B) 23H| A-1] HI-2| HI-Z} HI-Z| HI-Z] HI-Z} HI-Z | HI-Z} O 0 1 0 [¢] 0 1 1
SZVZ;S?OO wWl2223H ol o | 1]l o]l olol 1| olololti1lolofol 1]1
Code Am29F400B(B)| ABH| A-t| HI-Z| HI-Z| HI-Z| HI-Z| HI-z|HI-z {HI-Z[ 1 [ o | 1 o1 [oO] 1] 1
. W)|22ABH| 0| O 1 0 0 0 1 0 1 0 1 0 {1 0 1 1
Sector Protection OiH| 0 [ O 0 0 0 0 0 0 0 0 0 0o{ofoj o] 1
(B) — Byte mode '
(W) — Word mode
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Table 5. Sector Address Tables (Am29F400T)

A7 A16 A15 A14 A13 A12 Address Range
SA0 0 0 0 X X X 00000h—OFFFFh
SA1 0 0 1 X X X 10000h-1FFFFh
SA2 0 1 0 X X X 20000h-2FFFFh
SA3 0 1 1 X X X 30000h-3FFFFh
SA4 1 0 0 X X X 40000h—4FFFFh
SAS 1 0 1 X X X 50000h-5FFFFh
SA6 1 1 0 X X X 60000h—-6FFFFh
SA7 1 1 1 0 X X 70000h-77FFFh
SA8 1 1 1 1 0 0 78000h-79FFFh
SA9 1 1 1 1 0 1 7A000h—7BFFFh
SA10 1 1 1 1 1 X 7C000h-7FFFFh

Table 6. Sector Address Tables (Am29F400B)

A17 A16 A15 A14 A13 A12 Address Range
SA0 0 0 0 0 0 X 00000h-03FFFh
SA1 0 0 0 0 1 0 04000h-05FFFh
SA2 0 o 0 0 1 1 06000h-07FFFh
SA3 0 0 0 1 X X 08000h—0FFFFh
SA4 0 0 1 X X X 10000h—-1FFFFh
SA5 0 1 0 X X X 20000h—2FFFFh
SAB 0 1 1 X X X 30000h-3FFFFh
SA7 R 0 0 X X X 40000h—4FFFFh
SA8 1 0 1 X X X 50000h-5FFFFh
SA9 1 1 0 X X X 60000h-6FFFFh
SA10 1 1 1 X X X 70000h-7FFFFh

Write whichever happens first. Standard microprocessor 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 to by bringing WE to Vi, while
CE s at ViL and OE is at V. Addresses are latched on
the falling edge of WE or CE, whichever happens later;
while data is latched on the rising edge of WE or CE,

timings are used.

Refer to AC Write Characteristics and the Erase/Pro-
gramming Wavetorms for specitic timing parameters.

Sector Protection

The Am29F400 features hardware sector protection.
This feature will disable both program and erase opera-
tions in any number of sectors (0 through 10). The sector
protect feature is enabled using programming equip-
ment at the user’s site. The device is shipped with all
sectors unprotected. Alternatively, AMD may program
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and protect sectors in the factory prior to shipping the
device (AMD’s ExpressFlash™ Service).

To activate this mode, the programming equipment
must force Vip on address pin A9 and control pin OE,
{suggest Vip = 11.5 V) and CE = Vi.. The sector ad-
dresses (A17, A16, A15, A14, A13, and A12) should be
set to the sector to be protected. Tables 5 and 6 define
the sector address for each of the eleven (11) individual
sectors. Programming of the protection circuitry begins
on the falling edge of the WE pulse and is terminated
withthe rising edge of the same. Sector addresses must
be held constant during the WE pulse. Refer to figures
17 and 18 for sector protection algorithm and
waveforms.

To verify programming of the protection circuitry, the
programming equipment must force Vip on address pin
A9 with CE and OE at ViL and WE at ViH. Scanning the
sector addresses (A17, A16, A15, A14, A13, and A12)
while (A6, A1, A0) = (0, 1, 0) will produce a logical “1”
code atdevice output DQO for a protected sector. Other-
wise the device will produce 00H for an unprotected
sector. In this mode, the lower order addresses, except
for AO, A1, and A6 are don't care. Address locations with
A1 =V are reserved for Autoselect manutacturer and
device codes:

Itis also possible to determine if a sector is protected in
the system by writing an Autoselect command. Perform-
ing a read operation at the address location XX02H,
where the higher order addresses (A17, A16, A15, A14,
A13,and A12) are the sector address will produce a logi-
cal “1” at DQO for a protected sector. See Table 4.1 for
Autoselect codes.

Temporary Sector Unprotect

This feature allows temporary unprotection of previ-
ously protected sectors of the Am29F400 device in
order to change data. The Sector Unprotect mode is
activated by setting the RESET pin to high voltage

(12V). During this mode, formerly protected sectors
can be programmed or erased by selecting the sector
addresses. Once the 12 V is taken away from the RE-
SET pin, all the previously protected sectors will be pro-
tected again.

Sector Unprotect

The Am239F400 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 Vip on control pin OE and address pin A9.
The CE and AQ pins must be set at V. Pins A6 and A1
must be set to Vin. Refer to Figure 19 for the sector un-
protect algorithm. The unprotection mechanism begins
on the falling edge of the WE pulse and is terminated
with the rising edge of the same.

Itis also possible to determine if a sector is unprotected
inthe system by writing the autoselect command and A6
is set at Vi.. Performing a read operation at address lo-
cation XXX2H, where the higher order addresses (A17,
A16, A15, A14, A13, and A12) define a particular sector
address, will produce 00H at data outputs (DQ0-DQ7)
for an unprotected sector.

Command Definitions

Device operations are selected by writing specific ad-
dress and data sequences into the command register.
Writing incorrect address and data values or writing
them in the improper sequence will reset the device
to the read mode. Table 7 defines the valid register
command sequences. Note that the Erase Suspend
(B0) and Erase Resume (30) commands are valid only
while the Sector Erase operation is in progress. Either of
the two reset commands will reset the device (when ap-
plicable). Please note that commands are always writ-
ten at DQO-DQ7 and DQ8-DQ15 bits are ignored.

Am29F400T/Am29F400B
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Table 7. Am29F400 Command Definitions

Bus | Third B Fourth Bus Fifth B Sixth B
Command Write erirlZ(CB;’csle svmfengﬁ;: Wri;re'Cyl::Te Read/Write ertie (o} ucsle er’:e (o} ‘::Te
Sequence Cycles Cycle Al 4
Read/Reset Req'd | Addr [Data| Addr |Data|{ Addr |Data Addr Data Addr | Data| Addr | Data
Read/Reset 1 XXXXH[ FOH
Read/Reset Word 4 5555H | AAH|2AAAH | 55H | 5555H | FOH RA RD
Byte AAAAH 5555H AAAAH
Autoselect Word 4 5555H | AAH[2AAAH | 55H | 5555H | 90H
Byte AAAAH 5555H AAAAH
Program Word 4 5555H | AAH]2AAAH | 55H | 5555H | AOH PA Data
Byte AAAAH 5555H AAAAH
Chip Erase Word 6 5555H | AAH|2AAAH | 55H | 5555H | 80H 5555H AAH |2AAAH | 55H | 5555H | 10H
Byte AAAAH 5555H AAAAH AAAAH 5555H AAAAH
Sector Erase Word 6 5555H | AAH|2AAAH | 55H | 56555H | 80H 5555H AAH |2AAAH|55H| SA | 30H
Byte AAAAH 5555H AAAAH AAAAH 5555H

Sector Erase Suspend

Erase can be suspended during sector erase with Addr (don't care), Data (BOH)

Sector Erase Resume

Erase can be resumed after suspend with Addr (don't care), Data (30H)

Notes:

1. Address bit A15 = X = Don't Care for all address commands except for Program Address (PA) and Sector Address (SA).
Write Sequences may be initiated with A15 in either state.

2. Address bits A16 = X = Don't Care for all address commands except for Program Address (PA) and Sector Address (SA).
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, A13, and A12 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.

6. The system should generate the following address patterns:

Word Mode: 5555H or 2AAAH to addresses A0~ A14
Byte Mode: AAAAH or 5555H to addresses A-1 - A14.

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
fromthe memory. The device remains enabled for reads
until the command register contents are altered.

The device will automatically power-up inthe 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.
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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 A9 to a high voltage. However, multiplexing high
voltage onto the address lines is not generally desired
system design practice.

The device contains an autoselect command operation
to supplement traditional PROM programming method-
ology. The operation is initiated by writing the autoselect
command sequence into the command register. Follow-
ing the command write, a read cycle from address
XXO0O0H retrieves the manufacture code of 01H. A read
cycle from address XX01H returns the device code
(Am29F400T = 23H and Am29F400B = ABH for x8
mode; Am29F400T = 2223H and Am29F400B = 22ABH
for x16 mode) (see Tables 4.1 and 4.2).

