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Introduction

Here is National’s newest handbook on MOS products. Extra copies of this handbook,
‘plus those on our other major product lines — digital, linear and transistors — are also
available. To receive our handbooks, contact a National sales office, representative or
distributor; to keep current on our growing product lines ask to be placed on our
mailing list.
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MOS Selection Guide

MOS Selection

Guide

MAX FREQ VpD2 ¢ i
PRODUCT TYPE NO. DESCRIPTION OR MIN Vss Vpp OR Lock
MIL/ COM SWING
ACCESS TIME VGG
MM400/MM500 Dual 25 Bit 1.0 MHz +10 GND None 16
MM401/MM501 Dual 25 Bit 1.0 MHz +10 GND None 16
MM402/MM502 Dual 50 Bit 1.0 MHz +10 GND None 16
MM403/MM503 Dual 50 Bit 1.0 MHz +10 GND None 16
MM406/MM506 Dual 100 Bit 1.0 MHz +10 GND None 16
MM407/MM507 Dual 100 Bit 1.0 MHz +10 GND None 16
MM4001A/MM5001A Dual 64 Bit Split Clock 2.5 MHz +5 None -12 17
MM4006A/MMS006A Dual 100 Bit 2.5 MHz +5 None -12 17
MM4007/MM5007 Dual 100 Bit Mask Programmable 2.5 MHz +5 None -12 17
MM4010 A/MM5010A Dual 64 Bit Accumulator 2.5 MHz +5 None -12 17
MM4011A/MMS5011A Dual 64 Bit Common Clock 2.5 MHz +5 None -12 17
o MM4012/MM5012 Dual 256 Bit Accumulator 2.5 MHz +5 None -12 17
7] MM4013/MM5013 1024 Bit Accumulator 2.5 MHz +5 None -12 17
2 MM4015A/MMS015A Triple 60 + 4 Accumulator 2.6 MHz +5 None -12 17
§ MM4016/MMS5016 500/612 Bit 2.5 MHz +5 None -12 17
D>~ MM4017/MM5017 Dual 500/512 Bit 2.5 MHz +5 None -12 17
MM4018/MM5018 Triple 64 Bit 2.5 MHz +5 None -12 17
MM4019/MM5019 Dual 256 Mask Programmable 2.5 MHz +5 None -12 17
MM4020/MM5020 Quad 80 Bit 2.5 MHz +5 None -12 17
MM4021/MM5021 Triple 80 Bit 2.5 MHz +5 None -12 17
MM4100/MM5100 144/156 Bit 1.0 MHz +5 None -12 17
MM4104/MM5104 360/359 + 288/287, 40/32 Bit 2.5 MHz +5 None -12 17
MM4105/MM5105 Quad 64 Accumulator 2.2 MHz +5 None -12 17
MM1402A Quad 256 Bit 5.0 MHz +5 -9 None 14
MM1403A Dual 512 Bit 5.0 MHz +5 -9 None 14
MM1404A Single 1024 Bit 5.0 MHz +5 -9 None 14
MM5024A Single 1024 Bit with
Internal Puliup Resistor 5.0 MHz +5 -9 None 14
MM404/MM504 Dual 16 Bit 1.0 MHz +10 GND -6 16
MM405/MM505 Dual 32 Bit 1.0 MHz +10 GND -6 16
o« MM4040/MM5040 Dual 16 Bit 2.2.MHz +5 GND -12 17
»  MM4a050/MM5050 Dual 32 Bit Common Clock 1.6 MHz +5 GND -12 17
g MM4051/MM5051 Dual 32 Bit Split Clock 1.6 MHz +5 GND -12 17
g MM4052/MM5052 Dual 80 Bit 1.6 MHz +5 GND -12 17
MM4053/MM5053 Dual 100 Bit 1.6 MHz +5 GND -12 17
MM4054/MM5054 Dual 64/72/80 On Chip Clock 2.2 MHz +5 GND -12 TTL
MM5081 High Voltage (V| _=~55V) MM413 250 kHz GND -20 -20 -20
MM4203/MM5203 2048 Bit ROM (Pin Compatible
MM4213) TSL 1.0 us +5 -12 -12 None
MM4210/MM5210 1024 Bit (256 x 4) 650 ns +12 -12 -12 None
MM4211/MM5211 1024 Bit (256 x 4) 950 ns +5 -12 -12 None
MM4213/MM5213 2048 Bit ROM {Pin Compatible
MM4203) TSL 750 ns +5 -12 -12 None
w  MM4220/MM5220 1024 Bit (256x4 or 128x8) 650 ns +12 -12 -12 None
g MM4221/MM5221 1024 Bit (256x4 or 128x8) 950 ns +5 -12 -12 None
o MM4230/MM5230 2048 Bit (512x4 or 256x8) 725 ns +12 -12 -12 None
MM4231/MM5231 2048 Bit (512x4 or 256x8) 950 ns +5 -12 -12 None
MM4232/MM5232 4096 Bit (1024x4 or 512x8) TSL 1.0 us +5 -12 -12 None
MM4240/MM5240 2560 Bit Character Generator 600 ns +12 -12 -12 None
MM4241/MM5241 3072 Bit Character Generator 900 ns +5 -12 -12 None
SK0003 Sine Look-Up Table 1.0 MHz +12 -12 -12 None
MM1101 256 Bit Static (256 x 1) 1.5 us +5 -7 -10 None
MM11011 256 Bit Static (256 x 1) 1.0 us +5 -7 -10 None
MM1101A 256 Bit Static (256 x 1} 1.5 us +5 -9 -9 None
MM1101A1 256 Bit Static (256 x 1) 1.0 us +5 -9 -9 None
< MM1101 A2 256 Bit Static (256 x 1) 500 ns +5 -9 -9 None
é MM5260 1024 Bit Dynamic (1024x1) 350 ns +5 -12 15
MM5262 2048 Bit Dynamic (2048x1) 360 ns +5 -15 18
MM5263 2048 Bit Dynamic with
TSL Output (On Chip Sense Amp) 390 ns +5 -15 18
MM1103 1024 Bit Dynamic (1024x1) +16 GND 12 19
MM480/MM580 Dual 3 Input NOR Gate 200 ns +10 GND None None
£  MM481/MMS81 Dual Exclusive OR-Gate 400 ns +10 GND None None
9 MM482/MM582 Dual Digital MUX Switch 400 ns +10 GND None None
MM483/MM583 JK Flip Flop 2.4 MHz +10  GND  None- 10V’
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MAPS

microprogrammable arithmetic processor system

general description

Microprogrammable Arithmetic Processor System
devices (MAPS) are MOS/LSI elements that repre-
sents a general purpose serial data processor (see
Figure 1). The system can be programmed to oper-
ate in binary or BCD up to a 76 bit one cycle data
word. The system provides a wide variety of data
word formating and is applicable to any serial
arithmetic control system from machine and pro-
cess control to business machines.

The basic system is comprised of five MOS/LS!
sub-system elements:

® MM5700 Arithmetic Unit

MM5701 Register Unit

MM5702 Timing and Control Unit

MM5704 Keyboard Interface Unit

MM5705 Control Read Only Memory

Additional elements for system expansion are:

m MM5703 Contro! Read Only Memory

" m MM5706 Static Data Monitor

STORED
PROGRAM
MEMORY

{

DATA MEMORY “
(ACCUMULATOR)

ADDER

(ARITHMETIC UNIT)

CONTROL LOGIC
(TIMING)

A
A\ 4

!

INPUT/
OUTPUT

1a. General Computer Organization

CONTROL READ ONLY MEMORY
FOR PROGRAM STORAGE CROM

FOR DATA MEMORY RU

REGISTER ELEMENTS {(MODULAR) ARITHMETIC UNIT CONTROL LOGIC

AU

T&C

KEYBOARD DATA

K1

& CONTROL INPUT

STATIC DATA & CONTROL INPUT

1b. MAPS Organization

FIGURE 1. General Purpose Computer Organization Compared to MAPS

SdVIN



MAPS

The five basic elements are interconnected by a

serial bit bus-organized distribution system with
three data buses, and three command buses (see
block diagram Figure 2). The basic cycle of the
system is 76 bits, controlled by a set of 32 data
micro-instructions stored in the arithmetic and
register unit.

MICRO INSTRUCTION

packages for easy handling and test. Compatibility
with the keyboard, data codes, timing and pro-
grams required for the system application is ob-
tained during wafer fabrication by mask program-
ming. A preprogrammed calculator kit with 14-
‘digit display outputs is available for evaluation
and general use.

T
) A ‘
A A N ) TIME ENABLE
I i T
l CYCLE MARKER 1 1
° < 3 °
] v ~ > Y - .
' 4 ' i
: v ; \ 4 \ A ] A d y ¥ YVYY v y
BUSY — CONTROL CONTROL .
KEYBOARD READ READ CoNTROL REGISTER REGISTER _| arimhmeTic
INTERFACE ONLY ONLY unIT unIT uNIT
ALARM  <fffemmet MEMORY MEMORY
RESULT U U
] voBusi
KEYBOARD 9 02 4
Jwosusn
T T )
| DISPLAY
cLock POWER ®)
GENERATOR | - | suppLY -

[} oaTaTRANSFER LINE
s SIGNAL OR CONTROL DATA LINE

FIGURE 2. MAPS Block Diagram

Data between these elements is passed serial over
the three data buses. The logic sequence of data
handling is programmed in the CROM element,
each CROM provides the system 256 words of a
10-bit command. The T&C element interpolates
each command and generates proper time synchro-
nization and time enable signals for performing the
command, thus allowing the data in the AU and
RU elements to be acted upon. To perform data
result tests and control operations, 32 command

‘_'microinstrL]c'tions are stored in the T&C element.
The format and function performed by each com-
“mand instruction is programmable by storing the

proper bit pattern for the op-code in CROM stor-

age. This allows the same basic command instruc--

tion to be programmed differently for a wide
variety of machine applications. The keyboard
encoder will accept up to 32 dynamic keys and 8

static switch inputs and the static data monitor

will séan two banks of 8 data points.

The specific system configuration is expandable
since additional RU, CROM, K| and SDM elements
can be added on the data and command bus sys-
tem. The system will accommodate up to 32
CROMs or a total of 8192 microprogrammed in-
structions. Access from microprogrammed instruc-
tions in RAM and mass storage can be performed
and controlled. This allows the MAPS elements to
function as mini-processors within a larger system.

The system is dynamic two phase logic fabricated
with National’s bipolar compatible, P-channel en-
hancement mode, low threshold technology. All
elements are in small 16 and 24 pin dual-in-line

features

m Bus-organized for easy expansion and. inter-
face with external systems

Keyboard input

® Static data monitor binary or BCD input

m Error-free keyboard decbding (see MMb5704AA
data sheet)

m Data and display control outputs

m Clock rates to 7560 kHz two phase logic

® DTL/TTL compatible on output for display

® Standard +5V and -12V supplies

® Standard 16-pin and 24-pin DIPs

applications

B General purpose serial computers

®m ““Smart’’ data terminals

® Numerical controls

® Electronic business machines

® Point of sales equipment

m Ejectronic scales

m Electronic calculators

® Traffic controls

® Medica! electronics (analyyzers, patient monitor-

ing, etc.)
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MM5704AA MOS/LSI keyboard interface subsystem

general decription

The MM5704AA keyboard interface subsystem is
a monolithic MOS/LSI circuit utilizing P-Channel
enhancement mode low threshold voltage tech-

nology.
matrix)
dynami

It self-scans 32 dynamic keys (4 x 8
and 8 static keys for switch closure. The
c key positions are encoded into a 9-bit

code that is transmitted bit serial. The static keys
are encoded into an 8-bit code. A read-only mem-
ory allows customer programming of the character
code for the 9-bit code. Control logic provides
programmable delay times to match the switch

bounce

characteristics and key matrix capacjtance

for a wide selection of keyboard elements. Two

“bUS\/"

lines are provided so several keyboard

interface chips can be paralleled to decode larger
key matrixes. Two key ‘‘roll over” is provided
along with positive lock-out for ambiguous key
depressions.

features

B Bipolar compatibility

® Stan
® Bits

® Character code selection

® Erro

Minimum external
components required

dard supplies +5V, -12V
erial data transmission Uptoa
9-bit code

Programmable char-
acter code ROM

Provides two key

“roll over’’ multiple

key lock-out by an alarm
busy line for active
decode indication

r-free decode

® High speed
® Keyboard element flexibility

0.75 MHz

Programmable

key bounce delay
Programmable key
matrix capacitance delay
Programmable keys

for alarm clear
Programmable idle
key reset delay

® Large keyboard 32 dynamic keys

8 static keys

Busy line ORed output
(expandable in multiples of
32 dynamic —

8 static keys)

Provides “’character ready”

command and responds
on ““transmit’” command

® Expandable

® Timing control

® Standard package 24-pin dual-in-line

package

applications

Terminal interface
Calculator
Accounting machine
Typewriter

® Keyboard decode

® Binary multiplexer/encoder Binary remote

sensing

block and connection diagrams

3 Dual-In-Line Package
KEY MATRIX
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MM5704AA

absolute maximum ratings

Voltage at Any Pin Vss + 0.3V to Vgs - 20.0V

Operating Temperature Range

0°C to +70°C

Static Switch Form
Static Transmit Bit Interval
Static Key Form

Normally Open (No) (Note 5)
Bit Time 5 (Note 6}
Normally Closed (NC) (Note 5)

Bulk Reference (substrate) ss Storage Temperature Range -55°C to +126°C
Package Power Dissipation at 70°C 500 mW
electrical characteristics
Ta =25°C; Vgs = 4BV, Vgg = -12V; or Vgg = 0V, Vg = ~17V; all supplies 5%, unless otherwise noted
PARAMETER CONDITIONS MIN TYP MAX UNITS
Clocks (@i $ouT)
Repetition Rate (¢4} Min. 5, 0.02 0.75 MHz
Puise Width {¢p,,)
1 Min (90%) Min. ¢¢ . 03 0.5 us
0 Min (10%) 04 0.6
Amplitude
Logic Level “0” With Respect to Vgg 0 -1.5 v
Logic Level 1" -16 -17 -19 v
Delay Times
by Min. ¢¢ and 0.35 s
ba Min. ¢o 0.35
Input Capacitance
[ Vin = 0.0V 125 175 pF
douT f=1.0MHz 125 175
Leakage Current
Sin @ 25°C 0.1 20 BA
douT Vi =-18V 0.1 2.0
Data Inputs
Amplitude
Logic Level “0” With Respect to Vgg 0 -0.7 20 \
Logic Level “1"" -6 -8 \2
Setup Time (ty) 50 100 ns
Hold Time (tyy) 25 ns
Capacitance Viy=00V 15 pF
f=1.0MHz
Leakage Current Viy=-18V @ 25°C 0.1 2 HA
All pins are grounded except
data input pin under test.
Data Outputs With Respect to Vgg
Amplitude MOS Load
Logic Level 0" (1.0M£2 and 50 pF) 0 -1.0 -1.5 \
Logic Level “1”" u! and Alarm -7 -10 \%
Transition Times MOS Load .
Todo {(1.0MQ and 150 350 ns
Toat 50 pF) 150 350 .
{Measured from ¢y “‘one to zero” transition)
Amplitude TTL Load @
(Atarm Outputs) Vgg = =12V, Vgg = 5V
TTL. I =05mA 24 v
Logic Level 1" IL=16mA . 04 v
Logic Level “0"" Ambient Temp. 25°C :
Transition Times TTL Load @
Todo I, =1.6mA 150 350 ns
Toar {,=05mA 150 350
Power Consumption
DC Supply Current Drain
les Average current at 15 20 mA
¢¢=0.75 MHz
Vgg = -20V
¢ $ouT = 20V
Key Matrix Lines
Rg through R, Lines
Amplitude .
Logic Level 0" With Respect to Vgg Vss ~-1.6 A
Logic Level 1" -8 A
T, through Tg Lines
Amplitude
Logic Level 0" With Respect to Vgs Vss -2.0 \
Logic Level 1" -7 -10 N
PROGRAMMABLE FEATURES
Key Bounce Delay E counter programmed for ms
modulus = 6 (Note 1)
Key Matrix Capacitance Delay D counter programmed for pF
. modulus = 4 (Note 2)
Character Code ASCII 8th bit odd parity See code pattern
Control Features
Keyboard Clear Switches T4R7 & T4R4; T4Rs Note 3
Key Rollover Programmed for two
key rollover
Idle Key Reset Capacitor CR External Capacitor tied from
- Pin 9 (Note 4) pF

Note 7: Key bounce delay is total delay defined as D counter programmed modulus = 4 driven from
cycle marker (CM} and E counter programmed modulus = 6. See programming section and typical
application.

Note 2: Key matrix capacitance is the total lead capacitance from the “T’ and “R’ lines excluding
keyboard package capacitance. This is the total capacitance that must be charged before scanning
starts. D counter is programmed for this delay. .

Note 3: Three keys on the keyboard have been programmed to clear on ‘“alarm’’ condition if present.
These are (T4R7), & (T1R7) and (T4Rg) keys. This programming does not affect normal key operation.
Note 4: Idle Key Reset is programmable by an external capacitor CR. This reset is applied only
during the idle mode to enable control logic for first key detection.

Note 5: Shift and static switches can be programmed as normally open or normally closed. (NO) gives
logic 1" out on u! bus (NC) gives logic “0’" out on ul bus.

Note 6: Static Xmit signal duration is one bit time. This is programmable for each keyboard chip to
accrue at a unit bit interval between bit times 5 through 8.




typical applications

TTL/DTL Logic Compatible — Bit Serial Data Qutput

LY > BUSY1 )
NOTE1
douT =] L» FU5V2 i
Ro =~
SEE ELECTRICAL . IDLE KEY RESET

SPECIFICATIONS Ry

VssOROPEN  casE sHipT
S

Vg mmm)

‘ l
Tltﬂ-— KEYBOARD INTERFACE T CR NOTE3

SUBSYSTEM (K1)
L MMS5704
T.
|—» ALARMOUT TTL COMPATIBLE

5‘_

CYCLE

MARKER ==§»] 1/2 DM8800

{cm)

LN (CS) > -
N L Vgg (-12V)
16K e Vs (+5V)
>
*—>
A
V3 (OPEN)  V; (Vo) DATA BUS ()
A J
YT l vss
DATA BUS 1/2 DM8B0Q Lot
(ul)
l ' NOTE 2 num)aus TTL COMPATIBLE
V3 (OPEN)  V (Voo) R

Note 1:

Note 2:
Note3:

SEE ELECTRICAL
SPECIFICATIONS

VssOROPEN  cASE SHIFT
)

Ve =——O

CYCLE
MARKER =] 1/2 DM8800
c™)

Vee

With single keyboard interface application, if busy lines are not used in system, leave open. I
system will use busy signal, it will require MOS to TTL interface. In multiple {KI) subsystem
applications, busy lines are connected busy 1 to busy 1 and busy 2 to busy 2.

Data on data bus s in RZ format. Data should be strobed at poyr.

CR value dependent on keyboard scan frequency.

TTL/DTL Compatible — Output Bit Parallel

™ —p» BUSY 1 }
, NOTE 1
our _’T L 50572 s

Ry —P»}

)
1DLE KEY RESET

Ry~ -lj ‘
TI- <] KEYBOARD INTERFACE T CR NOTE3

SUBSYSTEM (K1)
[ MM5704
L—p ATARMOUT TTL COMPATIBLE

T ]

V3 (OPEN)  V;{Vgq)

I/—Vss
DATABUS g1 112 omagoo |- ITTTTETTT
R

{ul)

Ves fm Vg -12V)
16K f—— Vs (+5V)
>
*—>
MHO025
A . 1
DATA BUS (ul) * (]
NOTE 2 15 9
MM513
16

. DATA BUS PARALLEL
I l () OUTPUT DATA
V2 (OPEN)  V, Voo R SERIAL OUTPUT
(COMMAND SIGNALS)

Ve

Note 1: With single keyboard interface application, if busy lines are not used in system, leave open. If

system will use busy signal, it will require MOS to TTL interface. In multiple (K1) subsystem
applications, busy lines are connected busy 1 to busy 1 and busy2 to busy 2.

Note 2: Data on data bus is in RZ format. Data should he strobed at ooy 7.
Note 3: CR value dependent on keyhoard scan frequency.

LY
DATA STROBE

Vss

*Veo
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MM5704AA

timing diagrams

DATA INPUT

NON-CRITICAL
TRANSITION AREA Sequence of Command and Data Transfer

Ton
NOTE 2

BITTIMES - 01 2 3 4 56 7 8 8 1011 1213 14 16 16 17 18 18 20 21 22 23
TVCLEMARKER F————— — — —— —— NOTE 1
h
[ ' I \ H l
+
z XMIT KEY "=
3
H
B STATIC XMIT
4
H
-
8 ALARM SET
z
H
2 ALARM RESET
£
g READY
Sout ELOCK
KEVBOARD
ALARM

DATA y
STATIC m——l
it it
(For definition of terms see page 6) — DYNAMIC (8)

Note 1: Cyele Marker cannot accur sooner than 22 8it Times.
Note2: BitTima=1/¢f ~Level = Vg ~ 8V minimum: + Lovel = Vgs.
Note 3: Static Xmit Signal is one Bit Time — Programmed for Bit Time § in MM5704-AA.

DATA QUTPUT
D (GUARANTEED).
1 (GUARANTEED)

code pattern

Keyboard Interface ASCII Code Program

Case Shift Upper Cgse Logic Counter Driving
Control (CS) Na| X} NC Level ?st Program Modulo | £ tion

N 2
o4

Timing | Units

D Counter 4 cm
E Counter 6

3 Device | 1
Static Key Form | No | X | NC No. |3

a
[w]

Key Scan . -Kev
Iden- Line Pin No. 2{+) {(Alpha) \den-

tity T R 3 “tity

Pin No. 2{~) (Numeric)
3

o
(4]
»
N
-]
N

— sV OrFrEZRKOXNACIOTMOND>PIACKATIMSO
J 2
] 2
ol ~

CRPHBW-—NORNRN =

* o~

1O O .-

T4 RO
T4 R1
T4 R2
T4 R3
T4 R4
T4 RS
T4 R6
(5)— | T4 R7

(=2

08
b
2 0= 0020200 ==="w0O==uw20==0"200000=0=0|=

Ix]

3
B e e e e e e e e e e e e om0
O w m 0202 =0000"=200=2002000=00====-=|g
B e e e D e e e e e o o
0P 0000000000000 000000000000O00O00 0
S 0N NN 0000002 2000000200 ===a20aa=
PO N M 4N 0NN NN 000 RSN 00000=0=00000
BSOS e 00 RS 2 0000000 ===2000=0=0==0
L~ 002020202000 -00 0000 "=u=w=00==a=lo0

+
R O NN P
0N e 0u0 2200002 uw00=00=000=00===as]lJ
0O 0000000000000 0000000OO0OODO0OO0
D h h h e e ek e o e D ek ek
B O S a4 a00000-0"=000000=00===2=0==|n
~o—~aaoﬂa;aooéaea——ooooo~o~ooooo
OB 8002 w0000 000 =2 000=20=0==0
L0000 =00 w="aa0=s="0==20=200000=0=0]|=
PO 020 S0 "0 000200200 =200==a2as=00===|0

~gVv oA~

Note 1: A logic 1" or “X’* = “most negative voltage’.

Note 2: A logic 0" = “most positive voltage’’.

Note 3: All “Don‘t Care’ cases must be defined as a ‘1" or 0",

Note 4: If less than 9 bits are used unused bits will be programmed logic 1.
Note 5: These locations are programmed for clearing the keyboard alargn.
Note 6: Bit eight (column 7) is odd parity bit for ASCII code shown.




programming of MM5704

Keyboard Scan Cycle
The matrix scan cycle includes:

1 Counter advancing through each “’T*’ quad-
rant line T, through T each with D counter
‘delay to charge "“T*’ line capacitance.

2 Counter advancing through eight switches in
each “T" quadrant except for Tg static switch
quandrant.

3 D counter advances on either system clock
¢ or Cycle Marker (programmable feature).
The kéyboard scan frequency
' r
fscan = Kd + s
where
K
d

‘5 (five T quandrants)
D counter delay time =(D counter mod-

s x 5 )
ulus x %

r = 33 (Four quandrants times eight switch
scans + 1 bit time for Tg static switch
transfer).

¢¢ = The frequency at which the clock ¢y is"

shifting data through the device.

¢s = ¢; when D counter driven by ¢¢ or ¢¢/x
when x is bit times between Cycle Markers.

Key Bounce Délabeivme

Since the M counter advances the E counter once
each complete keyboard scan the modulo of the E
counter determines the key bounce delay

r
E - (Kd + af)

E = modulus of E counter

The key bounce delay time is the total time elapsed
from the first detected key depression until the
load flip-flop signals transfer of the character code
from ROM to the 9 bit shift register. The E counter
controls the number of times the entire keyboard
is scanned before a valid key depression is accepted.
Variations in timing are obtained from program-
ming of the D counter, E counter, ¢; (system
operating frequency) and Cycle Marker rep rate
provide flexibility for the keyboard interface ele-
ment to interface with a wide variety of key
switch elements. -

Idle Key Reset

During an idle key mode (power on) an automatic
reset signal is generated by charging an external
capacitor Cgr which enables the control logic to
detect first key depression. This reset prevents
keyboard lock-up by mass depression of keys or
any attempt to void the integrity of the keyboard
encoding. As an example, if a person attempts to
hold down three or more keys to force an alarm

condition to repeat, in hopes of voiding the key-
board logic, as soon as the keys are released and
bounce delay timed out the idle key reset enables
the control logic. The value of the reset capacitor
isdependent on the keyboard scan cycle. The value
of the external capacitor is:
i1 X tC

Vi,

iy = average charging current = 1 mA
V4, = reset voltage = 3.0V

L E+n

t. = charging time interval t. = .

E = modulo of E counter

n = number of scan cycles beyond bounce

out delay

¢¢ = frequency of clock ¢y

Standard Keyboard Timing

National has programmed a keyboard interface ele-
ment with the following conditions:

Static Switch Form Normally Open (NO)
Device Number one: static Xmit during bit

time 5

Case shift form Normally Open (NO) (alpha
characters)

Character Code ASCIl (8 bits with 9th bit
odd parity)

E counter modulus = 6
D counter modulus = 4 L
D counter driven by Cycle Marker CM

Identified as MM5704-AA (see code pattern)

Typical Application
The two main questions in most applications are:

a. How much key matrix capacitance can be
charged?

b. What is the key bounce delay time?

c. What is value of idle key reset capacitor?

Using MM5704-AA in system with following char-
acteristics .

¢ =200kHz  douTpw) = 0.5us

Cycle Marker frequency = ¢¢/p¢ (maximum data
transfer case) ‘

. Key bounce delay . -

r

E - (Kd + —

( (o

1 33

6 - I5@x g+ 4]

21 33

6 - [5(4x ) + ] =

200x 10° - 200 x 10°

13.5 ms
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MM5704AA

programming of MM5704 (con’t)

D counter is programmed to charge key matrix
capacitance
D counter delay

1 21
d=4x—=

X — = 420 us
s 200 x 10°

There are 84 clock pulses ¢,y during this 420 us
interval. The output on the T’ lines is charged
only during ¢,,,. The total charging time is 42 us.
Using linear approximation

c-Q _ixt
TV oV
i = average charging current of T lines =
05 mA

definition of terms

XMIT Key: Causes KIC to transmit 9 bit dynamic
key code at the next data time.

Static XMIT: Transmission on static key informa-
tion at very next data time. (8 bits)

Alarm Set: Sets KIC alarm.

V = voltage swing 10V across “T* lines for

logic 1"
0.5x 102 x42 x 10°
C = = 2100 pF
10
Idle Key Reset
Value of Cg is
i1 X tc
Cr = Vv
R V1
6+2
1x10°% x ———
200 x 10°
Cg = 3 = 0.013 uF

Alarm Reset: Resets alarm on keyboard.

Character Ready: Indicates that keyboard has 9 bit
code stored in shift register and is able to transmit
upon command.

Keyboard Alarm: Indication on ul at bit time 12
that alarm is on.




NN Dynamic Shift Registers

*MM400/MMbO0O series dynamic shift registers
general description

The National Semiconductor line of dynamic shift ® Minimum Operating

registers are built on a single silicon chip utilizing Frequency Guarantee 600Hz @ 25°C
MOS P channel enhancement mode transistors. = Military and Commercial Temperature Ranges
Designed to operate over a wide frequency spec- MMA400 Series _55°C to +125°C
trum, these devices can be used in any sequential MMB500 Series -25°C to +70°C
digital system that employs a two phase clocking

system. The low threshold transistors used permit ® Low Output impedance (Vo) 500 ohms
operation with a Vpp supply voltage of -10V and ® Clock inputs directly compatible with MH0009,
a -16V clock amplitude to obtain these device two phase clock driver

features:

m Direct DTL or TTL compatibility The power dissipation of the device decreases as

the operating frequency is decreased; at 10 kHz

® High Frequency typical dissipation is 6 wW/bit. The minimum

Operation 1 MHz guaranteed operating frequency is also reduced substantially
® | ow Power at lower temperatures; typical minimum frequency
Consumption 0.8 mW/bit @ 1 MHz of operation at 25°C is 100 Hz.

S 00SWIN/O00YININ

schematic and connection diagrams

8 | -Voo

! .
8
1
® ” \ . neut A (1 7)INPUTB
~y ¥
I >
| | ‘s, ]
| \ outPuTA( 2 § Jouteut
% ! 1 125 para
| | oUTPUT 3 P
| | CLOCK ¢ 4 CLOCK ¢
* *See chart * !
1L e vt
' | below Note: Pin 4 connected to case
| I

TOP VIEW
“—*—— ONE BIT DELAY _.“_——— n-1 STAGE ———.“—— OUTPUT BUFFER

CLOCK ¢, ON PIN 5 CLOCK ¢, ONPIN 3

typical applications

Voo

N BIT
REGISTER
N BIT
REGISTER

_....—-.-—— -

oata )7
INPUT

TA

4

GND

FIGURE 1 — TTL/MOS Interface— Low Frequency FIGURE 2 — TTL/MOS Interfaces
(see clock timing graph for detail)
+5V +10V

+5V +5V

:_J

—

| < <
_ 239K & 39K
r 1 :» :»

|
|

o—L—D>—L Ng BIT REGISTER
[

Vss

——|

< <
> fo—
m. oo i'm Vss r m -

Dl_o °_'D'f N, BIT REGISTER : [:): : -
{Drio o

Voo P N $ L——_J
Q36K 36K | i 36k sk
Y 9 = =

Na BIT REGISTER

— —|— ™

Ng BIT REGISTER > 2

r
|

L_

CLOCK V¢, ¢, REQUIREMENTS WITH Vs = +10V TYP.
CLOCK Vg,, 62 REQUIREMENTS WITH Vgg = +5V 5V e -6V
CLOCK REP RATE 650 kHz TYP. LOBIC “0” (Vss) +9.5V
LOGIC “0” (Vss) +4.5V LOGIC “1" (Vgs - Vou) -6.0v
LOGIC “1” (Vg - Vi ) -10v
Waveforms for Applications Standard Register Configurations t

(complete timing diagrams on page 11)

! conrreURATION | CPEN DRAIN OUTPUT | 20 G OUTPUT
cLock Y= U U U U u FIGURATION et | —25°Cto |-55°Cto | -26°Cto
VeV +125°C +70°c | +128°¢ | +70°C
£LOCK o "S_—| M |'—|: mimiy Dual 25 bit MM400 | MMS00 | MM401 | MMSO1
Yoo I Dual 50 bit MM402 | MM502 | MM403 | MMs03
| . }
259=) — 1100bit | MM406 MM506 | MM407 | MMS07
TyicaLpaTA Iy Vs 2SV) 1 / Dual 100 bi
Va5V lK
l
R — + . . .
TYPICAL DATA OUT ((VS : w; %_; For other length registers consult your National representative.
Yy

* For New Designs, See MM4006A/MM5006A Data Sheet
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MM400/MMb500 Series

absolute maximum

Drain Voltage (-Vpp)

Clock Inputs {(V$q, V¢s)

Data Inputs .

Power Dissipation {Note 1)

Operating Temperature MM400 Series
MMB500 Series

Storage Temperature

ratings

+0.5V to -25V
+0.5V to -25V
+0.5V to -25V
500 mW

-55°C to +125°C
-25°C to + 70°C
-65°C to +150°C

electrical drive requirements

PARAMETER CONDITIONS MIN TYP MAX UNITS
Clock Pulse Width See Timing Diagram, Page 3
¢4 Clock pw 0.4 100 us
®2 Clock pw 0.2 10.0 us
Clock Delay, ¢g See Definition 0.1 us
Clock Pulse Transition t., ty 1MHz, ¢pn = 0.2 us 0.05 Hs
100 kHz, ¢, = 0.2 s 0.5 s
10 kHz, ¢, = 10 us 5.0 us
Clock input Level (Vy)
Logic 0" (VgH) . Vgs -05 Vgs -15 \
Logic 1" (Vg ) Vgs ~145 Vss -16.0 Vg -18.0 v
Data Pulse Width ty,, 04 us
Data Setup Time ty, 0.1 us
- Data Input Voltage Levels
MOS to MOS
Logic 0" (V) Voo = -10V, Vgg = GND 2.0 \Y
Logic 1" (V) freq = 1 MHz max. -7.0 v
TTL to MOS (Fig. 1)
Logic "0 {V,4) Vpp = GND, Vgg = +10V Vgs- 2.0 v
Logic 1" (V,) freq = 1 MHz max. Vss -7.0 A
TTL to MOS (Fig. 2)
Logic 0" (Vyy) Vpp = -5V, Vgg = 45V Vgs— 1.5 v
Logic 1" (V) (Vgs = 4.75 min)
freq = 0.5 MHz max. Vgg -4.2 v
. . .
electrical characteristics (Note2)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Clock Repetition Rate See Fig. 2 See Note 5 10 MHz
See Fig. 1 See Note 5 05 MHz
Clock Input Capacitance f=1.0 MHz, OV Bias Co
(Pins 3 & 5) MM400, 401, 500, 501 22 40 pF
' MM402, 403, 502, 503 40 60 pF
MM406, 407, 506, 507 85 100 pF
-20V Bias
MM400, 401, 500, 501 18 25 oF
MM402, 403, 502, 503 32 40 pF
MM406, 407, 506, 507 55 65 pF
Data Output Voltage Levels
MOS to MOS Vpp = =10V, Vgs = GND
Logic "'0” (Vo) freq = 1 MHz max. Vgs -1.5 v
Input (d.c.}
Logic “1” (Vo } Vgs -8.0V A
MOS to TTL (Fig. 1) Vpp = GND, Vgg = +10V
freq =1 MHz max.
Input {d.c.)
Logic “0” (Von) Iy =25mA 25 \
Logic "1” (VoL ) =216 a | See Note 6 04 v
MOS to TTL (Fig. 2) Vpp = -5V, Vgg = +6V
{Vss = 4.75 min)
freq = 0.5 MHz max.
Logic “0” (Vou) IL=25mA 25 v
Logic “1” (Vo) 16 mA} See Note 6 04 v
Breakdown Voltage 1.0 uA Test Current
Ta=25°C
OnPin 1 GNDonPins 2,3,4,5,6,7 -25 v
-8VonPin8
On Pin 2 {Note 3) GNDonPins 1,4,6,7,8 -25 v
~8V on Pins 3, 5 )
On Pin 6 (Note 3) GNDonPins1,2,4,7,8 -25 v
~8V on Pins 3,5
OnPin7- GNDonPins1,2,3,4,5,6 -25 Vv
-8V onPin8
Leakage Current Ta =25°C .
Pin 1 V, =-18V, Vg = -8V 05 uA -
All Other Pins at GND |
Pin 2 {Note 4) Va =-18V, V3 = Vg = -8V 05 HA
Alt Other Pins at GND
* Pin 6 (Note 4) Ve = ~18V, V, = Vg = -8V 05 uA
Al Other Pins at GND
Pin7 V;=-18V, Vg = -8V 05 KA
All Other Pins at GND
. Pin 8 (Note 4) Vg = -8V 05 A
All Other Pins at GND
Power Supply Current Drain Outputs at Logic "1
1 MHz Operations, T = 25°C
(1 = 0.4 us, ¢, = 0.2 us)
MM400,401,500,501 a5 90 mA |
MM402,403,502,503 9.0 140 {Average)
MM406,407,506,507 18.0 30.0 :

Note 1: For ing at

The full rating applies for case tempaeratures to +125°C for MM40O Series and +70°C for MM500 Series u
Note 2: Thaese specifications apply over the i

the device must be derated based on +150°C maximum junction temperature and a thermal resistance of 150°C/W junctian to.ambient.

ranges for Vgg = OV and -11V

nits,

<Vpp<-9.5V and 20k connected between Pins 2 and 8 and bétweénPins

6 and 8 with output measurement (oad of less than 10 pF in parallel with 10 M2 to ground unless otherwise specified. On the 401/501, 403/503, and.407/507 optional va@ioy\s which
include 20 k§2 pull-up resistors internal to package, the external 20 k{2 resistors are not used in measurement circuits.
Note 3: For the odd number -devices, MM401, 403 & 407, the output on Pins 2 and 6 will exhibit a i when

8 = GND; Pins 3 and 5 = 16V; Pin: 4 = Open; Measure Pins 2 and 6 = 25k 2> RoyT = 15 k2.

Note 4: Not for internal resistor devices.

Note 5: See minimum operating frequency graph.

Note 6:* In the Logic ‘0’ (Vo) level the MOS register output will be sourcing 2.5 mA into the load Combination of the Pull down resistors and the gate leakage current. In the Logic

with the

bias

VoL level I represents the current that the pull down resistor and the internal 20K resistor Combination will sink in order to insure Current Sinking Capability for one gate.

Pins: 1,6 and

e

10




performance characteristics

Power Dissipation vs Maximum Frequency _ Minimum Operating Frequency Output Sink/Source Current
1000 T VT 10K ST T 1
[—Ta=25°C 5K - 71 Vor Vo = -16V
= F—Vpp=-10V Voo = -10V
2 | K 3
E 100 v, --6v 1T 3 IeA” &
= o Mma06 ~ 1k | _GUARANTEED / £ | CURRENT SOURCE
=] e £ / - 5 TR
= T 4 = =
g f A z W - & 20K EXTERNAL LOAD ||
g " MM402 P’ Z FIvecaty £ 4 (SINK) |
8 3 3 4 A e 3 |
= 7 MM400 2 100 / e ‘1'2“1’ . 5 . 4K EXTERNAL LOAD
3 1 “ 5 61 - Yo~ T = 2 (SINK) .
4 A ] v 3 /
20 - rs -
0.1 10 ol T
1 10 100 1000 60 -20 20 60 100 140 0 1 -2 -3 4 -5 -6 -1 -8
OPERATING FREQUENCY (kHz2) TEMPERATURE (°C) OUTPUT VOLTAGE (VOLTS) (BELOW Vgs)

Power Dissipation/Bit vs. Supply Voltage Power Dissipation/Bit vs. Clock Amplitude Clock Timing, Direct-Coupled TTL or DTL

1.8 18 T T T
| L _ [ Worst-Case MOS Element
s 14 > % 14 1 TTL, 5% Power and
_E_ s ‘)og J E . a “ﬁon // - 5.0 0.25V Qutput
12 w7 I — - 2 —11a ] e
= A L~ = 3 . —
T I = 10 -4250 3 a0 A
3 I // =] AT > | TTL. 5% Power and
= > Ot = 08 50 - 0.4V Output
038 A <« 0. oAl
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& o 2 06 Z 30 Region, A
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g 04 A g 04 2 . %
[ 627~ S
2 02 l & 02
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Ctock Amplitude V¢1, V¢2
vs. Maximum Frequency Maximum Package Power Dissipation Power Dissipation/Bit vs. Temperature
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2 5 0 005 & 8 g
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s 3.0 25 015 0415 us Tj S S 0s NG
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& LA 2 2 ™~
& - 2 2 06 [~ vpp=-10V
- 20 S 200 a oo f—
% i « € g4 |- Vo=-16V _ | —
= 18 ] Vop = -10V £ g Vpp =-9V
10 TEMPERATURE: 25°C 2 2 02 Vo= -145V ]
FANOUT: ONE REGISTER INPUT LOAD . 0 | ] ]
-140 -150 -160 -170 -180 -190 2% 0 25 s 125 -15 25 0 25 5 12§
Vo, Vg, (VOLTS) TEMPERATURE (°C) TEMPERATURE (°C)

Note: All typical performance data is gathered with Pow = 0.4 u; $2pw = 0.2 us; pg = 0.1 us; f = 1 MHz; except as otherwise noted.

operation timing diagram

" . - : . —Helle—t, !
Each bit of delay shown in the circuit schematic consists = k1w ¢ |

of two inverters T1 and T4 accompanied by clocked load oV b Yo —f [t |

_resisto_rs T_2 and T5 and two coupling devices T3 and 'I_'6. LANSTH f—' o

The circuit functions as follows: When ¢, goes negative ba—sf e 20% 10% |
|

(one state) the coupling unit TA and the load resistor
T2 are clocked ON allowing information at the input to WT :__.‘ —— [\ — — —
be transferred to node A turning T1 ON or OFF depend- #2 V¢ bapw |
ing on the state of the input. For example, if a negative N |
potential (near -Vpp level) is transferred from the input — fetas |

to the gate to source capacitance at node A, then T1 DATA OV
g P ’ INPUT -V gem Y ?_—L 1\ VAR

] -Vop ol
turns ON allowing node F to be at . When ¢ re- — to—taw

turns to its zero state (ground level) T2 turns OFF allow- NODE A

ing node F to discharge to zero volts. When ¢1 goes nega-

tive (one state) the coupling unit T3 and the load re-

sistor T5 are clocked ON allowing information at node F |

to be transferred to node B. T4 is held OFF if node F was NODEB _, [ | A

at ground potential and is turned ON if node F had been |

at -Vpp potential. Continuing the example above, T4 is :

held OFF and node G is at -V pp since T5 is ON during NODEC ™|

¢1 clock pulse. When ¢4 returns to its zero state, node G |
|
|
|
|

J -

[

|
P\ J/ \ -
|
|

| —
|
maintains a —-Vpp voltage level. This voltage level is

maintained at node G until the ¢ clock appears. The DATA

bit delay demonstrated in this example is repeated OUTPUT
through each half of the dual register.

' |
N BIT DELAY \ / \

S 00SWIN/00YINWIN
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MM1402A, MM1403A, MM1404A, MM5024A

NS

Dynamic Shift Registers

MM1402A/MM1403A/MM1404A/MM5024A
1024 -bit dynamic shift register

general description

The MM1402A/MM 1403A/MM1404A/MM5024 A
1024-bit dynamic shift registers are MOS mono-
lithic integrated circuits using silicon ‘gate tech-
nology to achieve bipolar compatibility. 5 MHz
data rates are achieved by on-chip multiplexing.
The clock rate is one-half the data rate; i.e.,
one data bit is entered for each ¢, and ¢, clock
pulse.

All devices in the family can operate from +5V,
-5V, or +5V, -9V power supplies.

features

8 Guaranteed 5 MHz operation

& L ow power dissipation 1 mW/bit at 1 MHz
®m DTL/TTL compatible

® | ow clock capacitance 125 pF
®  Low clock leakage <1TuA
® |nputs protected against static charge

® Qperation from +5V, -5V or +5V, -9V power

supplies

®  Four standard configurations

MM1402A Quad 256-bit
MM1403A Dual 512-bit
MM1404A Single 1024-bit
MM5024A Single 1024-bit
with internal 4.7k
pull-down resistor
applications
®  Radar and sonar processors
® CRT displays
® Terminals
m Desk top calculators
m Disk and drum replacement
B Computer peripherals
® Buffer memory
= Special purpose computers—signal processors,
digital filtering and correlators, receivers, spec-
tral compressors and digital differential analyzers
m Telephone equipment

® Medical equipment

connection diagrams

Metal Can Packages

TOP VIEW

MM1403A

TOP VIEW

MM1404A

typical application

DTL/TTL to MOS Interface

+5V

Dual-in-Line Package

b
Rt}
K

Vss ss
Voo
MMIARAIAA MM/
wmszen OV w wmsizan  OUT
oRLATL )
2 ¢ Voo 41 ¢2 Voo
< > <
- * &Rz * <
= 3$ W

>
S R

outPut 1 —{ 1 15 f— ma
NC — 2 15 p= NC
Nt —1 3 14 p— 0UT4
oy = 4 13 = NC
Vs = § 12— Vop
0UT2 == 6 " p— o2
NC =t 7 10 p= IN3
TOP VIEW INZ = 8 9 e~ OUT3
MM5024A J—
MM1402A
Voo RL Load Resistor Value
for Different Vpp Supplies
DTLATTL
Vgg =5V Vgs =5V
= VDD = -5V VDD = -9V
Ryt 3.0k 4.7k
Ryo 4.7k 6.2k
Ry s | Not required 3.9k

% A&7k resistor is included an the chip in the MME024A and s connectsd between Pin 6 and Vpo.
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absolute maximum

Data and Clock Input Voltages
and Supply Voltages with
Respect to Vgg

Power Dissipation

Operating Temperature Range

Storage Temperature Range

Lead Temperature {Soldering, 10 sec)

ratings

+0.3Vto -20V

600 mW at T, =25°C
~25°C to +70°C
-65°C to +160°C
300°C

electrical characteristics
Ta =-25°C to +70°C, Vgg = 5V 5%, Vpp = ~bV 5% or -9V 5%, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical LOW Level (V) Vss - 10.0 Vss - 4.2 v
Logical HIGH Leve! (V,4) Vss - 1.7 Vgs + 0.3 \Y
Data Input Leakage Current Vin = =15V, T4 = 25°C, All Other Pins GND <10 500 nA
Input Capacitance Vin = Vss 5 10 pF
Clock Input Levels Vpp =.-5V * 5%
Logical LOW Level (V) Vss - 17 Vss - 15 v
Logical HIGH Level (Vy) Vss -1 Vgs +0.3 \%
Logical LOW Level (V) Vpp = -9V * 5% Vgs - 14.7 Vgs -~ 12.6 \%
Logical HIGH Level (V) Vgs -1 Vgs+0.3 v
Clock Leakage Current Min Vg Ta=25°C 10 1000 nA
Clock Capacitance Vg = Vss 90 125 pF
Data Output Levels
Logical LOW Level (V) Ry =3k to Vpp, loL = 1.6 MA, Vpp = -5V + 6% ~0.3 05 \
Logical HIGH Level (Voy) Ry =3k to Vpp, lon = 100 uA 24 35 \
Logical LOW Level (Vo) Ri1=4.7k 10 Vpp, loL = 1.6 MA, Vpp = -9V £ 5% -03 0.5 Y
Logical HIGH Level (Vop) RL1=4.7k to Vpp, loy = 100 A 24 35 Vv
Logical HIGH Level (Vop) Ria=4.7k to Vpp, Vpp = -5V £ 5% Vgs- 1.6 | Vss-1 v
Logical HIGH Level (VoR) Ry 2=6.2kto Vpp,Vpp = -9V £5% Vgg - 1.6 Vgs -~ 1 \%
Ris=3.9k to Vgg
Power Supply Current {I5p) Ta =25°C, Vpp = -5V £ 5% 35 50 mA
Output Logic “0”, 5 MHz
Data Rate; 33% Duty Cycle,
Continuous Operation, Vi = Vgg — 17V
Ta=0°C 56 mA
Ta=25°C, Vpp = -9V 5% 30 40 mA
Output at Logic “0”, 3 MHz
Data Rate, 26% Duty Cycle, .
Continuous Operation, Vg = Vgg — 14.7V
Ta=0°C 45 mA
Data Output Leakage Current Vour =0.0V, T4 = 25°C, Vg1 = Vg2 = Vgs - 10V, <10 1000 nA
: All Other Pins +6V )
Internal Resistor (MM5024A) Ta =25°C 37 4.7 5.2 k2
Output Capacitance VouT = Vss, f=1MHz ’ 5 10 pF
ac characteristics T, =-25°Cto +70°C, Vg5 = 5V * 5%
= -5V £ 59 Vpp = -9V * 5%
PARAMETER Voo % oD % UNITS
MIN MAX MIN MAX
Clock Frequency () Note 1 25 Note1 1.5 MHz
Data Frequency 5.0 3.0 MHz
Clock Pulse Width (¢pw} 0.130 10 0.170 . 10 us
Clock Phase Delay Times (g, $q) 10 Note 1 10 Note 1 ns
Clock Transition Times (¢t,, ¢ts) 1000 1000 ns
Data input Delay Time (tqs) 30 60 ns
Data Input Hold Time (tgy) 20 20 ns
Data Output Propagation Delay 90 110 ns

r\iote 1: Minimum clock frequency is a function of temperature and clock phase delay times, ¢g and
@d as shown by the ¢f versus temperature and ¢y, 5d versus temperature curves. The lowest guaranteed
clock frequency can be attained by making ¢q equal to 5d» The minimum guaranteed clock frequency
is:

of(min) = for the condition (pt; = ¢t << ¢pyy << g or Bq}, where the variables may not

1
dd + b4
exceed the guaranteed maximums.