Allmanufacturer and device codes will exhibit odd parity
with DQ7 defined as the parity bit.

Scanning the sector addresses (A17, A16, A15, A14,
A13, and A12) while (A6, A1, A0) = (0, 1, 0) will produce
alogical “1” at device output DQO for a protected sector.

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

Byte/Word Programming

The device is programmed on a byte-by-byte (or
word-by-word) basis. Programming is a four bus cycle
operation. There are two “unlock” write cycles. These
are followed by the program set-up command and data
write cycles. Addresses are latched on the falling edge
of CE or WE, whichever happens later and the data is
latched on the rising edge of CE or WE, whichever
happens first. The rising edge of CE or WE (whichever
happensfirst) begins programming. Upon executing the
Embedded Program Algorithm command sequence the
system is not required to provide further controls or
timings. 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 DQ7 is equivalent to data written to
this bit (see Write Operation Status section) at which
time the device returns to the read mode and addresses
are no longer latched. Therefore, the device requires
that a valid address to the device be supplied by the sys-
tem at this particular instance of time. Hence, Data Poll-
ing must be performed at the memory location which is
being programmed.

Any commands written to the chip during this period will
be ignored.

Programming is allowed in any sequence and across
sector boundaries. Beware that a data “0” cannot be
programmed back to a “1”. Attempting to do so may
either hang up the device or result in an apparent suc-
cess according to the data polling algorithm but a read

from reset/read mode will show that the data is still “0".
Only erase operations can convert “0"s to “1"s.

Figure 1 illustrates the Embedded Programming Algo-
rithm using typical command strings and bus opera-
tions.

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 notrequire 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.

The automatic erase begins onthe rising edge of the last
'WE pulse in the command sequence and terminates
when the dataon DQ7is “1" (see Write Operation Status
section) at which time the device returns to read
the mode.

Figure 2 illustrates the Embedded Erase Algorithm
using 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 ot WE, while the command
(30H) is latched on the rising edge of WE. A time-out of
80 us 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 to addresses in other sectors desired to be
concurrently erased. The time between writes must be
less than 80 ps otherwise that command will not be ac-
cepted and erasure will start. It is recommended that
processor interrupts be disabled during this time to
guarantee this condition. The interrupts can be re-en-
abled after the last Sector Erase command is written. A
time-out of 80 us fromthe rising edge of the last WE will
initiate the execution of the Sector Erase command(s). If
another falling edge of the WE occurs within the 80 us
time-out window the timer is reset. (Monitor DQS3 to de-
termine if the sector erase timer window is still open, see
section DQ3, Sector Erase Timer.) Any command other
than Sector Erase or Erase Suspend during this period
will resetthe device to the read mode, ignoring the previ-
ous command string. Resetting the device once execu-
tion has begun will corrupt the data inthat sector. Inthat
case, restart the erase on those sectors and allow them
to complete. (Refer to the Write Operation Status sec-
tion for Sector Erase Timer operation.) Loading the
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sector erase buffer may be done in any sequence and
with any number of sectors (0 to10).

Sector erase does not require the user to program the
device prior 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 begins after the 80 ps time
out from the rising edge of the WE pulse for the last sec-
tor erase command pulse and terminates when the data
on DQ7 is “1” (see Write Operation Status section) at
which time the device returns to the read mode. Data
Polling must be performed at an address within any of
the sectors being erased.

Figure 2 ilustrates the Embedded Erase Algorithm
using typical command strings and bus operations.

Erase Suspend

Erase Suspend command allows the user to interrupt
the chip and then perform data reads (not program) from
a non-busy sector during a Sector Erase operation
(which may take up to several seconds). This command
is applicable ONLY during the Sector Erase operation
and will be ignored if written during the Chip Erase or

Programming operation. The Erase Suspend command

(BOH) which is allowed only during the Sector Erase Op-
eration includes the sector erase time-out period after
the Sector Erase commands (30H). Writing this com-
mand during the time-out will result in immediate termi-
nation of the time-out period. Any subsequent writes of
the Sector Erase command will be taken as the Erase
Resume command. Note that any other commands dur-
ing the time out will reset the device to read mode. The

addresses are don't-cares when writing the Erase Sus-
pend or Erase Resume commands.

When the Erase Suspend command is written during a
Sector Erase operation, the chip will fake between
0.1 ps to 15 ps to suspend the erase operation and go
into erase suspended read mode (pseudo-read mode),
duringwhich the user canread froma sectorthatis NOT
being erased. A read from a sector being erased may re-
sult in invalid data. The user must monitor the toggle bit
(DQ6) to determine if the chip has entered the pseudo-
read mode, at which time the toggle bit stops toggling.
An address of a sector NOT being erased must be used
to read the toggle bit, otherwise the user may encounter
intermittent problems. Note that the user must keep
track of what state the chipisin since there is no external
indication of whether the chip is in pseudo-read mode or
actual read mode. After the user writes the Erase Sus-
pend command, the user must wait until the toggle bit
stops toggling before data reads from the device can be
performed. Any further writes of the Erase Suspend
command at this time will be ignored.

Every time an Erase Suspend command followed by an
Erase Resume command is written, the internal (pulse)
counters are reset. These counters are used to count
the number of high voltage pulses the memory cell
requires to program or erase. If the count exceeds a
certain limit, then the DQ5 bit will be set (Exceeded Time
Limit flag). This resetting of the counters is necessary
since the Erase Suspend command can potentially
interrupt or disrupt the high voltage pulses.

To resume the operation of Sector Erase, the Resume
command (30H) should be written. Any further writes of
the Resume command at this point will be ignored.
Another Erase Suspend command can be written after
the chip has resumed erasing.

Write Operation Status

Table 8. Hardware Sequence Flags

Status DQ7 | D@6 | DQ5 | DQ3 DQ2-DQo
In Progress Auto-Programming DQ7 |Toggle| © 0 (D) (Note 1)
Program/Erase in Auto Erase 0 | Toggle 1
Exceeded Auto-Programming DQ7 |Toggle| 1 1 (D) (Note 1)
Time Limits Program/Erase in Auto-Erase 0 |Toggle 1 1
Notes:

1. DQo, DQ1, DQ2 are reserve pins for future use.
2. DQ8-DQ15 = Don't Care for X16 mode.
3. DQ4 for AMD internal use only.

1-126

5.0 Volt-only, Sector Erase Flash Memories




PRELIMINARY

AMD n

DQ7
Data Polling

The Am29F400 device features Data Polling as a
method to indicate to the host that the Embedded Algo-
rithms are in progress or completed. During the Embed-
ded Program Algorithm an attempt to read the device
will produce the complement of the data last written to
DQ7. Upon completion of the Embedded Program Algo-
rithm, an attempt to read the device will produce the true
data last written to DQ7. During the Embedded Erase
Algorithm, an attempt to read the device will produce a
“0” at the DQ7 output. Upon completion of the Embed-
ded Erase Algorithm an attempt to read the device will
produce a “1" at the DQ7 output. The flowchart for
DataPolling (DQ7) is shown in Figure 3.

For chip erase, the Data Polling is valid after the rising
edge of the sixth WE pulse in the six write pulse se-
quence. For sector erase, the Data Polling is valid after
the last rising edge of the sector erase WE pulse. Data
Polling must be performed at sector address within any
of the sectors being erased and not a protected sector.
Otherwise, the status may not be valid. Once the Em-
bedded Algorithm operation is close to being com-
pleted, the Am29F400 data pins (DQ7) may change
asynchronously while the output enable (OE) is as-
serted low. This means that the device is driving status
information on DQ7 at one instant of time and then that
byte’s valid data at the next instant of time. Depending
on when the system samples the DQ7 output, it may
read the status or valid data. Even if the device has com-
pleted the Embedded Algorithm operation and DQ7 has
a valid data, the data outputs on DQ0-DQ6 may be still
invalid. The valid data on DQ0-DQ7 will be read on the
successive read attempts.

The Data Polling feature is only active during the Em-
bedded Programming Algorithm, Embedded Erase Al-
gorithm, or sector erase time-out (see Table 8).

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

DQ6
Toggle Bit

The Am29F400 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 (OE toggling) data from
the device will result in DQ6 toggling between one and
zero. Once the Embedded Program or Erase Algorithm
cycleis completed, DQ6 will stop toggling and valid data
will be read on the next 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 Bitis valid after
the last rising edge of the sector erase WE pulse. The
Toggle Bit is active during the sector time out.

In programming, if the sector being written to is pro-
tected, the toggle bit will toggle for about 2 us and then
stop toggling without the data having changed. In erase,
the device will erase all the selected sectors except for
the ones that are protected. If all selected sectors are
protected, the chip willtoggle the toggle bit for about 100
us and then drop back into read mode, having changed
none of the data.

Either CE or OE toggling will cause the DQ6 to toggle. In
addition, an Erase Suspend/Resume command will
cause DQ6 to toggle.

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

DQ5
Exceeded Timing Limits

DQ5 will indicate if the program or erase time has ex-
ceeded the specified limits (internal pulse count). Under
these conditions DQS5 will produce a “1”. This is a failure
condition which indicates that the program or erase cy-
cle was not successtully completed. Data Polling is the
only operating function of the device under this condi-
tion. The CE circuit will partially power down the device
underthese conditions (to approximately 2 mA). The OE
and WE pins will control the output disable functions as
described in Table 2.

If this failure condition occurs during sector erase opera-
tion, it specifies that a particular sector is bad and it may
not be reused. However, other sectors are still functional
and may be used for the program or erase operation.
The device must be reset to use other sectors. Write the
Reset command sequence to the device, and then exe-
cute program or erase command sequence. This allows
the system to continue to use the other active sectorsin
the device.

If this failure condition occurs during the chip erase op-
eration, it specifies that the entire chip is bad or combi-
nation of sectors are bad.

If this failure condition occurs during the byte program-
ming operation, it specifies that the entire sector con-
taining that byte is bad and this sector may not be
reused, (other sectors are still functional and can
be reused).

The DQ5 failure condition may also appear if auser tries
to program a non blank location without erasing. In this
case the device locks out and never completes the
Embedded Algorithm operation. Hence, the system
never reads a valid data on DQ7 bit and DQ6 never
stops toggling. Once the device has exceeded timing
limits, the DQ5 bit will indicate a “1.” Please note that this
is not a device failure condition since the device was
incorrectly used.

DQ3
Sector Erase Timer

After the completion of the initial sector erase command
sequence the sector erase time-out will begin. DQ3 will
remain low until the time-out is complete. Data Polling
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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, DQ3 may be
usedtodetermine if the sector erase timer window is still
open. If DQ3 is high (“1”) the internally controlled erase
cycle has begun; attempts to write subsequent com-
mands to the device will be ignored until the erase op-
eration is completed as indicated by Data Polling or
Toggle Bit. If DQ3 is low (“0"), the device will accept ad-
ditional sector erase commands. To insure the com-
mand has been accepted, the system software should
check the status of DQ3 prior to and following each sub-
sequent sector erase command. If DQ3 were high on
the second status check, the command may not have
been accepted.

Refer to Table 8: Hardware Sequence Flags.

RY/BY
Ready/Busy

The Am29F400 provides a RY/BY output pin as away to
indicate to the host system that the Embedded™ Algo-
rithms are either in progress or completed. If the output
is low, the device is busy with either a program or erase
operation. If the output is high, the device is ready to ac-
ceptany read/write or erase operation. Whenthe RY/BY
pin is low, the device will not accept any additional pro-
gram or erase commands. lf the Am29F400 is placed in
an Erase Suspend mode, the RY/BY output will be high.
Also, since this is an open drain output, many RY/BY
pins canbe tied together in parallel with a pull up resistor
to Vcce.

During programming, the R\@ pin is driven low after
the rising edge of the fourth WE pulse. During an erase
operation, the RY/BY pin is driven low after the rising
edge of the sixth WE pulse. The RY/BY pin should be
ignored while RESET is at ViL. Refer to Figure 13 for a
detailed timing diagram.

RESET
Hardware Reset

The Am29F400 device may be reset by driving the
RESET pin to Vi.. The RESET pin has a pulse require-
ment and has to be kept low (Vi) for at least 500 ns in
order to properly reset the internal state machine. Any
operation in the process of being executed will be termi-
nated and the internal state machine will be reset 20 us
after the RESET pin is driven low. Furthermore, once
the RESET pin goes high, the device requires an
additional 50 ns before it will allow read access. When
the RESET pin is low, the device will be in the standby
mode for the duration of the pulse and all the data output
pins will be tri-stated. If a hardware reset occurs during a
program or erase operation, the data at that particular
location will be corrupted. Please note that the RY/BY
output signal should be ignored during the RESET

pulse. Referto Figure 14 forthe timing diagram. Referto
Temporary Sector Unprotect for additional functionality.

Byte/Word Configuration

The BYTE pin selects the byte (8-bit) mode or word
(16 bit) mode forthe Am29F400 device. When this pinis
driven high, the device operates in the word (16 bit)
mode. The data is read and programmed at
DQO-DQ15. When this pin is driven low, the device op-
erates in byte (8 bit) mode. Under this mode, the
DQ15/A-1 pin becomes the lowest address bit and
DQ8-DQ14 bits are tristated. However, the command
bus cycle is always an 8-bit operation and hence com-
mands are written at DQ0-DQ7 andthe DQ8-DQ15 bits
are ignored. Refer to Figures 15 and 16 for the timing
diagram.

Data Protection

The Am29F400 is designed to offer protection against
accidental erasure 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 pre-

vent inadvertent write cycles resulting from Vcc power-
up and power-down transitions or system noise.

Low Vec Write Inhibit

To avoid initiation of a write cycle during Vcc power-up
and power-down, a write cycle is locked out for Vcc less
than 3.2 V (typically 3.7 V). If Vec < Viko, the command
register is disabled and all internal programverase cir-
cuits are disabled. Under this condition the device will
reset to the read mode. Subsequent writes will be ig-
nored until the Vcc level is greater than Viko. It is the
users responsibility to ensure that the control pins are
logically correct to prevent unintentional writes when
Vcc is above 3.2 V.

Write Pulse “Glitch” Protection

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

Logical Inhibit

Writing is inhibited by holding any one of OE = Vi,
CE = ViH or WE = V. 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 = ViL and OE VH
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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EMBEDDED ALGORITHMS

Start

Write Program Command Sequence
(see below)

Data Poll Device

Increment Address

L ast Address
?

Yes

Programming Completed

Program Command Sequence (Address/Command):

5555H/AAH

2AAAH/S5H

5555H/AOH

Program Address/Program Data 18612A-8

Figure 1. Embedded Programming Algorithm

Table 9. Embedded Programming Algorithm

Bus Operations Command Sequence Comments

Standby (Note 1) )

Write Program Valid Address/Data Sequence

Read Data Polling to Verify Programming
‘Standby (Note 1) Compare Data Output to Data Expected

Note:
1. Device is either powered-down, erase inhibit or program inhibit.
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EMBEDDED ALGORITHMS
Start
|
Write Erase Command Sequence
(see below)
|
Data Polling or Toggle Bit
Successfully Completed
\
Erasure Completed
Chip Erase Command Sequence Individual Sector/Multiple Sector
(Address/Command): Erase Command Sequence
(Address/Command):
5555H/AAH 5555H/AAH
] |
2AAAH/55H 2AAAH/55H
| |
5555H/80H 5555H/80H
| ]
5555H/AAH 5555H/AAH
1 |
2AAAH/55H 2AAAH/S5H
| [
5555H/10H Sector Address/30H
|
Sector Address/30H Additional sector
< erase commands
] are optional
Sector Address/30H
18612A-9
Figure 2. Embedded Erase Algorithm
Table 10. Embedded Erase Algorithm
Bus Operations Command Sequence Comments
Standby (Note 1)
Write Erase
Read ’ Data Polling to Verify Erasure
Standby (Note 1) ‘ Compare Output to FFH
Note:

1. Device is either powered-down, erase inhibit or program inhibit.
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Start
VA = Byte address for programming
(Bgzd_g‘g% = Any of the sector addresses within the
Addr=VA sector being erased during sector erase
operation
= XXXXH during chip erase

Read Byte
(DQ0-DQ7)
Addr=VA -

Fail

18612A-10

Note:
1. DQ7 is rechecked even if DQ5 = “1” because DQ7 may change simultaneously with DQ5.

Figure 3. Data Polling Algorithm
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Start

!

Read Byte

Note:

(DQ0-DQ7)
Addr=VA

DQ6=Toggle
?

Read Byte
(DQ0-DQ7)
Addr=VA

Fail

VA = Byte address for programming

= any of the sector addresses within the
sector being erased during sector erase
operation

= XXXXH during chip erase

= any address not within the sector in the
process of an Erase Suspend operation.

18612A-11

1. DQ6 is rechecked even if DQ5 = “1" because DQ6 may stop toggling at the same time as DQ5 changing to “1".

Figure 4. Toggle Bit Algorithm

+0.8V
-05V

20 ns

20 ns

W

/|

20V

"18612A-12

20 ns
Figure 5. Maximum Negative Overshoot Waveform

Vee+0.5V /
2.0V

20 ns

Vec+2.0V

OOXX

20 ns

20ns 18612A-13

Figure 6. Maximum Positive Overshoot Waveform
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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 A9 (Note 1) ....... -20Vto+7.0V
Vec(Note1) ...t -20Vi0+7.0V
A9(Note2) .................. -2.0Vto+14.0V
Output Short Circuit Current (Note 3) ...... 200 mA
Notes:

1. Minimum DC voltage on input or I/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
/0 pins is Ve + 0.5 V. During voltage transitions, outputs
may overshoot to Vcc + 2.0 V for periods up to 20 ns.