Note 2: Capacitance is guaranteed by periodic testing.
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MM1402A, MM1403A, MM1404A, MM5024A

performance characteristics

Guarariteed Maximum Data
Phase Delay Times vs
Temperature (Note 1)

Z 100

= N

[5=3

g AN

3 AN

z 1

frr =

o Y

7]

<<

E 4

z o1

= = ~

H —— N
g [~ dew =130ns AN
S ot = ¢ty =10ns N
= 01 1 I 1 N
S w0 -2 20 60 100

AMBIENT TEMPERATURE, T, (°C)

switching time waveforms

Guaranteed Minimum Data
Frequency vs Temperature

(Note 1)

10k
= F———+ =2
= N 7
E 1% 9a OR 34 =10 ns V.
o =
3 =
- rl ¢a = bd
u- 100
<
= :
< 17 T
a 1
S w
H] =
= ¢pw=130ns  —
= ot = ¢t¢=10 ns —

1 ARG
~60 -20 20 60 100

AMBIENT TEMPERATURE, T, (°C)

Muttiplexed 4-Bit MOS Shift Register

BIT TIMES [ BIT1 l BIT2 ! BIT3 | BIT4 l |

| | |

\

!

| |

i

—

- LT L

| |

yer wyer

DATAIN DATAIN DATAIN | DATAIN
1 2 3 4

DATA IN

L

L
|
|
|

| L

vataout | | |

|
l
|
|

DATA OUT [ DATA OUT | DATA gUT
1 2 3

|

DATA OUT
4

[ I ! | o

Shown is a simplified illustration of the timing of
a 4-bit multiplexed register showing input output
relationships with respect to the clock. If data

timing diagram

| BIT1 | BIT2 |

I e

.
L
L
|
LI
|
-
|
L
—

|
L]
|
|
|
|
|
|
I

|
enters the register at ¢, time, it exits at ¢, time.

(Beginning on ¢4- negative going edge and ending
on the succeeding ¢, negative going edge.)

BTN | BTN | eitme

| BIT1 | BIT2

- - >
#y
cLocK q ;__:._..:
0% ol I ==t oo

v
(5 S o
1
i
t Il
Iz — — — — — VoL
H
I

i
] - g | 1
1 I—-———.E—I:LGCK PERIOD ———= ' i
Sow et reen] : : I oty -] :« o o 88,
Y —— | T T Vou
| 1
42 | 1
CLOCK ty—e Ham | i
: 1 b ofom l b= — H 1.7 S S
o e I !
! | i o -DATAPERIOD—=
1 | [ v
———n r - T '
DATAIN H
o Vi
INBITY INBIT2 Toa ] e ! ',._ [
. |0 i Vou
DATA OUT X X v
oUTBIT1  ouTen2
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NN

Dynamic Shift Registers

MM4001A/MM5001A dual 64-bit dynamlc shift reglster
MM401OA/MM501OA dual 64-bit accumulator

general description

The MM4001A/MM5001A dual 64-bit dynamic
shift register is a monolithic MOS integrated cir-
cuit utilizing P-channel enhancement mode low
threshold technology. The device consists of two
64-bit registers with independent two phase clocks
and is guaranteed to operate at a 2.5 MHz operat-
ing frequency for CRT display applications.

The MM4010A/MMB010A is a dual accumulator
function capable of operating at very high fre-
quency. The device is also constructed on a single
silicon chip utilizing MOS P-channel enhancement
transistors. With the recirculate control line at an
MOS logic ‘0" state, the device functions as an
accumulator. A logic ‘1" state at the recirculate
control line allows external information to enter
the register serially. |t is important to note that
recirculation of data is performed internally, inde-
pendent of the output circuit thus making it
insensitive to output loading.

features

- 3.3 MHz typ
m | ow power consumption 0.4 mW/bit at 1 MHz

m DTL/TTL compatibility +5V, -12V power
supplies, push-pull
output stage

m High frequency operation

«guaranteed
250 Hz at 25°C

"“Split clock’ opera-
tion, independent
control of each
register for
MM4001A/MM5001A

® Minimum operating frequency

m  Application versatility

applications

B Business machine

m CRT refresh memory
L] 'Delay line memory

®  Arithmetic operations

VOLOSWIN/AYOLOVYIWIN “VLIOOSIWIN/VLOOYININ

connection diagrams

MM4001A/MMS001A

Vo

INPUT A o o INPUTB
ont (2) O}
oourA (3) (7) outeuts
ourputa {(4) () cours

Vss
Note: Pin 5 connected to case.
TOP VIEW TOP VIEW

Note: Pin 5 connected to case.

typical applications

MM4001A/MM5001A TTL/MOS Interface -

oA
5V O O¢courA
Vss 2 |3

I'_J' ’l I"L 17 I"J' a
64-BIT l | I

| | | wmeootammsoota || [}

L..'.'”‘".L_} L_

Vee |1

- -12v

MM4010A/MMS5010A

load control truth table

MM4010A/MM5010A

LOGICAL HléH LEVEL LOGlCAL Low LEVEL
(Vien) (Veedr

Recirculates “old” data Loads “"new” dita

MM4010A/MM5010A TTL/MOS Interface

+5V

Vea[10 12 T8 =

o
-2V e faur
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absolute maximum ratings

Voltage at Any Pin
Operating Temperature Range

VSS +0.3V to VSS - 22V

MM4010A/MM4001A -55°C to +125°C
MM5010A/MM5001A -25°C to +70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics

T within operating temperature range, Vgg = +5.0V 5%, Vgg = -12.0V £10%, unless otherwise stated.

PARAMETER CONDITIONS MIN

MM4001A/MM5001A, MM4010A/MM5010A"

TYP MAX UNITS
Data Input Levels
Logicat HIGH Level (V,y) Vgg - 2.0 Vgg + 0.3 \
Logical LOW Level (V) Vgg - 185 Vgg - 4.2 \%
Data Input Leakage Vin = =20V, T, = 25°C 0.01 0.5 HA
All Other Pins GND
Data Input Capacitance Viny = 0.0V, f=1MHz, 3.0 5.0 pF
All Other Pins GND
Note 2
Load Control Input Levels
Logical HIGH Level {(V, cn) Vgg - 2.0 Vgs + 0.3 Vv
Logical LOW Level (V, ¢..) Vgs - 18.5 Vgs - 4.2 v
Load Control Input Leakage Vin=-20V, Ta = 25°C 0.01 0.5 HA
All Other Pins GND
Load Control Input Capacitance Vin = 0.0V, f=1MHz, 3.0 5.0 pF
All Other Pins GND
Note 2
Clock Input Levels
Logical HIGH Level (V) Vgs - 1.5 Vgs +0.3 \
Logical LOW Level {Vy) Vgs - 185 Vgs - 14.5 \
Clock tnput Leakage Vg =~20V, T, = 25°C, 0.05 1.0 LA
All Other Pins GND
Clock Input Capacitance V¢ = 0.0V, f=1MHz,
All Other Pins GND
MM4001A/MMS001A Note 2 17 20 pF
MM4010A/MMS010A 34 40 pF
Data Output Levels
Logical HIGH Level {Vgy) Isource = -0.5 mA 24 Vss \
Logical LOW Level (Vo) Isink = 1.6 mA 0.4 v
Power Supply Current
lea Ta=25°C, Vgg = -12V,
Pew = 150 ns, Vgg = 5.0V,
VgL = -12V, Data=0-1-0-1
0.01 MHz < ¢¢ < 0.1 MHz 2.0 3.0 mA
¢:= 1MHz 3.0 4.5 mA
¢ = 2.5 MHz 5.0 7.0 mA
Clock Frequency (¢¢) @t = ¢ty = 20 ns, Note 1 0.01 3.3 2.5 MHz
Clock Pulsewidth (py) Sti+ Py + 91, < 105 s 0.15 10 Hs
Clock Phase Delay Times (¢4, 3q) Note 1 10 ns
Clock Transition Times (@t,, dtg) Pt + Ppwy + 91, < 105 us 1 s
Partial Bit Times (T) Note 1
Input Partial Bit Time (Tn) 0.20 100 Ms
Qutput Partial Bit Time (Toyv) 0.20 100 Ms
Data Input Setup Time (tge) 80 30 ns
Data Input Hold Time (tgn) 20 0 ns
Load Control {nput Setup Time 80 30 ns
(tycs) '
Load Control Input Hold Time 20 0 ns
- (ticn)
Data Output Propagation Delay
From ¢ouTt See ac test circuit
Delay to HIGH Level {tygy) 150 200 ns
Delay to LOW Level (tpq.) 150 200 ns

Note 1: Minimum clock frequency is a function of temperature and partial bit times, TiN and TouT,
as shown by the ¢ versus temperature and Ty, TQUT versus temperature curves. The lowest guar-
anteed clock frequency for any temperature can be attained by making TN equal to TouT- The

minimum guaranteed clock frequency is:

S

TIN *+ TouT

where TyN and TQUT may not exceed the guaranteed maximums.
Note‘2: Capacitance is guaranteed by lot sample testing.

Bt(min)
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performance characteristics

Guaranteed Minimum Clock Guaranteed Maximum Ty
Frequency vs Temperature and ToyT vs Temperature Typical Power Supply Current
(Note 1) (Note 1) vs Clock Frequency
10 100 10.0 —
g e e e 7 T
x 1 1 1 1 1 v d
T TinORT =200 ns = ]
% N ouT y a4 E -55°C
2 // V 4 N 3.0 I T
S 10 A 310 - -
o i - -
] 7 3 N < o
< 7 = <10 Ta= 2| 126°C_| ||}
x Yy 7 = N 8
8 / Tin = Tour g \ -
S 0 L S 10 P dpw = 150 s
5 A K = 03 Ves = 5.0V
= Vgg = -12.0V
2 © Vo = -12.0V
= DATA = 0-1-0-1
0.01 0.1 N 0.1
-60 -20 20 60 100 140 -60 -20 20 60 100 140 0.001 0.01 0.10 1.0 10.0
TEMPERATURE (°C) TEMPERATURE (°C) CLOCK FREQUENCY, ¢¢ (MH2)
Typical Data Output Source Typical Data Output Sink
Typical Power Supply Current Current vs Data Output Current vs Data Output
vs Voltage Voltage Voltage
5.0 6 T 12 T —
-55°C -55°C
A2 3
| L = Ta=25°C _ - Ta=25°C
40 —55°C = E ] A l'\//// % 8 \\\ /\\
_ a5 o) = 7 : SN
g i ) B—/ E;é . /// e E . \\ \ \
. —— i £
== — a / 44 S 70°C i N
25 7 oMbz =} L L7 T10°¢C o |
© _/ -3 2 ‘4 X 4 |}
125°C - dpw =150 ns 5 / | S 125°C
20 Vgs = 5.0V a Vgs = 5.0V ? Vs = 5.0V
15 Vo =-120V | 1 Ve = -12.0V 1 2 Fyge=-12.0V
DATA = 0-1-0-1 VoL = -12.0V VgL = -12.0V
1.0 TR B 0 \ N 0 L )
15 16 17 18 19 5 4 3 2 1 0 -1 5 L) 3 2 1 0 -1
Vgs - Vgg (V) Vour (V) Vour (V)
switching time waveforms ac test circuit
DATA INPUT
TRANSITION
PERIOD
DATA
tys [ OUTPUT
- -t
iy CLOCK
Vg - 15V / [
; T Tour
Vs - 145V 4
Opwyy [ oty ot |-
—m={ g
ot
dout CLOCK
V;s-1.5V!
Vgs - 145V
DATA QUTPUT

1.5V 1.5V
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MM4007/MM5007, MM4019/MM5019, MM4006A/MM5006 A

general description

The MM4007/MM5007 and MM4019/MM5019 are
monolithic dual 100-bit and dual 256-bit.dynamic
shift registers utilizing P-channel enhancement
mode technology to achieve bipolar compatibility.
The length of the registers may be varied at manu-
facture by the altering of the metal mask providing
custom length of both registers. Additional connec-
tion between registers may be accomplished at the
metal mask to provide single shift register lengths
of up to 200 or 512-bits, with or without an
appropriate tap provided at the juncture. The
MMB006A is an MM5007 programmed as a dual
100-bit shift register.

For the MM4007/MM5007 N = 20 to 100 bits
For the MM4019/MM5019 N = 40 to 256 bits

STANDARD LENGTHS:

MM4006A Dual 100-bit
MM4007/AA Dual 80-bit
MM4019 Dual 256-bit

CUSTOM LENGTHS:

The programmed shift registers are assigned a letter
code for each option. These are designated by a

the package designation such as
MM5007/AA/H

which is a =25°C to +70°C dual 80-bit dynamic
shift register. in the TO-99 package. Pattern codes

pair of letters after the number code but before

NN Dynamic Shift Registers

MM4007/MM5007 dual 100-bit mask programmable shift register
MM4019/MM5019 dual 256-bit mask programmable shift register
MMA4006A/MM5006A dual 100-bit shift register

are assigned by National upon initial order entry.
See MOS Brief 14 for a more detailed description
of the custom mask.

features

® Bipolar compatibility Standard +5V, -12V
power supplies

® Mask programmable length
MM4007/MM5007 dual 20-100 bits
MM4019/MM5019 dual 40-256 bits

® Low clock capacitance
MM4007/MM5007 65 pF max
MM4019/MM5019 125 pF max
®  Standard clock frequency 250 Hz min —
typical at 26°C
2.5 MHz max —
guaranteed over temp

m Full temperature range

MM4007,MM4019  -55°C to +125°C
MM5007,MM5019 -26°C to +70°C

applications

®  Custom shift registers
& CRT recirculate display

connection diagrams

Dual-In-Line Package

NC 1 ] e 18 Voo
INPUT A 2 —] fm 130G

OUTPUT A 3 =meaed s 12 INPUT B

NC4 — |—110UTPUT B

o — f-— 10 NC

N-BIT REGISTER lj

N-BIT REGISTER

NC 6 =i P9 NC

Ves 7 —F 8 6out

TOP VIEW

Note: Pin 4 connected to case.
TOP VIEW

Note: Pin 7 connected to case. Standard Connection

Metal Can Packages

OPTION A:QUTPUT 8 CONNECTED TO INPUT A OPTION B: BUTPUT AVCONNECTED TO INPUT B

TAPouT (7 ) oatam

(OPTIONAL)
(5) 18%yr
(OPTIONAL)

Vss
TOP VIEW TOPVIEW

Note: Pin 4 connected to case. Note: Pin4 connected fo case.

Optional Connections
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absolute maximum ratings

Voltage at Any Pin
Operating Temperature Range

Vs + 0.3V to Vgg - 22V

MM4006A,MM4007, MM4019 -55°C to +125°C
MM5006A,MM5007, MM5019 ~25°Cto +70°C
Storage Temperature Range -65°C to +160°C

electrical characteristics

T within operating temperature range, Vgg = 5.0V 5%, Vgg = -12.0V £10%, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical HIGH Level (V) Vgs - 2.0 Vgs +0.3 \
Logical LOW Level (V) Vss - 18,56 Vss - 4.2 Vv
Data Input Leakage Vi = -20V, T, = 25°C, 0.01 0.5 A
All Other Pins GND
Data Input Capacitance Vin =0.0V, f=1MHz, 3.0 5.0 pF
All Other Pins GND
(Note 1)
Clock Input Levels
Logical HIGH Level (Vgu) Vgs - 1.5 Vg +0.3 \
Logical LOW Level (Vg ) Vgg - 18,5 Vgs — 14.5 \
Clock Input Leakage Vg=-20V, Tp= 25°C, 0.05 1.0 uA
Ail Other Pins GND
Clock Input Capacitance Ve =0.0V, f=1MHz,
All Other Pins GND
(Note 1)
MM4006A/MM5006A &
MM4007/MM5007 50 65 pF
MM4019/MM5019 95 125 pF
Data Output Levels
Logical HIGH Level (Von) lsource = 0.5 mA 2.4 Vss \
Logical LOW Level (Vo) Isink = 1.6 mA 0.4 \
Power Supply Current
198 Ta=25°C, Vgg = -12V,
Ppw = 150 ns
Vgs = 5.0V, Vg =-12V,
Data = 0-1-0-1
MM4006A/MM5006A &
MM4007/MM5007 0.01 MHz < ¢¢ < 0.1 MHz 2.0 3.0 mA
MM4019/MM5019 25 3.5 mA
MMA4006A/MMS5006A &
MM4007/MM5007 ¢¢=1.0MHz 4.0 6.0 mA
MM4019/MM5019 5.0 7.0 mA
MM4006A/MMS5006A &
MM4007/MM5007 ¢¢=2.5 MHz 6.0 9.0 mA
MM4019/MM5019 9.0 12.0 mA
Clock Frequency (¢4) ot = ¢t =20 ns .01 33 25 MHz
Clock Pulsewidth (¢pw) Ot + dpyy + 1, < 10.5 s 0.15 10 Ms
Clock Phase Delay Times (¢g, Ea) (Note 2) 10 ns
Clock Transition Times (¢t,, ¢ts) Gty + Poyy + 91, < 10.5 us 1.0 Hs
Partial Bit Times {T) (Note 2)

tnput Partiat Bit Time (T ) 0.20 100 Ms

Output Partial Bit Time (Tout) 0.20 100 us
Data Input Setup Time (tys) 80 30 ns
Data Input Hold Time (tyy,) 20 0 ns
Data Output Propagation Delay

from ¢ouT (See ac test circuit)

Delay to High Level (t,gn) 150 200 ns

Delay to Low Level (toq.) 150 200 ns

Note 1: Capacitance is guaranteed by periodic testing.

Note 2: Minimum clock frequency is a function of temperature and partial bit times {(T|y and TouT)
as shown by the ¢f versus temperature and T, TQUT versus temperature curves. The lowest guar-
anteed clock frequency for any temperature can be attained by making T|N equal to ToyT. The
minimum guaranteed clock frequency:

1

®f(min) = TIN+ TOUT

. where Ty and ToyT do not exceed the guaranteed maximums.
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MM4007/MM5007, MM4019/MM5019, MM4006A/MM5006A

performance characteristics

Guaranteed Minimum Clock
Frequency vs Temperature

Guaranteed Maximum Ty
and ToyT vs Temperature

Typical Data Output Source

(Note 2) {Note 2) Current vs Voltage
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Dynamic Shift Registers

MM4012/MM5012 dual 256-bit dynamic shift register

general description

The MM4012/MM5012 dual 256-bit dynamic shift
register is a monolithic MOS integrated circuit
using P-channel enhancement mode technology to
achieve bipolar compatibility. The device pro-
vides full read/write control, recirculate logic and
an independent wire-OR-able TRI-STATETM out-
put which allows a common output bus-line to be
connected between several registers.

The input logic allows recirculating both registers
or recirculating either register while loading the
other from the data bus input, which along with
the TRI-STATE bus output, is enabled by a 2-
input NOR gate which allows multiple address
decoding. N-bits may be added to the recirculate
loop by connecting additional shift registers be-
tween outputs A or B and data inputs A or B.

features

® Bipolar compatibility +5V, -12V operation
No pull-up
or pull-down

resistors required

fnin = 400 Hz at 26°C
fnax = 2.5 MHz over
temperature guaranteed

® Wide frequency range

® TRI-STATE output Common bus
systems may be
built using wire-OR
output

m System flexibility Chip contains all recir-
culate logic, control
logic and shift register
for disc and drum
replacement memories

applications
® Disc and drum memory replacement

® CRT refresh memory

Serial and parallel data storage

logic and connection diagrams

7
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MM4012/MM5012.

absolute maximum ratings

Voltage at Any Pin . Vgg + 0.3 to Vgg - 22

Operating Temperature MM4012 -55°C to +125°C

MM5012 -25°C to +70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics

T within operating temperature range, Vgg = +5.0V 5%, Vgg = -12.0V £10%, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical HIGH Level (V) Vgs = 2.0 Vgs +0.3 \4
Logical LOW Level (V) Vgs - 4.2 v
Data Input Leakage Vi = =200V, T4 = 25°C, 0.01 05 uA
All Other Pins GND
Data Input Cap%ci(ance Vi = 0.0V, f=1MHz, 5.0 pF
Al Other Pins GND
Note 2
Control Input Levels
Logical HIGH Level (V) Vgs - 2.0 Vgs + 0.3 v
Logical LOW Level (V¢ ) Vss - 4.2 v
Control Input Leakage Vi = =200V, T4 = 25°C, 0.01 0.5 HA
Al Other Pins GND
Control Input Capacitance Vn = 0.0V, f=TMHz, 7.0 10.0 pF
All Other Pins GND
Note 2
Clock Input Levels
Logical HIGH Level (Vi) Vgs - 1.6 Vgs +0.3 \%
Logical LOW Level (V) Vgs - 18.5 Vgs - 14.5 v
Clock Input Leakage | Vg =-20V, Ta = 25°C, 0.05 1.0 uA
All Other Pins GND
Clock Input Capacitance V= 0.0V, f =1 MHz, 110 125 pF
All Other Pins GND
Note 2
Data Output Levels
Logical HIGH Level (Vou) Isource = -0.5 mA 24 Vss \%
Logical LOW Level (Vo) Isink = 1.6 mA 0.4 v
Data Bus Qutput Leakage Vgg - BV < Bus Vout < Vss 10 HA
Bus Output Disabled, T = 25°C
Power Supply Current
lee Ta = +25°C, Vgg = -12V,
dpw = 150 ns, Vgg = +5.0V,
Ve = -12V, Data = 0-1-0-1
0.01 MHz < ¢¢< 0.1 MHz 4.0 5.0 mA
¢¢= 1.0 MHz 7.5 9.5 mA
¢5 = 2.5 MHz 13.0 16.0 mA
Clock Frequency (@) Pt, = ¢ty = 20 ns, Note 1 0.01 2.5 MHz
Clock Pulsewidth (Ppy) 1, = ptg= 20 ns 150 10.0 us
Clock Phase Delay Times (9q, $a) 10.0 ns
Clock Transition Times (¢t,, ts) 1.0 us
Partial Bit Times (T) Note 1
Input Partial Bit Time (Tn) 0.2 100 us
Output Partial Bit Time (ToyT) 0.2 100 us
Data Input Setup Time (ty) Note 4 80 30 ns
Data Input Hold Time (ty) Note 4 20 0 ns
Output Controls Setup Time (tocs) Note 3 and 4 50 20 ns
Output Controls Hold Time (tocH) Note 3 and 4 20 (] ns
Data Output Propagation Delay
from dout
Delay to HIGH Level (toqn) 180 250 ns
Delay to LOW Level {tpq,} 180 250 ns
“Bus Output Propagation Delay
from $out
Delay to HIGH Impedance
State from LOW Level {toy) 150 200 ns
from HIGH Level (t4y) 150 200 ns
Detay to HIGH Level (toqe) 180 250 ns
Delay to LOW Level {tyq) 180 250 ns

Note 1: Minimum clock frequency is a function of temperature and partial bit times, Ty and TouT.
as shown by the ¢5 versus temperature and Ty, TQUT versus temperature curves. The lowest guar-
anteed clock frequency for any temperature can be attained by making Ty equal to ToyT. The
minimum guranteed clock frequency is:

1
TiN+ TouT
Note 2: Capacitance is guaranteed by periodic testing.

¢flmin) = . where Ty and ToyT may not exceed the guaranteed maximums.

Note 3: The output controls are sampled by ). The TRI-STATE output must be enabled or disabled
during the ¢ clock time prior to the gy T clock time at which the output is expected to be true or
in the high impedance state. See timing diagram. Two bus-connected devices may be in opposite low
impedance states simultaneously without damaging either. -

Note 4: Data Input and Input Control Setup and Hold Times are referenced to the trailing edge of
@IN. whereas the Output Control Timing is referenced to the leading edge of ¢|p. See timing diagram.
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performance characteristics
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MM4012/MM5012

logic table (Notes 3, 4)

REGISTER
MODE SELECT C(E)I’:II"?:;ELS FUNCTION
CONTROL
PIN 9 PIN 10 PIN 11
INPUT 1 1 1 A Regrster to A input, B Register to B input
SELECTION 0 1 1 A Register to A input, B Register to B input
1 0 1 A Register to A input, B Register to B input
0 0 1 A Register to A input, B Register to B input
1 1 0 A Register to A input, B Register to B input
0 1 0 A Register to A input, B Register to B input
1 0 0 B Register to Data Bus input, A Register to A input
0 0 0 A Register to Data Bus input, B Register to B input
PIN 3 PIN4 PIN 13
QUTPUT 1 1 1 TRI-STATE™ output in high impedance state
SELECTION 0 1 1 TRI-STATE output in high impedance state
1 0 1 TRI-STATE output in high impedance state
0 0 1 TRI-STATE output in high impedance state
1 1 0 TRI-STATE output in high impedance state
0 1 0 TRI-STATE output in high impedance state
1 [ 0 TRI-STATE output connected to A Register
0 0 0 TRI—SfATE output connected to B Register

Note 3: The output controls are sampled by ¢|N. The TRI-STATE output must be enabled or disabled
during the ¢ clock time prior to the ¢ouT clock time at which the output is expected to be true or
in the high impedance state. See timing diagram. Two bus-connected devices may be in opposite low
impedance states simuitaneously without damaging either.

Note 4: Data Input and Input Control Setup and Hold Times are referenced to the trailing edge of
@)N. whereas the Output Contro} Timing is referenced to the leading edge of ¢). See timing diagram.
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Dynamic Shift Registers

MM4013/MM5013 1024-bit dynamic shift register/accumulator

general description

The MM4013/MM5013 1024-bit dynamic shift
register/accumulator is an MOS monolithic inte-
grated circuit using P-channel enhancement mode
low threshold technology to achieve direct bipolar
compatibility. There is on-chip logic to load and
recirculate data, and a read control for enabling the
bus-ORable TRI-STATE™ push pull output stage.

features

Standard +5V, —12V
power supplies

No pull down or
pull up resistors

® Bipolar compatibility

® Wide frequency range ¢s min =400 Hz @
25°C typ
¢¢ max = 2.5 MHz

over temp. guaranteed

Exclusive-OR and
recirculate loop on-chip

® Built-in recirculate

Allows wire-OR bus
structure on output

m TRI-STATE output

m Full temperaturé operation

-56°C to +125°C
-25°Cto +70°C

MM4013
MM5013

applications

required m “Silicon Store” replacement for drum and disc
®  Package option TO-99 or memories
molded 8-pin mini-DIP ® File memories
® Low clock capacitance 160 pF max ® CRT refresh
connection diagrams
TO-100 Package Dual-In-Line Package
conToL Vao
DATA READ
conmiTe READ CONTROL " CoNTROL
DATAIN ouTRUT #our ouTPuUT
$our
Vss )
TOP VIEW TOP VIEW
typical applications
TTL/MOS Interface
K3 truth table
l'_lvﬁ'l f"——"—_'——.Ivi _____ h _|vﬁ

(Positive Logic)
Logic “1" = V4 = Logical HIGH Level
Logic “0"* = V,_ = Logical LOW Level

WRITE | READ FUNCTION

Recirculate
Output Disabled
Recirculate
Output Enabled
Write Mode
Output Disabled
Write Mode
Output Enabled

1] 0

0 1
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MM4013/MM5013

absolute maximum ratings

Voltage at Any Pin

Operating Temperature Range MM4013
MM5013

Storage Temperature Range
Lead Temperature (Soldering, 10 sec}

Vgg+0.3 to Vgg ~ 22

-55°C to +125°C
-25°C to +70°C
-65°C to +160°C
300°C

electrical characteristics

Ta within operating temperature range, Vgg = +5.0V iS%, Vgg = -12.0V £10%, unless otherwise noted.

CONDITIONS

PARAMETER MIN TYP MAX UNITS
Data Input Levels
Logical HIGH Level (V) Vgs - 2.0 Vgs +0.3 v
Logical LOW Leve! (V) Vg ~18.5 Vgs - 4.2 \
Data Input Leakage" Vin = =20.0V, Tp =25°C, 0.01 0.5 HA
All Other Pins GND
Data Input Capacitance Vin = 0.0V, f=1MHz, 3.0 5.0 pF
All Other Pins GND
Control Input Levels (Note 1)
Logical HIGH Level (V) Vgg - 2.0 Vgs +0.3 \%
Logical LOW Level (V) Vgs - 18.5 Vgs - 4.2 Y,
Control tnput Leakage Vin = =20.0V, T, = 25°C, 0.01 0.5 HA
All Other Pins GND
Control Input Capacitance Vin = 0.0V, f=1MHz, 30 5.0 pF
All Other Pins GND
Clock Input Levels {Note 1)
Logical HIGH Level (V) Vgs - 1.6 Vgs +0.3 \Y
Logical LOW Level (V4) Vgs - 185 Vss - 14.5 v
Clock Input Leakage Vg =-20.0V, Ta = 25°C, 0.05 1.0 HA
All Other Pins GND
Clock Input Capacitance Vp=0.0V,f=1MHz 140 160 pF
All Other Pins GND
Data Output Levels (Note 1)
Logical HIGH Level (Vo) lsource = ~0:5 MA 24 Vss Y
Logical LOW Level (Vo) lsing ='1.6 mA 0.4 v
Data Output Leakage Vour = -5.0V, T, = 25°C 10.0 uA
Output in Highlmpedance State
Power Supply Current Ta=25°C, Vgg = -12V,
lge dpw = 150 ns, Vgg = 5.0V,
VgL = -12V, Data = 0-1-0-1
0.01 MHz < ¢¢< 0.1 MHz 1.60 3.0 mA
¢¢ = 1.0 MHz 5.3 8.0 mA
¢¢ = 2.5 MHz 10.3 15.0 mA
Clock Frequency (¢ 9t = ¢t; = 20 ns, (Note 2) 0.01 3.3 25 MHz
Clock Pulsewidth {¢pw) Pte + Py + Ot, < 10.5 us 0.15 10 s
Clock Phase Delay Times ($q, ¢a) (Note 2) 10.0 ns
Clock Transition Times (¢t,, t;) Oty + Ppyy + 9t <105 us 1.0 us
Partial Bit Times (T) (Note 2)
Input Partial Bit Time (Ty) 0.2 100 s
Output Partial Bit Time (Toy7) 0.2 100 us
Data Input Setup Time (tg) 80 30 ns
Data Input Hold Time (tgp) 20 0 ns
Write Setup Time (tys) 80 30 ns
Write Hold Time (tgp,) 20 0 ns
Read Setup Time (tgg) 0 ns
Read Hold Time (tgp) 0 ne
Data Qutput Propagation Delay .
from ¢ouT (see ac test circuit)
Delay to HIGH Level {tpg1} 150 200 ns
Delay to LOW Level {toq0) 150 200 ns
Propagatibn Delay From
Read Control Disable to
HIGH Impedance State:
Delay From HIGH Level (t;,) 150 200 ns
Delay From LOW Level (tgy) 150 200 ns
Propagation Delay From
Read Control Enable to
LOW Impedance State:
Delay to HIGH Level {ty;) 150 200 ns
Delay to LOW Level {tyo) 150 200 ns

Note 1: Capacitance is guaranteed by periodic testing.

Note 2: Minimum clock frequency is a furiction of temperature and partial bit times (T and TQuT!}
as shown by the ¢f versus temperature and Ty, TOUT versus temperature curves. The lowest guar-
anteed clock frequency for any temperature can be
minimum guaranteed clock frequency:

1
Hf{min) =

Tint TouT

attained by making TN equal to ToyT. The

where Ty and ToyT do not exceed the guaranteed maximums.

Note 3: Minimum clock frequency and partiél bit time curves are guaranteed by testing at a high

temperature point.
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perforrr'ram_:e characteristics
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truth table
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[ Closed [ Closed [ 35K |20 pF |
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MM4015A/MM5015A

NN Dynamic Shift Registers

MM4015A/MM5015A triple 60+4 bit accumulator/register

general description

Low frequency operation 250 Hz at 25°C

The MM4015A/MM5015A triple 60+4 bit dynamic L]
accumulator is a monolithic MOS integrated cir- guaranteed
cuit utilizing P-channel enhancement mode low m | ow power consumption 0.4 mW/bit
threshold technology. The device consists of three : typically at 1 MHz
independent shift registers with Iogich to control = Recirculate logic on-chip
the entry of external data or to recirculate the ® BCD correction look ahead tap
data stored in that register. A common two phase
clock is required to operate the device. . .
applications
features m Data storage registers in BCD arithmetic appli-
® Direct DTL and TTL compatibility No pull-up cations
or pull-down ® Basic accumulator functions
resistors required m Business machine memory applications
m High frequency operation 2.5 MHz guaranteed 8 Recirculating delay line

connection diagram

Dual-In-Line Package

INPUT 1 | weneeed p—16 Vgg

LOAD CONTROL 1 2 ===y P 15 QUTPUT 1A

OUTPUT I8 3 po 14 QUTPUT 2A

INPUT 2 4 =] p=—e==13 OUTPUT 3A

LOAD CONTROL 2 § ~—1 12 coyr
OUTPUT 28 6 =

b— 11 o

INPUT 3 7 =y p— 10 CUTPUT 3B

Vs 8 =]

9 LOAD CONTROL 3

Note Pm B connected to case.

TOP VIEW

typical applications

TTL/MOS Interface Typical Arithmetic Configuration

45,0V

8COBIT
o SERIAL
{5 AOOER

SU8 -
TRACTER

out

on ooyt Azov THE ABOVE CIRCUIT WILL GENERATE THE FUNCTION: A+C =B

N B -C
A—=n
Load Contrgp § Lo Low — Dt s Loaded

) Logical High - Data s Recirculated
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absolute maximum ratings

Voltage at Any Pin Vgg + 0.3V to Vgg - 22.0V
Operating Temperature Range MM4015A -55°C to +125°C

MMB5015A ~25°C to +70°C
Storage Temperature Range -65°C to +150°C

electrical characteristics ;

E

T within operating temperature range, Vgg = 5.0V 5%, Vgg = -12.0V £10%, unless otherwise stated

PARAMETER CONDITIONS ~ MIN TYP - MAX UNITS
Data Input Levels
Logical HIGH Level (V,y) Vgg ~ 2.0 Vgs + 0.3 A
Logical LOW Level (V,) Ves - 185 | . Vgs - 4.2 v
Data Input Leakage VN = -20.0V, T4 = 25°C, 0.01 0.5 HA
All Other Pins GND ' ‘
Data Input Capacitance Vin = 0.0V, f=1MHz, 3.0 5.0 pF
All Other Pins GND
See Note 2
Load Control input Levels
Logical HIGH Level (V) Vgs - 2.0 Vgs +0.3 Y
Logical LOW Level (V) Vgs - 18.5 Vgs ~ 4.2 \
Load Control Input Leakage Vin = =20.0V, T = 25°C, 0.01 0.5 HA
All Other Pins GND
Load Control Input Capacitance Vin =0.0V, f=1MHz, 3.0 5.0 pF
All Other Pins GND
See Note 2
Clock Input Levels
Logical HIGH Level(Vgy) Vgs - 1.5 Vgs + 0.3 \Y
Logical LOW Level (Vg ) Vgs - 18.5 Vgs - 14.5 v
Clock Input Leakage Vg = -20V, Ta = 25°C, 0.05 1.0 A
All Other Pins GND
Clock Input Capacitance V¢ = 0.0V, f=1MHz, 45.0 60.0 pF
All Other Pins GND
See Note 2
Data Output Levels
Logical HIGH Level (Vgu) Isource = -0.5 mA 24 Vss \
Logical LOW Level (Vo) Isink = 1.6 mA 0.4 v
Power Supply Current
lga Ta = 25°C, Vgg = -12V,
dpw = 150 ns, Vgg = +5.0V,
Vg =-12V,Data=0-1-0-1
0.01 MHz < ¢ < 0.1 MHz 2.2 3.0 mA
$:= 1MHz 4.5 5.5 mA
¢ = 2.6 MHz 7.0 8.5 mA
Clock Frequency (¢¢) Pt = $t; = 20 ns, Note 1 0.01 3.3 25 MHz
Clock Pulsewidth (¢py) Pte + Ppyy + 01, < 10.5 us 0.1 10.0 s
Clock Phase Delay Times {¢g4, 3) | Note 1 10 ns
Cldck Transition Times (¢t,, Ptg} Ote+ Ppy + 0t, < 105 us 1.0 us N
Partial Bit Times (T) Note 1 t
Input Partial Bit Time (Tyy) 0.20 100 us
Output Partial Bit Time (Toyt) 0.20 100 Hs
Data input Setup Time (ty5) . 80 30 ns
Data Input Hold Time (tgp) 20 0 ns
Load Input Setup Time (t;g) 80 30 ns
Load {nput Hold Time (t;,) 20 0 ns
Data Output Propagation Delay
From ¢our
Delay to HIGH Levet {tpgn) ’ 150 200 ns
Delay to LOW Level (tyq, ) 150 200 ns

Note 1: Minimum ciock frequency is a function of temperature and partial bit times, T\ and TQUT.
as shown by the ¢ versus temperature and Ty, TQUT versus temperature curves. The lowest guar-
anteed clock frequency for any temperature can be attained by making T equal to ToyT. The
minimum guaranteed clock frequency is:

¢f(min) Tin + TouT

where Ty and ToyT may not exceed the guaranteed maximums.
Note 2: Capacitance is guaranteed by periodic testing.
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MM4015A/MMB5015A

performance characteristics

Gharahteed Minimum Clock
Frequency vs Temperature
(Note 1) .
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MM4016/MM5016 512-bit dynamic shift register

general description
The MM4016/MM5016 512-bit dynamic shift reg-

ister is a monolithic MOS integrated circuit utiliz- .

ing P channel enhancement mode low threshold
technology to achieve bipolar compatibility. An
input tap' provides the option of using the device
as either a 500 or 512-bit register.

features

® Bipolar compatibility +5V, =12V operation
No pull-up or pull-down

resistors required.
TO-100 or choice of two

Dual-fn-Line Packages

® Package option

Clock line
capacitance of
~ 100 pF typ
300 Hz guaranteed min.
operating frequency at 25°C.
500 or 512-bit register length.

m  Fewer clock drivers required

m System flexibility

® Military and Commercial

MM4016
MMb016

® Low power dissipation

applications

Dynamic Shift Registers

Temperature Ranges
-55°C to +125°C
-25°C to +70°C

< 0.17 mW/bit

at 1 MHz max.

< 30 uW/bit

at 100 kHz typ.

®m Glass and magnetostrictive delay line replace-

ment.

® CRT refresh memory.

B Radar delay line.

® Drum memory storage (silicon store)

® | ong serial memory.

connection diagrams

Metal Can Package

Dual-In-Line Package

Ne~H
ne-3
Nl:'—3
0UTPUT-—4
Ne =
¢m—ﬁ
NC—"

8
Vg wmed

Note: Pin 5 connected to case.

16
s N G

15
—Vao

14
512NPUT

13

INPUT

12 ye

m
poswa NC

10
e N C

9
p=—dour

TOP VIEW

typical application

TOPVIEW

Note: Pin 8 connected to case.

Dual-In-Line Package

1

$5 NG et V5.
7 .
ouTeuT §12-INPUT
6
T p— 500-INPUT
4 5
Vg mm r-— Qout

TOP VIEW

9LOSININ/9LOYININ

TTL/MOS Interface

+5V

APRAR

L JIunTL

Note: The unused input pin must be connected to Vgg.




MM4016/MM5016

absolute maximum ratings

Voltage at Any Pin

Operating Temperature Range MM4016
MM5016

Storage Temperature Range

Vs + 0.3V to Vgg ~22V

-25°C to

~55°C to +125°C

+70°C

-65°C to +150°C

Lead Temperature (Soldering, 10 sec)

electrical characteristics

T within operating temperature range, Vsg = +5.0V 15%, Vgg = ~12.0V £10%, unless otherwise specified.

300°C

PARAMETER

MAX

CONDITIONS MIN TYP UNITéV
Data Input Levels )
Logical HIGH Level (V) Vgs — 2.0 Vgs +0.3 \%
Logical LOW Level (V) Vgs - 185 Vgs - 4.2 V.
Data Input Leakage Vin = =20V, T, = 25°C, 0.01 0.5 MA
All Other Pins GND
Data Input Capacitance Vin = 0.0V, f=1MHz,
All Other Pins GND, (Note 2) 3.0 5.0 pF
Clock Input Levels
Logical HIGH Level (Vyy) Vgs - 1.6 Vgs + 0.3 v
Logical LOW Level (V) ) Vgs - 18.56 Vgg = 14.5 \
Clock Input Leakage Vp=~20V, Ty = 25°C, 0.05 1.0 MA
) All Other Pins GND
Clock Input Capacitance Vg =0.0V, f=1MHz, 100 120 pF
o All Other Pins GND, (Note 2} L
Data Output Levels '
Logical HIGH Level (Vo) lsource =-0.6 mA 2.4 Vss \%
Logical LOW Level (Vo) Ising = 1.6 mA 0.4 \
Power Supply Current
IGG TA = 2500, VGG =-12V,
¢pw =150 ns
Vss = 5.0V, Vg = =12V,
Data = 0-1-0-1
0.01 MHz < ¢4 < 0.1 MHz 1.0 2.0 mA
¢ = 1 MHz 3.5 5.0 mA
¢¢ = 2.6 MHz 7.0 10.0 mA
Clock Frequency (¢¢) ot = ¢tg = 20 ns, (Note 1) 0.01 33 25 MHz
Clock Pulsewidth (¢pw) Bte = Ppw + 91, < 10.5 us 0.15 10 " us
Clock Phase Delay Times {¢g, $q) (Note 1} 10 ns
Clock Transition Times (¢t,, ¢t¢) Pt + dpyy + 1, < 10.5 s 1 us
Pariiél Bit Times (T) {Note 1)
*“Input Partial Bit Time (T\n) 0.20 100 us
Output Partial Bit Time (Toyt) 0.20 100 us
Data Input Setup Time (ty) 80 30 ns
Data Input Hold Time (tqy,) 20 0 ns
Data Output Propagation Delay See ac test circuit.
from oyt
Delay to HIGH Level (tygy) 150 200 ns
Delay to LOW Level (tyq, ) 150 200 ns

Note 1: Minimum clock frequency is a function of temperature and partial bit times, T and TouT.
as shown by the ¢ versus temperature and T, TQUT versus temperature curves, The fowest guar-
anteed clock frequency for any temperature can be attained by making Tyn equal to ToyT. The

minimum guaranteed clock frequency is: @g{min) =

exceed the guaranteed maximums.

TiNn *+ TouT

Note 2: Capacitance is guaranteed by statistical lot sample testing.

, where Ty and ToyT may not
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performance characteristics

Guaranteed Minimum Clock
Frequency vs Temperature

Guaranteed Maximum TN
and ToyT vs Temperature
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MM4017/MM5017

NN

Dynamic Shift Registers

MM4017/MM5017 dual 512-bit dynamic shift register

general description

The MM4017/MM5017 dual 512-bit dynamic shift
register is a monolithic MOS integrated circuit
utilizing P channel enhancement mode low thres-
hold technology to achieve bipolar compatibility.
An input tap provides the option of using either
register in a 500-bit or 512-bit configuration.

features

® Standard +5V, =12V supplies Bipolar com-
patibility. No pull-up

or pull-down

resistors required.

® Package option TO-100 or Dual-| n-Line Package.

®  Fewer clock Clock line
drivers required capacitance of
140 pF typ.

400 Hz guaranteed

min. operating frequency
at 25°C. 500 or

512-bit register length.

m System flexibility

= Military and Commercial Temperature Ranges

MM4017 -55°C to +125°C
MM5017 -25°C to +70°C
®  Low power dissipation <0.17 mW/bit

at 1 MHz max.
< 30 uW/bit at
100 kHz typ.

applications

® Glass and magnetostrictive delay line replace-
ment

CRT refresh memory

Radar delay line

Drum memory storage (silicon store)
Long serial memory

connection diagrams

Metal Can Package

TOP VIEW

typical applications

Dual-In-Line Package

sooBi7 _1)
INPUT A

N
512807 _3
NPUT A
NC el

5

OUTPUT A==

e

TOP VIEW

1000 or 1024 Bit Accumulator

r_‘__g_‘
| "

RECIRCULATEMRITE

————————— T . any
TTUOTL
| GATE
1/2MM5017 fomnd 172 MM5077 —
|

TTL/MOS Interface

8V 5%

| MM3017/MM5017

|
—_d e

- -12V 0%

Note: Unused input(s) should be tied to Vss.
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absolute maximum ratings

" Voltage at Any Pin Vgs + 0.3 to Vgg - 22

Operating Temperature MM4017 -55°C to +1256°C

MM5017 -25°C to +70°C
Storage Temperature -65°C to 150°C
Lead Temperature {Soldering, 10 sec) 300°C

electrical characteristics

Ta within operating temperature range, Vgs = +5.0V 6%, Vgg = -12.0V £10%, unless otherwise specified.

LLOQWW/LLOVWIN

PARAMETER ’ 'CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical H|GH Level (VIH) VSS - 2.0 Vss + 0.3 V
Logical LOW Level (V) Vgs -18.5 Vgs ~ 4.2 \Y
Data Input Leakage Vin = =20V, T = 25°C, 0.01 0.5 UA
’ All Other Pins GND
Data Input Capacitance Vin =0V, f=1 MHz, 3.0 5.0 pF
All Other Pins GND
Clock Input Levels
LOgiCal HIGH Level (V¢H) Vss -15 Vss +0.3 \%
Logical LOW Level (Vg ) Vgs -18.5 Vgs - 14.5 \Y
Clock Input Leakage Vg =-20V, To = 25°C, 0.05 1.0 HA
All Other Pins GND
Clock Input Capacitance Vs =0V, f=1MHe, 140 160 oF
All Other Pins GND
Data Output Levels ‘
Logical HIGH Level (Vgy) Isource = -0.5 mA 24 Vss Y
Logical LOW Level (Vg ) | lsink = 1.6 mA 0.4 v
Power Supply Current . .
lag Ta=25°C, Vgg = -12V, ¢pw = 150 ns
Vss = 5.0V, Vd)L = —12V,
Data = 0-1-0-1 .

0.01 MHz < ¢¢ < 0.1 MHz 2.1 3.2 mA
éc= 1NHz 7.0 10.5 mA
¢ = 2.5 MHz l. 100 14.0 mA

Clock Frequency (¢s) ot, = ¢ty = 20 ns, Note 1 0.01 3.3 2.5 MHz
Clock Pulsewidth {(¢py) ots + pw + 91, < 10.5 us 0.15 10 'S
Clock Phase Delay Times (¢q, $4) | Note 1 0 ns
Clock Transition Times (¢t,, ¢ty Ot + dpw + 91, < 10.5 us 1.0 us
Partial Bit Times (T)
tnput Partial Bit Time (T,y) 0.20 Note 1 us
Output Partial Bit Time (Toyr) 0.20 Note 1 us
Data Input Setup Time (ty,) ‘80 30 . ns
Data Input Hold Time (tg;,) 20 0 ns
Data Output Propagation Delay See ac test circuit
from ¢our
Delay to HIGH Level (tpqp) 150 200 ns
Delay to LOW Level (tyq ) 150 ns

200

Note 1: Minimum clock frequency is a function of temperature and partial bit time, Ty and ToyT,
as shown by the ¢ versus temperature and TN, ToQuT versus temperature curves. The lowest
guaranteed clock frequency for any temperature can be attained by making Ty equal to TgyT.

The minimum guaranteed clock frequency is:

1

#ftmin) = TINFTouT

where Ty and ToyT may not exceed the guaranteed maximums.
Note 2: The curves are guaranteed by testing at a high temperature point. -
Note 3: Capacitance is guaranteed by periodic testing.
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MM4017/MM5017

performance characteristics

Guaranteed Minimum Clock
Frequency vs Temperature
(Notes 1 and 2)
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MM4018/MM5018 triple 64 -bit
dynamic shift register

general description

The MM4018/MM5018 triple 64-bit dynamic shift
register is a monolithic MOS integrated circuit
utilizing P-channel enhancement mode low thres-
hold technology to achieve bipolar compatibility.

features

® Bipolar compatibility +6V, -12V operation
No pull-up or pull-down

resistors required

Dynamic Shift Registers

Guaranteed minimum
operating frequency of
600 Hz at 25°C

® Military and commercial temperature ranges
MM4018  -55°C to +125°C
MM5018  -25°C to +70°C

® System flexibility

applications
® Calculator storage register
® CRT refresh memory

® Serial data storage.

connection diagram

Metal Can Package

Vag

DATAINPUT 1

[T
I]

DATA OUTPUT 1

'V

Vss

DATA INPUT 2

TOP VIEW

typical application

o $in CLOCK

(3) oaTaouTPOTS

0 DATA INPUT 3

DATA QUTPUTZ |

TTL/MOS Interface

+5V

64-BITS

64-BITS

64-BITS

ANY TTL/DTL 10]Ves

DEVICE
-12v

ANY TTL/DTL
DEVICE
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MM4018/MM5018

absolute maximum ratings

Voltage at Any Pih
Operating Temperature Range MM4018

" Vg + 0.3V to Vgg -

22.0V

-55°C to +125°C

MM5018 -25°C to +70°C ‘
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics

(T A within operating temperatureﬁ range, Vgg=+5.0V tb% and Vgg = -12.0V £10%, unless otherwise specified.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical High Level (V) Vgg - 2.0 Vgs + 0.3 \
Logical Low Level (V) _ Vgs - 18.5 Ves - 4.2 \%
Data Input Leakage Vin = ~20V, T, = 25°C, 0.01 0.5 UA
All other pins GND
Data Input Capacitance Viy = 0.0V, f =1 MHz, 3.0 5.0 pF
All other pins GND
Clock Input Levels
Logical High Level (V) Vss - 1.6 Vgs + 0.3 Y
Logical Low Level (V) Vss - 18.5 Vgs - 14.5 \
Clock Input Leakage V) =20V, T, = 25°C, 0.05 1.0 UA
: All other pins GND
Clock Input Capacitance V,=0.0V, f=1MHz, 45 60 pF
: ’ All other pins GND a
Data Output Levels
Logical High Level (Vgu) lsource = -0.5 mA 24 - Vss \
Logical Low Level (Vo) Isjng = 1.6 mA 0.4 \
Power Supply Current (1) Ta=25°C, Vgg = -12V,
®pw = 0.15us, V. = =12V
0.01 MHz < ¢ < 0.1 MHz 29 45 mA
¢s=1MHz 3.8 5.5 mA
¢s=2.5MHz 5.8 7.0 mA
Clock Frequency. (¢4) ‘ #t, = dte = 20 ns (Note 1) 0.01 3.3 25 MHz
Clock Pulsewidth (¢py) e + ppw + Bt < 10.5 us 0.15 10 s
Clock Phase Delay Times (¢4 or ¢g4) Note 1 10 ns
Clock Transition Times
Risetime (¢t,) Pts + Ppyy + Pt < 10.5 s 2 s
Falltime (ptg) © Pt + Py + 01, < 10.5 ps 2 M
Partial Bit Times
Input Partial Bit Time (Ty) Note 1 0:20 100 us
Output Partial Bit Time {ToyT) 0.20 100 us
Data Input Setup Time ‘(tds)” 8Q 30 ns
Data Input Hold Time (tgqp) 20 0 ns
Data Output Propagation .
Delay from ¢out . See AC Test.Circuit
Delay to Output High Level {tpgu) 150 200 ns
Delay to Output Low Level {tpqy) 150 200 ns

Note 1: Minimum clock frequency is a function of temperature and' partial bit times (T} and ToyT)
as shown by the ¢ versus temperature and Tin. TouT versus temperature curves. The lowest guar-
anteed clock frequency for any temperature can be attained by making Ty equal to ToyT. The

minimum guaranteed clock frequency: ¢¢(min) =

E N — where Ty and ToyTt do not
exceed the guaranteed maximums. INT TOUT ‘
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performance characteristics

Power Supply Current vs
Clock Frequency

Maximum Power Dissipation

DATAINPUT

aour LOCK

600
z
Z 400
=
<t
a.
g
&
« 200
g
o
a.
0
25 0 25 75 125
" TEMPERATURE (°C)
Guaranteed Maximum T
and ToyT vs Temperature
100
g
ERIAN
310
W
: S
< N
2
S 10 B
<
= S
0.1
-60  -20 20 60 100 140
TEMPERATURE (°C)
timing diagram

OUTPUT SOURCE CURRENT (mA) AVERAGE lgg (mA)

MINIMUM CLOCK FREQUENCY (kHz)

10.0
8.0 [vgg=+5V

g
o

opw =180 ns  1HU

Vgg = -12V
VgL =-12V

DATA = 1-0-1-

TTITIT
B
-55°C

ST
i
Ta=25°C 1\

TT
T Ta =
11
i

&
o

L] {

1

~
=

1.0

< Ta = 125°C
L1, =700 4

0.001

0.01 0.1 1.0

10.0

CLOCK FREQUENCY ¢4 (MHz}

Data Output Source Current
vs Data Output Voltage

T T
To=-55°C

94

| N /A

|
|

e VA

4
\ / //44'/ Ta=70°C

A/ Ta= ]zs"c

2 | |
/ Vg = +5.0V
1 Vgg = ~12.0V 1
Ve = -12.0V
0 1 I
5 4 3 2 1 [ |

Vour (V)

Guaranteed Minimum Clock
Frequency vs Temperature

—r—F—+— 7
1 T T 1T 1 —
T OR Tour = 200 r;/ ,
1.0 . ’
2
Yy V.
Tin = Tour
0.1 //‘/
> 4
0.01
-60 -20 20 60 100 140

DATA DUTPUT

Ves - 15vY

Vas - 145V

= ba

TEMPERATURE (°C)

AVERAGE lgg (mA)

OUTPUT SINK CURRENT (mA)

Power Supply Currentvs Vgg

Ta=-55C | "]
Ta=25°C -
;//
L 1 To=70°C
— |
" T, =125°C —
¢s=1.0MHz
opw = 160 ns
Vgs = +5V
VoL =-12V
DATA =1-0-1-0
15 16 17 18 19
Vss - Vgg (V)

Data Output Sink Current
vs Data Qutput Voltage

Vour (V)

ac test circuit

T T
'\TA =-55°C
NS Ta=25°C
\\\A/ N
Ta=70°C ~
Ta=125C Ty
Vs = +5.0V
L Vgg =-12.0V
Vg =-12.0V
L1
5 4 3 2 1 0 A

39

8LOSININ/8B8LOYININ



MM4020/MM5020, MM4021/MM5021

NN

Dynamic Shift Registers

MM4020/MM5020 quad 80-bit dynamic shift register
MM4021/MM5021 triple 80-bit dynamic shift register

general description

The MM4020/MM5020, and MM4021/MM5021
shift registers are monolithic MOS integrated cir-
cuits utilizing P-channel enhancement mode low
threshold technology to achieve bipolar compati-
bility. The MM4021/MM5021 is a metal mask
option of the MM4020/MM5020 which eliminates
one of the 80-bit registers. Power and clock capaci-
tance are reduced proportionally.

features

® Bipolar compatibility +5V, =12V operation

No pull-up or pull-down
resistors required

Guaranteed minimum
operating frequency of
250 Hz at 25°C

® Military and commercial temperature ranges
MM4020, MM4021 -55°C to +125°C
MM5020, MM5021 -25°Cto +70°C

® System flexibility

applications

® Calculator storage register

u CRT refresh memory

® Serial data storage

connection diagrams

Dual-In-Line Package

Metal Can Package

Dual-In-Line Package

DouT | — p—16 Vgg Voo Sour | m— =16 Vgg
15 9 N 2 — — 15 o
Ne 2 - sour cLock (7Y () o ootk
INPUTA 3 =t — 14 ne NC 3 = — 14 NC
oatameut1 (2) (&) vataouteur 3
OUTPUTA 4 = p—=13 OQUTPUTD INPUT A 4—4 =13 OUTPUTC
INPUT B § = l—12 Ut oataoutput1 (3) (7) oataineuts OUTPUTA 5 =i — 12 puTC
INPUTB 6 =] L— 11 ouTPuTB
OUTPUTE 6 = [— 11 ouTRUTC DATA INPUT 2 () (5) DATA OUTPUT 2
Ne 7 — l— 10 InPUTC > Ne 7 = — 10 ne
SS
— v — 9 nc
Vss 8 [— 9 NC TOP ViEW s 8=
TOP VIEW ToP VIEW
MM4020/MM5020 MM4021/MM5021 MM4021/MM5021

typiéal applications

+5V

TTL/MOS/TTL Interface

I“]'VLI

Ve
=== Ves
o 'l Mo |
80-BIT
|
' [
o—l—D—|—— 80-BIT
|
O—‘—D—!— 80-BIT
| |
o—1 D‘J |
| soar
L ]
— _-l VGG
I
ANY TTL/OTL -12v
DEVICE Voo

L-:_L_"I

ANY T-TLIDTI.
DEVICE
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absolute maximum ratings

Voltage at Any Pin Vgg + 0.3V to Vgg - 22.0V

Operating Temperature Range

MM4020, MM4021 -556°C to +125°C

MM5020, MM5021 -25°C to +70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics
T within operating temperature range, Vgg = +5.0V 5%, Vgg = -12.0V £10%, unless otherwise stated.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical HIGH Level (V,4) Vgg =20 Vgg +0.3 v
Logical LOW Level (V) Vgs - 185 Vgs —4.2 v
Data Input Leakage Vin = =20V, T = 25°C, 0.01 0.5 A
All Other Pins GND
Data Input Capacitance Vin = 0.0V, f =1 MHz, 3.0 5.0 pF
All Other Pins GND (Note 2)
Clock Input Levels
Logical HIGH Level (V) Vss-2.0 Vgs +0.3 \
Logical LOW Level (V) Vg - 1856 Vgg - 145 \%
Clock Input Leakage Vy=-20V, T = 25°C, 0.05 1.0 HA
All Other Pins GND
Clock Input Capacitance Vs = 0.0V, f=1MHz,
All Other Pins GND MM4020 70 20 pF
(Note 2) MM4021 55 70 pF -
Data Output Levels
Logical HIGH Level (Vgp) lsource = -0.5 mA 24 Vss \
Logical LOW Level (V) Isink = 1.6 mA 0.4 \%
Power Supply Current
[P Ta =+25°C, Vgg = -12.0V,
Ppw = 150 ns, Vgg = +5.0V,
Vg = Vgg - 17.0V, Data = 0-1-0-1
MM4020/MM5020 0.01 MHz < ¢4 < 0.1 MHz 2.9 4.4 ‘mA
¢¢ = 1.0 MHz 6.4 8.0 mA
¢ = 2.6 MHz 10.1 12,5 mA
MM4021/MM5021 0.01 MHz < ¢:<0.01 MHz 2.2 2.75 mA
¢¢=10 MHz 48 6.0 mA
¢ =25 MHz 7.7 9.6 mA
Clock Frequency {(¢¢) ot, = pte=20ns (Note 1) 0.01 3.3 25 MHz
Clock Pulsewidth {¢pw) ot, = ¢ty = 20 ns 0.15 10.0 us
Clock Phase Delay Times (¢4, &) (Note 1) 10 “hs
Clock Transition Times (¢t,, ¢t¢) 1.0 us
Partial Bit Times (T) (Note 1)
Input Partial Bit Time (T ) 0.2 100 us
Output Partial Bit Time (Toyt) 0.2 100 us
Data Input Setup Time (tqe) 80 30 ns
Data Input Hold Time (tqyy) 20 0 ns
Data Output Propagation Delay
from ¢yt
Delay to HIGH Level (t q4) 150 200 ns
Delay to LOW Level (t 4() 150 200 ns

Note 1: Minimum clock frequency is a function of temperature and partial bit time, Ty and TQuT.
as shown by the ¢f versus temperature and TN, TOUT versus temperature curves. The lowest guar-
anteed clock frequency for any temperature can be attained by making TN equal to ToyuT. The

minimum guaranteed clock frequency is:

1

Pftmin) = TN Tout

where T\ and ToUT may not exceed the guaranteed maximums.
Note 2: Capacitance is guaranteed by periodic testing.
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MM4020/MM5020, MM4021/MM5021

performance characteristics

Guaranteed Maximum Partial

Bit Times v
(Note 1)
100

s Temperature

10 \

yi

1.0 ==

MAXIMUM Ty, Tout (ms)

N

MINIMUM CLOCK FREQUENCY (kHz)

N

0.1
-60 -20
AMBIENT

20 60 100 140
TEMPERATURE (°C)

Typical Power Supply Current
vs Voltage

28.0

26.0

/'

24.0

22,0

20.0 A Ta

]
|

lgg (uA/bit)

/ /'
18.0 // 4/
1

" o¢= 1.0MHz

160 7
/

fow= 1600

14.0 |

12.0

Vo = ‘
DATA = 1-0-1-0

150 160

170 180 19.0
Vgs - Vgg (V) -

Guaranteed Minimum Clock
Frequency vs Temperature

(Note 1)

-
=]

 ——  ——
i

T  — — v 4

=1 Tin of ToyT = 200 ns

N\
N
N

™

o
N

o
o
=
1
@
=]

-20 20 60 . 100

140

AMBIENT TEMPERATURE (°C)

- ! Typical Data Output Sou
Current vs Data Qutput
Voltage

rce

|‘ -86°C /

/)

5 [7,=25C=
1
70°Ci

]

7
/[
15/

OUTPUT SOURCE CURRENT (mA) .
w

2
Vgs = 5.0V

1 Ve = ~12.0V
Vg =-12.0V
1 1

5 4 3 2 1
Vour (V)

switching time waveforms

DATA INPUT

TRANSITION
7/ PERIOD

oy CLOCK

©oour CLOCK

DATA OUTPUT"

Vgg - 185V

-

[P
ot
e
toan
15V

0 -1

ANY DATA
OUTPUT

40.0

Typical Power Supply Current
vs Clock Frequency -

T T 11T
35.0
300 v, =-120v. Bl
=20 DATA =1-0-1-0
2 L
< 200 ___%
Q 4
£15.0 -
-55°C g J’Bj
10.0 = +25°C 4 1
Ta=+25 r:__. A Lzsee 1]
5.0 i ]
0.0_01 0.01 01. 1.0 10.0
CLOCK FREQUENCY (MHz)
Typical Data Output Sink
Current vs Data Output.
Voltage
12 T
= N |_.-55°C I
‘E‘ 0 - Ta= 25
B INDN N ot
€ 8 ~ \/\
2 6 — -
& 125°C
; Il 1 — _—
g ! T
3. Vgs = 5.0V
2 | Vgg=-12.0V
Vg = -12.0V
0 ) )
5 4 3 2 1 0 -1

Vour (V)

ac test circuit

10pF

+5.0V
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Dynamic Shift Registers

MM5081 10-bit serial in-parallel out‘lamp driver/register

general description

The MM5081 is a 10-bit serial in-parallel out static
shift register. It is a monolithic MOS P-channel
enhancement mode device utilizing a low threshold
manufacturing process. The output circuits were
designed to interface directly with gas tubes and
other high voltage applications and will withstand
100V transient voltages and will hold off 55V, A
serial output is provided for cascading of the
registers without additional circuitry. This device
utilizes a single phase clock to control the operation
of data manipulation,

features

® High voltage output — —-55V guaranteed
® Direct control of neon tubes

Dual-In-Line Package

Single phase clock

Serial output for package cascading
Data output — 10 bits in paratlel

applications

® Electric Sign Boards
m Neon Lamp Displays
® Test Equipment Displays

block and connection diagrams

: 1 \J 16
VL CLOCK =] — Voo
. - L.
o 3 ) o) ) ) ) 3 5 SERIAL QUTPUT SERIAL INPUT
0 o) 0 o) o) ) o) o o 3 18
o/ \o/ \&J \J \J\J\J\J\J ¢ PARALLEL DUTPUT 10 =] L% paRaLLEL OUTPUT!
AL LN LI KUNNN S RIS CION U Lo k- . PARALLEL OUTPUT § —] = raRaLLeL ouTPUT?
1
K INPUT
cLoc O =0 GND or Vss PARALLEL OUTPUT § —- 12 paRaLLEL OUTPUTS
" MM5081 ) 6 "
SERIAL INPUT O f———O SERIAL OUTPUT PARALLEL OUTPUT 7 mmeme] [ PARALLEL OUTPUT 4
7 10
9 |16 PARALLEL OUTPUT 6 =t | —— PARALLEL OUTPUT S
Voo =V, 8 9
oo = Vea Vs =t pomim Vg0
TOP VIEW
timing diagram
ot o,
Vss
Vou
CLOCK INPUT
Vou
v Vs
Vi
SERIAL INPUT N\ .
Vi s
— ah '
Von Vss
SERIAL OUTPUT
Vou
—m] lodL — Gan
1081T QUTPUT
tput junction tests
Stress Test Leakage Test
O -10V
—O -100v
! L 3 Qs
< 1L P4 e 2
® S-Sk > >
> S S <
1w | 3
. . . s Measure”
. o— -55V Min
i1 = 60 He Qmrt —J Load Register with all | '
— logica! low levels and MM5081 ————
" MM5081 = vels and " = =
c ‘measure each outpu o____
Alternate “1"/"0" Pattern 8 16 *Meter must have over ¢ 8
-20v 100 M52 Input -20v
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MM5081

absolute maximum ratings

Gate Voltage (Vgg)
Drain Voltage (Vpp)
Clock Input Voltage (Vo)
Data Input Voltage (V)
Storage Temperature
Operating Temperature

Output Stress (Parallel Output Lines)

-25V to +0.3V
-25V to +0.3V
-25V to +0.3V
=25V to +0.3V

-55°C to +125°C

-25°C to +70°C

-100V (see stress test)

electrical characteristics (-25°C to +70°C) (Vgg = 0V)

SYMBOL PARAMETER MiN MAX UNITS CONDITION
Vou., Parallel Qutput Voltage 5 \Y
Ves = Voo Supply Voltage -20.0 -16.0 Vv
lsa - Supply Current 6.0 mA Voo = Vas
= -20.0V register
loaded all
. logical high
Senal.lnput levels. Vgg = GND
M Logical HIGH Level Vgg - 2.5 Vs \
ViL Logical LOW Level Vsa Vgs - 7.0 \
tys Data Setup Time 400 ns
tan Data Hold Time 50 ns
Serial Qutput
Vou Logical HIGH Level Vg - 1.5 Vss Y
VoL Logical LOW Level Vg Vgs - 8.0 \
Clock Amplitude
Vou Logical HIGH Level Vgg - 1.5 Vss \%
Vo Logical LOW Level Vgs - 20 Vgg - 16 %
I Clock Leakage Current 5 HA Vg = ~20.0V
All other pins
P¢ Clock Pu|.5e Frequency GND. Tp =25°C
For Serial Output dc 250 kHz
For Paraliel Qutput dc 50 kHz
Pow Clock Pulse Width 2 10 us
wer Cruun THaL e z M
Oty & Fall Time 2 us
Trigger Method of F.F. Trailing edge
Propagation Delay
toa L Serial 2 Ms
tod H Parallel 2 us
he Input Leakage Current 5.0 HA
Cis Input Capacitance (Data) 7 oF
Cisc tnput Cabacitance {Clock) 18 pF
Parallel Output Leakage 40 HA ) V= -5b5V
Current Vss = GND
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MM4104/MM5104 dynamic shift

general description

The MM4104/MM5104 360/359, 228/287, 40/32
bit dynamic shift register is a monolithic MOS
integrated circuit utilizing p-channel enhancement
mode low threshold technology to achieve bipolar
compatibility. The register lengths are lengthened
or shortened by hard wiring the length select line
to Vgg or Vss. The lengths available are: 40,
288, 328, 360, 400, 560, 688; or 32, 287, 319,
359, 391, 446, 678.

features

8 DTL/TTL compatibility +5V, -12V power
supply. No pull-up
or pull-down

resistors required

Dynamic Shift Registers

register

®  Multiple length registers Electrically adjustable
360/359, 288/287, 40/32 bit
. = " registers

®  Wide frequency range 250 Hz min. guar.

at 25°C
2.5 MHz max. guar.
over temp.

applications

® Data store
® CRT displays
® Business machine

connection diagram

Metal Can Package

DATA INPUT 2

{40, 32 IN}

DATA OUTPUT 2
(40/32 0UT}

LengTseLeet (3)

DATA OUTPUT 1
(360/359, 288/287 OUT)

DATA INPUT 1A
{360, 288 IN)
DATA INPUT 1B
(359, 287 IN}

TOP VIEW

typical applications

TTL/MOS

Interface

+5V

)\

<

_IS

273-1/2
BITS

1

c?

i
|
|
[

ol

(SHORT) 1 (LONG}

O

Vee ?Vss
+5V

NOTE:

22-172
BITS

<?

(-

q
s
s

L__

Vgg on pin 3 results in a 288-bit register
between pin 7 and pin 4 and a 287-hit
register between pins 6 and 4. The unused
input (6 or 7) must be returned to Vsg.
Alsa, there is a 32-bit register between
pins 1 and 2.

Vgs on pin 3 results in a 360-bit register
between pin 7 and pin 4 and a 359-bit
register between pins 6 and 4. The unused
input {6 or 7) must be returned to Vgs.
Also, there is a 40-bit register hetween pins
1and 2.
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MM4104/MM5104

absolute maximum ratlngs

Voltage at Any Pin Vgg + 0.3V to Vgg - 22V
Operating Temperature Range MM4104 -55°C to 1256°C

MM5 104 -25°C to 70°C
Storage Temperature Range -65°C to 150°C
Lead Temperature (Soldering, 10 sec) ’ 300°C

electrical characteristics \
(T A within operating temperature range, Vgg = +5.0V, #56%, Vgg = -12.0V £10%, unless otherwise specified.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical HIGH Level (V) Vgg - 2.0 Vgs + 0.3 \%
Logical LOW Leve! (V) . Vgs - 18.5 Vgs 4.2 \%
Data Input Leakage VN = =20.0V, T, = 25°C, 0.01 0.5 MA

All Other Pins GND

Data Input Capacitance Vin = 0.0V, f= 1 MHz, 3.0 5.0 pF
All Other Pins GND, (Note 3)

Length Select Input Levels

Logical HIGH Level (V gy) Vss Vgs+0.3 \%
Logical LOW Level (Vg ) Vgs - 18.5 Vaag \%
Length Select Input Leakage Vin = =20V, T4 = 25°C, 0.01 0.5 MA

All Other Pins GND

Length Select Input Capacitance |V, ="0.0V, f= 1 MHz, 6.0 9.0 pF
Alt Other Pins GND, (Note 3) '

Clock Input Levels ) :
Logical H!GH Level (V¢H) Vss - 1.6 Vgg +0.3 A\

Logical LOW Level (V) Vgg -18.5 Vgs - 14.5 \%
Clock Input Leakage Vg =-20V, Ty = 25°C, ' ’ 0.05 1.0 HA

All Other Pins GND

Clock Input Capacitance V4 =0.0V, f=1MHz, 85 100 pF
' All Other Pins GND, (Note 3)

Data Output Levels N
Loglcal HIGH Level (Vou) . ISOURCp_ =-0.5 mA 2.4 . Vss

N I o LU I T Y — A A : na V]
- ~ [OTIETN

Power Supply Current

(PO Ta =25°C, Vgg = -12V, ¢pw = 150 -ns
‘ Vgs = 5.0V, Vg = -12V, Data = 0-1-0-1
0.01 MHz < ¢¢< 0.1 MHz 1.5 +25 mA
G¢= 1MHz 35 50 [ mA
¢: = 2.5 MHz 7.0 10.0 mA
Clock Frequency (¢} ¢t, = ¢ts = 20 ns, (Note 1) 0.01 3.3 25 | MHz
Clock Pulsewidth (¢py) ot + dpw + 01, < 10.6 us 0.15 10 s
Clock Phase Delay Times (¢4, $4) | (Note 1) 10 ns
Clock Transition Time (¢t,, ¢t¢) Ot; + dpy + Bt, < 10.5 us 1 us
Partial Bit Times (T) (Note 1)
tnput Partial Bit Time (T;y) 0.20 100 us
Output Partial Bit Time (Toy7) 0.20 100 us
Data Input Setup Time (tye) ) 80 30 ns
Data Input Hold Time (tyn) 20 0 Cons
Data Qutput Propagation. Delay ’
from ¢out- See ac test circuit.
Delay to HIGH Level (tyg4) 150 200 ns
Delay to LOW Level (tyq )} ¢ 150 200 ns.

Note 1: Minimum clock frequency is a function of temperature and partial bit times, Ty and TouT.
as shown by the ¢f versus temperature and T, TOUT versus temperature curves. The least guaranteed
clock’ frequency for any temperature can be attained by making Ty equal to ToyT. The minimum
guaranteed clock frequency is:

1 : !
(mm) e
o - TiN+TouT

where T| and ToUT may not exceed the guaranteed maximum.
Note 2: The curves are guaranteed by testing at a high temperature point.
Note 3: Capacit,énce is guaranteed by periodic testing. ’ !
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performance characteristics

lgg (mA)

Guaranteed Maximum Typ Guaranteed Minimum Clock
and ToyT vs Temperature Frequency vs Temperature Typical Power Supply
(Notes 1, 2) (Notes 1, 2) : Current vs Clock Frequency
100 10 10,0 : =
= I e e 2 H
z T ~ @ H
K g F— Tin of Tour = 200 ns /'l 7
= 2 ) 3.0 [Ta=25°C i1
5 10 \\ g 1.0 ,//// | T || A
R ] v . . [-s5°C TtA
. NG w y o 4 = |
2 <
= N - AL E 10
: 8 Tin =T, 3 125°C Hl—FHH— A
T N =AY ) Al - Spw =150 ns
% = - = Vss = 5.0V
< = 5 27 03 Vgg =-12.0V
N 2 > ’ < V= -12.0V
N = DATA = 0-1-0-1
01 N 001 01 Lol Ly
-60 -20 20 60 100 140 60 -20 20 60 100 140 - 0.001 0.01 0.10 1.0 10.0
TEMPERATURE (°C) , AMBIENT TEMPERATURE (°C) - CLOCK FREQUENGY, ¢ (MH2)
Typical Power Supply Typical Output Source Typical Output Sink
Currentvs VGG . Current vs Voltage Current vs Voltage
50 6 — 12 -
15 I I = ’ -55°C / / = \<L, LI
RN £ 5 1,-25¢ A A A £ w0 ‘\{ Ta=25C—]
A= R a— A=
40 : — £ vl = NN <ot
-55°C_\ T L~ o we——Lf /] = — | <
35 o =T . g 4 / 7 - E 8 ~ \/\
// // 8 // /'1250(' © \\ \< \\
3.0 - w 3 7 X 6
N=—aurhan N N7 SRR R eSS
! dpw = 150 ns e 2 / Vpp = -12.0V ,E’: 4 " vpp=-12.0V ~]
2.0 Vgs = 5.0V - 2 Vsg= 5.0V 3 Vgs = 5.0V
15 Vg =120V 5 Vg = -12.0V 2 I Vgg=-12.0V
’ , DATA = 0-1-0-1 © Vg =-120v | Vg, = -12.0V
10 L1 0 L . 0 —
15 16 17 18 19 5 4 3 2 1 0 -1 5 4 3 2 1 0 -1
Vgs - Vge (V) Vour (V) Vaur (V)
switching time waveforms ac test circuit

DATA INPUT/LOAD INPUT

/ TRANSITION
7/ PERIOD

EITHER
DATA
QUTPUT

o CLOCK

ooyt CLOCK

DATA OUTPUT
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MM4105/MM5105

NN

MM4105/MM5105 quad 64-bit

Dynamic\Shift Registers

dynamic shift register/accumulator

general description

The MM4105/MM5105 quad 64-bit dynamic shift
register/accumulator is a monolithic MOS inte-
grated circuit utlhzmg P-channel enhancement
mode low threshold techno|ogy to achieve bipolar
compatability on mput/output and control lines.
Any one of four recnrculatmg shift registers may
be selected, by external logic control, for inter-
rogation at the single common output or for
writing in new data at the common input data line.

features

+5, -12V power supplies
no pull up or pull down
resistors required
internal pull up

resistors on inputs

® TTL compatability

chip select allows
control of data entry
from common bus line

®  |nput bus capability .

= Versatile operation recirculation and register

select logic on-chip

applications
® Data buffers

® Disc/drum memory replacement

®m Register for arithmetic units

connection diagram

Metal Can Package

Voo

truth table

Logic Definition
“1" Logical HIGH Level
“0" Logical LOW Level

<]
(0) WRITE
ADRESS? | () coNTROL [ CODING AND MODE TABLE 1
iNpuT (2 8 ) seLect Address Write Control Chip Sefect Output Levet
DATA -
outrur(3) ) (1) oour 12 Write | Recir | Active | Inactive | O"P input | Output
ADDRESS 2 o ° o om - Select
V: o0 0 1 o 1 1 0 0
= 01 0 1 0 1 1 1 1
mp»vuew t]o 0 1 0 1 0 0 1
1|1 0 1 0 1 0 7 T
typical application
&gﬂl
l—- Ay By —-]
ADDRESS 1 ’——DV I
i fiiatoses :
Ay 8
. | 5 o |
ADDRESS 2 I _ - Dé. Dc By |
S |
I ' |
X 5
l ‘ ouT] I
| { , |
| — s | 5.0v
' =~ i
| i _ s L
| . == T | [T
i : T l’>"nAn = :ﬁ —_—— e _— “ard : =
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et ] otk =i s |
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SELECT L%

i
g
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|

I

!
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|
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absolute maximum ratings

Voltage at Any Pin Vgs + 0.3V t6 Vgg — 22V
Operating Temperature Range MM4105 -55°C to +125°C

MM5105 -25°C to +70°C
Storage Temperature Range -65°C to +160°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics

Ta within operating temperature range, Vgs = 5.0V £5%, Vgg = —12.0V £10%, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical HIGH Level (V,4) Vgs - 1.6 Vgg + 0.3 \
Logical LOW Level (V) Vss -18.5 Vgg - 4.2 \
Data Input Leakage (V) Vin = =20V, T4 = 25°C, ’ : )
All Other Pins GND 01 05 KA
' Data Input Capacitance Vin =00V, f=1MHz, v
All Other Pins GND L - 30 5.0 pF
Note 2
Chip Select, Write Control and
Address 2 Input Levels
Logical HIGH Level (Vgy) Vgs - 1.6 Vgs+ 0.3 \
Logical LOW Level (V) : Vgs -18.5 Vss- 4.2 v
Chip Select, Write Control and Vin = =20V, T, = 25°C, 0.1 1.0 WA
Address 2 Input Leakage All Other Pins GND : .
Chip Select, Write Control and Vin = 0.0V, = 1 MHz, 15 20 pF
3 Atl Other Pins GND
Address 2 Input Capacitance
Note 2
Data, Chip Select, Write Control ://SS =__5'(:\2/ v
and Address 2 Input Pull-up g = ~12.0 3.0 6.0 9.0 k2
Resi Vin =05V
esistance >
Ta=25"C
Clock Input Levels :
Logical HIGH Level (Vo) Vgg— 1.6 Vgs+ 0.3 v
Logical LOW Level (V) . Vgs -18.5 Vgs -14.5 Vv
V, = -20V, T4 = 25°C, ' ‘
Clock Input Leakage All Other Pins GND 0.5 1.0 uA
Clock Input Capacitance Vg =00V, f=1MHz, 100 E
All Other Pins GND P
b Note 2
ata Qutput Levels Isoumce = ~0.5 A 2.4 Ves v
Logical HIGH Level (Vo) | =1.6mA 0.4 v
Logical LOW Level (Vg ) SINK = - N
Power Supply Current lgg Ta=25°C, Vgg = -12.0V,
¢pw = 300 ns, Vgg = +6.0V,
VgL =-120V, Data=0-1-0-1
0.01 MHz < ¢¢ < 0.1 MHz 3.2 5.0 mA
¢¢ = 1.0 MHz 5.0 8.0 mA
Clock Frequency (¢¢) ¢t, = ot = 20 ns, Note 1 0.01 1.5 1.4 MHz
Clock Pulsewidth {(¢pw) Ot + Ppywy + Pt, < 10.5 us 0.30 10.0 Ms .
Clock Phase Delay Times (¢4, ¢q) Note 1 10
Clock Transition Times (¢t,, ¢t;) Ots + Ppy + 0t, < 10.5us ‘1.0
Partial Bit Times (T)
Input Partial Bit Time (T,\) Note 1 0.35 100 us
Output Partial Bit Time (Toy) 0.35 100 us -
Data Input Setup Time (ty) 300 200 ns
Data Input Hold Time (tgp) 20 0 ns
Chip Setect, Write Control and
Address Setup Time (ty,) 300 200 ns
Chip Select, Write Control and . 20 0
Address Hold Time (tg5) ns
Data Output Propogation Delay
from ¢our
Delay to HIGH Level (tpqn) 150 200 ns
Delay to LOW Level (tyq.) 150 200 ns

Note 1: Minimum clock frequency is a function of temperature and partial bit times (T N and TouT)
as shown by the ¢ versus temperature and Ty, TguT versus temperature curves. The lowest guar-
anteed clock frequency for any temperature can be attained by making T N equal to ToyT. The

minimum guaranteed clock frequency: ¢¢(min) = 1 where T and Tyt do not

exceed the guaranteed maximums. Tin + Tout

Note 2: Capacitance is guaranteed by periodic testing.
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- MM4105/MM5105

performance characteristics

Guaranteed Minimum Clock
Frequency vs Temperature

ac test circuit .

Guaranteed Maximum Partial
Bit Times vs Temperature
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(Note 1)
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timing diagrams
For Writing Data

DATA INPUT, WRITE CONTROL, CHIP SELECT, ADDRESS 1 AND ADDRESS 2

NON-CRITICAL
TRANSITION AREA

tan

o CLOCK

J g . | Ba f—
TDUY
sour CLOEK — by |
Voo 157 §
dout PW
Ves- 185V

Explanation of Timing Diagrams

d r to write-in or, read-out of the MM4105/
105, the'chip select line must be low during
the appropriate clock cycle. If the chip select line is
held high during the ¢oyt clock pulse the output
will go high. If it is high during ¢,y time, data may
not be written in. The timing diagram shows that
in order to read from a register all inputs must be
stable during ¢y time. To write information, the
write control and chip select must be held low.
The address lines and data will depend on what
register is to be selected and what information is
to be stored. When the write control line is high
the information stored in the registers is recir-
culated. ’

To read information out chip select must be low
and address. lines stable during the ¢gyt clock.
Information is always recirculated in the four
registers unless chip ‘select and the write control

60 100 140

TEMPERATURE (°C)

For Reading Data

o

Vss ~14.5V

cHp T ey
SELECT Vs =18V
[T
ADDRESS Vs - 82V

DATA
oUuTPUT

are low. Then, depending on which address is
selected, only three registers are recirculating while

" the selected register is receiving new data.

It is possible to write into and read out of the
same register during one clock period. To write
information into the register, chip select and write
control are held low during the ¢ clock. Data
and the address lines must be stable during the
same ¢y clock. During the next ¢oy 7 clock time,
chip select is held low with the address unchanged.
An output will appear from the same register.

To write information into one register and read
out of a second register during one clock period
similar timing can be used. The address can be
changed between the ¢, and ¢oyt clocks to
select either of the other three registers.
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NS

Static Shift Registers

*MM404/MMbB04 dual 16 bit static register
*MM405/MM505 dual 32 bit static register

Qeneral descrfpiion

The National Semiconductor line of MOS static
shift registers are monolithic integrated circuits

Additional features include:

utilizing P-channel enhancement mode transistors. » Bipolar compatibility
The use of a low threshold technology permits ® Single phase clock input
operation with a Vpp supply voltage of ~10 volts u High frequency operation 1.0 MHz
and a Vgg supply and clock amplitude voltage of ® Low power consumption 1.7 mW/bit typ
less than -16 volts. These registers require only a = Output impedance (Voy) 50082 typ
single clock input to operate from DC to 1 MHz m Military and commercial temperature ranges
in either synchronous or asynchronous systems. MM404 MM405 -55°C to +125°C
Each register cell is designed specifically to avoid MM504. MM505 —25°C to +70°C
race conditions during latching, thus insuring o
operation under all conditions specified in the
electrical characteristics.
schematic and connection diagrams
5! ONE'BIT DELAY OUTPUT STAGE | ,
Voot +
v 8! ) : : Voo
o ) w$ ! Siski . :
: [ L-' 5 L[z -—| RU 3 5 2 ! weuta (4 7) INPUTB
, «
17! : 115 ! 126 =] «
T 8 K+ + - .- )
”m": = C W= T b3 :uuDT‘:m outruta (2 gg)s2 & Joutryts
Pl a {2 [ o Wy e } ] &
| E c1L1 =c2 I | 3 ) s
4l I
Vss ' e T16 ) : Ve 4 Vao
! T F T # | i Vss
| 1 .
N " ; ' Note: Pin 4 connected to case
CLOCK+ ' h Top View
typical applications ‘
L 2N Bit Johnson Counter
TTL/MOS Interface .
MM480 10 Voo
o o e o o e 1 Voo GND
OV 2! | I I
v 5V CLEAR INPUT ~—y o 8 L)
9 - N BIT REGISTER
Mo 1 o33 | . S - 8 s LT o B S
O—IID II - Na BIT REGISTER : D_:_o 7: E l—. 3 5 :
o—l—D; } No BIT REGISTER < J—E))—l—-o 8 o
L= 2 L—_ | 8 1
1 -[l/nn Vo 36k Sask 1 : - :5
CLDEK;M, REQUIREMENTS WITH Vgg = +|(lv- TYP. v - . j=_
LOGIC “0” Vgs -1.5V y - P "
R e ik

LoGIc 1~

Single 2N Bit Register

Vss

4

1 2
DATA tNPUT sm——q N BIT REGISTER

DATA OUTPUT

7
N 8IT REGISTER
3 18 |5

Vo Voo Ve

*For New Designs, see MM4040/MM5040, MM4050A/MM5050A.

ing through 2N clock cycles.

Waveforms for Applications
(complete timing diagrams on page 53)
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MM404/MM504, MM405/MM505

absolute maximum ratings

Drain Voltage (Vpp)
Gate Voltage (Vgg)
Clock Input (V¢1)
Data {nputs

Power Dissipation (Note 1)
MM404, MM504

Operating Temperature

Storage Temperature

MM405, MM505

+0.5V to -25V
+0.5V to -25V
+0.5V to -25V
+0.5V to -25V
300 mW

-55°C to +125°C
-25°C to +70°C
-65°C to +150°C

electrical drive requirements (Note 1)

PARAMETER

CONDITION MIN TYP MAX UNITS
Clock pulse Width
1 Clock, 61 - , 0.4 10 us
Clock Pulse Risetime, t,4 - 1MHz with ¢, = 0.4 us 0.05 us
Falltime, t¢, 100 kHz with ¢, = 2 us 0.6 us
10 kHz with ¢, = 10 us 2.0 us
Clock Input Level
Logic “Vgu " Vgs -0.5 Vss -1.5 \%
Logic V" Vgs -14.5 Vgs -16.0 | Vss-18.0 v
Data Input Voltage Levels
Logic “V "’ . Vgs -2.5 \
Logic "V " Vgg -7.0 \Y
Data Setup Time, tyg 0.2 us
Data Hold Time, ty, 0.03 us
electrical characteristics (Note 2)
PARAMETER CONDITION MIN TYP MAX UNITS
Clock Repetition Rate. Fan-Out 1"’ dc 1.0 MHz
Data Output Voltage Levels -
Logic “Vou " Vgg =15 Vv
Logic “Vo " Vss -8.0 "
U;ld‘lllput Lapdciance L e vz 1o 3.u pr
(Each Inpit) Vin =0V
Clock Line Cébécitance f=1MHz, -20V Bias- MM404, MM504 9.5 15 pF
MM405, MM505 18 30 pF
0V Bias MM404, MM504 15.0 20 pF
MM405, MM505 25 40 pF
Output Impedance Outputs at Logic 0" 05 1.0 k2
Output Impedance Pins 2 & 6 Outputs at Logic 1" 15 20 25 [39]
Impedance Pin 8 All Other Pins at GND 75 10 125 kQ
Breakdown Voltage 1.0 A Test Current
} Ta=25°C
OnPint - . GNDonPins2,3,4,5,6,7 % v
-1V onPin 8 -
On Pin7 -GNDonPins1,2,3,4,5,6 % v
B ~11VonPin8 B
Leakage Current . Ta=25°C
Pint1 = .Vin=-18V,Vg=-11V 0.5 MA
.« All Other Pins at GND
Pin7 Vi = 18V, Vg = =11V 0.5 HA
s * All Other Pins at GND
Pin 8 Vin = -8V 05 pA
All Qther Pins at GND
Power Supply Current Drain Outputs at Logic ‘0"
(Vpp) 1 MHz Operation
Ta=25°C
MM404, MM504 55 10.0 mA
MM405, MM505 10.0 15.0 mA

Note 1: For operating at elevated temperatures, the device must be derated based on a 150°C maxi-
mum junction temperature and a thermal resistance of 150°C/W junction to ambient. The full rating
applies for case temperatures to +125°C.
Note 2: These specifications apply over the specified temperature ranges for -11V <VDD <-95V,
and 18V <V g <-14.5V and clock repetition rate of 10 kHz with output measurement load of less
than 10 pF in parallet with 10 M2 to ground unless otherwise specified.
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performance characteristics

Power Dissipation vs Vpp

Power Dissipation vs VGG

Power Dissipation vs Temp.

l | [ 1T
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§ s / Z 14 -
V= 0.4 usec @ 1 MHz
° / 2 n Vg = 0.3 usec @ 1.5 MHz —
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LT L [ [ ]
¢ -1 -2 -3 -4-5 6 -7-8 -9 -18 -16 -18 -20
Vour Vge & V¢ (Volts)
operatlo n

A diagram of a one-bit static register employing
two clock phases (¢, ¢) is shown in the schematic.
The register requires only one external clock phase
(¢) since the second clock (@) is generated internal-
ly by T,¢ and 15K; this configuration simplifies
the input drive requirements.

The basic cell functions as follows. Each bit of
delay consists of three inverters T,, T4, and Tg in
conjunction with three MOS load resistors T3, Ts,
and T, followed by three coupling devices T,, Ty,
and T,. The timing diagram shows the sequence of
operation. Assume the input is at a logic ‘1" level
during t; time. When the clock (¢) goes to a logic
“1" level, two operations take place simultaneous-
ly. First, transistor T, turns “ON", transferring
the input data (logic “1” level) to the gate to
source capacitance (C;) of T,. The voltage stored
on C; is sufficient to turn T, ““ON" discharging
node B. With the gate to source capacitance (C,)
of T, discharged, T, turns “OFF’’ placing a logic
“1" level at node C. Concurrently ¢ turns T,q
“ON'’ generating the complement of ¢, that is ¢
and in turn @ is used to turn T¢ and T, “OFF".
This action allows the register’s previous informa-
tion to be temporarily stored on the gate to source
capacitance C3 of Tg. The output at node E dur-
ing this timing sequence remains unchanged. How-
ever, during t, time, clock ¢ returns to ground;
concurrently ¢ goes to a logic ‘1" level turning T,
“OFF" allowing T¢ and T, to turn “ON". The
information which was previously stored on the
gate of Tg discharges to a logic 0" level causing
the output at node E to switch to a logic ‘1" level
thereby obtaining the required one-bit of delay.

Likewise the informatibn at nodé C is fed back to
node A latching T, in the “ON"’ state,

When a logic 0" level is presented at the ‘regist‘er

input, the sequence is once again repeated. The bit

delay.demonstrated in this example is repeated for
each half of the dual static register.

timing diagram

|
NODEE | i ]\ )l | \ .

b |
po) |
I

| (I
———:ous BIT DELAYle——

|
|
| |
t

R
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MM4040/MM5040

NS

Static Shift Registers

MM4040/MM5040 dual 16-bit static shift register

general description

The MM4040/MM5040 dual 16-bit static shift
register is a monolithic integrated circuit utilizing
P channel enhancement mode low threshold tech-
nology to achieve direct bipolar compatibility on
the inputs and outputs. The device requires only
a single phase clock.

features

® Bipolar compatibility - +b, =12V operation
No pull-up or pull-

down resistors needed

®m High frequency operation 2.2 MHz guaranteed

® Single phase clock

applications

m Static data buffer

® Serial memory storage
| Printer memory
]

Telemetry systems and data sampling

connection diagram

Metal Can Package

Voo
S

ool (2
ie

O

ot

Vss
TOP VIEW
typical application
|V
o
L
r——=—1 ofvs r—
| |
16 -BIT S.R.
I [ e I
I I
L J

ANY DTL/TTL DEVICE _129,,5

|
—_ —_— 6e IVnD L__ —d
I 5' Vv, 8 I

ANY DTL/TYL DEVICE
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absolute maximum ratings

Voltage at Any Pin

Operating Temperature Range MM4040
MM5040

Storage Temperature Range

Lead Temperature (Soldering, 10 sec)

VSS + 0.3V to VSS - 22
-55°C to'+125°C
-25°C to +70°C

-65°C to +150°C
300°C

electrical characteristics
T a'within operating temperature range, Vgg = +5.0V £5%, Vgg - Vpp = 9V to 18.6V, Vgg = —12V +10%, unless otherwise specified

PARAMETER CONDITIONS MIN TYP MAX UNITS
. Data Input Levels A ) .
Logicat High Level (V4) Vgs - 2.0 Vgg + 0.3 \4
Logical Low Level (V,_) Vss - 185 . Vgs - 4.2 V.
Data Input Leakage Vin = =20V, T, = 25°C, : 05 uA
All Other Pins GND .
Data Input Capacitance Vin = 0.0V, f=1MHz, 2.5 5.0 pF
All Other Pins GND (Note 1) :
Clock Input Levels
Logical High Leve! (Vgn) Vgs - 1.5 Vgs + 0.3 Y
Logical Low Level (V) Vgs - 18,5 Vgs - 14.5 \
Clock Input Leakage Vg =-20V, Tp = 25°C, 1.0 HA
All Other Pins GND
Clock Input Capacitance Vg =0.0V, f=1MHz, 19 22 pF
All Other Pins GND (Note 1)
Data Output Levels
Logical High Level (Vgn) Isource = -0.5 mA 2.4 o \%
Logical Low Level (Vo) Ising = 1.6 mA 0.4 \%
Power Supply Current Ta =+25°C, Vgg = -12V,
¢pw =200 ns“, VSS = 5V,
Vpp =12V, Vg = -12V,
Data = 0-1-0-1
lsa 0.01 MHz < ¢ < 0.1 MHz 1.0 2.0 mA
¢ = 1.0 MHz. 1.8 3.0 mA
¢¢ = 2.0 MHz 3.0 4.0 mA
oo 0.01 MHz < ¢ <. 0.1 MHz 5.0 9.0 mA
¢s = 1.0 MHz 5.1 9.0 mA
¢s= 2.0 MHz 5.2 9.0 mA
Clock Frequency (¢¢) ¢t = pts = 20 ns pC 3.0 2.2 MHz
Clock Pulsewidth (dpw) Ot + ot + Ppyy < 10.5 ns .200 00| A00 | s
Clock Transition Times {¢t, + ¢t) ot, + Pte + dpyy < 10.5 ns 1.0 us
Data Input Setup Time (tge) » 120 60 ns
Data Input Hold Time (typ) - 20 0 ns
Data Output Propagation Delay from ¢ [ See test circuit
Delay to High Level {toqn) 200 300 ns
Delay to Low Level {tpqg) 200 300 ns

Note 1: Capacitance values are guaranteed by statistical lot sampie testing.
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MM4040/MM5040

guaranteed performance characteristics

Data Input Levels vs
Supply Voltage
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typical performance characteristics

Data Output Source
Current vs Voltage
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NN Static Shift Registers

MM4050A/MM5050A dual 32-bit static shift register
MM4051A/MM5051A dual 32-bit static shift register—split clock

general description

The MM4050A/MM5050A and MMA4051A/
MMBO51A dual 32-bit static shift registers -are
monolithic MOS integrated circuits utilizing P
channel enhancement mode low threshold tech-
nology to achieve bipolar compatibility. Operation
to 2.2 MHz is achieved with a single phase clock.
The MM4051A/MM5051A is a bonding option
of the MM4050A/MM5050A to provide indepen-
dent clock control of each register.

features

| Bipolar compatibility +5V, -12V operation
No pull-up or puli-

down resistors needed

® High frequency operation dc t0 2.2 MHz

® Single phase clock

® Improved drive capability Push-pull outputs

= Military and commercial temperature ranges
MM4050A, MM4051A  -55°C to +125°C
MM5050A, MM5051A -25°C to +70°C

applications

Serial memory storage
Printer memory
Telemetry systems and data sampling

logic and connection diagrams

Dual-In-Line Package

1 14
NG menned psmm Vo0
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3 12
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4
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10
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7 8
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5
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TOP VIEW
MM5050A

typical applications
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MM4050A/MM5050A, MM4051A/MM5051A

absolute maximum ratings

Voltage at Any Pin - Vgs + 0.3V to Vgg - 22V
Operating Temperature Range MM4050A/MM4051A -55°C to +125°C

MMB5050A/MM5051A  -25°C to +70°C
Storage Temperature Range - -65°C to +150°C
Lead Temperature (Soldering, 10 sec) ' 300°C

electrical characteristics

T a within operating temperature range, Vgg = +5.0V £5%, Vgs - Vpp = 9V to 18.5V, Vgg = -12V £10%, unless otherwise stated.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logica!l HIGH Level (V) . Vgg - 2.0 Vgg + 0.3 V.
Logical LOW Level (V) Vgs - 18.5 Vgg ~ 4.2 \
Data Input Leakage Vin = =20V, T4 = 25°C, 0.5 UA
All Other Pins GND
Data Input Capacitance Vin = 0.0V, f =1 MHz, All Other Pins GND 25 5.0 pF
(Note 1)
Clock Input Levels
Logical HIGH Level (V) - Vgs - 1.6 Vgs + 0.3 \
Logical LOW Level (V) . Vgs - 18.5 Vgs -14.5 \Y
Clock Input Leakage Vg =-20V, T4 = 25°C, All Other Pins GND 1.0 HA
Clock Input Capacitance Ve = 0.0V, f=1MHz, All Other Pins GND 25 35 pF
(Note 1)
Data Output Levels
Logical HIGH Level (Vo) lsource = -0.5 mA 2.4 Y
Logical LOW Level (Vg ) Isink = 1.6 mA 0.4 \
Power Supply Current
lee. T = +25°C, Vgg = -12.0V, ¢pyw = 200 ns
Vgg = +6.0V, Vg = -12.0V, Data = 0-1-0-1
Vpp = ~12.0V )

0.01 MHz < ¢ < 0.1 MHz 1.6 3.5 mA
¢¢= 1.0 MHz 3.8 8 mA
¢¢ = 2.0 MHz 4.6 11.0 mA

Iop - ) 0.01 MHz < ¢:< 0.1 MHz 2.7 5.0 mA
¢:< 1.0 MHz 29 5.0 mA

¢ < 2.0 MHz 3.1 5.0 mA

Clock Frequency {(¢¢) ot = ¢ty = 20 ns DC 3.0 2.2 MHz
Clock Pulsewidth (¢pw) ot + ots + Ppyy < 10.5 us 0.2 0.100 10.0 us
Clock Transition Times (t,, ¢ts) | ot, + ¢te + dpyy < 10.5 us 10 Ms
Data Input Setup Time (ty) 80 50 ns
Data Input Hold Time (tqp) 20 0 ns

Data Output Propagation Delay
From ¢ ’

Delay to HIGH Level (togqn) _ 150 300 ns
Delay to LOW Level [ty ) | S°¢ 2 testcireuit 150 300 ns

Note 1: Capacitance values are guaranteed by periodic testing.
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guaranteed performance characteristics

Data Input Voltage vs Supply
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Data Output Source
Current vs Voltage
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g, e 2 /
c v
] / //Q—IZV(.
o3 4 < t
: L/
§ 2 Vpp =-12.0V]
3 Vgs = 5.0V
51 Vgg = -12.0V-
e VoL = -12.0V

o N 1 1
13 4 3 2 1 0 -1
Vour (V)

Power Supply Current

vs Voltage
8.0 —
_¢(=2.DMHZ
Z 0 [ g =400ms
f— 6.0 |- DATA =1-0-1-0
g g | VesmB0Y A
g ™ Vou=3-|5V | 55 A
3 e
< 40 Ta=C A | A7
=30 /S/,‘ L~
E 20 pr"] +1zsc/
w o e
> - b
T 0
1213 14 15 16 17 18 19 20

Vss - Vg = Vss - Vop (V)

12

10

OUTPUT SINK CURRENT (mA)

6.0

4.0

3.0

AVERAGE Igg CURRENT (mA)

20

1.0

Output Sink Current
vs Voltage

S
N~

™ Vpp = -12.0V

Vg = 5.0V

- Vg = -12.0V

Vg, =-12.0V
P

Power Supply Current

| 7, = +25°C
-]
=L
/‘_ )/ —
=" DATA = 1-0-1-0
dpw=200ms
Vop = -5.0V
Vgs = +5.0V
6=20MHz
Vg = 3.5V
| |

"

A

— o

128°

T+

1w 15 16 17 18 19 20

switching time waveforms

/77//////////// L
]t

Vss - Vo = Vss - Vaa V)

ZZ 1.5V

_.x,,“—l

2.0 MHz Operating Curve

400
Z 300
= — ...
PWMAX
g GUARANTEED |
@ 200 fe- :
= P MIN
Qe
§ | #=20MHz
2100 o =g=20mns TV =08V
| Ta=-55°Ct0+125°C_| Viu=3.0V _|
Vgs = +5.0V Von =35V
o LS, L
15 16 17 18 19

Vss - Vpp = Vss - Vgg = Vss = VoL (V)

Power Supply Current

6.0
— -55°C
g a0 |
= " Ta=+25°C
= 30 ;
e > i
2 P +25°¢
Q
520
w
= ¢ = 2.0 MHz Vg =-12.0V
§ 1.0 Foew=200ns v, =-120V
< ¢t =¢t;=20ns Vg = 3.5V
Vgs = +5.0V DATA =1-0-1-0
8 16 12 14 16 18 20
Vss = Vpp (V)
Power Supply Current
vs Operating Frequency
5.0
FTTI
~-55°C Rl
I
E a0 - /)
- Ta=26°C 14
g “rzsee LI/
x 30 T
e Vge =-12.0V
“ 2.0 /|| DATA = 1-0-1-0
§ ) /A ||| 4o =2000s
2 = Vpp =-12.0V
8 g9 = Vg = 45.0V
< [V =-12.0V
|V = 35V
10 100 1000 10,000

OPERATING FREQUENCY (kHz)

ac test circuit

+5v

EITHER

DATA

ouTPUT
10pF
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MM4052/MM5052, MM4053/MM50%3

NS

Static Shift Registers

MM4052/MM5052 dual 80 bit static shift register
MM4053/MM5053 dual 100-bit static shift register

general description

The MM4052/MM5052 dual 80-bit and MM4053/
MM5053 dual 100-bit static shift registers are
monolithic integrated circuits utilizing P channel
enhancement mode low threshold technology to
achieve direct bipolar compatibility on the inputs
and outputs. The devices require only a single
phase clock.

features

8 Bipolar compatibility +5, -12V operation
No pull-up or pull-

down resistors needed

® High frequency operation 1.6 MHz guarantee
® Single phase clock
® [mproved drive capability push-pull outputs

applications

m Static data buffer

m Serial memory storage

® Printer memory

® Telemetry systems and data sampling

connection diagram

Metal Can Package

typical application

TOP VIEW

+5V

Vss

N-BITS.R.