2. Minimum DC input voltage on A9 pin is-0.5 V. During volt-
age transitions, A9 may overshoot Vss to -2.0 V for peri-
ods of up to 20 ns. Maximum DC input voltage on A9 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.

OPERATING RANGES
Commercial (C) Devices -

Case Temperature (Tc) ............ 0°C to +70°C
Industrial (1) 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
Vce Supply Voltages

Vee for Am29F400T/B-75 .. ..... +4.75Vto +5.25V

Vce for Am29F400T/B-90, 120 . .. +4.50 Vto +5.50 V

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

Am29F400T/Am29F400B
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DC CHARACTERISTICS
TTL/NMOS Compatible
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
I Input Load Current VIN = Vssto Vce, Vee = Vee Max +1.0 LA
I A9 Input Load Current Vce = VecMax, A9 =125V 50 pA
o Output Leakage Current Vout = Vssto Vce, Vee = Vee Max 1.0 A
Icc Vee Active Current (Note 1) CE = VIL,OE = Vi \;Bv)::i :g mA
Icc2 Vce Active Current (Notes 2, 3) CE = VILLOE = Vi 60 mA
lcca Vce Standby Current Vce = Vec Max, CE = Viv, OE = Vin 1.0 mA
Vit Input Low Level -0.5 0.8
VH Input High Level 2.0 Vee
+0.5
Vip Voltage for Autoselect Vce=5.0V 1.5 12,5 \
and Sector Protect
VoL Output Low Voltage loL = 5.8 mA, Vcc = Vee Min 0.45
VoH Output High Level loH=-2.5 mA Vcc = Vec Min 2.4
VLko Low Vcc Lock-Out Voltage 3.2 4.2
Notes:

1. The lcc current listed includes both the DC operating current and the frequency dependent component (at 6 MHz).

The frequency component typically is less than 2 mA/MHz, with OF at ViH.

2. lcc active while Embedded Algorithm (program or erase) is in progress.
3. Not 100% tested.
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DC CHARACTERISTICS (continued)

CMOS Compatible
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
[T} Input Load Current VIN = Vssto Vce, Vee = Vee Max +1.0 pA
T A9 Input Load Current Vcc = VeccMax, A9 =125V 50 HA
o - Output Leakage Current Vour = Vss'to Vce, Vee = Vee Max +1.0 pnA
Icct Vcc Active Current (Note 1) CE =VIL,OE = Vi Byte 40 mA
Word 50
Icc2 Vcc Active Current (Notes 2, 3) CE = VI, OE = VH 60 mA
lcca Vcce Standby Current Vce = Vec Max, CE = Vec+£ 0.5 V, 100 A
OE = VH
ViL Input Low Level -0.5 0.8
ViH Input High Level 0.7x Vce
Vce +0.3
Vio Voltage for Autoselect Vcc=5.0V 11.5 125 \
and Sector Protect
VoL Output Low Voltage loL = 5.8 mA, Vcc = Vee Min 0.45
VoH1 lon=-2.5 mA, Vcc = Vcc Min 0.85
Output High Voltage Vee
Vo2 loH=—-100 pA, Vcc = Vee Min Vce v
-0.4
VLko Low Vcc Lock-out Voltage 32 4.2 v
Notes:
1. The lcc current listed includes both the DC operating current and the frequency dependent component (at 6 MHz).
The frequency component typically is less than 2 mA/MHz, with OFE at ViH.
2. lcc active while Embedded Algorithm (program or erase) is in progress.
3. Not 100% tested.
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AC CHARACTERISTICS
" Read Only Operations Characteristics

Parameter
Symbols , -75 -90 -120 -150
JEDEC| Standard | Description Test Setup (Note 1) [ (Note 2) | (Note 2) | (Note 2) | Unit
tavav tRC Read Cycle Time (Note 4) Min 70 90 120 150 ns
tavav | tacc Address to Output Delay CE=ViL Max 70 90 120 150 ns
OE =ViL
teLav | tce Chip Enable to Output Delay| OE = Vi Max 70 90 120 150 ns
taLav | toe Output Enable to ) Max 30 35 50 55 ns
Output Delay
tEHOZ tDF Chip Enable to Output Max 20 20 30 35 ns
High Z (Note 3, 4)
tGHaz | toF Output Enable to Output Max 20 20 30 35 ns
High Z (Note 3, 4)
taxax toH Output Hold Time From Min 0 0 0 0 ns
Addresses, CE or OE,
Whichever Occurs First
tReady RESET pin low to read Max 20 20 20 20 us
mode
tELFL CE to BYTE switching low Max 5 5 5 5 ns
{ELFH or high
Notes:
1. Test Conditions: 2. Test Conditions: 3. Output driver disable time.
Output Load: 1 TTL gate and 30 pF Output Load: 1 TTL gate and 100 pF 4. Not 100% tested.
Input rise and fall times: 5 ns Input rise and fall times: 20 ns
Input pulse levels: 0.0 Vto 3.0 V Input pulse levels: 0.45 V10 2.4 V
Timing measurement reference level Timing measurement reference level
Input: 1.5V Input: 0.8 and 2.0 V
Output: 1.5 V Output: 0.8 and 2.0 V
5.0V
IN3064
. or Equivalent & 2.7 kQ
Device
Under
Test
Diodes = IN3064
or Equivalent
Notes:

For -70: CL = 30 pF including jig capacitance —
- 18612A-14
For all others: CL = 100 pF including jig capacitance

Figure 7. Test Conditions
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AC CHARACTERISTICS
Write/Erase/Program Operations
Parameter Symbols
JEDEC| Standard | Description -70 -90 -120 -150 Unit
tavAv twe Write Cycle Time (3) Min 70 90 120 150 ns
tavwL | tas Address Setup Time Min 0 0 0 0 ns
twLAX tAH Address Hold Time Min 45 45 50 50 ns
tovwH | tps Data Setup Time Min 30 45 50 50 ns
twHDX | tDH Data Hold Time Min 0 0 0 0 ns
toES Output Enable Setup Time (3) Min 0 0 0 0 ns
. Ouiput' Enable Read (Note_S)_ : an 0 0 0 0 ns
Hold Time Toggle and Data Polling (3) | Min 10 10 10 10 ns
1GHWL | tGHwL Read Recover Time Before Write Min 0 0 0 0 ns
tELwL | tcs CE Setup Time Min 0 0 0 0 ns
tWHEH | tcH CE Hold Time Min 0 0 0 0 ns
tWLWH | twp Write Pulse Width Min 35 45 50 50 ns
WHWL | twPH Write Pulse Width High Min 20 20 20 20 ns
WHWH1| twHWH1 Byte Programming Operation Typ 16 16 16 16 us
tWHWH2| tWRWH2 Erase Operation (1) Typ 1.5 1.5 15 15 sec
Max 30 30 30 30 sec
tves Vce Set Up Time (3) Min 50 50 50 50 us
tVLHT Voltage Transition Time (2, 3, 5) Min 4 4 4 4 us
twpp Write Pulse Width (2) Min 100 100 100 100 us
twpp2 Write Pulse Width (5) Min 10 10 10 10 ms
tOESP OE Setup Time to WE Active (2, 3, 5) Min 4 4 4 4 us
tcsp CE Setup Time to WE Active (3) Min 4 4 4 4 us
tRP RESET Pulse Width Min | 500 500 500 500 ns
tFLQz BYTE Switching Low to Output High Z (3, 4) |Max 20 30 30 30 ns
1BUSY Program/Erase Valid to RD/BY Delay (3) Min 30 35 50 55 ns
Notes:
1. This does not include the preprogramming time.
2. These timings are for Sector Protect operation.
3. Not 100% tested.
4. Output Driver Disable Time.
5. These timings are for Sector Unprotect operation.
Am28F400T/Am23F400B 1-137
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS

Must Be
Steady

' May
Change
fromHto L
May
Change
from Lto H
Don't Care,
Any Change

Permitted

Does Not
Apply

OUTPUTS

Will Be
Steady

Will Be
Changing
fromHto L

Will Be
Changing
fromLto H

Changing,
State
Unknown

Center

Line is High-
Impedance
“Off” State

KS000010

SWITCHING WAVEFORMS

tRC
s - X
Addresses ‘) Addresses Stable (
AN A
tacc
o \ f \
E . 7
i o o =
OE \N - \
K v
WE / \
(tce)
(loH) =1 =+
High Z High Z
Outputs <<<<<< Output Valid >>>> —
18612A-15
Figure 8. AC Waveforms for Read Operations
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SWITCHING WAVEFORMS

3rd Bus Cycle Data Polling
-
Addresses >< 5555H PA PA X )4 i(
l— twC o tAS_: 1AH te
L
s/ \ (—/—\ J_\ / \
E [ toHwL

= U
j

— fa— tDF
je— 1DH toE l j—
| p— -
Data AOH PD ba7
— T
DS = fe- o e on
50V
Notes: —»1 tcE fu—
1. PA is address of the memory location to be programmed. 18612A-16
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.
6. These waveforms are for the x16 mode.
Figure 9. Program Operation Timings
I le— tAH
1
Addresses X 5555H 2AAAH % 5555H X 5555H X 2AAAH x SA x
[ tAS

=/ \ SN\ S S o

ﬁfMMﬁ \
/ | \VARRVAER VARV
(N—(\

Data { ) ( )
/ s 55H \—/ goH  “—/ aaH ssi —/ 10HmOH
Vee J‘ VCS = 18612A-17

Notes:
1. SA s the sector address for Sector Erase. Addresses = don't care for Chip Erase.
2. These waveforms are for the x16 mode.