N-BITS.R.

L_I_J

ANY DTL/TTL DEVICE

Veg

-12v

ANY OTL/TTL DEVICE
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absolute maximum ratings

Voltage @ Any Pin
Operating Temperature Range
MM4052/MM4053

MM5052/MM5053
Storage Temperature Range

Lead Temperature (Soldering, 10 sec)

electrical characteristics

Vgg +0.3V to Vgg —22V

-55°C to +85°C (Ambient)
-55°C to +125°C (Case)
-25°C to +70°C (Ambient)
-65°C to +150°C

300°C

Ta within operating temperature range, Vgg = +5.0V 5% and Vgg = -12V £10%, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Le-velé
Logical High Level (V) Vgs - 2.0 \
Logical Low Level (V, ) Vgs — 185 Vgg - 4.2 vV
Data Input Leakage Vin = =20V, T4 = 25°C 01 0.5 HA
All other pins GND :
Data Input Capacitance Vin =0.0V, f=1.0MHz 3.0 5.0 pF
All other pins GND '
Clock Input Levels
Logical High Level (V) Vss - 1.5 Vss \
Logical Low Level (V! ‘ Vgs - 185 Vss - 14.5 \
Clock Input Leakage Vin =-20V, Ty = 25°C 1.0 uA
Al other pins GND
Clock Input Capacitance Viny = 0.0V, f = 1.0 MHz 22 28 pF
All other pins GND
Data Output Levels
Logical High Level (Vg ) lsource = ~500 uA ) 2.4V 4.8 Vss Vv
Logical Low Level (Vg ) lgink = 1.6 MA -3.0 04 \%
Logical High Level (Vg ) lsource = -10 MA : Vgs - 1.0 Vgs Vss \
Logical Low Level (Vo) Ising = 10 nA Vgs - 120 | Vgg-70 \
Power Supply Current Ta = 25°C
. ¢s = 1.6 MHz
{lgg) MM4052/MM5052 Vgg = Vsg - 17V 9.5 125 mA
V¢|__ = Vss -17V
(lgg) MM4053/MM5053 12.0 16.0 mA
Propagation Delays from Clock
Propagation Delay to a High (tgqn ) See waveform 200 300 ns
Propagation Delay to a Low (tpq. ) See waveform 200 300 ns
Clock Frequency (¢¢) See operating curves 0 16 MHz
Clock Pulse Width (¢pyy) See operating curves 0.25 10 us
Ots + Ppw + 9t < 10.6 us
Clock Transition Times
Risetime (¢t,} ot + dpwy + Pt, < 10.5 us 5 us
Falltime (¢ty) Pty + Ppw + ot, < 10.5 us 5 us
Data Input Setup Time (ty,) 80 50 ns
Data Input Hold Time (ty,) 20 0 ns
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MM4052/MM5052, MM4053/MM5053

guaranteed performance characteristics

1.0 MHz Operating Curve 1.6 MHz Operating Curve

1000 | I 500
MAX opw | MAX dpw |
z 800 T Z 400
I - [ | g 7
Z Ves = 5.0V £
g 6o ¢ = 1.0 MHz £ «
4 Ta RANGE = -55°C to +85°C : N
] Vi =08V ] N
3 400 V::'q =3.0v H] - N MIN oo
2 o= oty =20 ms & 200 | vg=5.0V I
x 1 x ¢ = 1.6 MHz
8 S Ta RANGE = -55°C to +85°C
3 200 — S 100 v, =08V ‘
MIN gy Viw = 30V
| | . ot = ¢t =20 ns
0 0 e
12 1 16 18 20 12 14 16 18 20
Vss - Vgg (V) Vss - Vgg (V)

typical performance characteristics

Data Output Source Current
vs Data Output Voltage

Data Output Sink Current
vs Data Output Voltage

5.0 Ve 12y 100 \ T T T 55°c'
- 66 = - & Ty =-
E oo s — 2 e \‘\L ! |
s £ = T = +25°C
g A NS
£ 1 /‘ g 60 P~
z
& 3 Ta = +85°C —
= n=-55°c—7/ / ° A ¢ SN N
S 0 - z w0
H] v, Ta = 425°C a (N
- 2
2 1w /4 — E 20
3 <-I— Ta l= +as°[: e Vgg = -12V
) Vgs = 5.0V
50 40 30 20 10 00 -10 50 40 30 20 10 00 -10
Vour (V) Vour (V)
Power Supply Current
10
[ LT T L
_ PO L
E 08 Tr,=-85°C
1 }— g
£ s
06— T, =+25°C
] . Ll
8 .
z .04 /
e | — Ta =+85°C /L
= Vgg = -12V
g 02 Vgs = 5.0V
= DATA = 1-0-1-0
o dpw = 250 ns
10 100 1000 10,000

DPERATING FREQUENCY (kHz)

switching time waveforms

DATA INPUT

Vg - 145V

DATA OUTPUT G 0]

ot =t =20ns

MAXIMUM DATA INPUT LOW LEVEL, V), (V)

AVERAGE Igg (mA PER BIT)

DATA QUTPUT

22
20
18
1.6
14
12
1.0

.10

Maximum Data Input Low
Level vs Supply Voltage

A
Ves = 5.0V

N
I~

-—

JYPICAL +25°C

— TYPICAL -55°C

g

_—

| GUARANTEED V,, MAX

[ I

P

14 16
Vss - Vog (V)

18 20

Power Supply Current

Vgs = 5.0V
[ dpw =250 ns
| Tp = +25°C
¢ = 1.0 MHz
f DATA =1-0-1-0

.~

14 16
Vss - Vgg (V)

ac test circuit .
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Static Shift Registers

M‘M5054 dual 64/72/80 bit static shift register

general description

The MM5054 dual 80-bit static shift register is a
monolithic MOS integrated circuit utilizing silicon
_gate low threshold technology to achieve complete
bipolar compatibility. The device has input and
output taps that also provide register lengths of
64 or 72 bits.

The single phase bipolar compatible clock lines
may be driven by any conventional DTL or TTL
circuit. The registers may be operated as a dual
register by connecting the clock lines A and B
together, or as two independent registers. Two
clock ‘control lines provide independent logical
controt of the shift register clock lines,

features

B Complete bipolar compatibility DTL/TTL
. input/output and
clock line compatibility
without additional
components

+5V, —12V
DC to 3.0 MHz typ

DTL/TTL compatible
on-chip clock driver

®. Standard supplies
® High freq operation -

® Single phase clock

® Low clock line capacitance - 8 pF max

= System flexibility Split clock or common

clock operation. Logical
control of clock lines

® | ow power dissipation <600 uW/bit typ

applications

® Teletype data buffers

® Printer memory — 80, 128, 136, 144 bit lengths
® Telemetry and data sampling systems .

m Serial memory storage.

logic and connection diagrams

DATA

INPUT
2,10 O

CLOCK ®
79 .

Y]

CLock
CONTROL
6,10

The unused data inputs and clock controls should
be connected to Vs to ensure proper operation.

truth table

INPUT - ouTeuT
1,150 . sa8IT sIT 313
DATA )| ]
‘——_D—o 4,12

. namA Dual-In-Line Package

INPUT-A-72/80 1 — [~ 16 Vpo

INPUT-A-64/72 2t b 15 INPUT-B-72/80
OUTPUT-A-72/80 3 — b— 14 INPUT-B-68/72
OQUTPUT-A-64/72 4 == b— 13 outeuT-8-72/80
NC. 5 — b— 12 DUTPUT-B-64/72
CLOCK CONTROL A 6 ~f — 11 Voo
CLOCK A 7 — [— 10 CLOCK CONTROL B

Vss 8 =1 -9 CLOCKB

TOP VIEW

Logic diagram shows 1/2 of the unit.

CLOCK
CONTROL

CLOCK

Low
High

Inhibited

Active

Positive Logic
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MM5054

absolute maximum ratings

Voltage at Any Pin

Operating Ambient Temperature Range

Storage Temperature Range
Lead Temperature (Soldering, 10 sec)

electrical characteristics

T A within operating range, Vgg = =12V £10%, Vpp = GND, Vgg = bV 5%, unless otherwise noted.

Vgs + 0.3V to Vgg ~ 20.0V

~25°C to +70°C

-65°C to +150°C
300°C

64

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Data, Clock Control, and Clock Levels .
Logical High Level (V) See Input Level vs Vgg Curve | Vgg - 2.0 Vgs + 0.3 \%
Logical Low Level (V) Vgs - 4.2 Vv
Input Leakages Vin=-10V, T4 =25°C 0.5 UA
All Other Pins GND
Data Input Capacitance Vin =0.0V, f=1MHz 4.5 6.0 pF
All Other Pins GND (Note 1)
Clock & Clock Control Capacitance Vin = 0.0V, f=1MHz 6.0 8.0 pF
(Note 1)
Data Output Levels See Figure 1
Logical High Level (Vgn) Isource = -0.5 mA 2.4 Vss \
Logical Low Level (Vo) lsing = 1.6 mA 0.15 0.4 \
Power Supply Current ¢:=2.0MHz, To =25°C
(lgg *lpp =lss) lga Vgs = 5V, Vpp = GND 7.0 10.0 mA
loo Vgg = -12V , 5.0 8.0 mA
Clock Frequency (¢¢) See Operating Curves DC 3.0 2.2 MHz
Clock Pulsewidth (¢pw) See Operating Curves and
Figure 1
Clock Pulsewidth ot,=¢ts= 10 ns 0.25 10 us
Clock Transition Times
Clock Risetime (¢t,) 500 ns
Clock Falltime {¢t¢) 500 ns
Clock Control Setup Time (tcg) See Figure 1, ¢t, = ¢t¢= 10 ns 0 ns
Clock Control Hold Time (t.p,) See Figure 1, ¢t, = ¢t; = 10 ns 0 ns
Data Input Setup Time (tys) See Figure 1, ¢t, = ¢ty = 10 ns 60 30 ns
Data Input Hold Time (tgy) See Figure 1, ¢t, = ¢t = 10 ns 40 20 ns
Data Output Propagation Delay See Figures 1 & 2,
From Clock ot = ¢ty =10 ns
Delay to Output High Level (toqp) 200 300 ns
Delay to Output Low Level (tgq() 200 300 ns

Note 1: Capacitance is guaranteed by periodic testing.




performance characteristics

Typical Data Output Source

Typical Data Output Sink

Typical Power Supply

Current vs Data Output Voltage Current vs Data Output Voltage Currentvs Vg
5.0 ™77 10.0 9.0
NN Voo = GND | o0 [Veo--r2v] T L T/ tss =g * Ioo
NS Vss =+5.0 "~ [voo=6nD B [ Ed Vpp = GND
40 N 4 oo AT < 80
E - \\\ Vg =-12.0 80 Fyum0v 25 £ Vgs = +5.0V
= > =x 425°C < 10 ' = 70 }DATA=1010
= NN i £ Y AVIETD g #=1MHz
Z 30 N = 60 = lac
3 ELENON Z /4 S 60 | Ta=+25°C
5 £ 50 2
e 4 >
w 20 S 40 g >
g ; 3.0 @ 4.0 / ] oo
@ 10 — Ty I /. § ’
R s - g w0 l/
I 1.0
(] 20
0 10 20 30 40 50 02 04 06 08 10 12 13 14 15 16 17 18 19
Vour (V) Vour (V) Vss - Vgg (V)
Guaranteed (nput Levels
Typical Ipp vs Clock Frequency Typical 1gg vs Clock Frequency vs VGG
8.0 10.0 T e
ss = +5.
1.0 8.0 30 | Voo=6ND__|30Y
8.0
60 / -25°C | GUARANTEED
60 Ta=-25°C 10 " I E QQ Viy MIN
z* L g o ESEREEERET B0 3 [meee
s u a=+25°CY 5 w0 HH g \]\\/:Z\
< 2 Ta=+70°C LI < a0 , 5 TYPICALY 25°C
20 DATA = 1-0-1-0 30 DATA = 1-0-1-0 Z 10 |o="10Mi wt—toav
- Vgs = +6.0V 20 Vgg = +5.0V #t,=¢t¢=10ns| GOUARANTEED
1.0 Vpp = GND 10 Vop = GND Voo = 0.8V —’—v“_ MAX
5 Vee = -12.0V .u Vgg =-12V Vo =3.0V ||
10k 100k m 0Mm 10k 100k ™ 10M 12 13 14 15 16 17 18 19
o4 (Hz) ¢ (H2) Vss - Vgg (V)
Guaranteed 2.2 MHz Guaranteed 1.0 MHz Guaranteed Data Output Sink
Operating Curve Operating Curve Current vs VGG
400 1000 —_
Vss = 5.0V om0 Ta--25¢ A
| Voo = GND 40 7/ Ta =+25°C—
Z z MAX ¢pw | -
= — z 0 2 A8 rvpica
£ 3 MAX gpr—] E - £ 7'l
H £ 600 "Fvss =+5,0V [ -25°C < Tp < +70°C 5 3 / Jr/ Ta =+70°C_]
g % 500\ Voo = GND | Vi, =08V 4 g 4 £ 1
S ‘ﬁr_ > N Vin=3.0V N o
< 2 |— MIN dpwy g o Ny ot =gte=10ns e i Vpp = GND
F ~25°C < To <+70°C S 300 - + | 2 20 Vss = +5.0V
3 Vi =08V ' 2 20 -~ Vour =04V
V=30V . MIN g _A<"GUARANTEED —
M B
11 L1
100 1.0
15.5 17.0 18.5 12 13 14 15 16 17 18 12 13 14 15 16 17 18 19
Vss - Vag (V) Vss - Vga (V) Vss - Vga (V)
switching waveforms test circuit
DATA
INPUT
5V
4K
CTLoCK
ANY
MM5054
ouTPUT
10 pF =
contha FIGURE 2

DATA
ouTPUT

FIGURE 1

65

YSOSNIN






NS

ROMs

MM4203/MM5203 electrically programmable
2048-bit read only memory (pROM)

general description

The MM4203/MM5203 is a 2048-bit static read-
only memory which is electrically programmable
and uses silicon gate technology to achieve bipolar
compatibility. The device is a non-volatile memory
organized as a 256-8-bit words or 512-4-bit words.
Programming of the memory contents is accom-
plished by storing a charge in a cell location by
programming that location with a 45 volt pulse.
Separate output supply lead is provided to reduce
internal power dissipation in the output stage
(VLL)-

features

m Field programmable
® Bipolar compatibility — +6V, —12V operation
= High speed operation — 1 us max access time

B Pin compatible with MM5213, MM5231
mask programmable ROMs
Static operation — no clocks required
Common data busing (TRI-STATETM output)
Q" quartz lid version erasable with ultra-violet
light

8 Chip enable output control
256 x 8 or 512 x 4 organization

applications

8 Code conversion
Random logic synthesis
Table look-up
Character generator
Micro-programming

block and connection diagrams

As.
cs
CONT

CONTROL OUTPUT
cIRCUIT BUFFERS

t

; 2048 BIT
ROM
PROGRAM DECODER MATRIX
2568
A A A X
DECODER

A Ay By As Ay

typical applications

256 x 8 PROM Showing TTL Interface

R] M | T

s ob—s. TUTTL LogI
[e= N 7[;,
"D WH203MM5203

| A1 19 6f—u,
wPuTS | Yo- I Py 5

D —~ 2 if—8

TILGATES

v
1
'
1
|
|
'
i
1
1
b
'
'
'
'

{ ' L

1Sez operating mode notes

-

toowe Ly _/‘—‘I Jo—
ENABLE "
8;
————l Yo— » aureuts
T_WoDE "
conTROL
3
.
Vo _L——V—Do_
;

Dual-In-Line Package

Ay 1 — 2 v,
A 2 —t I— 23 vgg
A3 4 L— 22 PROGRAM
8, 4 - b 21 2,
B, § = — 20 a;
B, 6 - — 19 A
8 1 = [— 18 a,
ouTPUT
8, 8 —f 1 8
8 9 — — 16 Voo
B; 10 =i p— 15 CONTROL
By 11— 1 cs
Vs 12 ) [ 17 8,

TOP VIEW

Operating Modes

256 x 8 ROM connection (shown)

Mode Control — HIGH

Ag - LOow

512 x 4 ROM connections

Mode Control — LOW

Ag — Logic H{GH enables the odd (B1, B3..B) outputs
— Logic LOW enables the even (Bp, Bg.. Bg) outputs

outputs

The outputs are enabled when a logic LOW is applied to
the Chip Enable line.

Mode Control should be “hard wired” to Vpp (LOW) or
Vgs (HIGH).

Programming is accomplished in 256 x 8 mode only.

Pin 23 is connected to Vgg except when programming
when it is connected to Vgg.

Program pin is connected to Vgg except when pro-
gramming program pulse is applied.

In the programming mode, data inputs 1-8 are Pins 4-11
respectively. Chip Enable should be disabied (HIGH).
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MM4203/MM5203

absolute maximum ratings

All Input or Output Voltages with +.3 to =20V

Respect to Vgg

Power Dissipation . 1w

Operating Temperature Range MM4203 -55°C to 85°C
MM5203 ~25°C to 70°C

Storage Temperature Range -65°C to 125°C

Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics

Ta within operéting temperature range, Vgg = +5V 1“5%, Vpp = VoL = 12V, 5% unless otherwise noted.

PARAMETER ~ CONDITIONS 1 min TYP | max UNITS
Input Current, I 4 Vin =0V 1 uA
Output Leékage, Lo Vout =0V Output in 3rd State 1 MA
Power Supply Current, Ipp 4 Ta=25°C 35 55 mA
Input LOW Voltage, V_ : Vgs - 4.0 \
Input HIGH Voltage, V4 Vgs - 2.0 Vv
Output LOW Voltage, Vo 1.6 mA sink 40 v
Output HIGH Voltage, Vogy 100 1A source 2.4 \"
Data Hold Time, Ton (Min Access Time) Figures 1 & 2 100 ns
Access Time, Tacc Ta=26°C Figures 1 &2 .700 1 us
Chip Enable Time, Tce Figures 1 & 3 -500 ns
Chip Disable Time, Tcp Figures 1 & 3 500 ns
Allowable Chip Select Delay, tcg Figures 1 & 2 100 ns
Allowable delay in selecting chip
after change of address without
affecting access time.
Input Capacitance, Cy Vi =Vgs ) f= 1:0MHz 8 15 pF
Guaranteed by
Output Capacitance, Coyt Vout = Vss} design (Note 2) 15 pF
| {(Chip decalacted) |
ope rating characteristics or programming operations
Ta =25°C, Vgg = 0V, Vg = +12V £10% unless otherwise noted
PARAMETER CONDITIONS MIN TYP MAX UNITS
Address and Data Input Load : Vin = ~40V 10 mA
Current, I 10p
Program V Load Current, 4 12p VN = -50V 10 mA
Vgg Supply Load Current, lgg 100 MA
Peak Ipp Supply Load Current, Ippp (Note 3) | Vii = Voo = Vprogram = ~50V 750 ‘_ mA
Input High Voltage, V,_p ) +.3 \
Puised Data Input Low Voltage, V1p ' -48 -40 v
Address Input Low Voltage, V,q2p ' -48 -40 \
Pulsed Input Low Voltage: -50 -48 v
VoL, Vbp. and Program, V 3p

Note 1: During programming, data is always apphed in the 256 x 8 mode, regardless of the logic state
of Ag and mode control.

Note 2: Capacntances are not tested on a productioh basis but are periodically sampled.

Note 3: Ippp flows only during program period typwp. Average power supply current Ippp is
typically 15 mA at 2% duty cycle.

Note 4: Maxumum duty cycle of tq;pw should not be greater than 2% of cycle time so that power
dissipation is minimized. To guarantee long term memory retention the program cycle should be re-
peated five times with typyy = 20 ms or the equivalent thereof, i.e. 10 cycles of topwy = 10 ms.
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operating characteristics (con’t) for programming operations

(see Figure 4)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Duty Cycle 2 %
Program Pulse Width, typw (Note 4) Vbo = VLL = Vprogram = —48V 20 ms
Data Set Up Time, tpw 1 us
Data Hold Time, tp 1 us
Pulsed V| and Vpp Supply Overlap, 3 ms
tvp

£0ZSNIN/E0ZYIWIN

Operation of the MM4203/MM5203 in Program Mode

Initially, all 2048 bits of the MM4203/MM5203
are in the HIGH state. Information is introduced
by selectively programming LOWS in the proper
bit locations.

Word address selection is done by the same decod-
ing circuitry used in the Read mode. The eight
output terminals are used as data inputs to deter-
mine the information pattern in the eight bits of
each word. A LOW data input level (-50V) will
leave a HIGH and a HIGH data input level will

allow programming of a LOW. All eight bits of one
word are programmed simultaneously by setting
the desired bit information patterns on the data
input terminals. The duty cycle of the Program
pulse (amplitude and width as specified on page 4).
should be limited to 2%. The address should be
applied for at least 1 us before application of the
Program pulse.

During programming, all inputs are pulsed signals.

DATA AND ADDRESS LINES
MODE Vss Ves Voo PROGRAM
LOGIC “1”* LOGIC “0™
Read (Data Out) Vgs -2.0 Vgs —4.0 +5 +5 -12 +5
Program (Data In) Vgs -2.0 Vgs - 40 GND +12 -48) -48
(Pulse) (Pulise) (Pulse)

Tape Format

The custom patterns may be sent in on a Telex or
submitted as a paper tape in a 7 bit ASCII code
from model 33 teletype or TWX. The paper tape
should be as the following example:

Start Character j Stop Character Data Fieid

Leader: Rubout for
TWX and letter Key
for telex (at least

BPPPNNNNNFBNNNNNNPPF,..BNPNPPPNNF

A programmer specifically designed for the
MM4203/MM5203 is available from: Spectrum
Dynamics, Inc., 2300 East Oakland Park Boule-
vard, Fort Lauderdale, Florida 33306.

MSB (Pin 11) LSB (Pin 4)

Trailer: Rubout for
TWX and letter Key
for telex (at least

25 frames.) ~
Word 0 Word 1

All Address Inputs LOW

An output HIGH corresponds to a P on the paper
tape; an output LOW corresponds to an N.

Duriﬁg programming, word 0 will cause —-40V to

punch tape format

A000 6000000070
4001 00000000
2002 nnrmnnnn‘?)\\
AOO3T 01010101 4
A4 00111111 6
Note 2 ——F——mAOOS5  0ON11100 3
AND6  0NNOND0N O
A07 00111100 4
AODE 00900000 0
ASIL 01010101 4
TBA 140 Ao Note 4
TB7 150
86 250
TBS 400
T84 010
TR3 100
TB2 299

7911197
1 Space

———— Note 3

2 Spaces ——
[™~1space

M 25 frames.)
Word 255

All Address Inputs HIGH

be applied to all eight address inputs and word
255,49 would cause O volts to be applied to all
eight address inputs.

Note 1: The code is @ 7 bit ASCI code on 8 punch tape. The tape
should begin and end with 25 or more "RUBOUT" punches.

Note 2: The ROM input address is expressed in decimal form and is
preceded by the letter A.

Note 3: The total number of *1's" bits in the output word.

Note 4: The total number of “1’s" bits in each output column or
bit position. .

Note 5: Specify whether tape is positive true or negative true logic.
Negative true is always assumed when not specified.

The tape would print out as shown for the 256 x 8 code.
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MM4203/MM5203

access time diagrams

L DM7400

O
-12V 15%

Figure 1

program waveforms

t

|

PULSED Voo

POWER SUPPLY g h
|
|

[—

PULSED V(.
POWER SUPPLY

DATA INPUT
(DEVICE nu'n'ur

] ~
MUGRAMMING
=7
-48

tow—=d f— |
Figure 4

Vour

A ° 0%
ADDRESS | 1 .
a0 0% i —
12045 — b=t i
—_— L-/—

|
!
DATA 1
DATA CR \ nnnun
STABLE |
L<_u:«

W Ves =200
ADDRESS X
L Vss 4.0V

Wit

—_— Tes
[p—
CHIP ENABLE Ves- 2.0V L Ton
Vin) -
L Ves-4.0V

" ﬁ}}‘ﬁ% A P

w |
wssr' W //// [ e P

L

Figure 3

Conditions of Test:

Address and Data Input Pulse Amplitudes: O to -40V,
Input pulse rise and fall times <250 ns V|,

VpD. and Program Input pulse Amplitudes: O to -48V.
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MM4210/MM5210 1024 -bit read only memory

general description

The MM4210/MM5210 is a 1024-bit static read
only memory. It is a P-channel enhancement mode
monolithic MOS integrated circuit utilizing low
threshold technology. The device is a non-volatile
memory organized as 256-4 bit words. Program-
ming of the memory contents is accomplished by
changing one mask during device fabrication. Cus-
tomer programs may be supplied in a tape, card, or
pattern selection format.

features
m Bipolar compatibility

®  High speed operation 500 ns typ

no clocks required

output wire AND
capability

® Static operation
m Common data busing

® Chip enable output control.

applications

Code conversion
Random logic synthesis
Table look-up
Character generators
Micro-programming.

block and connection diagrams

Dual-In-Line Package

SENSE INPUT Az w1 16} Vo5
INPUTS AMPLIFIERS outeuts
(LSB) A, — ™\ R INPUT Ay =2 15— INPUT A,
— L ‘
Az = — — - - INPUT Ay ~43 14— INPUT Ag
" MEMORY B2
As ' xlg;ﬂg:s\g | OUTPUT B, —{4 13— INPUT Ag
| DECODER [
| : I Y Bs OUTPUT B,—{5 12}=INPUT A,
|
! I +_L'rf
OUTPUT B3 =6 [1] ST
As | | I\ B
7 10fCHIP
+_l_'_f OUTRUT B ENABLE
. CHIP * 1The outputs are connected to Vpp Voo =18 9 INPUT Ag
The output is Enabled by applying ENABLE through an internal MOS resister ss
alogic 1" to the Chip Enable line. when Disahled. TOP VIEW
typical application
256 x 4 Bit ROM Showing TTL Interface
-12v
+2v
+5V - L 2
1 :
q: 3.0 L
< +5V
sy . Vss 68K
< <
g 30K CHIP
ENABLE B,
10 7
S
INPUTS v . g 6
< <
& 3.0k" 68K DUTPUTS
> >
A7 B2
| 12 5 3
| MMA210/MM5210 Sk
DMB810 OR DM8812 s, >
TTL GATES | 13 4
|
| DTL/TTL LOGIC
| 14 3
|
| 15 2
|
Voo
| 16 1
|
|
|

1

* Resistor value can vary from 680<2 to 30 KS2.

i—e
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MM4210/MM5210

absolute maximum ratings

Vgg Supply Voltage Vgs—30V
Vpp Supply Voltage Vgs—15V
Input Voltage (Vgs —20)V <V |y < (Vgg +0.3)

Storage Temperature -65°C to +150°C
Operating Temperature MM4210 -55°C to +125°C

MM5210 -25°C to +70°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics

Ta within operating temperature range, Vgg =+12V £5% and Vgg = —12V 5%, unless otherwise specified.

PARAMETER CONDITION MIN TYP MAX UNITS
Output Voltage Levels

MOS to MOS

Logical “1" Vgs -9.0 \%

1

Logical 0" 1 M£2 to GND Load (Note 1) Ve -1.0 v
MOS to TTL

Logical 1" 6.8 k§2 to Vgg Plus One +0.4 Y,

Logical 0" Standard Series 54/74 Gate Input +2.4 \Y

Input Voltage Levels )

Logical 1" Vgs -8.0 \Y

Logical ‘0" Vgg -2.0 \Y
Power Supply Current T =25°C _

Ves 19 25 mA

Vgg (Note 1) 1 MA
lnpal Loghuge Vin Ves 12V P MA
Input Capacitance f=1.0MHz Vin =0V 5 pF
Access Time (Notes 2, 3) Ta=25°C

TACCESS . (See Tlmlng Diagram) 150 500 650 ns

VSS=+12V VGG=_12V
. MOS Load 3

Output AND Connection TTL Load - 8

Note 1: The VGG supply may be clocked- to reduce device power without affecting access time.
Note 2: Address time is measured from the change of data on any input or Chip Enable line to the

output of a TTL gate. (See Timing Diagram.)

Note 3: The access time in the TTL load configuration follows the equation: TACGESS = the
specified time + (N-1) (50) ns where N = number of AND connections. The number of AND ties in

the MOS load configuration can be increased at the expense of MOS 0" level.
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performance characteristics

Guaranteed Access Time vs
Supply Voltages

T
1000 L Ta = 125°¢
T, =70°
800 s
E a2
2 600
8
<
= a00
200
10.8 12.0 13.2
Vss & Vgg (V)

Power Supply Current vs

Volitage
REEREEDECT
24 1 GUARANTEED
,/

22 ,/
FE L TYPICAL 1]
. 7
S8 4

P
-
16
14
108 12.0 13.2
Vss & Vg (V)

timing diagram/address time

+12V

5V 30K

Typical Access Time vs
Supply Voltages

1000
__ 800
Eé - Tt
4 600 n
Q ™t
: "
= a0 e/t
I | _|_
200 Joe
25 |
HEEN
108 120 132
Vs & Vgg (V)

Power Supply Current vs

INPUT Ay

ov

DM8810 10 pF

MMA4210/MM5210

Temperature
N Vss = +12.0V
Vg = -12.0V 7
26 N ] |
N
1]
. N NGUARANTEED
z NURNN
o \ ~
S, N N
TYPICALY
14 l '
50 -25 0 25 50 75 100 125
TEMPERATURE (°C)
+5V
DUTPUT By ‘

Eour

E N
DM8812 | [

+12v

ov
+3v

Eour

+3V

ov

+12v |
EITHER
ov —_-\_v£&

[—————Taccess

o 7l Vss - 2.0

ANY DTL/TTL 15 pF

GATE

-12v

time
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MM4210/MM5210

MOS ROM program format

The memory contents for individual requirements must be submitted on a tape or card format as shown -
below. An 8-1/2" X 11" size pattern selection form is also acceptable. For copies of the MM4210/MM5210
selection form, write or call any National sales office or National, Santa Clara.

Punched Paper Tape or Cards. (See Note 5.)

COLUMN NO.
12 3 4 6 7 8 9 10 11 12 13 14
B4 B3 82 B1 )
A0 OO0 g@10 10 @2 0C
Ao o01g§gg 1100 g 2 & °
A002 990010 g 1 % 2
N - g z
R H
[ |
[
[
A 2 5 5 110 0 2
T B 4 o 0 0 8 (Note4) %
T B 38§ 1 71 5
. @ w
TB 2916 2 =
TB 1 & 030

Note 1: The code'is a 7 bit ASCIl code on 8 punch tape. The tape should begin and end with
25 or more “RUBOQUT"’ punches.

Note 2: The ROM input address is expressed in decimal form and is preceded by the letter A.’
Note 3: The total number of “1°s” bits in the output word.

Note 4: The total number of “1's’” bits in each output column or bit position.

‘Note 5: Program one address per card. All columns beyond those specified may be used by the
customer. : ’ ‘
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MM4211/MM5211 1024 -bit read only memory

general description

The MM4211/MM5211 is a 1024-bit static read
only memory. |t is a P-channel enhancement mode
monolithic MOS integrated circuit utilizing low
threshold technology. The device is a non-volatile
memory organized as 256-4 bit words. Program-
ming of the memory contents is accomplished by
changing one mask during device fabrication.

features

® Bipolar compatibility
® High speed operation
® Static operation

+5V, -12V operation
< 700 ns typ
no clocks required

s Common data busing

ROMs

® Chip enable output control

applications

Table look-up

Code conversion
Random logic synthesis

Character generators
Micro-programming

output wire AND
capability

block and connection diagrams

INPUTS
(LSB) Ay =it -

SENSE

AMPLIFIERS OUTPUTS *.

o . |

B,y

MEMORY
ADDRESS
DECODER

B2

B3

CHIP *
ENABLE

*The output is Enabled hy applying
a togic “1” to the Chip Enable tine.

typical application
256 x 4 Bit ROM Showing TTL Interface

-12v &

550

By

TThe outputs are connected to Vpo
through an internal*MOS resistor
when Disahled.

Dual-In-Line Package

INPUT Ay —1 16, rv.,,,
INPUT A, —{2 15 = INPUT A,
INPUT A; 3 mrmpur As
OUTPUT B, —{4 13} INPUT Aq
OUTPUT 8, —{5 12]=INPUT A;

QUTPUT B;—{6 11}=Vee

' . 1of—cHip

OUTPUT By =—{7 —CheLe
Ves™18 9 INPUT Ag
TOP VIEW

+5V -—r

uwazt/ws211 | o
1
P

V,
a_ss_I %a.a«%ask

By

-—*VW———

6.8K

+5V

)

6.8K

B3

B,

=

QUTPUTS

A
nilDe b
CHIP
ENABLE
10
INPUTS
v
¢ 2
A;
T 12
anvorrr )
wocic | 1
|
|
| 14
|
i 15
|
v
| 1) 1
1
|

‘%’W

ANY DTL/TTL
LOGIC

-
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MM4211/MM5211

absolute maximum ratings

Vgg Supply Voltage Vgg - 20V

Vpp Supply Voltage Vgs - 20V
Input Voltage . (Vgs -~ 20)V <V < (Vgg +0.3)V
Storage Temperature : ~-65°C to +150°C
Operating Temperature MM4211 -55°C to +125°C

MM5211. - -25°C to +70°C

Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics -

T, within operating temperature range, Vgg = +5V £5%, Vgg = Vpp = —12V 5%, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Levels
MOS to TTL

Logical “'1” 6.8K £5% to Vg Plus One +0.4 \Y

Logical ‘0" Standard Series 54/74 Gate +2.4 Y,
Output Current Capability

Logical “0" Vour =24V 25 mA
Input Voltage Levels

Logical “1” Vgg - 4.2 \Y

Logical “0" ' Vgs - 2.0 \Y%
Power Supply Current Ta=25°C

lDD Vss = +5V 6.5 12.0 mA

e :?\:V\v ‘.; .‘vrﬁ(j = zv:DD - =iV i MA
Input Leakage Vin = Vgs - 12V 1 HA
Input Capacitance f=1.0MHz, V|y =0V 5 ' pF
Vg Capacitance f=1.0MHz, V,y =0V 15 25 pF
Address Time (Note 2) - See Timing Diagram - )

Taccess , ‘Ta =25°C, 700 950 ns

Vgs = 5V

VGG = VDD =-12V

Output AND Connection 6.8K +5% to Vgg Plus One 8

{Note 3) Standard Series 54/74 Gate

Note 1: The Vga supply may be clocked to reduce device power without affecting access time.

Note 2: Address time is measured from the change of data on any input or Chip Enable line to the
output of a TTL gate. (See Timing Diagram.) See curves for guaranteed limit over temperature.
Note 3: The address time in the TTL load configuration follows the equation:

TAccCESs = The specified limit + (N =1) (50) ns

Where N = Number of AND connections.
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performance characteristics

timing

lop (mA)

1400

=
g B
=] =

ACCESS TIME (T access) (ns)
nN S0 o <«
= = =] =
—] (=) (=) =3 (=]

16
Voo = Ve 4 Vss = +5.0V
Ta=25°C 14 Vop =Vgg = 1.2V
- | 12
= MAXIMUM MAXIMUM
10
<<
E 3 -
2 1 TYPICAL
et - 6 S— N
TYPICAL —
4
2
0
16.0 17.0 18.0 50 -25 0 26 50 75 100 125
Vss - Vga (V) AMBIENT TEMPERATURE (°C)
Typicayl Access Time vs Guaranteed Access Time vs
Power Supply Voltages Power Supply Voltages
T T 1400 T T T
Voo = Vgg 1 Voo = Va1
— 1200 1
z :"~ +125°C
-— . - Lo
% 1000 =y +;: 'E—
1 +o5cc
| +70°C +125°C) 2 g0
Tod L] (=
+25°C_| =
= 600
]
w400
[X)
<<
200
0
16.0 170 18.0 16.0 110 18.0
Vss - Vaa (V) Vss ~Vgg (V)
diagram/address time
v +5YV 5V
| ' )
V- INPUT Ay OUTPUT By
MMA211/MM5211 - E
" ANY TTL/DTL 10 pF 10 pF ANY TTL/DTL 15 pF
GATE 6.8K X GATE
-12v
Vs - 2.0V
w =
Ew e Taccess
+5V Vs Vsg - 2.0
oR
ov
3V
15V
0
EOUT
+3V .
15V \
o

Power Supply Current vs
Power Supply Voltages

Power Supply Current vs
‘Ambient Temperature

time
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MM4211/MM5211

MOS ROM program format

The memory contents for individual requirements must be submitted on a tape or card format as shown
below. An 8-1/2" x 11" size pattern selection form is also acceptable. For copies of the MM42 11/MM5211
selection form, write or call any National sales office or National, Santa Clara.

Punched Paper Tape or Cards. (See Note 5.)

COLUMN NO.
12 3 4 5 6 7 8 9 10 11 12 13 14
B4 B3 B2 B1
AD OO el 0 g 2 0 C
A00 1 8% 1100 g 2 3 ?
A0O02 990010 9 1t % g
a D e
[ O B o
[ g
oo >
[ I |
[
A 2 5 5 11 0 0 2
T B 4 v 0 0 8(Noted) Z
k=) =]
T8 38 1 71 s
° w
TB 29 16 2 =
T8 1 & 030

Note 1: The code is a 7 bit ASCII code on 8 punch tape. The tape should begin and end with
25 or more "RUBOUT"’ punches.

Note 2: The ROM input address is expressed in decimal form and is preceded by the letter A.
Note 3: The total number of “1's” bits in the output word.

Note 4: The total number of “1's” bits in each output column or bit position.

Note 5: Program one address per card. All columns beyond those specified may be used by the
customer.
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MM4220/MM5220 1024 -bit read only memory

general description

The MM4220/MM5220 is a 1024-bit static read
only memory. lt is a P-channel enhancement mode
monolithic MOS integrated circuit utilizing low

m Static operation no clocks required

m Common data busing output wire AND

L capability
threshold voltage technology. The device is a non- .
volatile memory organized as 128-8-bit words or = Chip enable output control.
256-4-bit words. Programming of the memory con- . .
tents is accomplished by changing one mask during apphcatlons
the device fabrication. Customer programs may be m Code conversion
supplied in a tape, card, or pattern selection format. = Random logic synthesis
features = Table look-up
® Bipolar compatibility ®m  Character generators
® High speed operation 500 ns typ ®  Micro-programming.
block and connection diagrams
INPUTS SENSE AMPLIFIERS I;UWUYS Dua|.|n.|_ine Package
O e Y T :/ ' .
Az | > 8
e LIJ INPUT Ay 1 2Afm—Vop
A m— l'—'“
i : B3 weuT A, =2 23fnC
| [ T -
( I MEMORY I \ 5 INPUT A, =g 3 22}—NC
1 E\:Ii:lf;‘(‘;%v: i ———————— J OUTPUT 8, == 4 21 = INPUT Ay
5 : Bs OUTPUT B, ==ef 5. 20 e INPUT Ag
SN S B Y A — JE
* i I_\ 6 OUTPUT By v} & 19 INPUT Ag
N i T QUTPUT B, = 7 18f= 1vPUT 8,
E ________ L._/ & QUTPUT 85 = & 1= voe
l l 3. Bg QUTPUT Bg ===t 8 16 —'&?:TFROI.
QUTPUT B, =g 10 15— Em"m
OUTPUT By wmed 11 14 hum INPUT Ag.
. N CHIP Vg mmq 12 13 NC

MODE CONTROL E

typical application
128-8 Bit ROM Showing TTL Interface

“12v
a2V

EnAsLE TOP VIEW

Operating Modes

128x8 ROM connection
Mode Control — Logic ‘0"
Ag — Logic “1"

1

ENABLE 1
58K

b:

M :

Voo

[Eopmme——— e
*Rvalues can vary
[ARr TR0 PRI P

I
” sf—es !
1
Sk Ay =418 i ol :
D MMA220/1M5220 !

< 19 L} el
S 1.0k | As' a :

>
As. |
INPUTS 2 K puld I
Sk :
A

— 2t ) SN I
. |
1
DME810 OR DM8BI2 - e 3—a 1
VL GATES 1
i
1
|
|
1
|
1

<
b I 12 Qo8
b-
1
Ag — 14 =, S
S
t B
CHIP 15 0

OTL/TTL LOGIC

—D&— outPuTS
e s —L;_'_Do_

256x4 ROM connection
Mode Control — Logic ‘1"
Ag — Logic ‘0" Enables the odd
(B, ... B4) outputs
— Logic ““1” Enables the even
(B, ... Bg) outputs.

The outputs are “Enabled”” when a logic ““1” is
applied to the Chip Enable line.

The outputs are connected to Vpp through an
internal MOS resistor when “Disabied.”

l||—i
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MM4220/MM5220

absolute maximum ratings

Vs Supply Voltage Vss—30V
Vpp Supply Voltage Vgs—15V
Input Voltage (Vgg —20)V < VN < (Vgg +0.3)V
Storage Temperature -65°C to +150°C
Operating Temperature MM4220 -55°C to +125°C

MM5220 -25°C to +70°C

Lead Temperature (Soldering, 10 sec) - 300°C

electrical characteristics

Ta within operating temperature range, Vgg = +12V 5% and Vgg = ~12V 5%, unless otherwise specified.

PARAMETER CONDITION MIN TYP MAX UNITS
Output Voltage Levels

MOS to MOS

Logical “1"” ) Vgs -9.0 \

Logical “0" 1 M£2 to GND Load (Note 1) Ves -1.0 v
MOSto TTL

Logical 1" 6.8 k§2 to Vgg Plus One +0.4 Y

Logical ‘0" Standard Series 54/74 Gate Input +2.4 \%

Input Voltage Levels

Logical 1" Vss -8.0 \Y

LOQiC&' ‘0" Vss -2.0 \Y
Power Supply Current Ta=25°C

Vgs 19 25 mA

Vae (Note 1) 1 uA
Input Leakage Vin = Vgs -12V 1 MA
Input Capacitance f=1.0MHz Vin =0V 5 pF
Access Time (Notes 2, 3) Ta=25°C

Taccess (See Timing Diagram) 150 500 650 ns

Vgs = +12V Vgg = -12V
. MOS Load 3
(6]
utput AND Cénnectlon TTL Load 8

Note 1: The VGG supply may be clocked to reduce device power without affecting access time.
Note 2: Address time is measured from the change of data on any input or Chip Enable line to the
output of a TTL gate. (See Timing Diagram.)

Note 3: The access time in the TTL load configuration follows the equation: TAccEss = the
specified time + (N-~1) (50) ns where N = number of AND connections. The number of AND ties in
the MOS load configuration can be increased at the expense of MOS "'0“ level.
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performance characteristics

Guaranteed Access Time vs
Supply Voitages

Typical Access Time vs
Supply Voltages

sy
1000 L A = 125°C 1000
Ty = 75°¢
- 800 TS 800
= g >—Z.S hd = - [t
8 600 1 2 600 -
g 8 T.T -
<
" a0 " 400 1lzsl°c|-|—— y
70°C |+
200 200 i
25°C7 |
[T1]]
108 12.0 13.2 10.8 120 13.2
Vsg & Vge (V) Vgs & Vgg (V)
Power Supply Current vs Power Supply Current vs
Voltage Temperature
[T Tp = 25°C N Vgs = +12.0V
24 [—— GUARANTEED b4 Vgg =-12.0V 7
L 26 N 4 1
2 7 A \\\ l I
GUARANTEED
T LATYPICAL s 2 N ™Y
o1 3 N ‘\
< <18 \\
16
14 “ TIYPlC[\L N
| |
108 12.0 132 -50 -25 0 25 50 75 100 125
Vss & Vgg (V) TEMPERATURE (°€)
timing diagram/address time
+12V
45V 30K +5Y
3V — INPUT Ay N OUTPUT By
l I MM4220/MM5220 [ | Eour
ov En I
DMB810 10 pF 10 pF ANY DTL/TTL 15pF
6.8K T GATE I

-12v

v

EITHER
Vss-9.0

Taccess

T

Vss - 2.0

time
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MM4220/MM5220

MOS ROM program format
The memory contents for individual fequirements must be submitted on a tape or card format as shown *
below. An 8-1/2" X 11" size pattern selection form is also acceptable. For copies of the MM4220/MM5220
selection form, write or call any National sales office or National, Santa Clara.

Punched Paper Tape or Cards. (See Note 5.)

COLUMN NO.

12 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18
B8 B7 B6 B5 B4 B3 B2 Bl
AOO0O0®®1 0 1 0 1 0 1 0 9 4 o C
A001 %81 1 1t 1 1 1 0 0 & 6 3 3
ADO2gg 1 0 1 1 0 0 1 0 5 4§ 7
Lo gg g » &

[ 2
[ 3

| |

Al o2 07 o 1 1 1 1 1 0 5
T B 8 0 0 8 NOTE 4) 2
T B 7 1701 2
T B 6 16 2 @
[ N A

g

I T T I

[ T~ I

T B 1 &0 30

Note 1: The code is a 7 bit ASCll code on 8 punch tape. The tape should begin and end with
25 or more “RUBOUT"’ punches.

Note 2: The ROM input address is expressed in decimal form and is preceded by the letter A.

rerr

Note 3: The total number of “1's” bits in the output word.

X

Note 4: The total number of “1°s’" bits in each output column or bit position.

Note 5: The punched card format is as shown except that columns 17 and 18 are not necessary.
Program one address per card. All columns beyond those specified may be used by the customer.

82




N

N

ROMs

MM4221/MM5221 1024-bit read only memory

general description

The MM4221/MM5221 is a 1024-bit static read
only memory. It is a P-channel enhancement mode
monolithic MOS integrated circuit utilizing low

®  Static operation no clocks required

B Common data busing output wire AND

o capability
threshold voltage technology. The device is a non- .
volatile memory organized as 128-8-bit words or ® Chip enable output control
256-4-bit words. Programming of the memory
contents is accomplished by changing one mask appl ications
during the device fabrication. .
® Code conversion
® Random logic synthesis
features ge sy
m Table look-up
L] Bipolar COmpatlbllity +5V, -12v Operation m Character generators
® High speed operation <700 ns typ B Micro-programming.
block and connection diagrams
INPUTS SENSE AMPLIFIERS DUTPUTS
re— g _D_“a‘ Dual-In-Line Package
_______ 1 / B INPUT Ay ~eed 1 i zAr_vm,
S J ._'—r'_>_nj weur a,—2 afenc
1 i
| N [ INPUT &g ] 3 2p—nc
1 1
: MEMORY : MEmORY &h QUTPUT B, =44 21 = INPUT A,
1 |ameesl [T T
! | 8 QUTPUT B, =] 5 20} 1NPUT A5
8y el — i r— ——————— 9
1 OQUTPUT By ==y § 19 = INPUT A
B
: ________ ‘D__ OUTPUT B, ==t 7 18 == INPUT A,
| N
E L | / i OUTPUT B ==q 8 17 e Vg
! § —\ : outnoTe,—o .
— QUTPUT B, =10 15 —E:’:BLE
g OUTPUT Bg mmf 11 14 e INPUT A5
fT— 13 e N
e ::TBLE - TOP VIEW
‘MODE CONTROL ——ﬁl
typical application
128-8 Bit ROM Showing TTL Interface Operating Modes
-y 128x8 ROM connection
Control — Logic “0"
° Ag ~ Logic “1”
' IR
-1¢ K b Sal 256x4 ROM connection
. Control — Logic “1"
= 4 Son  — As  — Enables the odd (8, ...B-) of even
1 chip 8 4 D"— (8, ...Bg) outputs.
ENABLE == 15 10 CUTPUTS
ConTone g 68K The outputs are “Enabled” when a logic “1" is
16 9 Jmds applied to the Chip Enable line.
AT tf—s; :‘ Il The outputs are connected to ground through an
! internal MOS resistor when “'Disabled.”
ANY DTL/TTL LOGIC Ay =18 7=t 1
Wa2z21mus22) } Logic levels are negative true MOS logic.
Ag—q 19 11 od |
I
A | Mode control should be “hard*wired” to either
wowrs (T Yo— n sl-s 1 Voo (logical “1”) or Vss (logical “0”).
D a1 s :‘
— 22 3 p— A, :
|
= - i
Voo !
u ) Sy% i
I
L

4

i—e

T5ee operating mode notes
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MM4221/MM5221

absolute maximum ratings

Vg Supply Voltage . Vgg - 20V
Vpp Supply Voltage Vgg ~— 20V
Input Voltage ] (Vgs - 20)V <V y < (Vgg +0.3)V
Storage Temperature -65°C to +150°C
Operating Temperature MM4221 _ -55°C to +125°C

’ MM5221 ‘ -25°C to +70°C
Lead Temperature {Soldering, 10 sec) 300°C

electrical characteristics

Ta within operating temperature range, Vgg = +5V £5%, Vgg = Vpp = —12V 15%, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Levels
MOSto TTL
Logical “'1” 6.8 k§2 5% to Vgg Plus One +0.4 Y
Logical "'0" Standard Series 54/74 Gate +2.4 \

Output Current Capability .
LOgiCa| ”O” VOUT = 24\/ 2.5 mA

Input Voltage Levels

"

Logical "1 . , Vgg - 4.2 \Y

Logical ‘0" Vgs - 2.0 \%
Power Supply Current Ta=25°C .

lDD . . VSS = +bV . ) 6.5 12.0 mA

lgg (Note 1) Vgg = Vpp = -12V ’ 1 HA
Input Leakage Vin = Vgs - 12V 1 uA
Input Capacitance f=1.0MHz, V,y =0V 5 pF
Vg Capacitance f=1.0MHz, V|5 =0V 15 25 pF
Address Time {Note 2) See Timing Diagram

Taccess Ta =25°C, 700 950 ns

VSS = 5V

VGG = VDD =-12V

Output AND Connections 6.8 k€2 5% to Vg Plus One 8
(Note 3) Standard Series 54/74 Gate

Note 1: The VG supply may be clocked to reduce device power without affecting access time.

Note 2: Address time is measured from the change of data on any input except mode control or Chip
Enable line to the output of a TTL gate. (See Timing Diagram). See curves for guaranteed limit
over temperature.

Note 3: The address time in the TTL load configuration follows the equation:

TACCESS = The specified limit + (N - 1) (50) ns

Where N = Number of AND connections.
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performance characteristics

Ipp (mA)

ACCESS TIME (Taccess) (ns)

Power Supply Current vs
Power Supply Voltages

Power Supply Current vs
Ambient Temperature

16 16
Voo = Vag Vgs=+5.0V . ]
14 Ta=25°C 14 Vpp = Vgg = ~12V
n N
12 ] 12
MAXIMUM MAXIMUM T
10 10
<
8 £ 3
a TYPICAL
6 = ‘%
TYPICAL =
4 4
2 2
0 0
16.0 17.0 18.0 -50 -26 0 25 50 75 100 125
Vss - Vgg (V) AMBIENT TEMPERATURE (°C)
Typical Access Time vs Guaranteed Access Time vs
Power Supply Voltages Power Supply Voltages
1400 T 1400 —T—TT
Voo =Vgs T ] Voo = VaeH
1200 - 1200 4
z TPl +125°C
1000 3 1000 e +70°C
3 +25°C
300 | +70°C L] +125°C g 800 5
[ =
+25°C ] S
600 £ 600
[72]
400 2 a0
[ x]
<
200 200
0 0
16.0 17.0 18.0 16.0 17.0 18.0
Vgs - Vgg (V) Vss - Vgg (V)
timing diagram/address time
+5V
+5V I +5V ‘
3 INPUT Ay OUTPUT By o i '
I‘ | MM4221/MM5221 1 Eour
ov Ew/
ANY TTL/DTL 10pF 10 pf ANY TTL/DTL 15 pF
GATE GATE I
Vs - 2.0V
M
ov =
B ~Taccess -]
5V |
¥ on Mg - 20V
ov _/
3V [
15V
. .
EOU‘(
+3v
15V
ov \
time

LZZSININ/LZZPWIN
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MM4221/MM5221

MOS BOM program format

The memory contents for individual requirements must be submitted on a tape of card format as shown’
below. An 8-1/2" X+11" size pattern selection form is also acceptable. For copies of the MM4221/MM5221
selection form, write or call any National sales office or National, Santa Clara.

Punched Paper Tape or Cards. (See Note 5.)

COLUMN NO.

1" 2 3 465 6 7 8 9 10 11 12 13 14 15 16 17 18
. B8 B7 B6 BS B4 B3 B2 BI

A0O0CO0OgZQS®TI1 0 1 0 1t 0 1 0 » 4 o r

A 001 8801 1 1 1 1 1 0 0 & 6 3 3

A002 4551 0 1 1 0 0 1t 0 o 4 & Py

b gg g z &

[ ° g

[ 3

| I

Al o2 7 o1 1 1 1 1 0 5

T B8 0 0 8 (NOTE 4) z

T B 7 17 1 S

T B 6 16 2 e

Foln o,

[ § o

[ . |

[ = O

T 81 &80 30

Note 1: The code is a 7 bit ASCI| code on 8 punch tape. The tape should begin and end with
25 or more “RUBOUT"' punches.

Note 2: The ROM input address is expressed in decimal form and is preceded by the letter A.
Note 3: The total number of “*1's"’ bits in the output word.
Note 4: The total number of ”1,'5" bits in each output column or bit position.

Note 5: The punched card format is as shown except that columns 17 and 18 are not necessary.
Program one address per card. All columns beyond those specified may be used by the customer.
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MM4230/MM5230 2048-bit read only memory

general description

The MM4230/MM5230 is a 2048-bit static read
only memory. It is a P-channel enhancement mode
monolithic MOS integrated circuit utilizing low
threshold voltage technology. The device is a non-
volatile memory organized as 256-8 bit words or
512-4 bit words. Programming of the memory con-
tents is accomplished by changing one mask during
the device fabrication. Customer programs may be
supplied in a tape, card, or pattern selection format.

features

® Bipolar compatibility

= High speed operation 500 ns typ

Static operation
Common data busing

no clocks required
output wire AND
capability

® Chip enable output control.

applications

Code conversion
Random logic synthesis
Table look-up
Character generators

Micro-programming.

block and connection diagrams

SENSE AMPLIFIERS ouTPUTS

INPUTS

{LSB} A, e

Ay

L
I
1 -
|
p——b—f
| N
b I e
DECODER : I\
J L
| N
|
| N
L
L/

As 1

; ; Q CHIP
Ay ENABLE
MODE CONTROL —T_Du

typical application
256 x 8 Bit ROM Showing TTL Interface

-12v

v

Dual-In-Line Package

INPUT A, =1 o oo

INPUT A, =2 23f—ne

INPUT A, omef 3 22t
QUTPUT B, =4 21 INPUT A
OUTPUT B, =f § 20fm INPUT Ag
QUTPUT B; = § 19— INPUT Ag
ouTPUT B, —{7 18 fm 1npUT &,
QUTPUT B ==y § 17 e INPUT Ag
OUTPUT B =y 9 16 Vo
QUTPUT 8, =d 10 15[ ?‘;',?,‘mn
QUTPUT By e 11 18 e 2:':“(

Vss 12 13 frms INPUT A5
TOP VIEW

Operating Modes

256x8 ROM connection

“—

e [ st
S
S0k A, =] 18 1=t
<
D MMAZ30/MM5230
C N 1o 6=
Pl b ?
b: A
INPUTS 3 20 Sp—8;
3
A
D 3 — 21 af—s,
OMes ] 22 f— 4,
TTL GATES ne : '

N.C
1See operating mode notes.
*R values can vary v,
from 6805210 30 k2 22 42

Ves 3
s 2 sk
3
Toone L, wlr 3
ENABLE (! <
J 268
t B, <
MODE
conTRoL ] "% L
<
68K
Voo b3

|
]
]
|
t
!
!
1
1
|
|
|
1
|
1
1
I
I
I
|
|
|
|
I
|
|

{D—
D— ouTPUTS A
16 o= D=

BTL/TL LOGIC

; Mode Control — Logic 0"
Ay - Logic “1"

512x4 ROM connection

Mode Control — Logic 1"

— Logic “0" Enables the odd
(B}, B3 ... Bg) outputs

— Logic 1" Enables the even
(B, B, ... Bg) outputs,

The outputs are “Enabled” when a logic 1" is
applied to the Chip Enable line.

The outputs are connected to Vpp through an
internal MOS resistor when “Disabled.”

=
]
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MM4230/MM5230

absolute maximum ratings

Vgg Supply Voltage Vgs—30V
Vpp Supply Voltage : Vgs—15V
Input VOltage ’ (VSS -20)V < VlN < (VSS +0.3)V
Storage Temperature -65°C to +150°C
Operating Temperature MM4230 ~55°C to +125°C

MM5230 -25°C to +70°C

Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics
T, within operating temperature range, Vgs = +12V £5% and Vgg = =12V 5%, unless otherwise specified.

PARAMETER CONDITION MIN TYP MAX UNITS
Output Voltage Levels

MOS to MOS

Logical “1" Vss -9.0 \%

1 MQ to GN Note 1

Logical 0" 0 GND Load (Note 1) Vss -1.0 Vv
MOSto TTL

Logical 1" 6.8 k{2 to Vgg Plus One +0.4 \

L.ogical 0" Standard Series 54/74 Gate Input +2.4 \Y

Input Voltage Levels )

Logical “1” Vgs -8.0 \Y

Logical “0" Vgg —2.0 \
Power Supply Current } Ta= 25°C

Vss 24 40 mA

VGG (Note 1) [ MA
Input Leakage Vin = Vgs -12V 1 HA
Input Capacitance f=1.0 MHz Vin =0V 5 pF
Access Time (Notes 2, 3) Ta=25°C

Taccess (See Timing Diagram) 150 500 725 ns

Vss=+12V VGG=—12V
) MOS Load 3

Output AND Connection TTL Load 8

Note 1: The VGG supply may be clocked to reduce device power without affecting access time.
Note 2: Address time is measured from the change of data on any input or Chip Enable line to the
output of a TTL gate. (See Timing Diagram.)

Note 3: The access time in the TTL load configuration follows the equation: TACC,ESS = the
specified time + (N=1) (50) ns where N = number of AND connections. The number of AND ties in
the MOS load configuration can be increased at the expense of MOS 0’ level.




performance characteristics

Taccess (ns)
(-]
H

Guaranteed Access Time
vs Supply Voltages

108

12.0 13.2
Vgs & Vgg (V)

Power Supply Current
vs Voltages

out

Typical Access Time vs
Supply Voltages

1000
=z 500 e Ay
£ =3 =
gsnu S . i
I~ 400 1|25|CH7
70°C |
200 +——
25°Ci i i
108 120 13.2
Ves & Vgg (V)

Power Supply Current
vs Temperature

T T 1 N T Gn T T T
| T,=25°C H Vss =+12.0V |
40 MAX 50 Vgg =-12.0V ]
MAX
36
P u P ) ‘i\‘
—_ [ —
< 32 o 3 [— TYPICAL
£ - E a0 a
Q 7 a ™~
o
S 28 T TYPICAL 2 .
20
24 1
20 10
0
10.8 12.0 13.2 -50 -25 0 25 50 75 100 125 150
Vss & Vgg (V) TEMPERATURE (°C}
. AY
“timing diagram/address time o
+12V
5V 3.0K +5V
V- INPUT Ay OUTPUT By
I I MM4230/MM5230 Eour
o [ Id
0OMB810 . 10 pF 10 pF ANY DTL/TTL 15 pF
6.8K GATE
12y I

+2v
EITHER v 020
ov L Vss -9

H2V

+3V

[ Vss-20
or /
o

Taccess

|
15V f

43V

ov

time
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MM4230/MM5230

MOS ROM program format

The memory contents for individual requirements must be submitted on a tape or card format as shown
below. An 8-1/2" X 11" size pattern selection form is also acceptable. For copies of the MM4230/MM5230
selection form, write or call any National sales office or National, Santa Clara.

Punched Paper Tape or Cards. {See Note5.)

COLUMN NO

1.2 3 4 56 7 8 9 10 17 12 13 14 15 16 17 18
B8 B7 B6 BS B4 B3 B2 Bl
AO0OO0OgZE®I1I 0O 1 0 1 0 1 0 © 4 o rC
A0o0 1 &8 1 1 1 1 1 1 0 0 g 6 3 3
5

ADDO2 441 0 1 1 0 0 1 0 5 4 & 7
1 g8 g » &
[ N T T ® 2
. g
[ 3
I T |
A 2 65 5 o 1 t 1 1 1 0 5
T B 8 00 8 (NOTE 4) 2
T B 7 171 g
T B 6 16 2 @
[ e A
[ - A B
[ O
[ S N
T B 1 &0 30

Note 1: The code is a 7 bit ASCIlI code on 8 punch tape. The tape should begin and end with
25 or more “"RUBOUT" punches.

Note 2: The ROM input address is expressed in decimal form and is preceded by the letter A.
Note 3: The total number of ‘1's’’ bits in the output word.
Note 4: The total number of “1’s" bits in each output column or bit position.

Note 5: The punched card format is as shown except that columns 17 and 18 are not necéssary.
Program one address per card. All columns beyond those specified may be used by the customer.
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MM4231/MM5231 2048-bit read only memory

general description

The MM4231/MM5231 is a 2048-bit static read
only memory. It is a P-channel enhancement mode
monolithic MOS integrated circuit utilizing low
threshold voltage technology. The device is a non-
volatile memory organized as a 256-8 bit words or
512-4 bit words. Programming of the memory
contents.is accomplished by changing one mask
during the device fabrication.

features

® Bipolar compatibility
® High speed operation

+5V, =12V operation
‘ 640 ns typ.

®  Static operation
® Common data busing

No clocks required
Output wire AND
capability

® Chip enable output control

applications

Code conversion
Random logic synthesis
Table look-up
Character generator
Micro-programming

block and connection diagrams

SENSE AMPLIFIERS i
- ouTPUTS!
B,
[ p—
* L )
Ag ] [t —
[ 1 6
i ! -
1 [ 1 —
| MEMORY | Mevony L
| ADDRESS : ————————
i DECODER ! —\ N
| ! ,_':r'/
Ayl ] | SR— 4
! N
| I_|_/ )
[ SO
1 —
1 8,
H |
HE R 4
P —
* g e "

; ; CHIP
ENABLE™
MODE CONTROL ﬁ D:

1The outputs are connected to Voo
through an iaternat MOS resistor
when Disabled.

*The output is Enabled by applying
3 Lagc “1" to the Cinp Eqable ine.

Dual-In-Line Package

INPUT Ay =] 1 28}mVop

INPUT A, == 2 23p=—NC

INPUT Ay =] 3 2}—ne
ourPuT 8, —{4 21 INPUT A,
OUTPUT B, =g & 20 INPUT A,
ouTPuT 8, —{6 18— INPUT Ag
OUTPUT By =i 7 18 == INPUT A,
OUTPUT By = 8 17§— INPUT A,
OUTPUT B wmeed 9 16 fm Vo
ouTPUT 8, =i 10 15fm ',fg,:’fnm
OUTPUT By e 11 14— g:""m

Vs med 12 13 = INPUT Ay
TOP VIEW

Operating Modes

256x8 ROM connection {shown)
Mode Control — Logic '0”

Ay — Logic "1

512x4 ROM connection

Mode Control — Logic “1"

Ay — Logic “0" Enables the odd
(B4, B3 ... Bg) outputs

— Logic ‘1" Enables the even

(B2, By . . . Bg) outputs.

The outputs are “Enabled”’ when a logic “1"" is

applied to the Chip Enable line. :

Logic levels are negative true MOS fogic.

typical application
256 x 8 Bit ROM Showing TTL Interface
-y
I LN oy I
""*B:ll: -1 " Soax
3
1 MODE L = D— oUTPUTS
CONTROL ’EﬁK
e |
Ap =417 s—s DIL/TTL LOGIC
Ay =118 7 =B

MMA231/MM5231

As
INPUTS | ) n 5p—8,
:D ~— sf—s

TTL GATES Ne — 22 3= A
NG 23 ] Y

Voo
2 12

$

Mode Controt should be “hard wired” to Vpp
{Logical *'1”') or Vgg (Logical “0").

I—e

1See operating mode notes.

91

LECSNIN/LEZYININ



MM42’31/MM.5231

absolute maximum ratings

Vg Supply Voltage
Vpp Supply Voltage
Input Voltage

Storage Temperature -

Vgs - 20V
Vs ~ 20V

(Vss = 200V < Vin < [Vss + 0:3)V
-65°C to +150°C -

Operating Temperature MI\/I4231

-55°C to +125°C -

MM5231 -25°C to +70°C
Lead Temperature {Soldering, 10 sec) 300°C
electrical characteristics
PARAMETER CONDITIONS MIN TYP MAX UNITS

Output Voltage Levels

MOS to TTL

Logical “1” 6.8 k2 £5% to Vpp Plus One +0.4 Y
Logical 0"’ Standard Series 54/74 Gate 2.4 v

Output Current Capabilfty

Logical ‘0" Vour = 2.4V 25 mA
Input Voltage Levels ‘

Logical “1" Vgg — 4.2 Y

Logical ‘0" Vgs - 2.0 \Y
Power Supply Current ‘Ta=25°C .

lop Vgg = +5V 15 - 30 mA

lgg (Note 1) Vg = Vpp = -12V 1 MA
Input Leakage Vin =-12V 1 MA
Input Capacitance f=1.0MHz, V| = 0V pF
Vg Capacitance f=1.0MHz, V| =0V 15 pF
Address Time (Note 2) See Timing Diagram .

Taccess Ta=25°C Vgg = +5.0V 640-. | -~ 950 ns

VGG = VDD =-12.0V '

Output AND Connections 6.8 k2 6% to Vpp Plus One 8

(Note 3 Standard Series 54/74 Gate

Note 1: These specuflcatuons apply forVgg = +6V 5%, VGG = Vpp = —12V 16%, and Tp = —55°C

to +125°C (MM4231), Ta= ~25°C to +70°C (MM5231) unless otherwise specified.
Note 2: The VGG supply may be clocked to reduce device power without affecting access time.

Note 3: Address time-is measured from the change of data on any input or Chip Enable lme to the .

output of a TTL gate (See Tlmmg Dnagram ) See curves for guaranteed limit over temperature
Note 4: The address time in the TTL load conﬁguratnon follows the equation: : :

TACCESS = The specified limit + (N ~"1) (50) ns.
Where N = Number of AND connectnons
Note 5: Capacntances are measured onalot sample basns only.
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performance characteristics

Guaranteed Access Time (Tp)
vs Power Supply Voltage

Typical Access Time (Tp)
vs Power Supply Voltage

GATE I' Voo

1400 1400 ——
vDD=VGIG- Vpo = Vae 7
1200 4 1200 -
. == +125°C
1000 R 1000
+25°C" -
800 - 800 = +126°C
z = = +10°C
< 600 600 125°C
400 400
200 200
0 0
16.0 170 18.0 16.0 17.0 . 18.0
Vss - Vg (V) Vss - Vg (V)
Power Supply Current vs Power Supply Currentvs
Power Supply Voltage Ambient Temperature
2 — 0 -
- P Ta=25°C Lo | |vss=smov o[ ]
.28 — N ! ) = = .
- Himaxivum 2 s Voo = Vog = -12V
24 [ GUARANTEED N
28 T
_ 2 — MAXIMUM
z < ‘ GUARANTEED
= 18 -~ 20
8 r = 3 16 ™
L. -
2 [TYPICAL " N~
8 8 I TYPICAL
4 4
0 [}
16.0 17.0 18.0 -50 -25 0 425 +50 +75 +100+125
Vss - Vgg (V) Ta (C)
~ timing diagram/address time
5 ) Vss - 8.2V
. Em Taccess
L/m :
EDUT
time
+§V
+5V +5V
V- i INPUT Ay OUTPUT By i
I | MMa231/MM5231 Eour
oV ’ T
ANY TTL/DTL 10 pF 10 pF ANY TTL/DTL 15 pF

Voo 63K I GATE I
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MM4231/MM5231

MOS ROM program format

The memory contents for individual requirements must be submitted on a tape or card format as shown
below. An 8-1/2" x 11" suze pattern selection form is also acceptable. For copies of the MM4231/MM5231
selection form, write or call any National sales office or National, Santa Clara.

Punched Paper Tape or Cards. (See Note 5.}

‘COLUMN NO.

12 3 4 7 8 9 10 11 12 13 14 15 16 17 18
‘B8 B7 B6 BS B4 B3 B2 Bl
A0O0O0Y%©1 0 1 0 1 0 1 0 & a4 o

& c

Aoo 1 &8E1 1 1 1 1 1 0 0o § & 3 3
3

ADO2gg1 0 1 1 00 1.0 5 4 & 7

rr g g g A |

[ T ® g
g

I 3

I | .

A 1.2 7 o .1 1 1t 1 1 o0 5

T 8 8 00 8 (NOTE 4) z

T B 7 17 H

T B 6 16 2 @

[ e

- SN

| I I T |

[ -

T B 1 %030

Note 1: The code is a 7 blt ASCII code on 8 punch tape. The tape should begin and end with
25 or more “RUBOUT"’ punches.

Note 2: The ROM input address is expressed in decimal form and is preceded by the letter A.
Note 3: The total number of ““1’s” bits in the output word.
Note 4: The total number of '*1’s"’ bits in each output column or bit position.

Note 5: The punched card format is as shown except that columns 17 and 18 are not necessary.
Program one address per card. All columns beyond those specified may be used by the customer.
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MM4232/MM5232 4096-bit static read-only memory

general description - features

The MM4232/MM5232 4096-bit static read-only ® Bipolar compatibility No external
memory is a P-channel enhancement mode mono- components required
lithic MOS integrated circuit u.tilizirfg a low thresh- ® Standard supplies +5V, ~12V
old voltage technology to achieve bipolar compati- ‘

bility. TRI-STATE™ outputs provide wire ORed ® Bus ORable output TRI-STATE outputs
capability without loading common data lines or ® Static operation - No clocks required
reducing system access times. The ROM is organ- = Multiple ROM control Two-programmable

ized in a 512 word x 8-bit or 1024 word x 4-bit
memory organization that is controlled by the
mode control input. Programmable Chip Enables . .
{CE4 and CE,) provide logic control of up to 16K applications
bits without external logic. A separate output
supply lead is provided to reduce internal power
dissipation in the output stages. '

Chip Enable lines

Character generator
~ Random logic synthesis

a

[ ]
Customer programs may be submitted for produc- © ® Micro-programming -
tion in a paper tape or punched card format. ‘® Table look-up

logic and connection diagrams

A Ay A3
I Y DECODE |
Dual-In-Line Package
a MODE CONTROL 1 ==t p— 20 v,
: —x—o=
1 & 2 — — 23 Voo
A; O—f | b—0 &, CE 3= l— 22 &
! —0 8, Ao 4 —d 21 8,
A O— v t rmsx&s;v k:t o B A 5 — — 20 8
A O DECODE : t_" o Ar 6 e — 19 8
1 k:'_o Bs Ay 7 — - 18 B,
As O | t_oa, [ — 17 8,
o | As 8 ==l b— 15 B,
b tc % A 10 —d b— 15 8,
A 11 —-—d b— 12 2,
‘-00—] Vs 12 =i = 13 Ag
Moot o
CONTROL TOP VIEW
&t o— o cHp
ENASLE
CE; Qme——————e———=—d  ARRAY
typical applications
FIGURE 1. Power Saver for FIGURE 2. Power Saver for
TTL/MOS Interface Small Memory Arrays Large Memory Arrays
v?s Vi
N N r 1
° [ :' ) 7 5 = )° ° | |
As [ ]
v F— 1 | R |
| A B ! | |
[} MM4232/ 1
| Aol mmszzz B 1 | |
I Ay 8, 1
! = 2 D&—o Rl
o
° l )° [ A DT ASSUME 11V, IIMIN = 11-3 1]
M ! 1 | Vg - Viy MIN = R (1.6 mA) (N} where N = 4 for 1024 x 4 organization
o N =8 for 512 x 8 organization
MODE
CONTROL - Operating Modes
" :
¢E; O———— 512 x 8 ROM connection 1024 x 4 ROM connection
[T - S Mode Control — Logic HIGH Mode Control — Logic LOW
Ao — Logic LOW Ao — Logic HIGH enables the odd

(84 ...B5) outputs
Logic LOW enables the even
(B, .. .Bg) outputs

When CE, = 1, CE; = 1 the outputs are enabled when a logic LOW is applied to the chip enable line. The outputs are in the third
state when' disabled. The logic states of the chip enables are specified on the program tape. Mode Control must be hard wired to
Vgg or Vi for a logic LOW or to Vgg for a logic HIGH.
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MM4232/MM5b5232

absolute maximum ratings

Ve Supply Voltage . Vgs = 20V

V. Supply Voltage Vgs - 20V
Input Voltage (Vss —20) V<V |y < (Vgg +.03)V
Storage Temperature Range -65°C to +150°C
Operating Temperature Range ‘MM4232 -55°C to +125°C

MM5232 -25°C to +70°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics

T 4 within operating temperature range, Vgg = 6V 6%, Vgg = Vpp = 12V 5%, unless otherwise noted

PARAMETER CONDITIONS MIN TYP MAX UNITS

Output Voltage Levels )

Logical LOW 1, = 1.6 mA Sink 4 v

Logical HIGH I, = 100 uA Source 2.4 \
Input Voltage Levels

Logical LOW Vgs - 4.0 Vv

Logical HIGH Vgs - 2.0 \"
Power Supply Current

Iss (Note 4) Vss =5, Vgg = -12, VL =~12, T = 25°C 23 37 mA

lss (Note 4) Vss = 5, Vgg = =12, V= =3, Ta = 126°C 12 20 mA
Input Leakage V|n = Vgs - 10V 1 HA
input Capacitance {Note 2) f=10MH7 V=0V 5 10 pF
QOutput Capacitance (Note 2) f=1.0MHz, V\ =0V 4 10 pF
Address Time (Note 1) TaA=25°C,Vgs=5 150 1000 ns

Taccess Vgg = Vi =-12V
Output AND Connections (Note 3} 20

Note 1: Capacitances are measured periodically only.

Note 2: Address is measured from the change of data on any input or chip enable line to the output
of a TTL gate. {See Timing Diagram.)

Note 3: The address time follows the following equation: TACCESS = The specified limit + (N-1) x
25 ns where N = Number of AND connections.

Note 4: Outputs open.
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performance characteristics

70
60
50
40

Iss (mA)

30
20
10

Guaranteed Access Time vs
Supply Voltage

l L L
T Vi =Vee
1 |

125°C ]

TaA=70°CF] o=

25°C =l e

=

16.2 170 11.8
Vss +1Vagal (V)

Power Supply Current vs

Temperature
Vgs = 5.0V
Vg = Vi =-12V
= MAXIMUM
B
™ TYPICAL

-50 -25 0 25 50 75 100 126
TEMPERATURE (°C)

timing diagram/address time

1600
1400
1200
1000

800

Talns

600
400
200

80
70
60
50

Iss {(mA)

30
20
10

Typical Access Time vs
Supply Voltage

T T

Ve =Vee

ne

[x)

25

16.2

17.0

1.8

Vss + [Vgg | (V)

Power Supply Current vs

Voltage
| IR
1Ta=25°C~
Vi =Vee ]|
MAXIMUM
- |
|
TYPICAL
16.2 17.0 17.8
Vss + [Vgg | (V)

Emn EITHER OR

-/

Eour

U vs-2

7
-\

1

)

§1.5

TIME
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MM4232/MM5232

pu rjc_;hf tape format

(Program a “’1"* or “’0"') ===}

MM4232
i CE1=0
——=CE2=0
A000 0000000070
A001  0NN0000O O
A002_ 00000000 0
I~ ADOD3 01010101 4

ADC4 00111111
r——I—\O(')S nont1100

- AND6 00000000
ADO7 00111100

A00& 00000000
A511t 01010101

2 ‘Spaces

Note 2

DO NMNOWOR

TB&® 140
TB7 t50
TB6 250
~TBS 400
TB4 010
TB3 100
TB2 299
'TBI?197

Note 1: The code isa? bit ASCII code on 8 punch tape. The tape
should begin and end with 26 or more "RUBOUT" punches.
Note 2: The ROM input address is expressed in decimal form and is
preceded by the letter A,

Note 3: The total number of “’1°s" bits in the output word.
Note 4:, The total number of “1's"” bits in each output column or
bit position.

The MM5232 can be programmed as a 512 x 8 or a 1024 x 4. The
tape would print out as shown for the 512 x 8 code.

Note 3

— 1 Space

Note 4

1 Space
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ROMs

MM4240/MM5240 2560-bit static character generator
features

general description

The MM4240/MM5240 2560-bit static character
generator is a P-channel enhancement mode
monolithic MOS integrated circuit utilizing a low
threshold voltage technology. Six character ad-
dress and three row address input lines provide
access to 64-8 x 5 characters. Customer-generated
single or multiple package character fonts are easily
programmed by completing a pattern selection
form. A standard 7 x 5 raster scan font is available by
ordering the MM4240AA/MM5240AA. (See page
102.)

The MM4240/MM5240 may be wused as a
512 x b-bit read only memory for applications
other than character generation.

B Bipolar compatibility

High speed operation—600 ns max. -

+12 volt power supplies

Static operation—no clocks required

Multiple ROM logic application—chip enable
output control

# Standard fonts available—off-the-shelf delivery

applications

® Character generation

® Random logic synthesis
8 Micro-programming

m Table look-up

connection diagram

Lyt S b Voo
ROW
ADORESS ( L, == 2 23f=ne
iNPUTS
L,—13 22— NeC
M —q4 n r—as
NC—]§ 20f A,
NC =i 6 19 = A5
6 LINE
ANPUTS
By = 7 18— a,
8= 17} A,
DATA
outeuts { B =1° 1550
n.-J 10 15— Voo
- L cuie
=" I ennse
Vgs e 12 13 NC
TOP VIEW
typical application
12V
L > >
< < < -12v
[P > > > >
r—--ﬁ] Ir 1 % $ S S SV fus v
z o [
0%' = " ‘
| SERIAL
A 5, DATA

lNFIlﬂ

]
1l
CONTROL

LOGIC (TTL}
CONTROL
LOGIC (TTL}

i
INPUT

S12817

)

L R

L~

MMSOI6's | QAD/RECIRCULATE MMS001's  DM7400's

LOAD/RECIRCULATE
R CONTROL

CONTROL

PAGE REFRESH

LINE REFRESH
MEMORY MEMORY

Note: For additional information refer to AN40

DMBB12's

out

DMB590
20 MM5240 1

ts

AA
VWA
VWA~

A

AAA
W

AAA
e AAA

Vee cLocK

Ly -1av

14 24

CHIP
ENABLE
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absolute maximum ratings

Vg g Supply Voltage
Vpp Supply Voltage
Input Voltage -

Storage Temperature

Vss - 30V,
Vgg - 15V

(VSS - 20)V < VIN < (Vss +0. 3)V
-65°C to +150°C

MM4240/MM5240

-55°C to +125°C
-25°C to +70°C

- Operating Temperature I\/IM4240
-~ MM5240-

Lead Temperature (Soldering, 10:s‘ec‘) 300°C .
electrical characteristics (Note 1)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Levels
MOS to MOS .
Logical “1" : IMS2 to GND Vgs - 9.0 \
Logical 0" o Vgs - 1.0 ‘ ’ o \Y
MOS to TTL S ’ -
Logical 1" 6.8 k{2 to Vgg Plus One ' T | 04 \%
Logical ‘0"’ Standard Series 54/74 Gate | +2.5 \%
Output Current Capablllty .
Logical “0”" " ) i+ Voyt = Vss - 6.0V 25 . . _ " mA
‘Input Voltage Levels ' ’
Logical 1" Vgs = 8.0 \%
Logical “0" Vgs 2.0 \%
Pos rre Ta 25°C ’
lob MOS Load o 25. | 40 .|, mA
lgs (Note 2) ' ‘ 1 uA
Input Leakage Vin = Vss - 12V 1 MA
Input Capacitance f=1.0 MHz, V| =0V o 5 - 8 pF
Vge Capacitance f=1.0 MHz, V, = 0V - 25 40 pF
Address Time (Note 3) See Timing Diagram . . ) )
Taccess Ta =25°C 150 - | 450 600 ns
‘Output AND Connection MOS Load = . ) 4
(Note 4) ‘ TTL Load e ; 10

Note 1: These specifications apply for Vgg=+12V’ 15%, VGG =-12V 5%, and Tp =-55°C to
+125°C (MM4240), Tp = ~25°C to+70°C (MM5240) unless otherwise specified.

Note 2: The VG supply may be clocked to reduce device power without affecting access time.

Note 3: Address time is measured from the change of data on any input or Chip Enable line to the
output of a TTL gate. (See Timing Diagram). See curves for guaranteed limit over temperature.

Note 4: The address time in the TTL load configuration follows the equation:
TAcCCceSs = The specified limit + (N = 1) (50) ns
Where N = Number of AND connections.

The number of AND ties in the MOS load configuration can’ be |ncreased at the expense of MOS Q"
level. ; ,
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performance characteristics

Guaranteed Access Time (Tp)
vs Supply Voltage

T 1
125°C
Pe l

0' !
[70°C <
gop I
o ==

o

08 ~ 120 132

Vss & -Vgg (V)

"+ Power Supply Current vs

50

a0

30

ipp (mA)

20

Voltdge
: Ta = 25°C |
L2 Cauu
1 1
- TYPICAL T
Lot |
08 12,0 132

Vss & -Vgg (V)

timing diagram/address time

V-

v

Ew - -

+Hav
- EITHER ! ’
L Vss-90

1000’

. Ta (ns)

lpp (mA)

nav ! Vss - 2.0

Taccess

|.5V}

ouT

1 .SV\

—
N

"Typical Access Time (Tp) vs
Supply Voltage
1200 .

70°¢

‘400

25°C[ -
200

0 .
108 - 120 13.2

Ves & Voo (V)

Vpp Power Supply Current vs’
Temperature

T T T L)
% Vs = +12.0V ]
50 [MAX— Vg =-12.0V
~\
a0 T~
TYPICAL
-~ ], .
30 S .
2 = —t
10
0

450 -25 0 25 50 75 100 125 150
TEMPERATURE (°C) '

time
+12v

"5V

INPUT Ay OUTPUT By

. j' Eour
~wpr L 10 pF ANY OTL/TTL 15 pF
| . I 6.3K I
-12v
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MM4240/MM5240

MM4240AA/MM5240AA character font

ROW OUTPUTS
ADDRESS 8, BB;Bq4 Bs

001 [ 4 [

010 ®

on

100 [ d ®

101 . .

10 o

m . .

[ 7
000 001 000010 000 011 000100 000 101 000110 000111

L3
L3 [ X ] 1]
$: t it

.3.
n 15 16 7
001 101 001110 001111

10 1 1
0010086 001001 001010 001011 001 100
L] .”. 000 _ 00000

e 3

Reoee

20 il 2 23 27
010000 010001 010010 010011 010100 010111
°
5.. H . °
[ o!m
[
L

3 33 u 35 3 -
011001 011 010 011 011 011180 o ot 10 omm
* [ X ] T ] : ® 0
g 83 o2 3 o . '3.3 H

: LR ]
[ S 3% %’
49 45 46

40 “
100 000 100 001 10001 100 100 100101 100110

.0§Q. :! (]

50 51 52 5] 54 55 56
101000 101000 101010 101011 101100 101101 101 10

: o
H
Pi 0t
ode
51 6 1) &
110000 110001 10010 100t 110100 110101 11010 10111
ese_ _ooe ° . ..
$ 33 § 8 o* % °* 3
oo . I
. 0
e _o" e 0 °
o’ oo . 0 .

0 n 7 n " % % n
111000 11001 11010 mon 111100 1nan 110 nm

Input addresses are in six bit ASCH code and are shown in the sequence As, Aq. . .. Ao: the octal equi-
vlent is atsa shown for reference.
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ROMs

MM4241/MM5241 3072-bit static read-only memory

general description

The MM4241/MM5241 3072-bit static read-only
memory is a P-channel enhancement mode mono-
lithic MOS integrated circuit utilizing a low thresh-
old voltage technology to achieve bipolar compati-
bility. TRI-STATE™ outputs provide wire ORed
capability without loading common data’ lines or
reducing system access times. The ROM is organ-
ized in a 64 x 6 word by 8-bit memory organiza-
tion. Programmable Chip Enables (CE, and CE,)
provide logic control of multiple packages without
external logic. A separate output supply lead is -
provided to reduce internal power dissipation in
the output stages.

Customer programs may be submitted for produc-
tion in a paper tape or punched card format.

features
® Bipolar compatibility No external
components required
Standard supplies +5V, -12V

TRI-STATE outputs
No clocks required

Bus ORable output
Static operation
Multiple ROM control

Two programmable
Chip Enable lines

applications

® Character generator

® Random logic synthesis
® Micro-programming

B Table look-up

logic and connection diagrams

Ay A, As
| Y DECODE I

As N —to B,
As O=—] | -0 8,
! =30
'3
As O— v | MEMORY b[: 8

DECODE | ARRAY
Lo 0— \ k:g 8
| t Bs
Lo | c—'037
L, 0—1 ] —% Bg

¢E; O  CHIP

ENABLE

CE; Qmmsosmeee—e————eed  ARRAY

typical applications

TTL/MOS Interface

f

] As Bs i

i A B !

1 As Bs :
MMA241/

! L] Bs ]

: Lo Bs {

DEVICE

ANY TTL/DTL
EVI

o
n

&

8

CE2 FIGURE
10R2

FIGURE 1. Power Saver for
Vss Small Memory Arrays

ANY TTL/DTL Voo

Dual-In-Line Package

NC 1= 20V,
CE, 2 = b 23 Voo
CE; 3 =l b= 22 8
NC 84— b— 21 8,
Ay 5 =] b—20 B
Az 6 = 19 8
Ay 7 wemd =18 B,
Ay 8 b~ 17 8,
A 9 : — 15 8,
Ag 10 = b= 15 8,
Lo 11 = b~ 14 L,
Vs 12 =13 1,

TOP VIEW

FIGURE 2. Power Saver for
Large Memory Arrays

ASSUME iV, HIMIN = 13V 1|
Voo = Viu MIN =R (1.6 mA) (N) where N = 7 for §x 7 font.
N= 8for 6 x 8 font.

When CE, = 1, CE;= 1 the outputs are enabled when a logic LOW is applied to the chip enable line. The outputs are in the third
state when disabled. The logic states of the chip enables are specified on the program tape.
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MM4241/MM5241

absolute maximum ratings

Vg Supply Voltage

V. Supply Voltage

Input Voltage

Storage Temperature Range

Vgs - 20V
Vgs - 20V

(Vs —20) V< V< (Vg + .03)V
-65°C to +150°C

Operating Temperature Range MM4241

MM5241

Lead Temperature (Soldering, 10 sec)

electrical characteristics

~-55°C to +125°C
~25°C to +70°C
300°C

T a within operating temperature range, Vgg = +6V £56%, Vgg = Vpp = -12V 5%, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS

Output Voltage Levels

Logical LOW I = 1.6 mA sink 4 \"

Logical HIGH L = 100 1A source 24 v
Input Voltage Levels

Logical LOW Vss - 4.0 Vv

Logical HIGH Vgs - 2.0 v
Power Supply Current

Isg (Note 4) Vgs =5, Vgg =-12, VL =~12, T, = 25°C 23 37 mA

Iss (Note 4) Ves =5, Vgg =-12, VL= -3, To=125°C 20 mA
Input Leakage Vin = Vgs - 10V 1 HA
Input Capacitance (Note 1) f=1.0MHz, Vi =0V 5 10 pF
Output Capacitance (Note 1) f=1.0MHz V=0V a4 10 pF
Address Time (Note 2) Ta=25°C, Vgg=5 150 700 900 ns

Taccess Vg = VL =-12V
Output AND Connections {(Note 3) 20

Note 1: Address is measured from the change of data on any input or chip enable line to the output
of a TTL gate. (See Timing Diagram.) See curves for guaranteed limit over temperature.

Note 2: Capacitances are measured periodically only.

Note 3: The address time follows the following equation: TACcESS = The specified limit + (N-1) x
25 ns where N = Number of AND connections.

Note 4: Qutputs open.
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performance characteristics

1400

1200

1000

Ta (ns)

400

200

70
60
50
40

lgs (mA)

30
20
10

Typical Access Time vs
Supply Voltage

timing diagram/address time

Guaranteed Access Time vs

Supply Voltage

—— 1600 ———
ViL=Vee Vi = Vee
! 1400
1200 125°C]
125°C ATA=T70°C =
Ta=T0°CRS P __ 1000 25°C ] =
26°CR ] T ] g =
e < 800
600
400
200
16.2 17.0 17.8 16.2 110 118
Vgs +Vgg | (V) Vss +1Vggl (V}
Power Supply Current Power Supply Current
vs Temperature vs Voltage
80 ™TTT
Vs - 5.0V —} 74=25°C]
Vgg =V =-12V 70 Vi =Vee ]
60
~ 50
z MAXIMUM~
- MAXII‘IIUM- K] 40 ; % %
g ,L 3 TYPICAL
TYPICAL
20
10
-50 -25 0 25 S0 75 100 125 16.2 17.0 178
TEMPERATURE (°C) Vss +1Vge | (V)
5V v
w . I
0 —-I_L MMa241/ MM5241 Eour
54/74 54/14
GATE 10pF 100F GATE 15 pF
1 —12v . 4
5} Vss-4
™ EITHER OR [t——»
7 Ves-2
ZZ 15
Eour
S; 15
TIME
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MM4241/MM5241

punch tape

format

Chip Enable

(Program a 1" or "“0"")

MM4241
CE1=0
CE2=0
Co0 LO
L1
i L2
2 Spaces ———L—3>
L4
LS
Note 2— 1 =(01 LO
L1
L2
L3
L4
L5
C77 LO
L1
L2
L3
L4
LS
TB1 100

00111110

01000001

01011101
01010101
00011110
00000000
01111110
00001001
00001001
00001001
01111110
00000000
0000N010
00000001
01010001
00001001
00000110
00000000

OQVVNW==00 VNN LNINGBNWY

TB2 298§
TB3 319
TB4 107
B5 239
TB6 318
TB7,291

TB8 fﬁ9

Note 1: The code is a 7 bit ASCH code on 8 punch tape. The tape
should begin and end with 25 or more “RUBOUT" punches.

Note 2: The ROM input address is expressed in octal form and is
preceded by the-letter C, the row or line is expressed in decimaf
form and is preceded by the letter L. There are 78 octal {64 decimal)

locations.

Note 3: The total number of *'1's" bits in the output word.
Note 4: The total number of "1’s” bits in each output column or

bit position.

by

Note 3

1 Space

Note 4

1 Space
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MM1101/MM11011/MM1101A/MM1101A1/MM1101A2
256-bit fully decoded static random access memory

general description

The MM1101 family of fully decoded 256 word x
1-bit random access memories are monolithic MOS
integrated circuits using silicon gate low threshold
technology to achieve bipolar compatibility. They

are static, require no clocks, and hold information -

indefinitely, subject to the integrity of the power
supply to the RAM plane.
features

®  Fast access times MM1101A2 500 ns max

MM11011, MM1101A1 1.0 us max
MM1101, MM1101A 1.5 us max
®  Improved speed/power product MM1101A2

1/3 of 1101A

® TRI-STATE™™ output

Low power operation
Fewer system components

Second source flexibility

RAMs

1.5 mW/bit

bipolar compatible
input and output
1101, 1101A,
11011, 1101A1 second
sources available

wired OR

capability

m Specified ambient temperature -25°C to +70°C

applications

® High speed buffer memories

® L ocal memory store

block and connection diagrams
Ay !
10
A= xInput X ADDRESS 256 BIT
g surrers DECODE it
pa!

DATA___ 13 SENSE Y ADDRESS
ouT CIRCUIT DECODE
OUTPUT |

BUFFER
DATA __ 14 CHIP INPUT Y INPUT
[i1') S— [ sevecr BUFFER BUFFERS
1B ] Is |1 I3 Iz
[
AW As As As A
DATA IN

Vp = Power to buffers, decoders, and sense circuit
Vpp = RAM plane power only. See Note 5.