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

tCH
Yy J

—»{ 10E |&—

ft— 1DF —nf

tOEH K.

I r
WE 2 [ {CE ——] \
toH

*
—] igh 2
o & o X oo 39»_”'9_
/ N\ Valid Data -f,

f—————————————— tWHWH 1 0r 2

DQO-DQ6 - «({ DQo-DQ8=Invalid 35“3,-33;}»}____

*DQ7=Valid Data (The device has completed the Embedded operation).

18612A-18
Figure 11. AC Waveforms for Data Polling During Embedded Algorithm Operations

= /1\
7

toEH
— s
WE
tOES *
=75 N/ /S X
) *
Data DQ6= DQo-DQ7
(DQO-DQ7) X DQ8=Toggle XDQG=T°99'9 >< Stop Toggling Valid )C
— e
toE

18612A-19
Note:

*DQE6 stops toggling (The device has completed the Embedded operation).

Figure 12. AC Waveforms for Toggle Bit During Embedded Algorithm Operations
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=\ /a

—} The rising edge of the last WE signal

w \ /] Entire programmlng

Oor erase operatlons

RY/BY M
tBUSY

18612A-20
Figure 13. RY/BY Timing Diagram During Program/Erase Operations
CE \ /
]
" — <><><><><>< —

' J ‘I
t ' '
' ' [
' : ]
1 ' T

! 18612A-21

tReady

Figure 14. RESET/RY/BY Timing Diagram
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ﬁ—_—_\ /——_

BYTE \" /
ELFL
tELFH /
—| ! Data Output Data Output
bao-Da14 ' \ (DQo-DQ14) (DQO—D(§7)>
)
1
¢ 0
JA— ' / paits Address
DQA15/A- ¥ \ Output : Input
! :
=Ttz T 18612A-22

Figure 15. BYTE Timing Diagram for Read Operation

CE \ /
1 [r—
— The falling edge of the last WE signal

=/ \J/ S

s

L}
tSET —™
tHOLD (tAH) 18612A-23

(tAs)

Figure 16. BYTE Timing Diagram for Write Operations
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Start

!

Set Up Sector Addr
(A17, A16, A15,
A14, A13, A12)

!

PLSCNT =1

:

OE = Vip, A9 = ViD
CE = Vi, RESET = VH

=

Activate WE Pulse

!

Time Out 100 ps

!

Increment Power Down OE
PLSCNT __WE_:_VIH
CE=0E=ViL

A9 should remain Vip

!

Read from Sector
Addr = SA, A1A0 = 10,
A6 =0

Device
Failed

Protect
Another

Sector?

Remove Vip from A9
Write Reset Command

!

Sector Protection
Complete

18612A-24

Figure 17. Sector Protection Algorithm
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SWITCHING WAVEFORMS

A17,A16,
A15. A4, >< SAx X SAy
A13,A12
A0 A
Al Y
AB A
12V cmmmmmemamas
5V ---- /
A9
tVLHT
12V cccmmcceeeaas

5V ---- , '
OE - N /
tVLHT

tVLHT

twpp

tOESP

Data

01H

toe

SAx = Sector Address for initial sector

SAy = Sector Address for next sector

Figure 18. AC Waveforms for Sector Protection

18612A-25
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Start

'

Protect All Sectors

1

PLSCNT =1

Y

__SetOE=A9 =Vip
CE = Vi, RESET = Vi
A6 =1, A1AO0 = 10

!

Activate WE Pulse

‘ Increment
PLSCNT

Time Out 10 ms

v

Set OF = CE = ViL
A9 = VD

!

Set Up Sector Addr SAQ

'

Read Data
from Device
No
Increment 7ACNT
Sector Addr = 19000
Device
No Sector Failed
Addr = SA10
?
Yes
Notes: Remove Vi
SAO0 = Sector Address for initial sector from AS
SA10 = Sector Address for last sector &
Please refer to Table 4 for details. Sector Unprotect 18612A-26
Complete

Figure 19. Sector Unprotect Algorithm
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SWITCHING WAVEFORMS

A17; ) S
we_ XL/
£
) §
A0 >\ )
8
>/ b))
Al
12V--ccenccenn - -1 ()
5V--
A9 >
tVLHT
55 9%
AB >
12Vecemeaceaean .-
5V - .
(o]
tLHT tLHT § 59
twpp {8
WE
toESP
CE >
55 59
Data 14 OOH S
Execute Auto Select 18612A-27

Command Sequence

Figure 20. AC Waveforms for Sector Unprotect
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AC CHARACTERISTICS

Write/Erase/Program Operations
Alternate CE Controlled Writes

Parameter Symbols
JEDEC| Standard | Description -70 -90 -120 -150 Unit
tAVAV twe Write Cycle Time (4) Min 70 90 120 150 ns
tAVEL tas Address Setup Time Min 0 (o] o] 0 ns
tELAX tAH Address Hold Time Min 45 45 50 50 ns
tDVEH tos Data Setup Time Min 30 45 50 50 ns
tEHDX tDH Data Hold Time Min 0 0 o 0 ns
toes Output Enable Setup Time Min 0 0 0 0 ns
1oEm Output Enable Read (4) Min 0 0 0 0 ns
Hold Time (4) Toggle and Data Polling | Min 10 10 10 10 ns
tGHEL tGHEL Read Recover Time Before Write Min 0 0 0 0 ns
tWLEL | tws WE Setup Time Min 0 0 0 0 ns
tEHWH | twH WE Hold Time Min 0 0 0 0 ns
tELEH | tcp CE Pulse Width Min 35 45 50 50 ns
tEHEL | tCPH CE Pulse Width High Min 20 20 20 20 ns
WHWH1 | tWHWH1 Byte Programming Operation Typ 16 16 16 16 us
WHWH2 | twHWH2 Erase Operation (Note 1) Typ 1.5 1.5 1.5 1.5 sec
Max 30 30 30 30 sec
tves Vcce Set Up Time (Note 4) Typ 50 50 50 50 us
tRP RESET Pulse Width Min 500 500 500 500 ns
tFLoz BYTE Switching Low to Output High Z (3, 4) | Max 20 30 30 30 ns
tBusY Program/Erase Valid to RD/BY Delay (4) Min 30 35 50 55 ns
Notes: )
1. This does not include the preprogramming time.
2. These timings are for Sector Protect/Unprotect operations.
3. This timing is only for Sector Unprotect.
4. Not 100% tested.
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Notes:

PA is address of the memory location to be programmed.

PD is data to be programmed at byte address.

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

SO0 A LN

Addresses

Data

50V

- /_\F—/_\J

Data Polling

>__

>§_ 5555H X PA PA X
e— tWC e tAS > W

1 [*— tGHEL

i tcp e TWHWH1 —

./

/el L/

le— tDH

I i W

tos —»| |-

Dour is the output of the data written to the device.
Figure indicates last two bus cycles of four bus cycle sequence.
These waveforms are for the x16 mode.

Figure 21. Alternate CE Controlled Program Operation Timings

18612A-28
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ERASE AND PROGRAMMING PERFORMANCE

Limits

Parameter Min Typ Max Unit Comments

Chip and Sector Erase Time 1.5 30 sec Excludes 00H programming
(Note 1) prior to erasure

Byte Programming Time 16 1000 us . Excludes system-level overhead

(Note 2)

Chip Programming Time 8.5 50 sec Excludes system-level overhead
(Note 1)

Erase/Program Cycles 100,000 [ 1,000,000 Cycles

Notes:
1. 25°C, 5 V Ve, 100,000 cycles
2. The Embedded Algorithms allow for 48 ms byte program time.