Dual-In-Line Package

INPUT Agmard

INPUT Ay

INPUT Agm

Vot

V=1
INPUT A
INPUT Ag s

8
Vipp =

%
| CHIPSELECT
15

— READ/WRITE
10 ____

f— DATA OUT
13

b—pATA OUT
12

= DATAIN

1

= INPUT A5

10
[~ INPUT A,

L2 InPUT A,

TOP VIEW
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MM1101, MM11011, MM1101A, MM1101A1, MM1101A2

absolute maximum ratings
All Input or Output Voltages with ) +.3V to -20V
Respect to the Most Positive Supply
Voltage, Vgg . :
Supply Voltages VDD and Vp with ’ : ) -16V
Respect to Vgg . -
Power Dissipation at Room Temperature 700 mwW
Operating Temperature : -25° C to +70°C ambient
Storage Temperature . -65°Cto +15_0 C : . .
Lead Temperature (Solderlng, 10 sec) - ; 300°C : . ) ) ;
dc characteristics (Note 1)
Ta=-25° C to 70°C, Vgg = +5V 5%, Vpp = -9V 5%, unless otherw1se specified.
) Vgg = +5V +5% Vp = -10V 5%, VDD——7V +5% (for MM1101 and MIVIHOH)
symoL | © TEST CONDITIONS MIN VP MAX UNITS -
: ' ) (NOTE 2) )
I Input Load Current Vin = 0.0V 1.0 500 nA
(All Input Pins) ’
hLo Output Leakage Current Voutr=0.0V,CS=Vgs-20V [ - 1.0 500 nA
lop Power Supply Current, Vpp Ta = 25°C ) Continuous ‘v 13.0 19 mA
’ Operation ) ]
Io Power Supply Current, Vp Ta=25°CYlo.=0.0mA ) 12,0 18 | mA
ViL Input LOW Voltage -10 Vgs - 4.2
Vin Input HIGH Voltage ‘ Vgs — 2.0 Vs + 0.3 v
loL Output Sink Current VouTt = t0.45V 2.0 : mA
Ier Output Sink Current Vour = -1.0V " 8.0 mA
Von Output HIGH Voltage lon = -100 uA +2.4 35 ) \%
Cin Input Capacitance (Note 3) Vin = Vss 7 10 pF
' (All Input Pins) Z
- T v pE=1MHy 5 0 N
“uul B R £ . Your  Ves | / L P
Cy Vp Power Supply Capacitance Vp = Vgs ) 20 35 pF
ac characteristics
READ CYCLE . ,
SYMBOL . TEST MIN TYP MAX UNITS
(NOTE 2)
tre Read Cycie MM 1101, MM1101A ‘ 1.5 B - us
' MM11011, MM1101A1 . 1.0 | s
MM1101A2 500 : - ns
to. | © Access Timie MM1101, MM1101A 1o . 0.85 150 ws
MM11011, MM1101A1 p Either Nl 0.65 B ¢ P
) Output ) . L
) MM1101A2 / - T 400 500 - . ns
t, o " Chip'Select to Third State Delay B , 30 150 - ‘ns
WRITE CYCLE :
twe T Write Cycle B 0.8 us
"t . Address to Write Pulse Delay . 0.3 us
twp -~ Write Pulse Width _ 0.4 ’ ’ us
Taw _ _Data Set-up Time : o 03 - 1 . us
“tan Data Hold Time : ' ‘ 0.1 o us
Note 1: All voltage rne,asurements are referenced to ground.
Note 2: Typical values are at Tp =.+25°C and nominal supply voltages.
Note 3: Capacitances are measyred periodically only.
Note 4: Devices specified for full mil. (-55°C to +125°C) temperature range are available.
Consult _your "“local sales- offlce of - “the factory
Note“s Por minimum power data retention, turn off Vp, and pulse VDD on for 2 us every 1 ms or -
hold 6V min at 2 mA max.: -
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performance curves (MM1101A/MM1101A1/MM1101A2)

Power Dissipation vs Ambient

Power Dissipation vs Voltage Temperature

Operating Region

= T T T T T
s 50 - == = TYPICAL = a0 = == = TYPICAL Tp =-25°C to +70°C
E — = GUARANTEED E e = GUARANTEED 17.0
3 ; 2 350 -
> P > 16.0
< 300 - Voo & e — ‘ ¥ | TyeicaL
H Vgs = +5.0V APy, B LPvop S 150 OPERATING REGION
o< [~ Ta = +26° 7 o N e 7 . T
A =+25°C " -~ o
Z 95 s Zz 250 [ Py, = / %
=] 7 Pvp =] ~N e — o1 5 ] L 140 ) 4
= = - S 200 - —— :‘i: 3 0 /GUARANTEED
& ~7 Jp & LV - 50V 5% - . OPERATING
8 200 4 "Voo__] @ s Py 7
@ P 3 2 150 Vo = Voo = -8.0V :5% oD, REGION | |
a ~ P =] ( | 12.0
o 7 o« PVDD'(IVDD)&VD‘,) MEMORY ARRAY  —
‘é‘ 150 P %‘ 100 POWER BISSIPATION —] 1.0
[ py,- =PERIPHERAL POWER __| g
4 r e "o oY) IO
-8.0 -98 ° -10.0 -30-20-10 0 10 20 30 40 50 60 70 8.0 10.0 120 140 16.0 '
VOLTAGE {Vp, Vpp) (V) AMBIENT TEMPERATURE, T, (°C) ) Vss - Vpp (V)
Access Time vs Ambient '
Temperature Access Time vs Supply Voltage
T Twnti018 ] 4500 3 so0 [N '1 {—i |L 1500 3
P e Vo= -9.0V :5% é 2 Vaus it MM11014 ] 2
- 8.0V 157 =< 5= 45
g 700 V;’:‘QIW % | 1400 - =] 100 foee swrching VDD=-t10.lJV 1409 ‘:."
2 Vaor 6.0V 5% ] 120 = _E TEST SET 0P - — w300 E
= 600 see swircung Tme | 1300 ® £ 600 2l =
= TEST SET UP . z z 71074 1200 2
2 500 ‘ & 2 s 2
= 7 Fawnnaz - 1200 = w e Voo=ingy |
2 a0 T 100 2 £ aw ——@{% T T E
@ T 1 > 7 —OD\\ b e 20 < ~10.0y ] >
D300 | umii01AL P ﬁﬁ_\;}ﬂrﬁ- 1000 = & 300 500 =—=[-=:”qv_ 1000 =
a8 = = = 2 L MM1101AT =
< 200 o= == = TYPICAL 900 = 200 } = ===TYPICAL Voo =210, 0V 900 -é
e = GUARANTEED 2 = = GUARANTEED || ] z
-30-20-10 © 10 20 30 40 50 60 70 -0  -80 -9.0° -100 -11.0
AMBIENT TEMPERATURE (°C) Vp {V)
test circuit
+5V T T T +5V
L ' apress Loss 1Yo IVooparp .
INPUT MMi101/ | OUTPUT
. | | : MM1101A | g ouTRUT
: ANY ANY
TTL GATE G TTL GATE

Test Setup for MM1101 and MM1101A Speed Measurement

CONDITIONS OF TEST

Input pulse amplitudes: OV to +5.0V
Input pulse sise and fall times < 10 ps
Speed measurements are referenced to the 1.5V level (unless otherwise noted), at the output of

the TTL gate (t,e < 10 ns) €, < 20 pF.

Note 1: All inputs of the MM1101A accept standard TTL outputs with Vg = +5.0V +5%.

Note 2: Access time degradation as a function of load capacitance may be determined from the
following equations:

a) tg (Ta = +25°C) = 19, +0.32Cy_ns
b) tg (Ta = +70°C) = g, +0.35 CL_ns

Where tg,, to, = access time in ns for 1 TTL load at Ta = +25°C, and Tp = +70°C
respectively.

and C

L =pF

CYLOLLWW ‘LVLOLLNIN “VLOLLININ ‘LLOLLININ ‘LOLLININ
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MM1101, MM11011, MM1101A, MM1101A1, MM1101A2

definition of timing parameters

t, Aécess Time: The time required for the output
to be valid from the initiation of an address
change.

twd Address Input to Write Pulse Delay: The
minimum time required after the initiation of an
address change and the start of the Write mode of
operation. -

twp Write Pulse Width: The minimum pulse width
required for writing.

tgnh Data-Write Overlap: The minimum overlap
between the R/W and the data-in pulse.

switching time waveforms

READ MODE

|
|
—te _.I
cHip
SELECT :

HIGH IMPEDANCE
STATE FOR
| BOTH DRIVERS

t; Chip Select to TRI-STATE Delay: The maxi-
mum delay from Chip Select to the attainment of
the high impedance state at the output during
chip deselect operation.

t. Chip Select to Address Bit Overlap: The maxi-
mum overlap between the initiation of address
change and the transition of the Chip Select to
the select mode. '

WRITE MODE

|
CHIP |
SELECT 1

L]
|
AW | ‘/ \
CONTROL | |
ll-;(w—-l-— L
o |
B S
DATA IN | o ' | _
I o]

Note 1: t. must be less than 50 ns for minimum access times.
Note 2: While reading, data is guaranteed to remain true for a further 50 ns after the address is

changed if chip select is kept low.
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MM1103 1024-bit fully decoded
dynamic random access read/write memory

general description

The MM1103 fully decoded dynamic 1024 word
x 1-bit per word read/write random access memory
is a monolithic MOS integrated circuit using silicon
gate low threshold technology. This device pro-
vides a non-destructive read out memory cell with
chip enable for easy selection when many outputs
are “OR"”ed. Low power is achieved by the use of
dynamic logic and power dissipation occurs pri-
marily during precharge. The MM 1103 is used for
main memory applications where large bit storage,
high performance and low cost are important.

features

300 ns max
480 ns read cycle
580 ns write cycle

®  Fast access time
B Fast cycle time

Refresh cycle

Fully decoded

Easy memory expansion
Device protection

= “OR"ing output
capability

® | ow power dissipation

B Small package size

applications

® Mainframe memory
® | arge buffer memory

RAMs

2ms

Chip enable input
All 1/0 lines have
protection against

static charge

250 mW
18 pin DIP

connection diagram

Dual-In-Line Package

[V —
A, 2 =
Ay 3

Ao 4 =]

PRE-
CHARGE

Ay 6~
Ag 7 =
As 8 =

[ —

READ/
WRITE

=17 Vgg

CHIP
ENABLE

—15 A4

DATA
out

—13 Ag

DATA
IN

=11 Vpp

—18

—16

=14

e 12

—10 Vgg

TOP VIEW
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™
(=}
= . .
S absolute maximum ratings
- E All Input or Output Voltages With Respect .
to the Most Positive Supply Voltage Vgg +0.3V to -25V
Supply Voltage Vpp and Vgg With
Respect to Vgg +0.3V to -26V
Power Dissipation at Room Temperature - 500 mw
Operating Temperature Range -25°C to +70°C
Storage Temperature Range -65°C to +160°C
Lead Temperature (Soldering, 10 sec) 300°C
dc operating characteristics
- T within operating temperature range, Vgg = 16 = 1V; (Vgg ~Vgss) = 3V 10 4V, Vpp = OV unless otherwise specified
PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Load Current (All Vin =0V 1 uA
Input Pins) (1_4)
Output Leakage Current (1} . Vour=0V 1 HA
Vgg Supply Current (Igg) . 100 MA
Average Supply Current (Ipp av) Cycle Time = 580 ns precharge width 20 mA
=240ns, Tp=25°C
Standby Supply Current Precharge = Vgg, Chip Enable = Vgg, 100 HA
Ta=25°C
Input LOW Voltage (V) Ves - 17 Vgs - 16 v
Input HIGH Voltage (V) Vgg - 1 Vs +1 \%
Output HIGH Current (lgp) Ta=25°C R, = 1008 600 4000 BA
Output HIGH Voltage (Vop) Ta=25°C R_=100Q 60 400 mV
ac operating characteristics 7, -0°cw70°C, vgs= 16+ 5%, (Vag - Vss) = 3.0V t0 4.0V, Vo = OV
READ, WRITE, AND READ/WRITE CYCLE
PARAMETER CONDITIONS MIN TYP MAX UNITS
Time Between Refresh (trer) 2 ms
Address to Cenable Set Up Time (tac) Note 1 115 ns
Cenable to Address Hold Time {tca) 20 ns
Precharae ta Cenahte Delav (th~) Note 1 125 ns
Precharge & Cenable Overlap, LOW {toy ) 25 75 ns
Cenable to Precharge Delay (tcp) 85 ns
Precharge & Cenable Overlap, HIGH (toyn) 140
READ CYCLE
PARAMETER CONDITIONS MIN TYP MAX UNITS
Read Cycle {tgc) Note 1 480 ns
Precharge to End of Cenable (tpoy) tacmin * tO;Lm-n ty =20 ns 165 500 ns
+ +
End of Precharge to Output Delay (tpo) tPomax + 2 tr CLoap = 1%%8‘-‘ 120 ns
R =1
Address to Output Access {tacc)) Note 1 tpemin + TOVLmin V;Z:Z 40 mV 300 ns
Precharge to Output Access {tacco) Note 1 + tpomax + 2 t1 310 ns
WRITE OR READ/WRITE CYCLE
PARAMETER CONDITIONS MIN TYP MAX UNITS
Write Cycle .(‘wc) Note 1 tr=20ns 580 ns
Read/Write Cycle (tgwc) Note 1 tr=20ns 580 ns
Precharge to Read/Write Delay (tpy) 165 500 ns
Read/Write Pulse Width {typ) 80 ns
Read/Write Set Up Time (ty) ’ 80 ns
Data Set Up Time (tow) . 105 - ns
Data Hold Time (tpy) ' 10 ns
7 End of Precharge to Output Delay (tpo) CLoap = 100 pF 120 ns
A Rioap = 10082
. Time to Next Precharge {tp) Vges = 40 mV 0
Note 1: These times will degrade by‘ 40 ns (worst case) if the maximum values for Vyy (for precharge,
cenable and read/write inputs} go to Vgg - 14.2V @ 0°C and Vgg—-145ve 70°C.
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ac operating characteristics (con’t)

*CAPACITANCE

PARAMETER CONDITIONS MIN TYP MAX UNITS
Address Capacitance (Cap) Vin=Vss 1 5 7 pF
Precharge Capacitance (Cpg) Vin = Vgs 15 18 pF
Cenable Capacitance {Ccg) Vin = Vss 15 25 pF
Read/Write Capacitance (Crw) Vin = Vss ;TI LM“Zd 1 15 pF
nuse
Data Input Capacitan enable = OV . 4 5 F
P! P ce (Cinys) (\:’ n 3 ov ¢ Pins Are P
. N Yss at AC GND
Data input Capacitance (Cn2) Cenable = Vgg 2 4 pF
Vin = Vss
Data Output Capacitance (CoyT) Vour =0V 2 3 pF
*This parameter is periodicaily sampled and is not 100% tested. They are measured at worst case
operating conditions. Capacitance are for plastic packages only.
switching time waveforms
WRITE CYCLE OR READ/WRITE CYCLE
TIMING ILLUSTRATED FOR MINIMUM CYCLE
] 50 100 150 200 250 300 350 400 450 550 580
1 [ 1 l 1 1 | i 1 1 [
ADDRESS CAN CHANGE
twe OR tane
Vin T
ABDRES?/ % @ ADORESS STABLE c::l?::lslscz.f
w
. —=] tcp
Vi \ tovn—=] ﬁ\
PRECHAF:I‘:‘L( L ] L
-t
Vi
CENABLE N t ovi w
Vi ) -7
v
Vi
READ/MWRITE - e
Vi e
ow (Note 3) —= |- tou (Notea)
Vin
paTA . 7 il 7 -@( STABLE DATA TIME g,’.‘::::"z
v tpg ——— |
Vou - - 8/
DAt Veer - d0mV. DATA OUT %
ot yo Rioao = 1002 — " [N\ NOT VALID -
. Croap = 100 pF [DATR 0UT|
acct vauo [~
tacez
READ CYCLE
| ADDRESS CAN CHANGE . )
o g ' A ssi
DDRE!
ADDRESS > ADDRESS STABLE CAN CHARGE
A\ R
tae tovk e '
Vi
PREEHARGE—\ K
A L
Vo
tec R e .
Vin
CENABLE \L
Vi ! g
tove b 0
Vin
READ/WRITE /
\
oama " Voer c80mV N
Rer =40 m! AN
T e / Riono = 1002 — 7 [N\ N
Ciomo 100pF _ IoarR gurl_,
tacer | VALID

Note (D Vpp+2V), . . . - i

Note @ Vgs - 2V }t-r is defined as the transitions hetween these two points.

Note 3 tpy is referenced to point % of the rising edge of cenable or read/write whichever occurs first
Note 4 tpy, is referenced to point of the rising edge of cenable or read/write whichever occurs first
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‘MM5260

NN RAMs

MM5260 1024-bit fully decoded ,
dynamic random access memory

‘general description

The MM5260 fully decoded dynamic 1024 word x
1-bit word read/write random access memory is a
monolithic, MOS integrated circuit using silicon

Systems-oriented design

Bipolar compatible
(address lines, chip
enable data 1/0)

gate Iqw threshold technology to ac‘hieve‘bipolar Common data 1/0 line
compatibility on all 1/O lines except the precharge

and read/write lines. This provides an efficient , TRI-STATE output
approach to memory design using this systems m Refresh cycle 20ms
oriented device. The MM5260 is used for main
memory applications where large bit storage and
improved operating performance are important. A m Device protection
TRI-STATETM output is utilized to allow wired
“OR"” capability and common 1/O data busing in
memory applications. :

m Easy memory expansion Chip enable

All 1/0 lines have
protection against
static charge

m  Standard power supplies +5V, -12V

m L ow power dissipation 400 mW
features m Small package size 16 pin dual-in-line package
L Fast access time . 350 ns

applications

® Fast cycle time 450 ns read cycle min

600 ns write cycle min
Fully decoded

® High speed mainframe memory

® Low overhead circuit count- = Mass memory storage

typical application

Main Memory Module Storing 4096 16-Bit Words
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absolute maximum ratings
7 All Input or Output Voltages with

Respect to Most Positive Supply Voltage Vgg +0.3V to -20V
Power Dissipation 600 mW
Operating Temperature Range -25°C to +70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C

dc operating characteristics .
T A within operating temperature range, Vgg = +5V 6%, Vpp = =12V 5%, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS

Input Voltage (Address input,
chip enable and data input)

Logic “0” (V) Vgg - 2.0 ’ v
Logic “1” (V) Vgs - 4.0. \%
Input voltage (Precharge and

Read/Write)

Logic 0" (V) ' Vgs— 1.6 \
Logic “1" (V) Vgs - 15 \

Output Voltage
Data Output

Logic “0" (Von) I = 200 uA Source 24" v
Logic “1” (Vo) 1= 1.6 mA Sink 04 \
Average Supply Current (Ipp) 20 mA

tcycle =450 ns and ty, = 300 ns

ac operating characteristics
T within operating temperature range, Vgg = +5V t5V%, Vpp = -12V £5%, unless otherwise noted.

Read Cycle (Trc) 450 ns
Write Cycle (Tyc) 600 ns
Read/Write Cycle (Tgwc) . (600 + T See Note 1) ns
Access Time (T 4) 350 ns
* Address to Chip Enable (Tac) Note 2 0 50 ns
Address to Precharge Delay (T op ) Note 2 0 50 ns
Address to Write Pulse Delay (T awp) \ 350 ns
Write Puise Width {Typ) 250 ns
Precharge Off Time (Tpp) 150 ns
Read Write to Precharge Delay (Twgrp) 50 ns
Refresh Interval (Trgr) 2 ms
Address to Precharge Trailing Edge (T opt) 350 ns

capacitance characteristics

Address Capacitance (Cp ) Vin = Vss 5 ' pF

X f=1MHz
Chip Enable Capacitance {Ccg) Vin = Vss 5 pF
All unused
Precharge Capacitance {Cpc) Vin=Vss §. 25 pF
Read/Write Capaci (Cruwe) v v inputs are 0 .
ead/Write Capacitance = p
P Rw IN ss at AC Ground

Data Input/Output Capacitance {C\n,0uT) Vin = Vss 7 pF

Note 1: Tp = Output data to input data delay in read-modify-write cycle.

Note 2: Characteristic max limits to achieve T p specifications. An increase in"these times will cause T o
to increase directly.
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MM5260

switching time waveforms

READ CYCLE
Tac |
ADDRESS
“eHip
ENABLE
fTa
PRECHARGE
bt Tany X — Ter
S, P -
1o
e, |

WRITE CYCLE

Twe

ADDRESS.

CHIP
ENABLE

PRECHARGE

o

4r.Lx

‘TM\X
o T
Tapr ——-
—
Tawo
e >0 — >0)

DATA
N

connection diagram

Note: Precharge and read/write sinalsshoald not overtap.

Dual-In-Line Package
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Clock Drivers

MHO0007/MH0007C dc coupled MOS clock driver

general description

The MHOO007 is a .voltage translator and power
booster designed for interfacing between conven-
tional TTL or DTL voltage levels and those levels
associated with inputs or clocks of MOS FET type
devices. The design allows the user a wide latitude

features

® 30 volts (max) output swing

® Standard 5V power supply

u Peak currents in excess of £300 mA available
® Compatible with ail MOS devices

in selection of supply voltages, and is especially
useful in normally “off" applications, since power ‘ ' _
dissipation is typically only 5 milliwatts in the ‘ m External trimming possible for increased per-

® High speed: 5 MHz with nominal load

“off”’ state. formance
schematic and connection diagram
. 3 :
Vee 9 0V
4 X
S 10 Pin TO-100 Package
INPUT 1 a7
: 7 gufPuT
INPUT 2
' s
>
GND 4 ——-] 03 [
V . " TOP VIEW
5 as ’ :
< R2
< e
& § Vv
typical applications
' Switching Time Test Configuration High Speed. Operation
K
INPUT — 45.0 VOLTS NPT —
INPUT INPUT ]
ouTPUT OUTPUT
i LR =
Ton =30 s
) torr =40 ns} CL=200 pF

DLO000HIN/LOOOHIN
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MHO0007/MH0007C

absolute maximum ratings
Ve Supply Voltage

V™ Supply Voltage

V* Supply Voltage

(V" = V7) Voltage Differential

Input Voltage

Power Dissipation (T = 25°C)

Peak Output Current

Storage Temperature Range

Operating Temperature Range MH0007

8V
-40V
+28V
30v
55V
800 mW
+500 mA
-65°C to +150°C
-55°C to +1256°C

‘ MH0007C 0°C to +85°C
Lead Temperature (Soldering, 10 sec). 300°C
electrical characteristics (Note 1)
TYP
PARAMETER CONDITIONS MIN (Note 2) MAX UNITS
Logical “1" Input Voltage Vee = 4.5V 2.2 \Y
Logical “0" Input Voltage Vee = 4.5V 0.8 Vv
Logical ““1” Input Current | Ve = 5.5V, V) = 5.5V 100 LA
Logical “0” Input Current Vee = 5.5V, Vi =04V 1.0 1.5 mA
Logical 1" Output Voltage | Vee = 5.5V, lour =30 mA, V|, =0.8V | VI -4.0 v
Vcc = 5.5\/, ’OUT =1 mA, VlN =0.8V V+ -20 A%
Logical ‘0" Output Voltage | Ve = 4.5V, loyt =30 mA, Vi = 2.2V V™ +20
Transition Time to }
Logical 0" Output .| CL =200 pF (Note 3) 50 ns
Transition Time to
Logical “1”" Qutput CL = 200 pF (Note 3) 75 ns

Note 1: Min/max limits apply across the guaranteed range of -55°C to +125°C for the MH0007, and
from 0°C to +85°C for the MHO0O07C, for all allowable values of V™ and V
Note 2: All typical values measured at T p = 25°C with V¢ = 5.0 volts, V™ = -25 volts, V¥ = 0 volts.
Note 3: Transition time measured from time V)y = 50% value until VoyT has reached 80% of

final value.

Allowable Values for V™ and V¥

v
voLTs [~ 40

OPERATING
REGION

- -30

Maximum Power Dissipation

g
CASE
2 0s
s
% 08 AN
[=]
b AMBIENT
E 04
2 ™~
02

0

0 25 50 75 100

TEMPERATURE (°C)

125 150
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NN Clock Drivers

MHO0009/MHO0009C dc coupled two phase MOS clock driver

general description ' features

The MH0009/MHO0009C is high speed, DC coupled, = DC logically controlled operation
dual MOS clock driver designed to operate in
conjunction with high speed line drivers such as 4 -
the DM8830, DM7440, or DM7093. The transition ® Qutput Currents — in excess of 2500 nA
from TTL/DTL to MOS logic level is accomplished
by PNP input transistors which also assure accurate
contro! of the output pulse width.

8 Qutput Swings — to 30V

® High rep rate — in excess of 2 MHz

Low standby power

schematic and connection diagrams

mems o 12-Lead TO-8 Package

m 12 61 OUTPUT
. &1 INPUT A )
: G BIAS NC
o R \

1 INPUTB 4 a3 ¢ I\NPUT g

<
< >1.1K
> <
g b3

v s [ "nv v

‘b
w0 <
b3 g 1K . P
— 4 < N
é2 mruT B 6 Q - $,INPUT B

06
02
w ' / )
‘97 INPUT A
m | 10 6, QUTPUT

" TOPVIEW

¢ BIAS 7 8 4, INPUT A

typical application

[

FIGURE 1
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MHO009/MHO0009C

absolute maximum ratings

V™ Supply Voltage: Differential (Pin 5 to Pin 3) or

(Pin 5 to Pin 7) ~40V

V*Supply Voltage: Differential (Pin 11 to Pin 5) 30V

Input Current: (Pin 2, 4, 6 or 8) +75 mA

Peak Output Current +500 mA

Power Dissipation (Note 2 and Figure 2) 1.5W

Storage Temperature -65°C to +150°C

Operating Temperature: MH0009 -55°C to +125°C

MH0009C 0°C to 85°C

Lead Temperature (Soldering, 10 Sec.) 300°C
electrical characteristics (Note 1)

PARAMETER CONDITIONS MIN TYP MAX UNITS
ton Cin =.0022 uF Cy =.001 uF 10 35 ns
tise Cin =.0022 uF  C_=.001 uF 40 50 ns
Pulse Width {(50% to 50%) Cin =.0022 uF C_ =.001 uF 340 400 440 ns
tean Cin =.0022uF C_=.001uF ' 80 120 ns
tdelay C\n = 600 pF C_ =200 pF 10 ns
tyise ClN =600 pF CL =200 pF 15 ns
Pulse Width (50% to 50%) Cin = 600 pF C = 200 pF 40 70 120 ns
Lean LN = 0UU pr L = 20U pr I , 40 ns

Note 1: Characteristics apply for circuit of Figure 1. With V™ = -20 volts; vt=0 volts; Vgc = 5.0
volts, Minimum and maximum limits apply from -55°C to +125°C for the MHO009 and from 0°C to
+85°C for the MHOO09C. Typical values are for Ta= 25°C.

Note 2: Transient power is given by P = fC|_ (vt - V')2 watts, where: f = repetition rate, Cy = load
capacitance, and (V' = V™) = output swing.
Note 3: For typical performance data see the MH0013/MHO0013C data sheet.
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FIGURE 2. Maximum Power Dissipation
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Clock Drivers

MHO0012/MHO0012C high speed MOS clock driver

general description

The MHO0012/MH0012C is a high performance
clock driver that is designed to be driven by the

features

High output voltage swings—12 to 30 volts

. . m High output current drive capability—1000 mA
DM7830/DM8830 or other line drivers or buffers peak
with high output current capability. It will pro- . . A
vide a fixed width pulse suitable for driving MOS ®= High repetition rate—10 MHz at 18 volts into
shift registers and other clocked MOS devices. 100 pF
= | ow standby power—less than 30 mW
schematic and connection diagrams
i 1
12-lead TO-8 Package
&nx
_ o - b O 1
on ouTPU

INPUT 2

comp

V=20V

AAA
V

TOP VIEW

timing diagram
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MHO0012/MHO0012C

absolute maximum ratings

V7~ Supply Voltage: Differential (Pin 1 or 2 to

Maximum Output Load-See Figure 2

Pin 5) ~40V Power Dissipation—See Figure 1 15w
o °
v* Supply Voltage: Differential (Pin 8 or 9 Storage Temperature -65Cto +150 C
to Pin 1 or 2} 30V Operating Temperature: MH0012 -55"Cto +125°C
o o
Input Current: (Pin3or 7) 75 mA MHO0012C 0°C to +850C
Peak Output Current +1000 mA Lead Temperature (Soldering, 10 sec) 300°C
dc electrical characteristics (Note 1)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Logic 1" Input Voltage VY- VT =20V, Vour <V + 2V 1.0 2.0 v
(Pins 7 and 3)
Logic 0" Input Voltage VY- VT =20V, Vour 2V+ - 1.5V 0.4 0.6 \Y
(Pins 7 and 3)
Logic 1" Output Voltage VY - VT =20V, oyt = 1mA, VT +1.0 VT +20 v
Viny = 2.0V
Logic 0" Output Voltage VY-V =20V, loyt = - 1mA, vt-1s vt - 07 v
Vin = 0.4V
loc (V™ Supply) VF-VT =20V, V=20V - 34 60 mA
ac electrical characteristics
PARAMETER CONDITIONS (Note 3) MIN TYP MAX UNITS
Turn-On Delay (ton) 10 15 ns
- VY-V =20V, Ve =5.0V
Rise Time (t,) CL = 200 pF, f = 1.0 MHz 5 10 ns
Turn-Off Delay (tgeg) Ta=25°C 35 50 ns
Fall Time-{t;) 35 45 ns
Note 1: Characteristics apply for circuit of Figure 1. Min and max limits apply from -55°C to +125°C
for the MH0012 and from 0°C to +85°C for the MH0012C. Typical values are for T p = 26°C.
Note 2: Due to the very fast rise and fall times, and the high currents involved, extremely short con-
nections and good by passing techniques are required.
Note 3: All conditions apply for each parameter.
Maximum Output Load ) Rise and Fall Times vs
Power Dissipation vs Voltage Swing vs Rise Times Load Capacitance
- 40 [
15 = 35 = N
£ |
. o an . w 2
_ = 2 Ll
g 2 2 V- ves 20y
& Z 5 = |Taz25C
E & z
a- R =15
=
5 = 10 @ 10 . | et
=4 ///
5 e
L
0
0 25 50 75 100 125 150 175 0 400 800 1200 1600 200 400 600 800 1000
AMBIENT TEMPERATURE (°C) MAXIMUM OUTPUT LOAD (pF) LOAD CAPACITANCE, C\ (pF)
Figure 1. Figure 2.
applications information
Power Dissipation Considerations Where: ON Ti The transient power incurred during switching is
The power dissipated by the MH0012 may be DC = Duty Cycle = —m given by:
divided into three areas of operation = ON, OFF Pac =V -V)2C f (3)
and switching. The OFF power is approximately Lo Vin ~ Vees . For V' = 0V, V™ = =20V, C, = 200 pF, and
30 mW and is dissipated by R, when Pin 3 is in Iin s given by R, and equation (1) fo:r 5.0 MHz 'P - 400 ;nWL Pr
the logic 1" state. The OFF power is neglible and  pecomes: ’ T AC ’

will be ignored in the subsequent discussion. The

ON power is dissipated primarily by Q3 and Rg.

and is given by:

vt-vo)?

Pon= [VTHyy + R

1 bc (1)

| Vin- Veges) V7l + V' -v7)?

R, Rs DC (2)

PON

For Vin=2.5V, Vgea=0.7V, V' =0V, V™ = =20V,

and DC = 20%, Poy = 200 mW.

The total power is given by: )
Py = Pac + Pon 4
Pr < Pmax

For the above example, Py = 600 mW.
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Clock Drivers

MHO0013/MHO0013C two phase MOS clock driver

generalvdescription

The MH0013/MH0013C is a general purpose clock
driver that is designed to be driven by DTL or
TTL line drivers or buffers with high output cur-
rent capability. It will provide fixed width clock
pulses for both high threshold and low threshold
MOS devices. Two external input coupling capa-

citors set the pulse width maximum, below which

the output pulse width will closely follow the
input pulse width or logic control of output pulse
width may be obtained by using larger value input
capacitors and no input resistors.

features

® High Qutput Voltage Swings—up to 30V

® High Output Current Drive Capability—up to

500 mA
® High Repetition Rate—up to 5.0 MHz
m Pin Compatible with the MH0O009/MHO0009C

| ““Zero’ Quiescent Power

schematic and connection diagrams

INPUT A, 02

a2

INPUT A, 4

01

D3

INPUT B, 6

typical applications.
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MHO0013/MH0013C

absolute maximum ratings

(V' = V") Voltage Differential
Input Current (Pin 2,4, 6 or 8)
Peak Qutput Current
Power Dissipation (Figure 7)
Storage Temperature
Operating Temperature MH0013
MH0013C
Lead Temperature (Soldering, 60 sec 1/16" from Case)

electrical characteristics

30V
+75 mA

+600 mA

1.5W

-65°C to +150°C
-55°C to +126°C
0°C 1o +85°C
300°C

(Note 1 and Figure 8)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Logical “0” Output Voltage lout =-50mA Iy =1.0mA V' -3.0 v -1.0 Y
lout =-10mMA I,y = 1.0 mA vt -0.7 V' -0.5 A
Logical 1" Output Voltage lout =50mA 1y =10mA VT 415 VT +2.0 \
v
Power Supply Leakage Current (V' -Vv7) =30V 1.0 100 MA
lout =lin =0mA
Negative Input Voltage Clamp Iy == 10mA V©i-1.2 V7' -08 \
tyon 20 36 ns
trise 35 50 ns
Ci = 0.0022 uf
1, (Note 2) 30 60 ns
dOFF Ry = 02 T
tfan (Note 2) CL = 0.001 uF 40 50 80 ns
tean (Note 3) 40 70 120 ns
Puise Width (50% to 50%) (Note 3) 340 420 490 ns
trise Cyy =500 pF 15 ns
tant Rin = 02 20 ns
Pulse Width (50% to 50%} (Note 3) C_ =200pF 110 ns
Positive Output Voltage Swing vt -0.7v v
Negative Output Voltage Swing VT +0.7V
Note 1: Min/Max limits apply over guaranteed operating temperature range of -55°C to +125°C for
MHO0013 and 0°C to +85°C for MH0O013C, with V™ = —20V and V' = OV unless otherwise specified.
Typical values are for 25°C.
Note 2: Parameter values apply for clock pulse width determined by input pulse width.
Note 3: Parameter values apply for input pulse width greater than output clock pulse width.
- - . g o -
TABLE |. Typical Drive Capability of One Half MH0013 at 70 C Ambient
l LATERR T} l EDCcAIcanY ' DIl oE WinTU I TVDICAY R, TFYDICAL O | OUTPUT DRIVE RISF TIMF
VOLTS MHz ns Q pF CAPABILITY IN pF' LIMIT ns?
28 50 =
20 40 100 0 750 200 7
16 350 10
28 100 5
20 20 200 10 1600 400 14
16 700 19
28 400 19
20 1.0 200 0 2300 1000 34
16 1700 45
28 2800 130
20 05 500 10 4000 5600 183
16 9300 248

Note 1: Output load is the maximum load that can be driven at 70°C without exceeding the package
rating under the given conditions.

Note 2: The rise time given is the minimum that can be used without exceeding the peak transient
output current for the full rated output load.

performance characteristics

FIGURE 1. Output Load vs Voltage FIGURE 2. Transient Power vs Rep. FIGURE 3. Transient Power vs Rep.

Swing RatevsC Ratevs C_
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RN | el e
;; 2 \\\\\\ E 400 l £ Pl E - / , / 200 oF
kS \\ \\\\ £ / / / // A £ 30 // v
o AT 2 L0 /o4 | % WA o
20 ns 30ns 40 ns 50 ns 60 ns . /// //“‘,’“”‘ " 4/////
et 100 W&/ e 100 -
HEN ] | -
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MAXIMUM OUTPUT LOAD (pF) REPETITION RATE (MHz) REPETITION RATE (MHz)
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typical performance (cont.)

FIGURE 5. Typical Clock Pulse Variations
vs Ambient Temperature

FIGURE 4. Average Internal Power vs
OQutput Swing vs Duty Cycle

FIGURE 6. Ry vs Cyy vs Pulse Width
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FIGURE 7. Package Power Derating
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circuit operation

Input current forced into the base of Q1 through
the coupling capacitor C,y causes Q1 to be driven
into saturation, swinging the output to
V™ + Ve (SAT) + VpopE-

When the input current has decayed, or has been
switched, such that Q1 turns off, Q2 receives base
drive through R2, turning Q2 on. This supplies
current to the load and the output swings positive
to V' - Vge. ’ .
It may be noted that Q1 always switches off
before Q2 begins to supply current; hence, high
internal transient currents from V* to V~ cannot
occur.

ac test circuit

2N2369

_ Vin = 010 5V pulse, £ = 500 kHz, DE = 50%, t,and t; ~ 10ns

Figure 8

pulse width

Maximum output pulse width is a function of the
input driver characteristics and the coupling
capacitance and resistance. After being turned on,
the input current must fall from its initial value
l)n peak to below the input threshold current
I)ny min =~ Vg /R1 for the clock driver to turn
off. For example, referring to the test circuit of
Figure 8, the output pulse width, 50% to 50%, is
given by

1
PWoyT = E(trise +tgap)

| eak
+ ROC”\I In M—EZ‘OO ns.
||N min

For operation with the input pulse shorter than
the above maximum pulse width, the output pulse
width will be directly determined by the input
pulse width.

1
PWouT = PWin + taorF + taon t 5 (tran + trise)

Typical maximum pulse width for various Cyn and
R n values are given in Figure 6.

timing diagram

- 5
A Input pulse width
clock pulse Y
width o
T 11
B Input pulse width 0% v
sets clock pulse 0% ™
wadth w
— o

CLOCK PULSE
ouTPUT

Vour

vy 20V
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MHO0013/MH0013C

fan-out calculation

The drive capability of the MH0013 is a function
of system réquirements, i.e., speed, ambient tem-
perature, voltage swing, drive circuitry, and stray
wiring capacity.

The following equations cover the necessary calcu-
lations to enable the fan-out to be calculated for
any system condition. Some typical fan-outs for
conditions are given in Table 1.

Transient Current i

The maximum peak output current of the MH0013
is given as 600 mA. Average transient current re-
quired from the driver can be calculated from:
_CL(VT-V)

! Ta 1

This can give a maximum limit to the load.

Figure 1 shows maximum voltage swing and
capacitive load for various rise times.

1. Transient Output Power
The average transient power (P,c) dissipated is
equal to the energy needed to charge and discharge
the output capacitive load (C ) multiplied by the
frequency of operation (F).

Pac=CLx (VI -V)2xF (2)
Figures 2 and 3 show transient power for two dif-
ferent values of (V* = V7) versus output load and
frequency.

2. Internal Power

“0” State )
Negligible (<3 mW)
1 otdte
(Vv -v)?
Pint = TR, x Duty Cycle. (3)

Figure 4 gives various values of internal power
versus ouptut voltage and duty cycle.

3. Input Power

The average input power is a function of the input
current and duty cycle. Due to input voltage
clamping, this power contribution is smail and can
therefore be neglected. At maximum duty cycle of
50%, at 25°C, the average input power is less than
10 mW per phase for R;yC,n controlled pulse
widths. For pulse widths much shorter than
R,nCin. and maximum duty cycle of 50%, input
power could be as high as 30 mW, since |,y peak is

maintained for the full duration of the pulse
width.

4. Package Power Dissipation

Total Average Power = Transient Output Power +

Internal Power + Input
Power
Typical Example Calculation for One Half
MHO0013C

How many MM506 shift registers can be driven by
an MHO0013C driver at 1 MHz using a clock pulse
width of 400 ns, rise time 30-50 ns and 16 volts
amplitude over the temperature range 0-70°C?

Power Dissipation

From the graph of power dissipation versus tem-
perature, Figure7, it can be seen that an
MHO013C at 70°C can dissipate 1W without a heat
sink ; therefore, each half can dissipate 500 mW.

Transient Peak Current Limitation

From Figure 1 (equation 1), it can be seen that
at 16V and 30 ns, the maximum load that can be
driven is limited to 1140 pF.

Average Internal Power
Figure 4 (equation 3) gives an average power of
102 mW at 16V 40% duty cycle.

Input power will be a maximum of 8 mW.

Transient Output Power

For onc half of the MHCC13C
500 mW =102 mW + 8 mW

+ transient output power
390 mW = transient output power
Using Figure 2 (equation 2) at 16V, 1 MHz and
390 mW, each half of the MHO013C can drive a
1520 pF load. This is, however, in excess of the
load derived from the transient current limitation
(Figure 1, equation 1), and so a maximum load
of 1140 pF would prevail.
From the data sheet for the MM506, the average
clock pulse load is 80 pF. Therefore the number

of devices driven is ]%J or 14 registers.

For nonsymmetrical clock widths, drive capability
is improved.
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Clock Drivers

MH0025/MH0025C two phase MOS clock driver

general description

The MH0025/MH0025C is monolithic, low cost,
two phase MOS clock driver that is designed to be
driven by TTL/DTL line drivers or buffers such as
the DM932, DM8830, or DM7440. Two input
coupling capacitors are used to perform the level
shift from TTL/DTL to MOS logic levels. Optimum
performance in turn-off delay and fall time are
obtained when the output pulse is logically con-
trolled by the input. However, output pulse widths
may be set by selection of the input capacitors
eliminating the need for tight input pulse control.

features

® 8-lead TO-5 or 8-lead dual-in-line package
® High Output Voltage Swings—up to 30V
® High Output Current Drive Capability—up to

1.6A

m Rep. Rate: 1.0 MHz into > 1000 pF
= Driven by DM932, DM8830, DM7440(SN7440)

““Zero” Quiescent Power

connection diagrams
. Metal Can Package

v
7N
outeuta (1) © (7)
z; ;’
& )
0
v

OUTPUT B

N.C.

INPUT A INPUT B

Note: Pin 4 connected to case.
TOP VIEW

MHO0025H, MH0025CH

typical application

r—-—g - —-==-=" Cin

cc

Dual-In-Line Package

ac test circuit

Input waveform:
PRR = 0.5 MHz
Vpp =50V
1=t <10ns

Pulse width:
A 10ps
B. 200ns

50 pF Vec =5V

*Q1 is a selected high speed NPN switching transistor.

(01N
H
|
;

NC. 1 — L—l =18 N.C.
No.
INPUTA 2 7 DUTPUTA
X 1%

v 3-— —56 v
INPUTB 4 ~>c 5 QUTPUTS
TOP VIEW
MHO0025CN

%1
MHO025 f— v
| & OZA

—~—]
) |
Io; N l
Cin

MMS06] |MM506] |MM506) M

timing diagram

5V
A. Input putse width
> clack pulse Vin
width 0
)

v
Vv

B. Input pulse width 90% .
sets clock pulse 0% N
width w
~taon taoFr
Clock pulse Vasov

10%
50%

10%
50%
PW.

output

Vour

90% 90%

S N

-16v
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MH0025/MH0025C

absolute maximum ratings
(V¥ = V7) Voltage Differential

Input Current

Peak Qutput Current
Power Dissipation
Storage Temperature

30V

100 mA

1.5A

See Curves
-65°C to +150°C

Operating Temperature MH0025

MHO0025C
Lead Temperature (Soldering, 10 sec)

-55°C to +125°C
0°C to +85°C
300°C

electrical characteristics (Note 1) See test circuit.

PARAMETER CONDITIONS MIN TYP MAX UNITS

Taon ) 15 30 ns
Trise Cin = .001 uF 25 50 ns
Tagee (Note 2) Rin =09 30 60 ns
T+an (Note 2) C_ =.001 uF 60 90 120 ns
T+an (Note 3) 100 150 250 ns
P.W. (50% to 50%) (Note 3) y, 500 ns
Positive Output Voltage Swing | Vi =0V, lour=-1mA | V' -1.0 vt -0.7v

Negative Output Voltage Swing [ljy = TO mA, Igyr= 1 mA V7+0.7V |V +15V \%

Note 1. Min/Max limits apply across the guaranteed operating temperature range of ~55°C to +125°C
for MH0025 and 0°C to 85°C for MH0025C. Typical values are for +25°C.
Note 2. Parameter values apoly for ciock pulse width determined by input pulse width.

Note 3. Parameter values apply for input pulse width greater than output clock pulse width.

performance characteristics
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Package Power Derating

Transient Power vs Rep. Rate
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applications information

Circuit Operation

‘Input current forced into the base of Q4 through the
coupling capacitor C,y causes Qq to be driven into
saturation, swinging the output to V™ + Vg(sat) +
Vbiode:

When the input current has decayed, or has been
switched, such that Qq turns off, Q, receives base
drive through R,, turning Q, on. This supplies
current to the load and the output swings positive
to V+ - VBE'

It may be noted that Qq must switch off before
Q, begins to supply current, hence high internal
transients currents form V~ to V' cannot occur.

|
INPUT17

>
2508

FIGURE 1. MH0025 Schematic (One-Half Circuit)

Fan-Out Calculation

The drive capability of the MH0025 is a function
of system requirements, i.e. speed, ambient tem-
perature, voltage swing, drive circuitry, and stray
wiring capacity.

The following equations cover the necessary cal-

example calculation

How many MM506 shift registers can be driven by
an MHO025CN driver at 1 MHz using a clock pulse
width of 200 ns, rise time 30-50 ns and 16V am-
plitude over the temperature range 0-70°C?

Power Dissipation:

At 70°C the MHOO025CN can dissipate 630 mW
when soldered into printed circuit board.

Transient Peak Current Limitation:

From equation (1), it can be seen that at 16V and
30 ns, the maximum load that can be driven is
limited to 2800 pF.

Average Internal Power:

Equation (3), gives an average power of 50 mW at
16V and a 20% duty cycle.

culations to enable the fan-out to be calculated
for any system condition.

Transient Current

The maximum peak output current of the MH0025
is given as 1.bA. Average transient current required
from the driver can be calculated from:
C(Vi-v~
- &Vl (1
1,

Typical rise times into 1000 pF load is 25 ns
For V¥ =V~ =20V, | =0.8A.

Transient Output Power

The average transient power (P,.) dissipated, is
equal to the energy needed to charge and discharge
the output capacitive load (C, ) multiplied by the
frequency of operation (f).

Pac=CLx (V' =v)? xt (2)

For V¥ — V™ =20V, f = 1.0 MHz, C_ = 1000 pF,
PAC = 400 mW.

Internal Power

"0Q'" State Negligible (<3 mW)
“1" State
2
vt v~
Pit = ——( R ) x Duty Cycle (3)

it

80 mW for V" - V™ =20V, DC = 20%

Package Power Dissipation

Total average power = transient output power +
internal power

For one half of the MH0025C, 630 mW =+ 2 can be
dissipated.

315 mW = 50 mW + transient output power
265 mW = transient output power

Using equation (2) at 16V, 1 MHz and 250 mW,
each half of the MHOO25CN can drive a 975 pF
load. This is, less than the load imposed by the
transient current limitation of equation (1) and
so a maximum load of 975 pF would prevail.

From the data sheet for the MM506, the average
clock pulse load is 80 pF. Therefore the number

. .. 975 .
of devices driven is B9 °F 12 registers.

129

DGZOOHIN/SZOOHW



MHO0026/MH0026C

NN

Clock Drivers

MH0026/MH0026C 5 MHz two phase MOS clock driver

general description

The MH0026/MHO0026C is a low cost monolithic
high speed two phase MOS clock driver and inter-
face circuit. Unique circuit design along with
advanced processing provide both very high speed
operation and the ability to drive large capacitive
loads. The device accepts standard TTL/DTL out:
puts and converts them to MOS logic levels. It may
be driven from standard 54/74 series gates and
flip-flops or from drivers such as the DM8830 or
DM7440. The MHO0026 is intended for applications
in which the output pulse width is logically con-
trolled: i.e., the output pulse width is equal to the
input pulse width.

features

Fast rise and fall times—20 ns with 1000 pF load
High output swing—20V

High output current drive—%1.5 amps
TTL/DTL compatible inputs

High rep rate—5 to 10 MHz depending on load

® Low power consumption in MOS ““‘O” state—
2 mWw )
® Drives to 0.4V of GND for RAM address drive

The MH0026 is intended to fulfill a wide variety of
MOQOS interface requirements. Asa MOS clack driver
for long silicon gate shift registers, a single device
can drive over 10k bits at 5 MHz. Six devices pro-
vide input address and precharge drive for a 8k by
16 bit MM1103 RAM memory system. Information
on the correct usage of the MH0026 in these as well
as other systems is included in the application sec-
tion starting on page 134. A thorough understand-
ing of its usage will insure optimum performance
of the device.

The device is available in 8-lead TO-5, one watt
copper lead frame 8-pin mini-DIP, and one and a
half watt TO-8 packages.

connection diagrams

8-Lead TO-5

.