LATCHUP CHARACTERISTICS

Min Max
Input Voltage with respect to Vss on all I/O pins -1.0V Vec+1.0V
Vce Current -100 mA +100 mA
Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time.
TSOP PIN CAPACITANCE
Parameter
Symbol Parameter Description Test Setup Typ Max Unit
CiN Input Capacitance VIN=0 6 7.5 pF
Court Output Capacitance Vout =0 8.5 12 pF
Cinz2 Control Pin Capacitance ViIN=0 8 10 pF
Notes:
1. Sampled, not 100% tested.
2. Test conditions Ta = 25°C, f= 1.0 MHz
SO PIN CAPACITANCE
Parameter
Symbol Parameter Description Test Setup Typ Max Unit
CiN Input Capacitance VIN=0 6 7.5 pF
Court Output Capacitance VouT =0 8.5 12 pF
CiNnz Contro! Pin Capacitance Vep =0 8 10 pF
Notes: )
1. Sampled, not 100% tested.
2. Testconditions Ta = 25°C, f = 1.0 MHz
DATA RETENTION
Parameter Test Conditions Min Unit
Minimum Pattern Data Retention Time 150°C 10 Years
125°C 20 Years
AmM29F400T/Am29F400B 1-149



Am29F016

16-Megabit (2,097,152 x 8-Bit) CMOS 5.0 Volt-only,

Sector Erase Flash Memory

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
N 5.0V +10% read, write, and erase

— Minimizes system level power requirements
B Compatible with JEDEC-standard commands

— Pinout and software compatible with single-
supply Flash

B 48-pin TSOP pinout
Minimum 100,000 write/erase cycles
M High performance
— 90 ns maximum access time
B Sector erase architecture
— Uniform sectors of 64 Kbytes each

— Any combination of sectors can be erased.
Also supports full chip erase

B Embedded Erase Algorithms

— Automatically pre-programs and erases the
chip or any sector
N Embedded Program Algorithms

— Automatically writes and verifies data at
specified address

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

B Ready/BUSY output

— Hardware method for detection of program or
erase cycle completion

B Erase Suspend Resume

— This feature supports reading or programming
data to a non-busy sector

W Low power consumption
— 30 mA maximum active read current
— 60 mA maximum write/erase current
— 1 pA typical standby current

B Low Vcc write inhibit<3.2V

Block protection

— Hardware method that disables any combina-
tion of blocks from write or erase operations

W Hardware RESET pin
— Resets internal state machine to the read mode

GENERAL DESCRIPTION

The Am29F016 is a 16 Mbit, 5.0 V-only Flash memory
organized as 2 Mbytes of 8 bits each. The 2 Mbytes of
data is organized in 32 sectors of 64 Kbytes for flexible
erase capability. The 8 bits of data will appear on DQO-
DQ7. The Am29F016 is offered in a 48-pin TSOP pack-
age. This device is designed to be programmed
in-system with the standard system 5.0 V V¢c supply.

12.0 V Vep is not required for write or erase operations.
The device can also be reprogrammed in standard

EPROM programmers.

The standard Am29FQ16 offers access times between
90 ns, 120 ns, and 150 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 Am29F016is entirely command set compatible with
JEDEC standard single-supply Flash. Commands are

written to the command register using standard
microprocessor write timings. Register contents serve
as input 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. Reading data out of
the device is similar to reading from 12.0 V Fiash or
EPROM devices.

The Am29F016 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. Erase is accomplished by
executing the erase command sequence. This will in-
voke the Embedded Erase algorithm whichis aninternal
algorithmthat automatically preprograms the array if itis
not already programmed before executing the erase op-
eration. During erase, the device automatically times
the erase pulse widths and verifies proper cell margin.

This document contains information on a product under development at Advanced Micro Devices, Inc. The information | Publication# 18805 Rev. A Amendment/0
1-150 s intended 10 help you to evaluate this product. AMD reserves the right to change or discontinue work on this proposed lssue Date: March 1994

product without notice.
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ADVANCE INFORMATION

GENERAL DESCRIPTION

This device also features a sector erase architecture.
The sector mode allows for sectors of memory to be
erased and reprogrammed without affecting other sec-
tors. A sector is typically erased and verified within
1 second. The Am29F016is erased when shipped from
the factory.

The Am29F016 device also features hardware block
protection. This feature will disable both program and
erase operations in any combination of eight blocks of
memory. A block consists of four adjacent sectors
grouped in the following pattern: sectors 0-3, 4-7,
8-11, 12-15, 16-19, 20-23, 24-27, and 28-31.

AMD has implemented an Erase Suspend feature that
enables the user to put erase on hold for any period of
time to read data or program data to a non-busy sector.
Thus, true background erase can be achieved.

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 Vcc detector automatically
inhibits write operations on the loss of power. The end of

program or erase is detected by the Ready/BUSY pin,
Data Polling of DQ7 or by the Toggle Bit feature on DQ6.
Once the end of a program or erase cycle has been
completed, the device internally resets to the read
mode.

The Am29F016 also has a hardware RESET pin. When
this pin is driven low, execution of any Embedded Pro-
gramor Embedded Erase operations wilt be terminated.
The internal state machine will then be reset into the
read mode. The RESET pin may be tied to the system
reset input. Therefore, if a system reset occurs during
the Embedded Program or Embedded Erase operation,
the device will be automatically reset to a read mode.
This will enable the system microprocessor to read the
boot-up firmware from the Flash memory.

AMD's Flash technology combines years of EPROM
and E2PROM experience to produce the highest levels
of quality, reliability and cost effectiveness. The
AmM29F016 memory electrically erases all bits within a
sector simultaneously via Fowler-Nordheim tunneling.
The bytes are programmed one byte at a time using the
EPROM programming mechanism of hot electron
injection.

DQo-DQ7

BLOCK DIAGRAM

Ve —*

Ves —

i Erase Voltage Input/Output
RY/BY Generator Buffers
RESET——j /\

WE —» State
Control <—
Command y I
Register PGM Voltage
I—P Generator
L i Data
Chip Enable
CE »]  Output Enable ST Latch
OE Logic
r Y_ v \NZ
A
ST? d Y-Decoder -—> Y-Gating
d
r
Vee Detector Timer e
S —>1
s X-Decoder Cell Matrix
L
A0-A20 > a
t —>
c
h
I | 1B805A-1
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ADVANCE INFORMATION

PRODUCT SELECTOR GUIDE

Family Part No. Am29F016
Ordering Part No:

Vec = 5.0 V+10% -90 -120 -150
Max Access Time (ns) 90 120 150
CE (E) Access (ns) 90 120 150
OE (G) Access (ns) 35 50 75

CONNECTION DIAGRAMS
16 Mbit Pinout
NCEH 1 O 48 INC
NC [ 2 47 [ NC
A19[]3 . 46 [ A20
A8 ] 4 45 Ell NC
A7 5 44 WE
a6 ] 6 43 JGE
A5 [} 7 42 E RY/BY
A4 ] 8 41 DQ7
A13[] 9 40 |21 DQs6
A12 ] 10 39 [ DQs
CEC] 11 38 [ b4
Vee E 12 37 3 Vee
NC ] 13 36 [ Vss
RESET (] 14 35 [ Vss
A1 ] 15 34 [J pa3
Ao ] 16 33 DQ2
A9 [} 17 32 DQ1
As ] 18 31 3 bQo
A7 ] 19 30 [ A0
A6 [ 20 29 [3 A1
A5 [ 21 28 [ A2
A4 ] 22 27 I A3
Nc ] 23 26 [ NC
Ne [ 24 25 NC
Standard TSOP
N1V 48 NC
NC E 2 47 I NC
A20 3 46 A19
NC 14 45 A18
we X5 44 1 A17
oE ] 6 43 [ A16
RY/BY 7 42 [ A15
DQ7 8 41 1 A14
DQ6 [ ¢ 40 [ A13
DQ5 10 39 [ A12
DQ4 1 38 1 CE
Vee [ 12 37 B9 Vee
Vss [} 13 36 A NC
Vss [} 14 35 [ 1 RESET
pa3 [ 15 34 [ A1
pQ2 ] 16 33 [ A10
pQi1 [ 17 32 [ A9
pao 1 18 31 I A8
Ao ] 19 30 [ A7
A1 20 29 [ A6
A2 4 21 28 [ As
A3 [] 22 27 [ A4
NCc [ 23 26 [CINC
NCc [ 24 25 TINC
Reverse TSOP 18805A-2

1-152

Am29F016




nAMD ADVANCE INFORMATION

PIN CONFIGURATION
A0-A20 21 Addresses

LOGIC SYMBOL

BN

DQO-DQ7 = 8 Data Inputs/Outputs A0-A20 8

NC = Pin Not Connected DQo-DQ7 <¢:>

CE = Chip Enable

__E = Output Enable —»lER

WE = Write Enable »|5EG)

RESET = Hardware Reset Pin, Active Low _

RYBY ° = Ready/BUSY Output WEW) -

Vee = +5V Supply (£10% V) | RESET RYiBY

Vss = Device Ground 18805A-3
5.0 Volt-only, Sector Erase Flash Memories 1-153
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Am28F256

256 Kilobit (32,768 x 8-Bit) CMOS 12.0 Volt,

Bulk Erase Flash Memory

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
H High performance

— 70 ns maximum access time
W CMOS Low power consumption

— 30 mA maximum active current

— 100 pA maximum standby current

— No data retention power consumption

W Compatible with JEDEC-standard byte-wide
32-Pin EPROM pinouts

— 32-pin DIP

— 32-pin PLCC

— 32-pin TSOP

— 32-pinLCC
B 10,000 write/erase cycles minimum
W Write and erase voltage 12.0 V +5%

B Latch-up protected to 100 mA
from-1VtoVec +1V

B Flasherase Electrical Bulk Chip-Erase
— One second typical chip-erase

W Flashrite Programming
— 10 ps typical byte-program
— 0.5 second typical chip program

B Command register architecture for
microprocessor/microcontroller compatible
_ write interface

B On-chip address and data latches

B Advanced CMOS flash memory technology
— Low cost single transistor memory cell

B Automatic write/erase pulse stop timer

GENERAL DESCRIPTION

The Am28F256 is a 256K Flash memory organized as
32K bytes of 8 bits each. AMD’s Flash memories offer
the most cost-effective and reliable read/write non- vola-
tile random access memory. The Am28F256 is pack-
aged in 32-pin PDIP, PLCC, and TSOP versions. The
device is also offered in the ceramic LCC package. It is
designed to be reprogrammed and erased in-system or
in standard EPROM programmers. The Am28F256 is
erased when shipped from the factory.

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 JEDEC
Flash Standard 32-pin pinout. The command register al-
lows for 100% TTL level control inputs and fixed power
supply levels during erase and programming.

AMD's Flash technology reliably stores  memory
contents even after 10,000 erase and program cycles.

The AMD cellis designed to optimize the erase and pro-
gramming mechanisms. In addition, the combination of
advancedtunneloxide processingand low internal elec-
tric fields for erase and programming operations pro-
duces reliable cycling. The Am28F256 uses a
12.0V£5% Vep 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 Vto Vcc+1 V.

The Am28F256 is byte programmable using 10 ps pro-
gramming pulses in accordance with AMD’s Flashrite
programming algorithm. The typical room temperature
programming time of the Am28F256 is a half a second.
The entire chip is bulk erased using 10 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 erasure using ultra-violet
light are eliminated.

Publication# 11560 Rev.E  Amendment/0
Issue Date: March 1994
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GENERAL DESCRIPTION

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
AmR28F256 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
Am28F256 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.

BLOCK DIAGRAM

Vee —™

DQo-DQ7

&

Vss —>

Erase
Vep * Voltage InpéJL/f%L:lsput
I Switch
N
_ State T | To Array
WE —™
Control
|
N ’ |
Command Program
Register Voltage Chip Enable
Switch Output Enable AN
— e — Logic
CE —¢ Data
OE I Latch
1
[ v SZ 11
Low Vcc
Detector Y-Decoder Y-Gating
Program/Erase
Pulse Timer [
: Address .
N] Latch 262,144
Ao-A14 V] X-Decoder i Bit
° Cell Matrix [~
.
11560E-1
PRODUCT SELECTOR GUIDE
Family Part No.: Am28F256
Ordering Part No.:
+10% Vcc Tolerance — -90 -120 -150 -200 -250
+5% Vcc Tolerance -75 -95 — — — —_
Max Access Time (ns) 70 90 120 150 200 250
CE (E) Access (ns) 70 90 120 150 200 250
OE (G) Access (ns) 35 35 50 55 55 55
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CONNECTION DIAGRAMS

DIP
Vppd 1@ 32 1] vee
NC[] 2 31 ]—W—E-(W)
NC[]3 30 [1 nC
A2} 4 29 [] A14
A7T[]s 28 [] A13
A6 [} 6 27 [] A8
As ] 7 26 [] A9
A4 ] 25 [] A1
A3} o 24[1GE @)
A2 10 23[] A0
A n 22 [ICE®)
Ao []12 21 [] ba7
DQo[f13  20[] D
DAt [ 14 19 [J DQ5
pQ2 []1s 18 [] bO4
vss [ 16 17 | DQ3
11560E-2

Note: Pin 1 is marked for orientation.
*Also available in LCC.

PLCC*
3

222582

43 7 1323130
A7[] s ® 20 [1A14
Asf] & 28 [1A13
asd 7 27 [JAs
A4[l 8 26 []A9
A3[] 9 25 [JA11
A2[] 10 24 [1GE (G)
A 11 23 a0
Ao[] 12 22 f]TE (E)
DQof] 13 21 []pQ7

TN he 9 5o 11560E-3

888888

Am28F256
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TSOP PACKAGES
A1 T 10 32 |3 ©E
A0 2 31 |1 A0
A8 ] 3 30 [ CE
A3 T 4 29 21 D7
A4 4 5 28 1 D6
NC ] s 27 1 D5
we O 7 26 |1 D4
Vec ] 8 25 {1 D3
vep [ o9 24 3 Vss
NC T3 10 23 [ D2
NC T} 11 22 |3 Dt
A2 T4 12 oy |3 DO
A7 I 13 20 (@ Ao
A6 1 14 19 =3 A1
As T4 15 18 (3 A2
A4 ] 16 17 3 A3
28F256 Standard Pinout
CE O 1V 32 B At
A0 3 2 31 |21 A9
CEL 3 30 [ A8
D7 4 4 29 |3 A13
De (] s 28 [ A14
Ds C 6 27 B NC
D4 7 26 |3 WE
D3 [} 8 25 [ Vce
Vss [ ¢ 24 |23 Vep
D2 3 10 23 [ NC
D1 3 14 22 3 NC
DO : 12 21 : Al12
A0 ] 43 20 (2 A7
Al ] 14 19 |2 A6
A2 ] 15 18 [ A5
A3 ] 16 17 [ A4
28F256 Reverse Pinout 11560E-4
28F256 32K x 8 Flash Memory in 32-Lead TSOP
LOGIC SYMBOL
15 A
¢> AD-A14 8
DQO- DQ7<¢>
—» CE (E)
—»| OE (G)
—»] WE (W)
11560E-5
2-6 12.0 Volt, Bulk Erase Flash Memories
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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:

AM28F256 =75 J C B

L——- OPTIONAL PROCESSING

Blank = Standard Processing
B = Burn-In

TEMPERATUHE RANGE
Commercial (0°C to +70°C)

I Industrial (—40°C to + 85°C)

E = Extended (-55°C to + 125°C)
PACKAGE TYPE
P = 32-Pin Plastic DIP (PD 032)
J = 32-Pin Rectangular Plastic Leaded
Chip Carrier (PL 032)
L = 32-Pin Rectangular Ceramic Leadless
Chip Carrier (CLR 032)
E = 32-Pin TSOP Standard Pinout (TS 032)
F = 32-Pin TSOP Reverse Pinout (TSR 032)
SPEED

See Product Selector Guide and
Valid Combinations

DEVICE NUMBER/DESCRIPTION
Am28F256
256 Kilobit (32K x 8-Bit) CMOS Flash Memory

Valid Combinations Valid Combinations
. Valid Combinations list configurations planned to

Am28F256-75 PC,JC, LC, be supported in volume for this device. Consult
Am28F256-90 EC, FC the local AMD sales office to confirm availability of
Am28F256-95 specific valid combinations and to check on newly
Am28F256-120 PC. Pl PE. PEB released combinations.
Am28F256-150 [ JC,JI, JE, JEB,
Am28F256-200 | LG, Ll LE, LEB,

EC, FC, El, Fi,

EE, FE, EEB, FEB

Am28F256
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PIN DESCRIPTION

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

DQO-DQ7

Data Inputs during memory write cycles. Internatlatches
hold data during write cycles. Data Outputs during mem-
ory read cycles.

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

OE (G)

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

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

Vep

Power supply for erase and programming. Vep 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 <Vcc +2 V.

Vss
Ground

WE (W

(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.

2-8 12.0 Volt, Bulk Erase Flash Memories
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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 Vpe voltage, the Am28F 256 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 Vep 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 occurfirst. 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 to 0’s prior to erasure. Refer to the Flashrite
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 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.

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 us) 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 successfully, the Program se-
quence is repeated until a successful comparison is
verified or the sequence is repeated 25 times.

Am28F256 2-9
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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
prevent inadvertent write cycles resulting fromVcc
power-up and power-down transitions or system noise.