WeUTA 2

w® AA O
weora O} G) wurs v
©
¥

Hote P4 connccted 1o case
0P vigw

mPUTE &

TOP VIEW

8-Lead Dual-In-Line Package

t— 7 oureura

v

t—35 oUTPUTE

12-Lead TO-8 |

WeuT A

WRUT 8

MH0026H/MH0026CH MHO0026CN MH0026G/MH0026CG
schematic diagram
(1/2 of Circuit Shown) o
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i
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typical applications

AC Coupled MOS C!ock Driver
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10058
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absolute maximum ratings (Notes 1 & 2)

V* -V~ Differential Voltage
Input Current

Input Voltage (V |y — V')
Peak Qutput Current

Power Dissipation

Operating Temperature Range MH0026

Storage Temperature Range

22V

100 mA

5.5V
1.6A

See curves

MH0026C

-55°C to +125°C
0°C to 85°C

~-65°C to +150°C

Lead Temperature (Soldering, 10 sec) 300°C
dc electrical characteristics
PARAMETER CONDITIONS LIMITS UNITS
MIN TYP MAX
Logic 1" Input Voltage Vour = V™ +1.0V 25 15 v
Logic 1" Input Current Vin -V =25V, Vgyr =V +1.0V 10 15 mA
Logic “0” Input Voltage Vour=V' - 1.0V 0.6 0.4 v
Logic “0" Input Current Vin=-V =0V, Vour=V" - 1.0V -0.005 -10 uA
Logic “0” Output Voltage | V' =+5.0V,V™ =-12.0V
Vin =-11.6 40 43 v
Logic “0” Output Voltage | Vin -V~ =0.4V v'-1.0} v*-07 %
Logic “1” Output Vokage VY =+5.0V, V™ = -12.0V
Vin = 9.5V -115 -11.0 \Y
Logic “1” Qutput Voltage | Vi -V~ =25V V'+05 | VT +10 v
“ON* Supply Current V¥ V=20V, V,y -V =25V 30 40 mA
“OFF" Supply Current VY-V =20V, V,, -V =0.0V 10 100 uA
ac electrical characteristics (Notes 1 &2, AC test circuit)
Turn-On Delay (ton) 5.0 7.5 12 ns
Turn-Off Delay (torg) 5.0 12 15 ns
Rise time (t,) — Note 3 VY -V =17V, C_ =250 pF 12 ns
V' -V~ =17V, C_ =500 pF 15 18 ns
C_ = 1000 pF 20 35 ns
Falltime (t;} — Note 3 VY -V =17V, C_ =250 pF 10 ns
V' -V~ =17V, C_ =500 pF 12 16 ns
C,_ = 1000 pF 17 25 ns

Note 1: These specifications apply for V+ - V7 =10V to 20V, CL = 1000 pF, over the temperature
range —55°C to +125°C for the MH0026 and 0°C to +85°C for the MH0026C.

Note 2: All typical values for the Ta = 25°C.

Note 3: Rise and fall time are given for MOS logic levels; i.e., rise time is transistion from logic "'0"’ to
logic ““1”" which is voltage fall. See waveforms on page 133.
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MH0026/MH0026C

typical performance characteristics
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typical applications

DC Coupled MOS Clock Driver
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MH0026/MH0026C

application information

1.0 Introduction

The MHO0026 is capable of delivering 30 watts
peak power (1.5 amps at 20V needed to rapidly
charge large capacitative loads) while its package is
limited to the watt range. This section describes
the operation of the circuit and how to obtain
optimum system performance. |f additional design
information is required, please contact your local
National field application engineer.

2.0 Theory of Operation

Conventional MOS clock drivers like the MH0013
and similar devices have relied on the circuit
configuration in Figure 1. The AC coupling of an
input pulse allows the device to work over a wide
range of supplies while the output pulse width
may be controlled by the time constant -R; X C;.
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FIGURE 1. Conventional MOS Clock Drive

D, provides 0.7V of dead-zone thus preventing Q;
and Q, from conducting at the same time. In
crdun Lo diive taige chpuciiive foads, S wd Q)
are large geometry devices but C,, now limits
useful output rise time. A high voltage TTL output
stage (Figure 2) could be used; however, during
switching until the stored charge is removed from
Q;, both output devices conduct at the same time.
This is familiar in TTL with supply line glitches in
the order of 60 to 100 mA. A clock driver built
this way would introduce 1.5 amp spikes into the
supply lines.

EXTERNAL

FIGURE 2. Alternate MOS Clock Drive

Unique circuit design and advanced semiconductor
processing overcome these clasic problems allow-
ing the high volume manufacture of a device, the
MHO0026, that delivers 1.5A peak output currents
with 20ns rise and fall times into 1000pF loads. In

a simplified diagram, D; (Figure 3} provides 0.7V
dead zone so that Q; is turned ON for a rising
input pulse and Q, OFF prior to @; turning ON a
few nanoseconds later. D, prevents zenering of the
emitter-base junction of Q, and provides an initial
discharge path for the load via Q3. During a falling
input, the stored charge in Q; is used beneficially
to keep Q3 ON thus preventing Q, from conduct-
ing until Q; ‘is OFF. Q; stored charge is quickly
discharged by means of common-base transistor
Q4.

The complete circuit of the MHO0026 (see sche-

matic on page 130 basically makes Darlingtons out
of each of the transistors in Figure 3.
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FIGURE 3. Simplified MH0026

When the output of the TTL input element (not
shown) goes to the logic ‘1" state, current is
suppiied  Unougii C|N v iic Dass uf CL] aid Qy
turning them ON, and Q; and Q4 OFF when the
input voltages reaches 0.7V. Initial discharge of
the load as well as E-B protection for Q3 and Q4
are provided by D; and D,. When the input
voltage reaches about 1.5V, Q¢ and Q; begin to
conduct and the load is rapidly discharged by Q-.
As the input goes low, the input side of C,, goes
negative with respect to V™ causing Qg and Qy to
conduct momentarily to assure rapid turn-off of
Q, and Q, respectively. When Q; and Q, turn
OFF, Darlington connected Q; and Q, rapidly
charge the load toward v volts. Rg assures that
the output will reach to within one Vg of the
vt supply. ‘

The real secret of the device’s performance is
proper selection of transistor geometries and resis-
tor values so that Q4 and Q; do not conduct at
the same time while minimizing delay from input
to output.

3.0 Power Dissipation Considerations

There are four considerations in determining
power dissipations.

1. Average DC power

2. Average AC power

3. Package and heat sink selection

4. Remember—2 drivers per package
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application information (con’t)

The total average power dissipated by the MH0026
is the sum of the DC power and AC transient
power. The total must be less than given package
power ratings.

P Pac+Ppc<P

piss ~ T ac pc = FmMAaXx

Since the device dissipates only 2mW with output
voltage high (MOS logic “0"”), the dominating
factor in average DC power is duty cycle or the
percent of time in output voltage low state (MOS
logic ““1""). Percent of total power contributed by
Ppc is usually neglible in shift register applications
where duty cycle is less than 25%. PDC dominates
in RAM address line driver applications where
duty cycle can exceed 50%.

3.1 DC Power (per driver)
DC Power is given by:
Poc = (VT =V7) X (lg o)) X

ON time
OFF time—ON time

( )

or Py = (Output Low Power) X (Duty Cycle)
where: Ig( o) = ls @V -V = %
Example 1: (V¥ =+5V, V™ =-12V)
a) Duty cycle = 25%, therefore
Poc =17V X 40mA X 17/20 X 25%
Pp ¢ = 14bmW worst-case, each side
Py c™ 109mW typically
b) Duty cycle =5%
Poc =21mW

c) See graph on page 132

The above illustrates that for shift Yegister applica-
tions, the minimum clock width allowable for the
given type of shift register should be used in order
to drive the largest number of registers per clock
driver.
Example 2: (V' =+17V, V" = GND):
a) Duty cycle = 50%
Py = 290mW worst-case
Py = 218mW typically
b) Duty cycle = 100%

Py = 58OMW

Thus for RAM address line applications, package
type and heat sink technique will limit drive
capability rather than AC power.

3.2 AC Transient Power (per driver)

AC Transient power is given by:
Pac=(Vt-vI)2xixc,
where: f = frequency of operation

C_ = Load capacitance {including all

strays and wiring)
Example 3: (VT =+5V, v~ =-12V)
Pac =17 X 17 X f(MHz) X 10° X
C,_(nF) X 107°
Pac = 290mW per MHz per 1000pF

Thus at 5MHz, a 1000pF load will cause any driver
to dissipate one and one half watts. For long shift
registers, a driver with the highest package power
rating will drive the largest number of bits for the
lowest cost per bit.

3.3 Package Selection

Power ratings are based on a maximum junction
rating of 175°C. The following guidelines are
suggested for package selection. Graphs on page 132
illustrate derating for various operating tempera-
tures.

3.31 TO-5 (““H”') Package: Rated at 600mW still
air (derate at 4.0mW/°C above 25°C) and 900mW
with clip on heat sink (derate at 6.0mW/°C above
25°C). This popular hermetic package is recom-
mended for small systems. Low cost (about 10¢)
clip-on-heat sink increases driving capability by
50%.

3.32 8-Pin (”“N”) Molded Mini-DIP: Rated at
600mW still air (derate at 4.0mW/°C above 25°C)
and 1.0 watt soldered to PC board (derate at
6.6mW/°C). Constructed with a special copper
lead frame, this package is recommended for
medium size commercial systems particularly
where automatic insertion is used. (Please note for
prototype work, that this package is only rated at
600mW when mounted in a socket and not one
watt until it is soldered down.)

3.33 TO-8 (“G") Package: Rated at 1.5 watts
still air (derate at 10mW/°C above 25°C) and 2.3
watts with clip on heat sink (Thermalloy type
216-1.9 or equivalent—derate at 15mW/°C).
Selected for its power handling capability and
moderate cost, this hermetic package will drive
very large systems at the lowest cost per bit.
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MH0026/MH0026C

application information (con’t)
3.4 Summary—Package Power Considerations

The maximum capacitative {oad that the MH0026
can drive is thus determined by package type, heat
sink technique, ambient temperature, AC power
{which is proportional to frequency and capacitive
load) and DC power (which is principally deter-
mined by duty cycle). Combining equations pre-
viously given, the following formula is valid for
any clock driver with negligible input power and
negligible power in output high state:
-3
C, (max in pF) = % X

t

Prax(mw) (TaPka) X Ryq = (VT - Vv7)2 X (De) X 10°

(VT =V7)2 X Req X f(MHz)

C, (max inpF)=.5X 107 X
P, (mW) X 500 - Vg2 X D X 10°
Vg? X 500 X f(MHz)

Where: n = number of drivers per pkg. (2 for
the MH0026)

Praxtmw){Ta. Pkgl = Package power
rating in milliwatts for given package,
heat sink, and max, ambient tempera-
ture (See graphs)

Req = equivalent internal resistance

Req = (VY = V7)/Ig( ow) = 500 ohms (worst
case over temperature for the MHO0026 or
660 ohms typically)

Vg = (vt - v7) = total supply voltage across
device

Dc = Duty Cycle =

Time in output low state

Time in output low + Time in output high state

Table | illustrates MH0026 drive capability under
various system conditions.

4.0 Pulse Width Control

The MHO0026 is intended for applications in which
the input pulse width sets the output pulse width;
i.e., the output pulse width is logically controlled
by the input pulse. The output pulse width is given
by: :

+
(PW)our = (PW)lN"'tr hE

PW,125ns

Two external input coupling capacitors are re-
quired to perform the level translation between
TTL/DTL and MOS logic levels. Selection of the
capacitor size is determined by the desired output
pulse width. Minimum delay and optimum per-
formance is attained when the voltage at the input
of the MHOD26 discharges to just above the
devices threshold (about 1.5V). If the input is
allowed to discharge below the threshold, to g
and t; will be degraded. The graph on page 132
shows optimum values for Ciy vs desired output
pulse width. The value for C;y may be roughly
predicted by:
Cin = (2X107°) (PW)our

For an output pulse width of 500ns, the optimum
value for C,, is:

Ciny = (2X 1073){500 X 10~°) = 1000pF
5.0 Rise & Fall Time Considerations(Note 3)

The MHO0026's peak output current is limited to
1.6A. The peak current limitation restricts the
maximum load capacitance which the device is
capable of driving and is given by:

i=c_ P<15a

The rise time, t_, for various loads may be
predicted by:

t, = (AV)(250 X 107'? +C,)
Where: AV = The change in voltage across C_

=vyt_v-
C_ = The load capacitance
For vt -V~ =20V, C,_ = 1000pF, t, is:

re

t, = (20V)(250 X 107'% + 107'2)

TABLE 1. Worst Case Maximum Drive Capability for MH0026*
TO-8 WITH T0-8 MINI-DIP TO-5 AND MINI-DIP

PACKAGE TYPE HEAT SINK FREE AIR SOLDERED DOWN REE AIR

‘ Max,

Max. Ambient N o
Operating Temp. 60°C 85°C 60°C 85°C 60°C 85°C 60°C 85°C
Frequency | ¢ 2>

Duty Cycle
100kHz 5% 30 k 24 « 19 k 15 k 13 k 10k 7.5k 5.8k
500kHz 10% 6.5k 5.1k 4.1k 3.2k 2.7k 2k 1.5k 1.1k

1MHz 20% 2.9k 2.2 1.8k 1.4k 1.1k 840 600 430

2MHz 25% 1.4k 1.1k 850 650 550 400 280 190

S5MHz 25% 620 470 380 290 240 170 120 80

10MHz 25% 280 220 170 130 10 79 - -

*NOTE: Values in pF and assume both

sides in use as non-overlaping 2 phase driver; each side

operating at same frequency and duty cycle with (Vv =17V
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application information (con’t)

For small values of C_, equation above predicts
optimistic values for t,.. The graph on page 132
shows typical rise times for various load capaci-
tances. '

The output fall time (see Graph) may be predicted
by:

t;=22R(Cg + C )
hee +4

6.0 Clock Overshoot

The output waveform of the MHO026 can over-
shoot. The overshoot is due to finite inductance of
the clock lines. 1t occurs on the negative going
edge when Q- saturates, and on the positive edge
when Q3 turns OFF as the output goes through
V+-Vbe. The problem can be eliminated by
placing a small series resistor in the ouput of the
MHO0026. The critical valve for R = 24/LCL where
L is the self-inductance of the clock line. In
practice, determination of a value for L is rather
difficult. However, R is readily determined emper-
ically, and values typically range between 10 and
51 ohms. R, does reduce rise and fall times as
given by:
t =t = 22Rsc|_
7.0 Clock Line Cross Talk

At the system level,voltage spikes from ¢; may be
transmitted to ¢, (and vice-versa) during the

transition of ¢; to MOS-logic 1", The spike is
due to mutual capacitance between clock lines and
is, in general, aggravated by long clock lines when
numerous registers are being driven. Transistors
Q; and Q4 on the ¢, side of the MH0026 are
essentially "OFF" when ¢, is in the MOS logic
"0’ state since only micro-amperes are drawn
from the device. When the spike is coupled to ¢,,
the output has to drop at least 2 V¢ before Q;
and Q4 come on and pull the output back to vt
A simpte method for eliminating or minimizing
this effect is to add bleed resistors between the
MHO0026 outputs and ground causing a current of
a few milliamps to flow in Q4. When a spike is
coupled to the clock line Qg4 is already “ON"" with
a finite hg,. The spike is quickly clamped by Q4.
Values for R depend on layout and the number of
registers being driven and vary typically between
2k and 10k ohms,

8.0 Power Supply Decoupling

Power supply decoupling is a widespread and

‘accepted practice. Decoupling of VitV supply

lines with at least 0.1 uF noninductive capacitors
as close as possible to each MH0026 is strongly
recommended. This decoupling is necessary
because otherwise 1.5 ampere currents flow during
logic transition in order to rapidly charge clock
lines.

137

O9C00HIN/9Z00HIN



MHO0027C

138

NN

Clock' Driv'ers

MHO0027C dual high speed MOS interface driver

general description

The MH0027C is a dual high current active pull-up
designed to operate with a high current sink such
as the DH0O034 or LM7541A and thus provides fully
TTL compatible DC coupled inputs. The partition-
ing of current sinks and sources into separate
packages provides higher overall power drive capa-
bility while minimizing system cost. The device is
intended for use as adriver for MOS RAM memories
such as the MM1103. The MH0027C is capable of
sourcing over 1 ampere peak current with a rise-
time of 25 ns into 600 pF loads.

features

m Fast rise times — 25 ns into 600 pF load

m Peak output current in excess of 1 ampere

® Fully compatible with DHO034 dual level shifter
and LM75450 series peripheral drivers.

m Wide operating supply range — 5V to 25V
® Qutput voltage clamp

® Low power dissipation — 1 mW typical in
“logic ““1” state

- The MH0027C operates over an ambient tempera-

ture range of 0°C to +85°C and is supplied in a
miniature 8-pin molded dual-in-line package.

schematic and connection diagrams

Dual-In-Line Package
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TTL to MM1103 High Speed Memory Interface
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absolute maximum ratings

Continuous Supply Voltage 25V
Peak Supply Voltage (10 ms) 30V
Input Voltage 25V
Output Voltage Vee
Peak Output Current (each side) 1.2A
Power Dissipation {(Note 1) 1.0wW
Operating Temperature Range 0°C to 85°C
Storage Temperature Range . -65°C to +150°C
Lead Temperature {Soldering, 10 sec) 300°C

electrical characteristics (T, =+25°C, V=24V, Vo, =21V; unless otherwise specified)

PARAMETER | CONDIT‘IONS - - FIM'TS UNITS

‘ , , MIN TYP MAX .

Low Level Input Current (I, ) Viy =0V 18 25 32 mA
‘High Level Output Voltage (Von) don =4 mA 20.75 21.0 2125 \%
Low Level Output Voltage (Vo) lov = 100 mA 0.7 1.0 v

Turn-On Time (tgon) C_ = 600 pF 5 15 ns

- Turn-Off Time (tgore) C_ =600 pF 5 15,‘ ) ns
Rise Time (t,) C._ =600 pF 20 45 - ns
Fall Time (t;) . C_ =600 pF 15 35 ns

Note 1: Rating applies for device soldered to a printed circuit board with 8 copper conductbrs
.03 inches wide. For ambient temperatures above 25°C, derate linearly at 6.7 mW/°C.

For specificatigns on other National MOS clock
drivers and interface circuits, see the following
data sheets:

Mos Clock Drivers

Single Phase, TTL Input DC Coupled — MH0007
. Two Phase DC Coupled — MH0009
Single Phase, High Speed DC Coupled — MH0012
Two Phase AC Coupled — MH0013
Two Phase Low Cost — MH0025
Two Phase High Speed AC Coupled — MH0026

MOS Interface Circuits

Dual Voltage Translator — DM7800/DM8800

Dual High Speed Translator — DH0034/DH0034C

Quad 2-Input NAND TTL/MOS Interface —
DM8810,DM8811 ‘ .

Quad 2-Input AND TTL/MOS Interface — DM8810

Hex Inverter TTL/MOS. Interface — DM8812

Dual Peripherial Drivers — LM3§O,LM351/
LM75450A,LM75451A

Analog Comparator to MOS — LM111 series

Dual Analog Comparator to MOS — LH2111 series
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Analog Switches

MM450/MM550, MM451/MMb551
MM452/MMb552, MM455/MM555 MOS analog switches

general description

The MM450, and MMb50 series each contain
four p channel MQOS enhancement mode transis-
tors built on a single monolithic chip. The four
transistors are arranged as follows:

(VTH = 2 volts) permits operations with large ana-
log input swings (+ 10 volts) at low gate voltages
(—20 volts). Significant features, then, include:

MM450, MM550
MM451, MM551

MM452, MM552

Dual Differential
Switch

Four Channel
Switch

Four MOS Transis-
tor Package

Three MOS Tran-
sistor Package

MM455, MM555

These devices are useful in many airborne and
ground support systems requiring multiplexing,
analog transmission, and numerous signal routing
applications. The use of low threshold transistors

® |arge Analog Input Swing +10 Volts
® | ow Supply Voltage VgurLk = +10 Volts
VGG = —20 Volts
® Low ON Resistance V|y = —-10V 15082
VN = +10V 750
®m Low Leakage Current 200 pA @ 25°C
® |nput Gate Protection
B Zero Offset Voltage

Each gate input is protected from static charge
build-up by the incorporation of zener diode pro-
tective devices connected between the gate input
and device bulk.

schematic and connection diagrams

TOP VIEW

OUTPUT
{SOURCE)

TOP VIEW

N.C.

INPUT 1
{DRAIN 1}

INPUT 4
(DRAIN 4}

DRAIN 1]
3 g
GATE 1 st —|
SOURCE 1=

TOP VIEW "

TOP VIEW
GATE2
q

BULK ! 1 SOURCE 4

13

e GATE 4
12
p—D0RAIN 4

AN SOURCE 3

IEINE

INPUT 2 INPUT 3 5 10
(DRAIN 2}’ (DRAIN 3) ORAIN 2 =i p——GATE 3
6 9
GATE 2 GATE3 GATE Z——' p—DRAIN 3
7 8
SULK BULK SOURCE 2= 4 X BULK

NOTE: Pin 5 connected to case and device bulk.
MM450, MM550

NOTE: Pin 5 connected to case and device bulk.
MM451, MM551

typical applications

SWITCH #2 SWITCH #1
EQUIVALENT INPUTS INPUTS
CIRCUIT
ﬁmsu N
| |
| |
_____ | |
T066LE O—1- 1 |
INPUT o_'_& '
|
[ [ _
SWITCH #1 SWITCH #2
oUTPUT ouTPUT
DPDT Analog Switch
VIDED T e T 1 _oume
INPUT 1 l ] [ T OUTPUT #
VIDEQ VIDEO
INPUT 2 OUTPUT #2
TOGGLE
INPUT
2n816 =

DPST High-Frequency Switch

NOTE 1: Pins 1 and 8 connected to case and
device bulk. Drain and Source may he
interchanged. MM452F, MM552F.

NOTE 2: MM452D and MMS&52D (dual-in-line

) have same pin ions as
MM452F and MM552F shown above.

Drain and Source may be interchanged.
MM455, MM555

Mamass -

ANALOG OR | oy

DIGITAL | I

| |

TN —

o b L

i [ — | INTELLIGENGE

= H |

4

4-Channel Multiplexer*

*Expansion in the number of data input lines is
possible by using multiple level series switches
allowing the same decode gates to be used for
all lower rank decoding.

NOTE: Pin 5 connected to case and device bulk.
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MM450/MM550, MM451/MM551, MM452/MM552,{ MM455/MM555

absolute maximum ratings

Gate Voltage (Vgg)
Bulk Voltage (Vgyk)
Analong Input (Vn )
Power Dissipation
Operating Temperature
Storage Temperature

electrical characteristics
STATIC CHARACTERISTICS {(Note 1)

MM450, MM451, MM452, MM455

MMB50, MM551, MM552, MM555

+10V to -30V

+10V

+10V to -20V

200 mW

-55°C to +125°C
-65°C to +150°C

+10V to -30V

+10V

+10V to -20V

200 mW

-25°C to 70°C
-65°C to +150°C

PARAMETER CONDITION MIN| TYP [ MAX | UNITS
Analog Input Voltage 10 \%
Threshold Voltage (VgsT)) Vpg=0,lp=1uA 1.0 2.2 3.0 \
ON Resistance Vi = -10V 150 600 Q
ON Resistance VIN = Vss 75 200 Q
OFF Resistance 10'° Q
Gate Leakage Current (lggg) Vgs=-25V, Vg =0, T, =25°C 20 pA
Input (Drain) Leakage Current
'MM450, MM451, MM452, MM455 Ta=25°C .025| 100 nA
T, =85°C .002 1.0 wA
Ta=125°C 025 1.0| upA
Input (Drain) Leakage Current
MM550, MM551, MM552, MM555 Ta=25C 0.1 100 nA
TA=70°C .030 1.0 uA
Output (Source) Leakage Current
MM450, MM451, MM452, MMA455 Ta=25°C .040( 100 nA
Output (Source) Leakage Current
MM450 TA=85°C 1.0] wA
MM451 T,=85C 1.0 A
MM452, MM455 Ta=85°C 1.0 pA
MM450, MM451, MM452, MM455 Ta=125°C 1.0}  uA
Output (Source) Leakage Current
MM550 T, =70°C 1.0 uA
MMS551 Ta=70°C 1.0 uA
MM552, MM555 Ta=70°C 1.0 uA
DYNAMIC CHARACTERISTICS
Large Signal Transconductance .. :/__'?51 1;120\/' lp=10mA 4000 umhos
CAPACITANCE CHARACTERISTICS (Note 2)
PARAMETER DEVICE TYPE MIN TYP MAX UNITS
Analog Input (Drain) Capacitance (Cpg) ALL 8 10 pF
MM450, MM550 11 14 pF
) MM451, MM551 20 24 pF
Output (Source) Capacitance (Cgg) MM452, MM552 75 11 oF
MM455, MM555 7.5 11 pF
MM450, MM550 10 13 pF
. MM451, MM551 5.5 8 pF
Gate Input C tance (C '
ate Input Capacitance {Cqg) MM452, MM552 55 9 | pF
MM455, MM555 5.5 9 pF
Gate to Output Capacitance (Cgs) ALL 3.0 5 pF

Note 1: The resistance specifications apply for ~65°C < Tp < + 85°C, Vgg = -20V, VeuLK =
+10V, and a test current of 1 mA. Leakage current is measured with all pins held at ground except
the pin being measured which is biased at ~25V.

Note 2: All capacitance measurements are made at O volts bias at 1 MHz.
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typicaldynamic input characteristics (4 =25°C Unless Otherwise Noted)

GSSININ/SSYININ ‘2SSININ/ZSYININ ‘LSSININ/LSPININL “OSSININ/OSPININ

CONDITION 1:
ANALOG INPUT VOLTAGE
AT +10 VOLTS Ron vs VGG Dynamic Rgp
_ 10,000 10 —
Vgp = +10V E = g | Voo = 110V _Vour - 10 7
? /:;A =;555cc [ Vin =410V T /4
A =25° 6 by L,
L% Ta=85°C o L/ Vee= 2l 1l )
: __ 1000 177 Vec =+61—4¥ 7,
Yin @ evorr I PBK Ves AW _ o | //ivea-ral YA
OV £ N Vi = HIOV] i, / | 230 /4
N M
- o« - .
—_ 100 3 z 7
4 > Vgg =0
5 |42 £ QAN e
® o [ Y, Voo = -10
Vgg.=-20
Ve 10 10 =8
+8 0 -8 -6 -22 10 -06 -02 02 406 +HO
Vag (V) AV (V) -
CONDITION 2:
ANALOG INPUT VOLTAGE 5 o
AT O VOLTS Ronvs VGG Dynamic Rgp
10,000 10 - -
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® Vin = 0V—F Vi =0V
T Vin=0V o LV ] ’ / B
Voo = -4V b
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CONDITION 3:
ANALOG INPUT VOLTAGE .
AT -10 VOLTS Ron vs VGG Dynamic Ron
100,000 — 0 —
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. Drain‘Current vs
Ron Vs VGG Typical Drain Characteristics Gate To Source Voltage
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MM450/MM550, MM451/MM551, MM452/MM552, MM455/MM555

typical input capacitances

Cin (pF)

MM450, MM550
Cinvs ViN
==
50 Vgg = +10V
40
30
20 bvgg = -20V==<
10 _‘chcf"‘W _L(
——
5 Vg = 0V bt
4 I 1 ——
3 [Vgg =+10V ]
L [
1
-0 -6 -2 42 46 410
Viy (V)

Cin (pF)

MM451, MM551

C|NVSV'N
=
———
50 V?g=*1ﬂv
o Voo =-20v_]
20 L
Voo =-10v i
w g ]
5 7 VGG’"IV II:
" - P -
: e Vgg = +10V ]
1
-10 ~6 -2 +2 +6 +10
Vin (V)

Ciy (pF)

MM452, MM552 , MM455, MM555

Cinvs VN
=S
50 Vgg = +10V
40
30
20
Vgg = —20V
10
F=Vgg =10V
5 H—++—+—1
L) H Vg =0V 7
3 = /
2= Voo = H10V
1 | 1
-10 -6 -2 +2 +6 +10
Vin (V)

144




NN

Analog Switches

MM454/MMbB54 four-channel commutator

general description

The MM454/MM554 is a four-channel analog com-
mutator capable of switching four analog input
channels sequentially onto an output line. The
device is constructed on a single silicon chip using
MOS P Channel enhancement transistors; it con-
tains all the digital circuitry necessary to sequen-
tially turn ON the four analog switch transistors
permitting multiplexing of the analog input data.
The device features:

® High Analog Voltage Handling
8 High Commutating Rate

10V
500 kHz

® Low Leakage Current (T, = 25°C) 200 pA
(Ta =85°C) 50 nA

® A}l Channel Blanking input provided

® Reset capability provided

# Low ON Resistance 20052

In addition, the MM454/MM554 can easily be
applied where submultiplexing is required since a
4:1 clock countdown signal is provided which can
drive the clock input of subsequent MM454/MM554
units.

schematic and connection diagrams

ANALOG
INPUTS
‘ ' LT
-
3 LI 3 __anaLos
B ouTPUT
2 LI
T
1 L
P~ —~ ——
ALL CHANNEL
BLANKING
iN . ®
WeuT P 0A a8 oUTPUT
A 1 CP B 4:1
- _ COUNTDOWN
QA ™ OBI
RESET é
NO CONNECTION =t — B voo
Voo —24 13 GUTPUT 4:1 COUNTDOWN

3 FOUR BIT

CLOCK INPUT COUNTER

AND
DECODER
RESET

ALL CHANNEL BLANKING ]

12

NG CONNECTION —5'

—
I
Gl

-IE__—— NO 1 ANALOG INPUT

L NO.2 ANALOG INPUT

L% No.3 ANALOG INPUT

9
p=——— N0.4 ANALOG INPUT

BULK

V55 ek

& ANALOG OUTPUT

- NOTE Pin7 connected to case and to device bulk. Nomunal Dperating Voltages: V¢ = -20V:;
Voo = 0V; Vgs = +12V, RESET BIAS = +12V OV for RESET), ALL CHANNEL
BLANKING BIAS = +12V OV for BLANKING)
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MM454/MM554

absolute maximum ratings (Note 1)

Gate Voltage (Vgg) +10V to -30V
Bulk Voltage {Vgg) +10V
Analog Input (Vy) +10V to -20V
Power Dissipation 200 mW

Operating Temperature MM454
MM554
Storage Temperature

static characteristics (Not 2)

-55°C to +125°C
-25°C.to +70°C
—-65°C to +150°C

PARAMETER CONDITION MIN TYP MAX UNITS
Analog Input Voltage 10 \%
ON Resistance Viny = -10V 170 600 Q
ON Resistance Vin = Vss 90 200 Q
OFF Resistance 10'° Q
Analog Input Leakage Current MM454 “*Ta = 25°C .050 100 nA
MM454 T =85°C .006 1.0 uA
MM554 Ta=25"C .0001% 100 nA
MM554 T, =70°C .030 1.0 UA
Analog Output Leakage Current MM454 Ta = 25°C 0.100 100 nA
MM454 Ta=85°C .30 1.0 uA
MM554 Ta=25C .0001 [ 100 nA
MM554 Ta=70°C .030 1.0 UA
Vss Supply Current Drain © Vgg = +12V 38 55 mA
Vgg Supply Current Drain Vgg = -24V 24 3.5 mA
capacitance characteristics
PARAMETER- CONDITION MIN TYP MAX UNIT
Analog Input Capacitance Channel OFF Ihin =0 4 6 pF
Analog Input Capacitance Channel ON In=0 20 24 pF
Analog Output Capacitance Iin =0 20 24 pF
Clock Input Ve =+12V 20 pF
Reset Input Vgeset = +12V 2.0 pF
Blanking Input VgLank = +12V 20 pF
clock characteristics (Note3)
PARAMETER CONDITION MIN TYP MAX UNIT
Clock Input (HIGH}(*) Vsg -2 | & Vss v
Clock Input (LOW) -5 0 +5 \Y)
Clock Input Rise Time (POS GOING) No requirement
Clock Input Fall Time (NEG GOING) 20 usec
Countdown Output (POS) Vo Vgg -2 Vss \Y
Countdown Qutput (NEG) Vo 0 Y
Maximum Commutation Rate 0.5 20 MHz
Vss +10.0 +12 +14 \)

Note 1: Maximum ratings are limiting values above which the device may be damaged. All voltages
referenced to Vpp = 0.

Note 2: These specifications apply over the indicated operating temperature range for Vgg = -24V,
Vpp = 0V, Vgg = +12V, VRESET = +12V, VBLANK = +12V. ON resistance measured at 1 mA,
OFF resistance and leakage measured with all analog inputs and output common. Capacitance measured
at 1 MHz.

Note 3: Operating conditions in Note 2 apply. Vgg to Vpp (0V) voltage is applied to counting and
gating circuits. VG@ is required only for analog switch biasing. All logic inputs are high resistance and
are essentially capacitive.

Note 4: Logic input voltage must not be more positive than Vgs.
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typical performance characteristics

RON vs Analog Voltage

- 260 1 T 1

2 Voo =0V  —

S Veurk = +12V

2 Vg =24V |

g Vgs =+12V

=Z 1%

8% T - +85°C

x = T

[ N Ta = +25°C

s 140 &

3 N

e N N~

3 100 » ~

E Ta =-55°C — [t
—

SOOI

-10-8 -6 -4 -2 0 +2 +4 +6 +8 +10
Vin ANALOG INPUT VOLTAGE (V)

Plus V| (max) vs VBULK

14

13
.

"g 12
z
b

3 "
o
>

10

+9

+9 10 11 12 13 14

V., MAXIMUM POSITIVE GOING
ANALOG EXCURSION (V)

timing diagram

ANALOG SWITCH INPUT CAPACITANCE
Cin (pF)

CIN vs VN

| I A

I

[ |

CHANNEL "ON" |_A"
|

1.‘.MAIMI!EI. “OFF’

11
[ T 1

-10 -8 -6 -4 -2 0 +2 +4 +6 +8 +10

-30
-28

Vee (V)

Vin ANALOG INPUT VOLTAGE (V)

Minus V| (max) vs Vgg

-
1

!
!
°C

—1-Ta=+85

Ta = +25°C—

4. 4 i
LN
i~ Ta =-55°C—

0 -2 -4 -6 -8 -10 -12-14 -16 -18 -20

Vin MAXIMUM NEGATIVE
ANALOG EXCURSION (R,, = 1 KQ)} (V)

IN1

1

_I1

oN
OFF

CH2

oN
cH1 OFF——,—I »
11

1

i CH3 oN
OFF

1

[T L
o

che ON

OFF

1
1

1
1

QUTPUT 0"
COUNTDOWN “1” '—l__l'_—l
P

NOTE: “0” LEVEL = +12V
“1” LEVEL= 0V (GND)
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AHO0120, AHO0130, AHO0140, AHO0150, AH0160 Series

Analog Switches

NS

AHO0120/AH0130/AH0140/AH0150/AH0160
series analog switches

general description

The AHO0100 series represents a complete family Gate to drain bleed resistors eliminated

of junction FET analog switches. The inherent ® Fast switching, ton is typically .4 us, topg is
flexibility of the family allows the designer to 1.0 us
tailor the device selection to the particular appli- m QOperation from standard op amp supply volt-

cation. Switch configurations available include dual

DPST, dual SPST, DPDT, and SPDT. rgson;) ranges

from 10 ohms through 100 ohms. The series is

available in both 14 lead flat pack and 14 lead

cavity DIP. Important design features include:

® TTL/DTL and RTL compatible logic inputs

8 Up to 20V p-p analog input signal

" rggon) less than 102 (AHO0140, AHO141,
AHO0145, AHO0146)

L] Analoé éignals in excess of 1 MHz

s “OFF"” power less than 1 mW

ages, £15V, available (AHO0150/AH0160 series)
® Pin compatible with the popular DG 100 series.

The AHO100 series is designed to fulfill a wide
variety of analog switching applications including
commutators, multiplexers, D/A converters, sample
and hold circuits, and modulators/demodulators.
The AHO0100 series is guaranteed over the tempera-
ture range -55°C to +125°C; whereas, the
AHO0100C series is guaranteed over the temperature
range ~25°C to +85°C.

schematic diagrams
DUAL DPST and DUAL SPST

]

DPDT (diff.) and SPDT (diff.)

l,

-t

s

$3)

7t E 7
I, le
b4

v
Itnanie

gl

=
—L‘_,,E:

r_/]_1 ¥
AY! {l:
VAl

77

N

=

. — - I gl
S AR 1l i | .
" 1 " 1 w
i 1 ! | I
R A= _J A O
Note: Dottedline portions are not applicable to the dual SPST. Note: Datted line portions are not zppﬁm;ie to the $POT (ditferential).
logic and connection diagrams
DUAL DPST - DUAL SPST - DPDT (Diff) . SPDT (Diff)
i 1 it
. : M a . :
w s H . A . .
s _ H ./:(A 5, A 5 s "
: oA ! 3 s

[ I
niEhRBLE Yoo v o

HIGH LEVEL (£10V} HIGH LEVEL (:10V) HIGH LEVEL (:10V} HIGH LEVEL (:10V)

AHO0140'(1082) AH0141 (1092) AH0145 (109Q2) AHO0146 (1092)

'AH0129 (3002} AHO0133 (309} AHO0139 (30Q2) . AH0144 (3002}

AHO0126 (80Q) AH0134 (8052} AH0142 (80%2) AHO0143 (80%2)
MEDIUM LEVEL (£7.5V) MEDIUM LEVEL (£7.5V) MEDIUM LEVEL (£7.5) MEDIUM LEVEL (+7.5V)

AH0153 (15Q2) AHO0161 (159Q) AHO0163 (159) AHO0161 {15692)

AHO0154 (5052) AH0152 (5092) AHO0164 (50%2) AHO0162 (5092)
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absolute maximum ratings

High Medium

Level Level
Total Supply Voltage (V" - V™) 36V 34v
Analog Signal Voltage (V* - V5 or V4 - V') 30V 25V
Positive Supply Voltage to Reference (V' - Vg) 25V 25V
Negative Supply Voltage to Reference (Vg - V™) 22V 22V
Positive Supply Voltage to Input (V" = V|y) 25V 25V
Input Voltage to Reference (V |y - VR) 6V 6V
Differential Input Voltage (Vy - Vin2) 6V BV
Input Current, Any Terminal 30 mA 30 mA
Power Dissipation See Curve

AHO0100 Series
AHO100C Series

-55°C to +125°C
~25°C to +85°C
-65°C to +150°C

Operating Temperature Range

Storage Temperature Range

Lead Temperature (Soldering, 10 sec)

300°C

electrical characteristics for “HIGH LEVEL" Switches (Note 1)

DEVICE TYPE

CONDITIONS

LIMITS

PARANETER SYMEOL | uaL DUAL | DPOT SPDT vt=120v,v =-18 (;V Vg = 0.0V Tvp | max T
pPsT | spsT | (DIFR) | (DIFF) B S YR
Logic “1"” . Ta=25°C 2.0 60 A
|
Input Current finion) All Circuits Note 2 Over Temp. Range 120 HA
Logic ‘0" _ Ta=25°C 01 K| UA
Input Current IinorF) AllL Circuits Note 2 Over Temp. Range 2.0 UA
Positive Supply Current | . - : Ta=25°C 2.2 3.0 mA
Switch ON " on) All Circuits One Driver ON Note 2 Over Temp. Range 33 A
Negative Supply . - ) Ta=25°C -1.0 -1.8 mA
Current Switch ON - Mo Al Circuits One Driver ON Note 2 Over Temp. Range -2.0 mA
Reference Input - . Ta=25°C -1.0 -1.4 mA
{Enable) ON Current Trom All Circuits One Driver ON Note 2 Over Temp. Range -1.6 mA
Positive Supply + - _ _ Ta=25C 1.0 10 KA
Current Switch OFF orr) Al Circuits Vin = Ving = 0.8V Over Temp. Range 25 KA
Negative Supply - - _ _ Ta=26°C ~1.0 -10 HA
Current Switch OFF I"ore) Al Circuits Vina = Vinz = 0.8V Over Temp. Range =25 uA
Reference Input - _ _ Ta=25°C -1.0 | <10 kA
(Enable) OFF Current Incore) All Cireuits Vina = Ving = 0.8V Over Temp. Range -25 MA
] . Vp = 10V Ta=25C 45 80 Q
h R 1 [} A
Switch ON Resistance Tas(ON) AH0126 | AHO134 | AHO142 | AHO143 Io=1mA Over Temp. Range 150 Q
. . Vp =10V Ta=25°C 125 30 Q
Switch ON Resistance Tds(ON) AHO129 | AHO133 | AHO0139 | AHO144 Io=1mA Over Temp. Range 60 Q
i . Vp = 10V Ta=25°C 8 10 Q
Switch ON Resistance Tas(ON) AH0140 | AHO141 | AHO145 | AHO146 Ir =1 mA Over Temp. Range 20 )
) - o Ta=25°C 01 1 nA
Driver Leakage Current | (Ig + Islon A|lv Circuits . Vp=Vg==-10V Over Temp. Range 100 A
Switch Leakage Iscore) OR | AHO126 | AHO134 | AHO142 | AHOD143 Voo = £20V Ta=25°C 0.8 1 nA
Current Yot0FF) AHO129 | AHO133 | AHO139 [ AHO144 bs == Over Temp. Range 100 nA
Switch Leakage Isorr) OR . Ta=25°C 4 10 nA
Current ooem AHO0140 | AH0141 | AHO145 | AHO146 Vos = 20V Over Temp. Fange —To A
L 0 T t AHO0126 | AHO134 | AHO0142 | AHO143 See Test Circuit : 05 08 s
Switch TurnON Time | ton AHO120 | AHO133 | AH0139 - | AHO144 Va=£10V To=25°C : - k
i 5 See Test Circuit ; .
Switch Turn-ON Time ton. AHO0140 | AHO141 AH0145 AHO146 Va=*10V T, =26°C 0.8 1.0 us
N ) AHO126 | AHO134 | AHO142 | AHO143 See Test Circuit
Switeh Turn-OFF Time | torr AH0129 | AH0133 | AH0139 | AHO144 Va=£10V T, =25°C 08 18 [ s
. ) ; See Test Circuit . 5
Switch Turn-OFF Time | tofre AH0140 | AHO141 | AH0145 | AHO146 Va=£10V Tp= 25°C 1.1 2.5’ u.s

Note 1: Unless otherwise specified these limits apply for ~556°C to +125°C for the AH0100 series
and -25°C to +85°C for the AHO100C series. All typical values are for T = 25°C.

Note 2: For the DPST and Dual DPST, the ON condition is for Vyy = 2.5V; the OFF condition
is for V|y = 0.8V. For the differential switches and SW1 and 2 ON, V|n2 = 2.5V, Vin1 = 3.0V.
For SW3 and 4 ON, VN2 = 2.5V, VN1 = 2.0V. '
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AHO120, AHO130, AH0140, AHO150, AHO160 Series

/

electrical'characteristics for.“MEDIUM LEVEL" Switches (Note 1)

I

DEVICE TYPE

LIMI1;S

CONDITIONS
PARAMETER SYMBOL | puaL | puaL | pual | seot ‘. - . uNITS
DPST SPST DPDT (DIFF) V' =+15.0V, V™ = -15V, Vg =0V TYP MAX
Logic 1" - Ta=25°C 20 60 uA
Input Current fincons Al Circuits Note 2 QOver Temp. Range 120 HA
Logic “0" o Ta=25°C .01 0.1 HA
“Input Cufrent hinoFF) Al C'm»l‘ms Note 2 Over Temp. Range 2 uA
Positive Supp!yr N L . Ta =25°C 2.2 3.0 mA .
Current Switch ON Mom Al Cireuits One Driver ON Note 2 Over Temp. Range 3.3 mA
Negative Supply I . . Ta=25"C -1.0 -18 mA
Current Switch ON iom Al Circuits One Driver ON Note 2 Over Temp. Range 20 mA
* Reference Input - . L ) o Ta=25°C -1.0 -1.4 mA
(Enable) ON Currént Iriom) All Cireuits One Driver ON Note 2 Over Temp. Range : 16 mA
Positive Supply . ' - _ _ Ta=25°C 10 10 HA
Current Switch OFF L Al Circuits Vint = Vinz = 08V Over Temp. Range 25 MA
Negative Supply - o _ _ Ta=25"C -1.0 -10 uA
Current Switeh OFF " (orF) Al Circuits Ving = Vino = 0.8V Over Temp. Fange T3 Ty
Reference Input o . _ Ta =25°C -1.0 -10 uA
(Enable) OFF Current LICLE Al Circuits Vint = Ving = 0.8V Over Temp. Range -25 uA
. , Vp = 7.5V Ta=25C 10 15 Q
itch o A
Switch ON Resistance TaslON) AHO0153 | AHO151 | AHO163 { AHO161 Ip=1mA Over Temp, Range ) S
. ) . Vp = 7.6V Ta=25°C | 45 50 Q
Swntcb ON Resistance 4s{ON) AHO0154 | AHO0152 | AHO164 | AHO0162 o =1mA Over Temp. Range 700 9}
. P _— L Ta=25°C 01| 2 nA
Driver Leakage Current | (lp + Islon All Circuits Vp = Vg = -7.5V Gver Temp, Range 500 oA
Switch Leakage looFF) OR Ta = 25°C 5 10 nA
: 1 H =t
Current lsioer) - AHOTS3 | AHOI51 | AHO163 | AHO161 Vos f‘15v Over Temp. Range 1.0 uA
Switch Leakage ~ ' IpioFe OR Ta=25°C 1.0 20 | nA
H 2 1 H = 115, =
Current ‘lsorr) - A 0154 | AHO15 AHO184 | AHO162 Vos = $15.0V Over Temp. Range 200 nA
. N See Test Circuit )
Switch Turn-ON Time ton AHO0153 | AHO151 | AHO0163 | AH0161 Va =%7.5V 0.8 1.0 Ms
‘ Ta=25°C
. | : See Test Circuit
Switch Turn-ON Time ton AHO154 | AHO0152 | AHO164 | AH0162 Va =175V 0.5 0.8 Ms
. Ta=25°C
| See Test Circuit
Switch Turn-OFF Time | tore AHO0153 | AHO151 | AHO163 | AHO161 Va=%7.5V 1.1 2.5 us
Ta=25°C
See Teést Circuit
Switch Turn-OFF Time | tore AHO154 | AHO152 | AHO164 | AH0162 Va=%7.5V 0.9 1.5 us
Ta=25°C
.

Note 1: Unless otherwise specified, these limits apply for —-55°C to +125°C for the AHO100 series
and -25°C to +85°C for the AHO100C series. All typical values are for T o = 26°C.

Note 2: For the DPST and Dual DPST, the ON condition is for Vi = 2.5V; the OFF condition
is for V| = 0.8V. For the differential switches and SW1 and 2 ON, VN2 = 2.6V, VN1 = 3.0V.
For SW3 and 4 ON, VN2 = 2.5V, VN1 = 2.0V.
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typical performance characteristics

Power Dissipation
vs Temperature

ON Supply Current
vs Temperature

tds(ON) vs Temperature
AH0120 thru AHO0140 Series
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rds(ON) vs Temperature Leakage Current vs Temperature Leakage Current vs Temperature
AHO0150/AH0160 Series AHO0120, AH0130, & AHO0140 AH0150 & AH0160
100 1000 1000
V' =120V V= +15V f
V=180V V™= _15V T
— _ Vp OR Vg = 10V z Vp OR Vg = 7.5V
S HO154, AHO15 I 100 = p <100
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«c Iy w
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Single Ended Switch Input Differential Switch Input
Threshold vs Temperature Threshold vs Temperature
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s S AL SWITCHES 0N 3 ALL SWITCHES ON —
a T .
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2 : £ I— ALL SWITCHES OFF
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= 1 3
™ Ving = Vin21 2 0.3V z
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switching time test circuits
Single Ended Input Differential Input
v
Vo 25V 25v
v v oo o fI 1
I va | ov
" 12 n| 2 | ok | 0%
o !
Viv Vi O— S 1]l [
- Vinz = 2.5V O] L - _-_J o | : Val |
: |
oUTPYT 0 va g\:g;u'r —'-1|x°,.|—n— —-: tore [=—
= ® = outeur S 21k | ov | BN
swia2 | 0% | 0%
L SW384 1 | h
- - - OUTPUT | | ] l
Va1 [ wl [1
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AHO0120, AH0130, AH0140, AHO0150, AHO160 Series

applications information

1. INPUT LOGIC COMPATIBILITY

A. Voltage Considerations

In general, the AHO100 series is compatible with
most DTL, TTL, and RTL logic families. The ON-
input threshold is determined by the Vgg of the
input transistor plus the Vs of the diode in the
emitter leg, plus | x Ry, plus Vg. At room
temperature and Vg = 0V, the nominal ON thres-
hold is: 0.7V +0.7V+0.2V,=1.6V.Over temperature
and manufacturing tolerances, the threshold may
be as high as 2.5V and as low as 0.8V. The rules
for proper operation are:

Vin = VR > 2.5V All switches ON
Vin - VR < 0.8V All switches OFF

B. Input Current Considerations

linton). the current drawn by the driver with
Vin = 2.5V is typically 20 A at 25°C and is guar-
anteed less than 120 uA over temperature. DTL,
such as the DM930 series can supply 180 uA at
logic 1" voltages in excess of 2.6V. TTL output
levels are comparable at 400 uA. The DTL and
TTL can drive the AHO100 series directly. How-
ever, at low temperature, DC noise margin in the
logic ‘1" state is eroded with DTL. A pull-up re-
sistor of 10 k§2 is recommended when using DTL
over military temperature range.

If more than one driver is to be driven by a DM930
series (6K) gate, an external pull-up resistor should
be added. The value is given by:

1
Rp = N=1 forN>2
where:

Rp = value of the pull-up resistor in k2

N = number of drivers.