Low Vcc Write Inhibit

To avoid initiation of a write cycle during Vcc power-up
and power-down, a write cycle is locked out for Vcc less
than 3.2 V (typically 3.7 V). If Vcc < Viko, 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 Vec
level is greater than Viko. It is the users responsibility to
ensure that the control pins are logically correct to pre-
vent unintentional writes when Vcc is above 3.2 V.

Write Pulse “Glitch” Protection

Noise pulses of less than 10 ns (typical) on OF, CE or
WE will not initiate a write cycle.

Logical Inhibit

Writing i inhibited by holding any one of OE = Vi, CE =
ViH or WE = ViH. 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 WithWE = CE = ViLand OE =V i1
will not accept commands on the rising edge of WE. The
internal state machine is automatically reset to the read
mode on power-up.

FUNCTIONAL DESCRIPTION
Description Of User Modes

Table 1. Am28F256 User Bus Operations

Operation CE OE WE Vep
P ® @ | ™ |motet)]| a0 A9 vo
Read ViL VIiL X VepL A0 A9 Dout
Standby ViH X X VppPL X X HIGH Z
Output Disable ViL ViH VIH VpPL X X HIGH Z
Read-Only Auto-select Manufacturer ViL viL ViH VPPL ViL Vip CODE
Code (Note 2) (Note 3)| (01H)
Auto-select Device Code ViL Vi ViH VppL VIH Vip CODE
(Note 2) (Note 3)| (A1H)
Read ViL viL VIH VPPH A0 A9 Dout
(Note 4)
Read/Write Standby (Note 5) VH X X VPPH X X HIGH Z
Output Disable Vit VIH VH VepH X X HIGH Z
Write Vi VIH ViL VpPH AO A9 DIN
(Note 6)
Legend:

X = Don't care, where Don't Care is either ViL or ViH levels, VPrL = Vpp < Vec + 2 V, See DC Characteristics for voltage
levels of VppH, 0 V < An < Vce + 2 V, (normal TTL or CMOS input levels, where n = 0 or 9).

Notes:

1. VePL may be grounded, connected with a resistor to ground, or < Vcc +2.0 V. VppH is the programming voltage specified
for the device. Refer to the DC characteristics. When Vep = Ve, memory contents can be read but not written or erased.

11.5<ViD<13.0V

Refer to Table 3 for valid Din during a write operation.

NS A WD

addresses except Ag and Ao must be held at ViL.

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

Read operation with Vep = VpPH may access array data or the Auto select codes.
With Vpp at high voltage, the standby current is Icc + Ipp (standby).

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

2-10 12.0 Volt, Bulk Erase Flash Memories
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READ ONLY MODE

Vep<Vec+2V

Command Register Inactive

Read

The Am28F256 functions as a read only memory when
Vpp < Vcc + 2 V. The Am28F256 has two control func-
tions. Both must be satisfied in order to output data. CE
controls powerto the device. This pin should be used for
specific device selection. OF 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 accesstime 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 Vec % 0.5 V), consumes
less than 100 pA of current. TTL standby mode (CE is
held at Vi) reduces the current requirements to less
than 1mA. 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 programv/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 Vip (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 Vi to V. All other
address lines must be held at Vi, and Vep must be less
than or equal to Vcc + 2.0 V while using this Auto select
mode. Byte 0 (AD = ViL) represents the manufacturer
code and byte 1 (A0 = Vin) the device identifier code. For
the Am28F256 these two bytes are giveninthe 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. Am28F256 Auto Select Code

Code
Type A0 | (HEX) | DQ7 | DQ6 | DQ5 | DQ4 | DQ3 | DQ2 DQ1 | DQO
Manufacturer Code \/ 01 o] 4] o] 0 0 0 0 1
Device Code VIH Al 1 0 1 0 0 0 0 1
Am28F256 2-11
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ERASE, PROGRAM, AND READ MODE

Vep =120V £ 5%
Command Register Active
Write Operations

High voltage must be applied to the Vep pin in order to
activate the command register. Data writtento 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 Vu, while OE is at V. Ad-
dresses are latched on the falling edge of WE, while
data s latched on the rising edge of the WE pulse. Stan-
dard microprocessor write timings are used.

The device requires the OE pin to be Vi for write opera-
tions. This condition eliminates the possibility for bus
contention during programming operations. In order to
write, OE must be Vi, and CE and WE must be V. 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 00H
(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 3
defines these register commands.

Read Command

Memory contents can be accessed via the read com-
mand when Vee is high. To read from the device, write
00H into the command register. Standard microproces-
sor read cycles access data from the memory. The de-
vice will remain in the read mode until the command
register contents are altered.

The command register defaults to 00H (read mode)
upon Vep power-up. The 00H (Read Mode) register de-
fault helps ensure that inadvertent alteration of the
memory contents does not occur during the Vep power
transition. Refer to the AC Read Characteristics and
Waveforms for the specific timing parameters.

Table 3. Am28F256 Command Definitions

First Bus Cycle Second Bus Cycle

Operation Address Data Operation Address Data
Command (Note 1) (Note 2) (Note 3) (Note 1) (Note 2) (Note 3)
Read Memory (Note 6) Write X O00H/FFH Read RA RD
Read Auto select Write X 80H or 90H | Read 00H/01H O1H/A1H
Erase Set-up/EraseWrite Write X 20H Write X 20H
(Note 4)
Erase-Verify (Note 4) Write EA AOH Read X EVD
Program Set-up/ Write X 40H Write PA PD
Program (Note 5)
Program-Verify (Note 5) Write X COH Read X PVD
Reset (Note 6) Write X FFH 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.
X =Don't care.
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-verity.

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

@

Figure 3 illustrates the Flashrite Programming Algorithm.
6. Please reference Reset Command section.

2-12
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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 Vpe pin and all control
pins are intheir 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 00H data prior to erasure. This equal-
izes 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
or CE pulse, whichever occurs later. 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 or CE pulse, whichever occurs later. The
process continues for each byte inthe memory array un-
til 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 chipis
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 bytesin the array have been
verified. The device is now ready to be programmed. At
this peint, the verification operation is terminated by
writing a valid command (e.g. Program set-up) to the
command register. Figure 1 and Table 4, 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.

Am28F256 2-13
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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 Vep, 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 simuitaneously 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 v

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 = 00H). 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 0000H 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 inless 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 10 seconds of cumulative erase time. The
entire sequence of erase and byte verification is per-
formed with high voltage applied to the Vep pin. Figure 1
ilustrates the electrical erase algorithm.

Table 4. Flasherase Electrical Erase Algorithm

Bus Operations Command Comments
Entire memory must = 00H before erasure (Note 3)
Note: Use Flashrite programming algorithm (Figure 3) for
programming.
Standby Wait for Vpp ramp to VepH (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 us
Read Read byte to verify erasure
Standby Compare output to FEFH
Increment pulse count
Write Reset Data = FFH, reset the register for read operations.
Standby Wait for Vep ramp to VppL (Note 1)
Notes:

1. See DC Characteristics for value of Vepr or VppL. The Viep 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 Vcc + 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 ' 2-15
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Figure 2. AC Waveforms For Erase Operations

Analysis of Erase Timing Waveform

Note: This analysis does not include the requirement to
program the entire array to 00H data prior to erasure.
Refer to the Flashrite 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 affectthe 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.

Note: An integrated stop timer prevents any possibility
of overerasure by limiting each time-out period of 10 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 s duration) must be
executed to allow for generation of internal voltages for
margin checking and read operation (section E).

2-16
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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
failto 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.

Note: All address locations must be programmed to
OO0H 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 Am28F256 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 puise.
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 voli-
age is applied to the Vep 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.

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

Duringthe Program-verify operation, the Am28F256 ap-
plies an internally generated margin voltage to the ad-
dressed byte. A normal microprocessor read cycle
outputs the data. A successful comparison betweenthe
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 5 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
10 microsecond programming pulses. Each operationis
followed by a byte verification to determine whenthe 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 Ve pin. Figure 3
and Table 5 illustrate the programming algorithm.

Am28F256 ) 2-17
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Figure 3. Flashrite Programming Algorithm
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Table 5. Flashrite Programming Algorithm

Bus Operations Command Comments
Standby Wait for Vep ramp to VeeH (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 us
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 VepL (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 Vcc + 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. A.C. 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
programmed on a byte by byte basis either sequentially
or randomly.

The program pulse occurs in section C.

Time-Out

A software timing routine (10 s 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 overprogramming by limiting each time-out period of
10 ps.

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 us 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 perbyte. Typically, bytes are verified
within one or two pulses.

Am28F256
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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 Vep rise-time
when Vee first turns on. The capacitors on the Vpp
bus cause an RC ramp. After switching on the Vep,
the delay required is proportional to the number of
devices being erased and the 0.1 uF/device. Vep
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 ps). 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 us). 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 talse data (it may appear
the device is not properly erased or programmed).

Note:

Software timing routines should be written in machin