C. Input Slew Rate

The slew rate of the logic input must be in excess
of 0.3V/us in order to assure proper operation of
the analog switch. DTL, TTL, and RTL output
rise times are far in excess of the minimum slew
rate requirements. Discrete logic designs, however,
should include consideration of input rise time.

2. ENABLE CONTROL

The application of a positive signal at the Vg

terminal will open all switches. The Vg (ENABLE)
signal must be capable of rising to within 0.8V of
V(N(ON) in the OFF state and of sinking IH(ON)
milliamps in the ON state (at V|yoon) = VR >
2.5V). The Vg terminal can be driven from most
TTL and DTL gates. ‘

3. DIFFERENTIAL INPUT CONSIDERATIONS

The differential switch driver is essentially a differ-
ential amplifier. The input requirements for proper
operation are:

2.5 S (VIN1 or VINZ) - VR S 5V

The differential driver may be furnished by a DC
level as shown below. The level may be derived
from a voltage divider to V¥ or the BV V¢ of
the DTL logic. In order to assure proper operation,
the divider should be "stiff”" with respect to 1;yo.
Bypassing R1 with a 0.1 uF disc capacitor will
prevent degradation of ton and togg.

v
>
T 3K A2
DM7400 >
H:),Vﬁ - Viu Pe---
Vinz
| ol
28v Ve # /E Sk Va

Alternatively, the differential driver may be driven
from a TTL flip-flop or inverter.

OM5470 1/6 DM5404

v v
py B Vi e
e > Vinz
i A E: ——-
Va

Connection of a 1 mA current source between Vg
and V™ will allow operation over a 210V common
mode range. Differential input voltage must be less
than the 6V breakdown, and input threshold of
2.5V and 300mV differential overdrive still prevail.

Sov [T "
CM RANGE

18V

ey
[T 16K

18V
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4. ANALOG VOLTAGE CONSIDERATIONS

The rules for operating the AHO0100 series at
supply voitages other than those specified essen-
tially breakdown into OFF and ON considerations.
The OFF considerations are dictated by the maxi-
mum negative swing of the analog signal and the
pinch off of the JFET switch. In the OFF state,
the gate of the FET is at V™ + Vgg + VgaT OF
about 1.0V above the V™ potential. The maximum
Vp of the FET switches is 7V. The most negative
analog voltage, V, swing which can be accomo-
dated for any given supply voltage is:

IVAlg |V"|— Vp - VBE - VSAT or
IV AI<IVT1-8.0 or IVTI>IV,41+8.0V

For the standard high level switches, Vo <|- 18I
+8 = -10V. The value for V* is dictated by the
maximum positive swing of the analog input volt-
age. Essentially the collector to base junction of
the turn-on PNP must remain reversed biased for
all positive value of analog input voltage. The base
of the PNP is at V¥ — Vgat — Vge or V7 - 1.0V.
The PNP’s collector base junction should have at
least 1.0V reverse bias. Hence, the most positive
analog voltage swing which may be accommodated
for a given value of V' is:

typical applications

Programmable One Amp Power Supply

Va <V~ Vgar - Vge - 1.0V or

VA< V" -2.0Vor V" >Vu+2.0V

For the standard high level switches, V5 = 12 -
2.0V =+10V.

5. SWITCHING TRANSIENTS

Due to charge stored in the gate-to-source and
gate-to-drain capacitances of the FET switch, tran-
sients may appear in the output during switching.
This is particularly true during the OFF to ON
transition. The magnitude and duration of the
transient may be minimized by making source
and load impedance levels as small as practical.

ANALOG Al
INPUT

>

Furthermore, transients may be minimized by
operating the switches in the differential mode;
i.e., the charge delivered to the load-during the
ON to OFF transition is, to a large extent, can-
celled by the OFF to ON transition.

R E\l\F AHO15T 4';_:‘“‘“ i
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" i 1 s
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1 1 | 1 1
ﬂsvolnl | ‘
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| | |
" |_! i m
n[:mv LJTW“" l l Vour = (Polarity) x (BCD Code) x Vger

Four to Ten Bit D to A Converter (4 Bits Shown)

TTL/DTL BCD INPUTS

lour — 2A peak, 1A continuous
Voyr Range — +12V

DISABLE Full Scale Acquisition Time — 8 us.
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AHO0120, AHO0130, AH0140, AHO0150, AHO160 Series

typical applications (con’t)

Four Channel Differential Transducer Commutator
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Delta Measurement System for Automatic Linear Circuit Tester
- TYPICAL DEVICE - wl AR, _]' A
| T TEST ADAPTER | | | | sV M
| 1 | | J +5v
I ' 7| Io 12
D.uT. I l i | 100K
| dux 2 3 yd__l : | f— n AAA N TO A/D CONVERTER
| VOLT. REG ) | | | | SAMPLE AND s —
s 1000 1w | 1 : | 8 HOLD L] LHIa0A Eour
9 .
l Jg‘ = [ 2 al .....: [ T lm "vo‘tf N ¢
s 1
| | > 0 -% )
I L] NHDOI 1 I w I . = =
| I CURRENT DRIVE j | 2] T
L_____________i_]'“ A5V +18v st
A
o Analog Input Range — £7.5V
J:‘ Eour = 10x (Analog Input 2 — Analog Input 1)
Note: 51 must be open for 50 s min to take frist reading with 1, = 50 mA, Second reading is taken with S2 closed. Error Rate — 0.01% F.S./sec
With $1 and other setup foreing functins under computer cantra, system waill messure line and Ioad regufation on
voltage regulatars, voltage gain, offst crrent, 5 othercircuits requiri
ment of the chinge of  parameter with the change of & forcing function.
Precision Long Time Constant Integrator with Reset Four Channel Commutator
& tongppon
e Lo P P
a0 _ P
A ettt W nhar T g
conwnet 10— T

oL 3 .
RESET Qmmrened )
i

L o
ol
*Note: Vog adjusted to zero. e ¥V

CHAnNEL

CHANNEL

CHARKEL

AL chawmeL
Wwigit T

Integration Internal = 10 sec

Integration Error = 100 uV

Reset Time: 30us
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Analog Signal Range: 15V p-p
Sample Rate: 1 MHz
Acquisition Time: 25 us

Drift Rate: 0.5 mV/sec
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Analog Switches

AH2114 /AH2114C DPST analog switch

general description

" The AH2114 is a DPST analog switch circuit com-
prised of two junction FET switches and their
associated driver. The AH2114 is designed to fulfill
a wide variety of high level analog switching appli-
cations including multiplexers, A to D Converters,
integrators, and choppers. Design features include:

® Low ON resistance, typically 7582
® High OFF resistance, typically 10'Q
®m |arge output voltage swing, typically £10V

® Powered from standard op-amp supply voltages
of 215V :
® Input signals in excess of 1 MHz

® Turn-ON and turn-OFF times typically 1 us

The AH2114 is guaranteed over the temperature
range -55°C to +125°C whereas the AH2114C is
guaranteed over the temperature range 0°C to
+85°C.

schematic and connection diagrams
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AH2114/AH2114C

absolute maximum ratings

Vplus Supply Voltage

Vminus Supply Voltage
Vplus—Vminus Differential Voltage
Logic Input Voitage

Power Dissipation (Note 3)
Operating Temperature Range

+25V
-25V
40V
.28V
1.36W

AH2114 -55°C to +125°C
AH2114C 0°C to +85°C
Storage Temperature Range —65°C to +125°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics (Notes 1 and 2)

AH2114 A AH2114C
PARAMETER CONDITIONS UNITS
MIN TYP MAX | MIN TYP MAX

Static Drain-Source Ip=1.0mA, Vgs =0V, Tp = 25°C 75 100 75 125 Q

“On’’ Resistance Ip = 1.0 mA, Vgg = 0V 150 160 Q

Drain-Gate Vps = 20V, Vgg = -7V, Ta = 26°C 0.2 1.0 02 50 nA

Leakage Current 60 60 nA

FET Gate-Source lg = 1.0 A 35 35 \Y

Breakdown Voltage Vps = 0V

Drain-Gate Vpg =20V, Ig=0 4.0 5.0 4.0 5.0 pF

Capacitance f=1.0MHz, T5 = 25°C

Source-Gate Vpg =20V, Ip=0 4.0 5.0 4.0 5.0 pF

Capacitance =1.0MHz, Tp = 25°C

Input 1 Turn-ON Time |V nq = 10V, Ta = 25°C 35 60 35 60 ns
(See Figure 1)

Input 2 Turn-ON Time |V yz = 10V, T4 = 25°C 1.2 1.5 1.2 1.2 us
(See Figure 1)

Input 1 Turn-OFF Time{V,n7 = 10V, T4 = 25°C 0.6 0.75 0.6 0.75 us
(See Figure 1)

Input 2 Turn-OFF Time|V N2 = 10V, T = 25°C 50 80 50 80 ns
(See Figure 1)

DC Voltage Range Ta=25°C £9.0 *10.0 9.0 *10.0 v
(See Figure 2)

AC Voltage Range Ta=25C £9.0 10.0 +9.0 *10.0 \
(See Figure 2)

Note 1: Unless otherwise specified these specifications apply for pin 12 connected to +15V, pin 2
connected to —15V, -55°C to 125°C for the AH2114, and 0°C to 85°C for the AH2114C.

Note 2: All typical values are for T = 25°C.

Note 3: Derate linearly at 100°C/W above 25°C.
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Analog Switches

AM1000,AM1001,AM1002 silicon N-channel

high speed analog switch

general description

The AM1000 series are junction FET integrated cir-
cuit analog switches. These devices commutate
faster and with less voltage spiking than any other
analog switch presently available. By comparison,
discrete JFET switches require elaborate drive cir-
cuits to obtain reasonable performance for high
toggle rates. Encapsulated in a four pin TO-72
package, these units require a minimum of circuit
board area. Switching transients are greatly reduced
by a monolithic integrated circuit process. The
resulting analog switch device provides the follow-
ing features:

3002
100 MHz

m | ow ON Resistance
® High Analog Signal Frequency

® High Toggle Rate 4 MHz
® Low Leakage Current 250 pA
® | arge Analog Signal Swing 15V
®m Break Before Make Action

The AM1000 series of analog switches are particu-
larly suitable for the following applications:

High Speed Commutators
Multiplexers

Sample and Hold Circuits
Reset Switching

Video Switching

schematic diagram

TO-72 Package

TOP VIEW

typical applications

+10 Volt Swing Analog Switch 0.5% Accuracy
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AM1000, AM1001, AM1002

absolute maximum ratings

300 mw

AM1000 Power Dissipation @ T, = 256°C
AM1001 AM1002 Linear Derating Factor 1.7 mW/°C
V) (Note 1) +50V +40V Power Dissipation @ T¢ = 125°C 150 mW
Vour (Note 1) +50V +40V Linear Derating Factor ) . 6 mW/:C
Vorive (Note 1) 50V _40Vv Maximum Junction Operating Temperature -55"C to +150°C
Vaias (Note 1) +50V +40V Storage Temperature +200°C
Lead Temperature (Solding, 10 sec) +300°C
electrical characteristics
ON CHARACTERISTICS (Note 2) :
PARAMETER CONDITION MiN TYP MAX UNITS
Ron Vprive =+15V, Vgjas = =16V AM1007 20 40 50 Q
i =1mA, Voyr =0V
Ron Vorive = +10V, Vgiag = - 10V AM1000 20 25 30 Q
hn =1mA, Vour =0V AM1002 20 50 100 Q
OFF CHARACTERISTICS
AM1000 AM1002
PARAMETER CONDITION AM1001 ) UNITS
MIN TYP MAX MIN TYP MAX
louT (0FR) VoRrive = -20V, Vgjag = =10V
Vin = =10V, Voyr = +10V
Ta=+25°C .05 .25 0.5 1 nA
Ta=+125°C 025 .25 0.2 1 HA
louT (0FF) Vorive = -20V, Vgag = ~10V
Vin = +10V, Vgour = -10V
Ta=+25°C .05 .25 0.5 1 nA
Ta=+125°C .05 .25 0.2 1 HA
DRIVE CHARACTERISTICS {(Note 3)
PARAMETER CONDITION MIN TYP MAX UNITS
loRrive Vprive = -20V, Vgias =-10V  AM1000, 1001, 1002 5 10 mA
(Switch OFF) Vin =310V, Voyt =210V '
SWITCHING CHARACTERISTICS
AM1000 AM1001 AM1002
PARAMETER CONDITION
MAX MAX MAX UNITS
t
ON See Switching Time 100 150 200 ns
tore Test Circuit 100 100 100 ns
Note 1: The maximum voltage ratings may be appiied between any pin or pins simultaneously. Power
dissipation may be exceeded in some modes if the voltage pulse exceeds 10 ms. Normal operation will
not cause excessive power dissipation even in a "D.C."” switching application.
Note 2: All parameters are measured with external silicon diodes. See electrical connection diagram
for proper diode placement.
Note 3: | gjas (Switch OFF) is equal to | pRryvE (Switch OFF). 1(gjag) (Switch ON), is equal
to external diode leakage.
Note 4: Rise and fall times of VpR)yEg shall be 15 ns maximum for switching time testing.
switching time test circuit and waveforms
‘ -
Vorwe : :
i |
3 L
o - -l ?*nm
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Analog Switches

AM3705/AM3705C 8-channel MOS analog multiplexer

general description

The AM3705/AM3705C is an eight-channel MOS
“analog multiplex switch. TTL compatible logic
inputs that require no level shifting or input
pull-up resistors and operation over a wide range
of supply voltages is obtained by constructing the
device with low threshold P-channel enhancement
MOS technology. To simplify external logic re-
quirements, a one-of-eight decoder and an output
. enable are included in the device.

Important design features include:
® TTL/DTL compatible input logic levels
m QOperation from standard +5V and -15V supplies

® Wide analog voltage range — *5V
® One-of-eight decoder on chip

Output enable control

Low ON resistance — 15082
Input gate protection

Low leakage currents — 0.5 nA

The AM3705/AM3705C is designed as a low cost
analog multiplex switch to fulfill a wide variety of
data acquisition and data distribution applications
including cross-point switching, MUX front ends
for A/D converters, process controllers, automatic
test gear, programmable power supplies and other
military or industrial instrumentation applications.

For information on other National analog switches,
see listing on page 162.

block diagram (miL-STD-806B)

DATA INPUT

CHANNEL NO.S
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*Both Vs lines are internally
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truth table

connection diagram
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typical applications

Buffered 8-Channel Multiplex, Sample and Hold
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'AM3705/AM3705C

absolute maximum ratings

Positive Voltage on Any Pin (Note 1) +0.3V
Negative Voltage on Any Pin (Note 1) -35V
Source to Drain Current +30 mA
Logic Input Current +0.1 mA
Power Dissipation {Note 2) 500 mW
Operating Temperature Range AM3705 -55°C to +125°C
AM3705C -25°C to +85°C
Storage Temperature Range -65°C to +160°C
Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics (Note3)
LIMITS
PARAMETER SYMBOL CONDITIONS N VP WAX UNITS
ON Resistance Ron Vin = Vss; lout = 100 uA 80 250 Q
ON Resistance Ron Vin = -5V, loyt = —-100 nA 160 400 Q
ON Resistance Ron VN = =BV, loyt = =100 uA
AM3705 Ta=+125°C 400 Q
AM3705C Ta=+70°C 400 Q
ON Resistance Ron Vin =+45V; Vpp = -15V; .
louT = 100 HA 100 Q
ON Resistance Ron Vin =0V, Vpp =-15V,
lout = -100 A 150 Q
ON Resistance Rown Vin =-5V; Vpp = -15V;
lout =-100 A 250 Q
OFF Resistance RoFrr 1010 Q
Output Leakage Current lLo Vgs = Vout = 15V 0.5 10 nA
AM3705 Lo Vss - Vout = 16V; Ta = 125°C 150 500 nA
AM3705C ILo Vss - Vour = 16V; T, = 70°C 35 500 nA
Data Input Leakage Current I oy Vgs - Vin = 16V 0.1 3.0 nA
AM3705 Lo Vgg - Vin = 18V; T = 125°C 25 500 nA
AM3705C ILp Vgs - Vin = 16V; T = 70°C 0.5 500 nA
Logic Input Leakage Current I Vss = Viogicin = 15V .001 1 uA
AM3705 Iy Vss = Viogicin = 15V; Ta = 125°C .05 10 MA
AM3705C '] Vss = Viogicin = 18V; Ty = 70°C .05 10 MA
Logic Input LOW Level VL Vgs = +5.0V 0.5 1.0 \
Logic input LOW Level Vi Voo Vgs - 4.0 \%
Logic Input HIGH Level Vin Vgs = 5.0V 3.0 3.5 \
Logic Input HIGH Level \m Vgs - 2.0 Vgs + 0.3 \Y
Channel Switching Time-Positive t+ l Switching Time 300 ns
Channel Switching Time-Negative t” | Test Circuit 600 ns
Channel Separation f=1kHz 62 dB
Output Capacitance Cab Ves - Vour=0;f=1MHz 35 pF
Data Input Capacitance Cy Vgs - Vpip=0;f=1MHz 6.0 pF
Logic Input Capacitance Ceq Vss = Viogicin = 0; f= 1 MHz 6.0 pF
Power Dissipation Po Vpp = -31V, Vgg = 0V 125 175 mW

Note 1: All voltages referenced to Vgg.

Note 2: Rating applies for ambient temperatures to +25°C, derate linearly at 3 mW/°C for ambient

temperatures above +25°C.

Note 3: Specifications apply for Ta= 25°C, -24V < Vpp £ -20V, and +5.0V < Vgg < +7.0V; unless
otherwise specified (all voltages are referenced to ground).
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typical performance characteristics
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AM3705/AM3705C

analog

schematic diagram
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For specifications on other National analog
switches and analog interface circuits, see the
following data sheets:

MOS Analog Switches

Dual Differential — MM450/MM550

Triple — MM455/MM555

Quad — MM4562/MM552

Four Channel — MM451/MM551

Four Channel with Commutator — MM454/MM554
Six Channel — AM2009/AM2009C

TTL/DTL Compatible MOS

DPDT - AHO014/AH0014C
Quad SPST — AHO0015/AH0015C
DPST — AHO019/AH0019C

switch data sheets

TTL/DTL Compatible J-FET
Dual DPST
Dual SPST
Dual DPDT (Diff)
SPDT (Diff)
High Level Compatible J-FET
DPST — AH2114/AH2114C
Ultra High Speed J-FET
+10V; 308 — AM1000
£15V; 5092 — AM1001
£10V; 10082 — AM1002
N-Channel Discrete J-FET Switches
5 Ohm — 2N5432
7 Ohm — 2N5433
10 Ohm — 2N5434

AHO100/AHO100C Series

"'_.LI.
T

ANALOG SWITCH DRIVERS
TTL Dual Level Translator — DM7800/DM8800
TTL Dual High Speed Translator — DH0034/
DHO034C
Analog Comparator/Level Translator — LM111
Series
SAMPLE AND HOLD CIRCUITS

Low Drift Precision — LH0023/LH0023C
High Speed — LH0043/LH0043C

Plus a complete line of amplifiers comparators
and. voltage regulators.
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NH0014/NH0014C DPDT

Analog Switches

NHOO019/NH0019C(MH453/MH553) dual DPST
DTL/TTL compatible MOS analog switches

general description

This series of DTL/TTL compatible MOS analog
switches feature high speed with internal level
shifting and driving. The package contains two
monolithic integrated circuit chips: the MOS
analog chip is similar to the MM450 type which
consists of four MOS analog switch transistors
connected in dual differential configuration; the
second chip is a bipolar |.C. gate and level shifter.
The devices feature:

m [arge Analog Voltage Switching 10V

Low ON Resistance 20002
High OFF Resistance 10" Q
Fully compatible with DTL or TTL logic
Includes gating and level shifting

The devices, packaged in hermetic 14 lead flat and
dual-in-line packages, are suitable for many air-
borne communication and analog signal switching
applications.

schematic and connection diagrams
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NHO0014/NH0014C, NHO0019/NH0019C

absolute maximum ratings

Vcc Supply Voltage

Vminus Supply Voltage

Vplus Supply Voltage
Vplus/Vminus Voltage Differential
Logic Input Voltage

Storage Temperature Range

Operating Temperature Range NH0014, NH0019
NH0014C, NH0019C

7.0V
-30v

+30V

40V

5.5V

-65°C to +150°C
~55°C to +125°C
0°C to +70°C

Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics (Note 1)
PARAMETER CONDITIONS min | TYP MAX | UNITS
(Note 3)
Logical “1”" Input Voltage Vee =45V 2.0 \
Logical “0” Input Voltage Vee =45V 038 \
Logical “1”" Input Current Vee =56.6V VN =24V 5 UA
Logical 1" Input Current Vce =55V Vin = 5.5V 1 mA
Logical “0” Input Current Vee =55V Vin = 0.4V 0.2 04 mA
Power Supply Current Logical “1" input| Ve =5.5V Vin =4.5V 0.85 1.6 mA
NH0019, NHO019C—each gate (Note 2)
Power Supply Current Logical “0” input| Vec =5.5V Vin =0V 0.22 0.41 mA
NHO0019, NHO019C—each gate (Note 2)
Power Supply Current Logical ‘1" input| Vge =55V Vin =4.5V 0.85 1.6 mA
NH0014, NH0014C (Note 2)
Power Supply Current Logical “0" input| Vee =5.5V Vin =0V 15 3.0 mA
NHO0014, NHO014C (Note 2)
Analog Switch ON Resistance V y (Analog) = +10V 75 200 Q
(each gate) V iy (Analog) = =10V 200 600 Q
Analog Switch OFF Resistance 10!! Q
Analog Switch Input Leakage Current Vin = =10V Ta=25°C 0.05 10 nA
NH0014C, NH0019C (Note 4) Ta =70°C 4 50 nA
NHO0014, NHO019 Vin = -10V Ta=25"C 25 200 pA
(Note 4) Ta=125°C 25 200 nA
Analog Switch Output Leakage Current VouT =-10V T =25°C 0.1 10 nA
NH0014C, NH0019C (Note 4) Ta=70°C 30 100 nA
NHO0014, NH0O019 Vout=-10V T, =25°C 40 400 pA
(Note 4) Ta=125°C 40 400 nA
Analog Input (Drain) Capacitance 1 MHz @ Zero Bias 8 10 pF
Output Source Capacitance 1 MHz @ Zero Bias 11 13 pF
Output Transition Time for Tao=25C 200 ns
Logical “0" Input
Output Transition Time for Ta=25°C
Logical “1" Input NH0019, NHO019C 100 ns
NHO0014, NHO014C 250 ns

Note 1: Min/max limits apply across the guaranteed temperature range of -55°C to +125°C for
NHO0014, NH0019 and 0°C to 70°C for NHO014C, NH0019C. Vminus = ~20V, Vpiys = +10V and an
analog test current of 1 mA unless otherwise specified.

Note 2: Current measured is drawn from V¢ supply.
Note 3: All typical values are measured at Tp = 25°C with Vo =5.0V. Vpius = +10V, Viminys = -22V

unless otherwise noted.

Note 4: All analog switch pins except measurement pin are tied to Vpjys.
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analog switch performance characteristics (Note 3)
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NHO014/NH0014C, NHO019/NH0019C

selecting power supply voltage

The graph shows the boundary conditions which
must be used for proper operation of the unit.
The range of operation for power supply V inus
is shown on the X axis. It must be between -25V
and -8V. The allowable range for power supply
Voius is governed by supply Vi ings. With a
value chosen for V ,inyse Vpius may be selected
as any value along a vertical line passing through
the V5 inus value and terminated by the bound-
aries of the operating region, A voltage difference
between power supplies of at least 5V should be
maintained for adequate signal swing.

level shifter characteristics

Vin-VouT
+10
Vee =5.0V
+5 Veninus = =22V
125 Vpius = 10.0V
0 —1

25°C 4 -55°C

INTERNAL MOS DRIVE VOLTAGE (V)

0 05 10 15 20 25 30 35

INPUT VOLTAGE (V)

V-4

OPERATING

-25 -1§
REGION

T
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Logic Elements

MM480/MM580 series MOS logic elements

general description

National’s line of monolithic MOS gates and flip-
flops are built utilizing P channe! enhancement
mode transistors. Zener diodes are used on all in-
puts to protect against static discharge. These
devices are members of a family of compatible
logic functions that feature low threshold voltage
transistors, enabling operation at a Vpp supply of
-10 volts and low power consumption in systems

that operate at frequencies up to 2 MHz.

The JK flip-flops are particularly suited for coun-
ter and register applications in MOS systems. Both
true and complement outputs are buffered to pre-
vent false triggering from the outputs and also pro-
vide the capability to ““wire AND’" at the outputs.

schematic and connection diagrams
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13K 13K

6
ouT t ’ ouT2

b lri
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Note: All resistor values shown are nominal

GNOD
TOP VIEW
NOTE: Pin 5 connected to case

MM480/MM580 dual 3-input NOR gate
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MMA482/MM582 dual digital multiplex switch
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GNOD
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MM481/MM581 dual exclusive OR gate

~Voo
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TOP VIEW
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MM483/MM583 JK flip flop
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MM480/MM580, MM481/MM581, MM482/MM582, MM483/MM583

absolute maximum ratings

Supply Voltage (Vpp)
Data Inputs

Operating Temperature (MM480, MM481, MM482, MM483)
(MM580, MM581, MM582, MM583)

Storage Temperature

+05V to —25V
+0.5V to —25V
—55°C to +125°C
— 25°C to +70°C

—65°C to +150°C

electrical characteristics (Note 1)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage
Logic “0" VN = —7.0V for Logic “1” -0.2 -1.0 \Y
Logic “1" Vin = =15V for Logic ‘0" -8.0 -10.0 v
Input Leakage Vin = —11.0V <1.0nA| -3.0 uA
Fan Out 10
Power Dissipation, Each Half
MM480/MM580 VourT = Logic “0” 7.5 12 mwW
MM481/MM581 Va =Vg=—-10V 7.5 12 mwW
MM482/MM582 Va =Vg =0V 12.7 20 mwW
V¢ =—-10V
MM483/MM583 Toggle Mode
Clock Frequency = 100 kHz 13.0 205 mwW
Propagation Delay {Gate Circuits)
Tep1 MM480/MM580 25 50 ns
Tep2 MM480/MM580 250 400 ns
Trp1 MM481/MM581 CLoap = 10pF 425 600 ns
Tep2 MM481/MM581 Ta =25°C 130 200 ns
TpD1 MM482/MM582 230 350 ns
Tpp2 MM482/MM582 350 600 ns
Toggle Rate MM483/MM583 CLoap = 10pF 1.0 20 MHz
Transient Response MM483/MM583
Rise Time, T CLoap = 10pF 120 200 ns
Fall Time, T¢ i Ta=25C 300 450 ns
Propagation Delay MM483/MM583
Tep1 600 850 ns
Tep2 CLoap = 10pF 400 550 ns
Tro3 Ta =25°C 280 400 ns
Teppa 350 500 ns

Note 1: These specifications apply over the specified operating temperature range for Vpp < -10V
1+10% unless otherwise specified. Typical values are for Vpp = ~10.0V and T = 25 C.
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typical performance characteristics

MM480/MM580
Average Propagation Delay vs Power
Voltage Transfer Characteristic Output Device RgN vs Temperature Supply Voltage (Vpp) (See Figure 1)
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MM480/MM580, MM481/MM581, MM482/MM582, MM483/MM583

MM482/MM582

Voltage Transfer Characteristics

Output Device Rgp vs Temperature

Average Propagation Delay vs
Power Supply Voitage Vpp
(See Figure 3)
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propagation delay transient response testci
test circuits (gates) MM483/MM583
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Vi g 10v)
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ROM Character Generators

MM4220NP/MM5220NP, MM4230NN/MM5230NN,
MM4230NO/MM5230NO0O, 79 horizontal scan

display character generator

general description

The MM4220NP/MMb5220NP is a 1024-bit read-only
memory and the MM4230NN/MM5230NN and
MM4230N0O/MM5230N0O are 2048-bit read-only
memories programmed to generate a font of 64
7x9 dot-type raster or horizontal-scan characters.

The typical application shows the ASCll-address
system. The display refresh memory, built with
MOS dynamic shift registers, and the TTL control

techniques are similar to those described in App/i-
cation Note AN-40. Designs for vertical-scan fonts,
printer character generators, and designs for fonts
larger than 7x9 are also outlined in AN-40.

For full electrical, environmental and mechanical
details, refer to the MM4220/MM5220 and
MM4230/MM5230 data sheets.

typical application

7x9 Character Generator System
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MM4220NP/MM5220NP, MM4230NN/MM5230NN, MM4230NO/MM5230N0O

i

character font

ot
0 n 0 05
000 000 100 000 010 000 110 000 001 000 101 000
.
.
.
°
.
: H
. . %eee’
18 17 18 13 20 21
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.
H
.
.
.
32 3 34 35 36 7
000 001 100 001 010 001 110 001 001 001 101 001

51

49 50 2 53
100 011 010 011 110 011 001 011 101 011

48
000 011

Note. Input addresses are in six bit ASCI code and are shown in the sequence Ag, Ay

L As
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8
011 001
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011 011
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1100t
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111011

2
000 110
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0
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.
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.

62 83
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ROM Character Generators

MMA4240ABU/MM5240ABU hollerith character generétor

general description

The MM4240ABU/MM5240ABU is a 64 x 8 x 5
read-only memory programmed to display a 64-
character subset of the Hollerith 12-line code,
normally used in punching 80 column cards. Com-
pression from 12 lines to the six needed to make

up a 64-character set may be accomplished as
shown in the typical application.

For electrical, environmental and mechanical de-
tails, refer to the MM4240/MM5240 data sheet.

typical application

ow

120

SERIAL
DATA
out

11 O

LINE
AND
PAGE
STORE
{SEE ANAB}

UG

Yoo ——]
As By
Ay B,
Az Bs

MM4240ABU/

MM5240ABU Dmgs30

Az 8a

Skl

HOLLERITH —‘
CODE
INPUT
5 O ’— Ay 85
R=6.8K
> > > > >
5 O S $ S s s
< < § < <
Ao < < e < <
L L, L
P S—
12y Vee cLOCK
3 O———
LINE
COUNTER

2 O
12=Ag- Ag
1M=Ag
04,
9=As- Ao
1 O— 8=4y

Note Hole present ges closure to GND

“For additional application mformation on incorporating this device wn a display system, sce ANAQ
“A Systems Approach to Character Generators”.
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MM4240ABU/MM5240ABU

code table

HOLLERITH

INPUT CODE
{NON-COMPRESSED)
1
2
3
4
5
6
7

8

9

@ 0w o ®
oo s wN

0
0 1
0 2
0 3
0 4
0 5
0 6
0 7
[ 8
09
0 8 2
0 8 3
0 3 4
0 8 5
0 8 6
\] 8 7
"
" 1
11 2
1n 3
1 4
n 5
H 6
11 7
" 8
" 9
1 8 2
i1 8 3
1 8 4
" 8 6
1 8 6
n 8 7
12
12 1
12 2
12 3
12 4
12 5
12 6
12 7
12 8
12 9
12 8 2
12 8 3
12 8 4
12 8 5
12 8 6
12 8 7

OCTAL
SEQUENCE
00
01
02
03
04
05
06
Qa7
10
1
12
13
14
15
16
17
20
21
22
23
24
25
26
27
28
30
31
32
33
34
35
36
37

40
41
42
43
44
45
46
a7
50
51
52
53
54
55
56
57

60
61
62
63
64
85
66
67
70
i
72
73
74
75
76
77

character font

GRAPHIC MM4240ABU/MM5240ABU
DISPLAY
(space)
1
2
3
4
: r
S H
7 [ 3
8 °
9 000 o0 o00
00 01 02 03 04 05 .
000000 000001 0000IC 000011 000100 000 101 000 110 000 111
**° [ N
° H U
000 o000 oo °
: : *
oo
0 10 12 14
/ 001000 001001 001010 001011 001100 001101 001 110 001111
s
T o o eee_ o . °
U o o oo o o °
o o o o . .
v o o ° . ° °
w HIR I o % 2 %e %
X e o (1) 1 e o o0 o
v 20 21 22 23 25 26 27
z 010000 010001 010010 010011 010100 010101 00110 010 111
°
L]
.
°
Q
ecee o oo
® . ° °
30 31 32 n 3 35 37
011000 011001 011010 011011 011100 011101 o
) )
K °
L °
M o000 ()
N o eoooe
o 40 3 .3 46 a7
P 100000 100001 100010 100011 100100 100101 160 110 100111
Q
R
(11} 0000 L J [ J
e o o o . °
° ° °
H 33
L1 ° .
52 53 54 55
101000 101001 101016 101011 101100 101101 101 110 101 111
A
B
c
D
e °
60 61 62 53 64 65
; 110000 110001 170010 110011 110100 110101 116110 1101M
H
| [ (11] ° [
. ° ° °
° Q .
. {period) : .0 ..
e o0 O °
¢ ° o0e ® ° .

1 2
111000 111001 111010

n
main

3 n 75 76
11011 111100 111101 111 110
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N ROM Character Generators

MM4240ABZ/MM5240ABZ EBCDIC-8 character generator

general description

The MM4240ABZ/MM5240ABZ is a 64 x 8 x 5
read only memory that has been programmed to
display the 64 character graphic subset of EBCDIC-
8, an Extended Binary Coded Decimal Interchange
Code with character assignments and locations con-
forming to the American Standard x 3.26-1970
(see MMb230QX data sheet for full EBCDIC-8
table).

Compression of the eight bits of EBCDIC-8 to the
six needed for a 64-character subset is accom-

plished by simply ignoring the two most significant
EBCDIC bits, bit 0 and bit 1.

The octal character address digits are then formed
as shown below.

For electrical, environmental and mechanical de-
tails, refer to the MM4240/MM5240 data sheet.

character font

o0 [ [ [
e e ° °
o e o0 oe0 o
seeee ® °® ° oo
e e ° ® ool
o o . (1

00 0 05 06 07
000 000 000 001 000100 000 101 000 110 000 111
[T} ® °
o o* e
° °
° .
.
[ ] [ ]
14 15 16 17
001100 001101 001 +10 001111
e o0 ° o000
20880038 § 5.t
$88 8 %S {99
$ 8: 3i.8%
e oo o .
2 25 26 27
010100 010101 D1B 110 010111
. (1] O
eeo e o o L)
000 . o e
o oo
* _eoe o o0
ee e o °
30 31 3 33 34 35 36 37
011000 011001 011010 0ITO0MT 013100 011101 911110 011111
o 000 o00e0 o o e e
o e [ * [ [ 3 [ ] L]
o o e o o L)
oed 00 L] L] 3 [ 3 [ 3 *

O . e o o oo
. e o o o o
. (Y13 ° o0 e o

42 a ) a7
100010 100011 100 100 100 111
° e o . ooe
H o o % °* 3
o0 O . .
° oo . O .
s o 3 2 o o
52 53 54 0.;5‘0 56 57
01010 101011 101100 S 101110 101111
o0 _oeoe o 00000 oo oo0ee
o oo o D °
oee® o0’ o Sece o.
° o seoe e 8% .
° o o e o 06 00
se0ee oo o e0e oc0e o
62 63 64 65 66 67
110010 110011 110100 116101 110110 110141
o0e ° (X1
o e o
o e T eeeee 00
[ °s S [TITT)
Y LR X
00
” 4] 7 75 6 7
111000 111000 111010 111011 111100 111101 111110 111 141

EBCDIC BITS

MSB 234 567 LSB
~~ ~~

MSD 1 2 LSD

OCTAL DIGITS

OUTPUTS
B, B,B58,B;
000
01 @
1M @e
ROW 111@. @
ADDRESS 100@ @
M@
M@
me

“,1,77

Z9VOVZSNIN/ZaVOvZvNIN



MM4240ACA/MM5240ACA

NN

ROM Character Generators

MM4240ACA/MM5240ACA EBCDIC character generator

general description

" The MM4240ACA/MM5240ACA is a 64 x 8x 5

read only memory that has been programmed to

“display the 64 character graphic subset of EBCDIC,

an Extended Binary Coded Decimal Interchange

code typically used in IBM systems.

Compression of the eight bits of EBCDIC to the
six needed for a 64-character subset is accom-

plished by simply ignoring the two most significant
EBCDIC bits, bit zero and bit one.

The octal character address digits are then formed
as shown below.

For electrical, environmental and mechanical de-
tails, refer to the MM4240/MM5240 data sheet.

character font

10 "

001000 061 001

... :
U

e H

[ 3 J °

e_ 0 ®

o0 & 000

20 2i

010000 010 601

30 3 32 33 3
011000 011001 011010 011911 011100
e 000 00000 O [ 3
LK ] [ ] L3 [ 3 °
L] [ ] [ 3 o [ 3
0000 () L] 13 [ 3 L]
o [ ] [ [ [3
[ 3 L] L L3 [ ] ®
[ ] [ 1] L (1]
49 a1 42 43 44
100 000 100001 100010 100011 100 100
[ 3 o 00000 [ 3 oo [
.. .. .. ..:OO had ..
[ 3 ® [ 3.4 (]
[ 3 (] L] e
[ 3 [ 3 (] o oo
[ 00000 00000 o ® ee
50 51 52 83 54
101000 101001 101 010 101011 101 100
(1] o 200
o o L1 L[] [ 3
o o [ 3 ®
e o ° 00
® o [ 3 [
o o (3 [ [ )

L 13 000 00006 000 (]
60 61 62 63 64
10000 110001 110010 110017 110100

[ 11] L 11]
® [ 3N ] e oo
* LN ) o o°

00 o000
[ 3 [ 3 o 00
[ U (] (1]

[ 1 1] (1)

70 n 7 3

2
111000 111001 111010 111011

111100

1101 1Mo

00000 o
o
0 [ 4
o
[ ]
00000 o
05 06 07
000 101 000 110 000 111
o L
L [ 3 °
° (3 °
L3 0000 ®
[] °
L] L] 3
[ (]
15 16 17
001101 001110 001111
L [1L1]
SIS
.: [ 11 1]
[ 3 [ 4
3 °
° L]
25 26 27
010101 010118 010111
e
.. [ 1]
o e (11173
® (13 L
Ld ® (]
L]
35 36 37
011101 011110 011111
[ 3
®
®
[ ]
(]
[ ]
(]
45
100 101
..5.5.. i
101 101 101110 101 111
(11444 o000
goose o0 oeee
..... ] L]
H :.... ..
L] L}
0s o0 o
65 66 67
10100 11010 1o
° [ 34
° oo
L 00000 O o
00000
75 76 n

1mm

EBCDIC BITS

MSB 234 567 LSB
~N7 ~

MSD 1 2 LSD

OCTAL DIGITS

"OUTPUTS
B1 BZ B3 84 Bﬁ
000

0 @

010
ROW  g11 °

ADDRESS 1(]0:
M@
1M @
me
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ROM Code Converters

SKO0003 sine/cosine look-up table kit

general description

The SK0003 Sine/Cosine Look-Up Table Kit con-
sists of four MOS ROMs: three MM4210/MM5210's
and one MM4220/MM5220-1024 bit static read
only memories. They are P-channel enhancement
mode monolithic MOS integrated circuits utilizing
a low threshold technology.

THE SINE FUNCTION

The SKO0003 implements the equation sin@ = sin
M cos L + cos M sin L. Cos L was assumed to be
1 in the equation. However, it is a variable between
1 and 0.99998 and is a function of round off error.
Worst case error is 1-5/8 bits in LSB at address
1415 (62.25°). The error increases from zero to
.002% every 8 bits, therefore, the MM4220/
MMb5220 provides the error correction factor
cos(M — 2.81°)sin L in the equation sinf = sinM +
cos (M — 2.81°%)sin L. The circuitry to perform this
function is shown in Figure 1. Additional informa-
tion is available in MOS Brief 10.

THE COSINE FUNCTION

To generate the cosine function cosf = sin(f —
90°), the input must be complemented and a
logical 1" added. Figure 2A is a logic diagram
of the circuitry used to provide the cosine func-
tion, as well as providing both sine and cosine
functions in the same system. 11-bit resolution
and 12-bit accuracy *1-5/8-bits is achieved in this
configuration.

A reduction in logic can be achieved as shown in
Figure 2B if a loss in resolution of 1/2-bit in an
11-bit input or 1/4-bit in a 10-bit input is accept-
able. :

ELECTRICAL CHARACTERISTICS

Refer to the appropriate data sheet for each
device shown in the figures. The devices noted are:
MM4210/MM5210, MM4220/MM5220, DM5483/
DM7483, DM7812/DM8812 and DM5486/DM7486.

logic diagram

GATES vz
OMBB125

30K & B = (TO EACH iNPUT)

pa—

9
o [ )° 2 8 sl 2
PR — 3
> :: 0—4. A3 2 22
s IS 8. 8. 3
Mms210 ©3 '3
o | x 5 K007 [] A 0M7483 5
—H A 1N . 2
— 8, e
3 P A, ]

amse

—a
J’_ : 8

=
Ao umszro 8

I A MKODB
; — =

11

Saf=—2¢ L pinary

3. .

Vov

ANEXTMSB

ld

Bl
Bl

Bq

YYVY VY

ouTPUT

— 1y

L— N
As
MM5210

DM7483

g MKOOS g,
B
e L g

MKOIO B,

R = (T0 EACH OUTPUT)

18 Bg
b o
L 7]
21
D A uszzo

> > >

s
2

bmlmw-m;L

B,

128 x § MODE
3se

AN~ -12v

51K

FIGURE 1. SK0003 Logic Diagram (Kit Includes ROMs Only). This Circuit Provides 11-Bit Resolution and 12-Bit

Accuracy in a 0 to Sin 0 Converter.
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SK0003

logic diagram

+2v
CARRY
out
GATES S & < <
EX-OR GATES TP IPIP]
DM7486s I ougsizs SR SRSA SR
15
O—_') t6f .—D
Ha, —
( )— 4
FOUR p By I_D-ﬁ
MSB'S ] a, 22
O— 7 DM7483
¢ AN L_D
— A oo
o— D h T |-
v
[ 10
f SLTS 9_D
Ve e 24
L 13| CARRY
= N
< < < <
> > > >
‘»“:»":»":»“ — 25
HO—: D
As SK0003 —2°
e e) . {D—
. - A
MSE'S o_:)D B’. OM7483 ggg:g; —
2
[ [ Y-
1 1 J
O ) ” > By l— 2
1A
1 : 4 2o
- CARRY < } <
14 out ShgRgh
HD—] O]
6.
THREE —1 A«
LSB'S ; » > 8. _& Pl
‘ '3
— A
0—:)1 > a: DOM7483 y
2 b 212
SINE/COSINE | —D
ENABLE O A,
SIGNAL s, R= 30K
“0" = Sine A
1" = Cosine
CARRY
¢ Im

FIGURE 2A. Sine/Cosine Conversion Provides 11-Bit Resolution, 12-Bit +1-5/8 Bit Accuracy.

+12v
EX-ORGATES  GATES
DM7486s DM8812s 3K
msB
2
3K 2
NEXT — 2
mss O——1 2
[ b 23
VG g ”
Oo— 3
) I
] 4 SK0003
1 — ROMS 28
| 5 AND
| I =1 outeur S
] ~1  Avoems
| | +12v N l— 28
| | n )_ "
! ! 3K 10 -
LS8 i
_——t
SINE/ 0" = Sine —2"
COSINE 1" = Cosine :
SIGNAL

FIGURE 2B. Sine/Cosine Conversion with Cosine Approximated. (Cosine Conversion has 10-Bits Input Resolution
and 12-Bit +1-5/8-Bit Accuracy.) : '
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ROM Code Converters

MM4220AE/MMB220AE ASCII-7 to hollerith code converter

general description

The MM4220AE/MM5220AE 1024-bit read-only
memory has been programmed to convert the
128 entries of the American Standard Code for
Information Interchange in seven bits (ASCII-7) to
Hollerith code (compressed to eight bits). The
conversion performed follows the recommendation
of American National Standard ANSI x 3.26—
1970, Hollerith punched card code.

The typical application shows a recommended
circuit for re-expansion of the Hollerith code to
twelve lines.

For electrical, environmental and mechanical de-
tails, refer to the MM4220/MM5220 data sheet.

typical application

&
<

-y

DMB8810

FAN OUY AVAILABLE
17TL LOAD

o

lo— 1
jo— 2

DM7442

LL L

. FAN OUT AVAILABLE
o— 10TTL LOADS
o— 6

7
6
5
4jOo— 13
3
2
1
]

Io— &
o—17

r A

or DM8812 Vo5
A Voo
b‘_Dc 3 B 1
A [}
A; B;
n,__D < Bl n
ASCHT Ay Bg.
INPUTS h‘_'D; z N
A WMS220AE 5
bs._D; 1 P 3
8
— e sy e
A 5.
w—-Dc B 5]
30 >
TYricAL - 2 AL
TUNES € &
12v - 2 L
+
"u 5 w6

Logic Levels
L {except at MOS/ROM interface)
“ ground, NOM

S
S 68K

VWA~
VWA~

>
>
>

AA
AA

<
<

V

HOLLERITH PUNCH COMMANDS

“CHIP ENABLE  CH

Logi
MOS/ROM in
Logic “17,

nd outputs
negativ, Logic “0", mare positive

(ACTIVE LEVEL: LOW = PUNCH)

*Chip Enable = Logic “1" to obtain outputs

IVOCZSINIW/IVOZZYININ



MMA4220AE/MM5220AE

code conversion

tables

b, [ [ ) ) 1 1 1 1
b 0 0 1 1 0 0 1 1
by 0 i 0 1 0 1 0 1
coL
Ba by bz by | o S 0 1 2 3 4 5 6 7
NUL DLE P 0 @ 3 3
0000 0 12-0-9-8-1| 12-11-9-8-1] NOPCH| 0 8-4 [11-7 |81 12-11-7
SCH oc1 ' 1 A ]Q a q
0001 1 12-9-1 11-9-1 12-8-7 | 1 12-1{11-8 | 12-0-1 | 12-11-8
STX DC2 i 2 B8 R b
0010. |2 12-9-2 11-9-2 8-7 2 12-2 | 11-9 | 12-0-2 | 12-11-9
ETX DC3 = 3 c S 3 s
0011 3 ‘| 12-9-3 11-9-3 8-3 3 12-3 | 0-2 12-0-3 | 11-0-2
ECT oca B ) o T d
0100 4 9-7 9-8-4 11-8-3 | 4 12-4 | 0-3 12-0-4 | 11-0-3
ENQ NAK % 5 E u e u
0101 5 0-9-8-5 9-8-5 0-8-4 |-5 12-5 | 0-4 12-0-5 | 11-0-4
ACK SYN & 6 F v f
0110 6 0-9-8-6 9-2 12 6 12-6 | 0-5 12-0-6 | 11-0-5
BEL ETB . 7 G w 9 w
ot 7 0-9-8-7 0-9-6 8-5 7 12-7 | 0-6 12-0-7 | 11-0-6
BS CAN { 8 H X h x
1000 8 11-9-6 11-9-8 12-8-5 | 8 12-8 [ 0-7 12-0-8 | 11-0-7
HT EM 9 [ Y i v
1001 9 12-9-5 11-9-8-1 11-8-5 | 9 12-9 | 0-8 12-0-9 | 11-0-8
iF suB - : J z ) z
1010 10 0-9-5 9-8-7 1-8-4 | 8-2 11-1 | 0-9 12-11-1 | 11-0-9
vT ESC + . K { k
1011 1 12-9-8-3 | 0-9-7 12-8-6 | 11-8-6 | 11-2 | 12-8-2 | 12-11-2 | 12-0
FF FS B < L \ 1 :
1100 12 12-9-8-4 | 11-9-8-4 0-8-3 12-8-4 | 11-3 |0-8-2 | 12-11-3 | 12-11
CR GS - - M |1 m i
1101 13 12-9-8-5 | 11-9-8-5 1" 8-6 11-4 | 11-8-2 | 12-11-4 | 11-0
SO RS . > N A®@|n ~
110 14 12-9-8-6 | 11-9-8-6 12-8-3 | 0-8-6 | 11-5 | 11-8-7 | 12-11-5 | 11-0-1
sl us / ? [ - o DEL
nn 15 12-9-8-7 11-9-8-7 0-1 0-8-7 11-6 | 0-8-5 | 12-11-6 | 12-9-7
@®  maybe|”
@  maybe
@ The top line in each entry to the table represents an assigned character (Columns 0 to 7).
The bottom line in each entry is the corresponding card hole-pattern.
ADG - SUTPUT CODE ADD- GUTPUT CODE ADO- OUTPUT CODE
RESS |8 87 86 85 B4 83 B2 B! RESS |eg @87 86 85 84 B3 B2 B1 RESS_ |ss 87 B6 BS 83 B2 B
0 t{1jofi1]rfo]ol 43 olojof|1[1[1]1]0 86 o|1|ojojoj1[o]
1 1jofoji1]ojofo] 1 44 ofrjojot]of 1] 87 of1foflojoj1|1]o
2 1tololifojojr]|o 45 ojo[1|oofofo]0 88 ol1]ojoloirfa|
3 1jofofrfole ] 46 |ojo o[ [a]e] 1] 89 of[1]ofefr1{ofo]e
4 tlojojoloejr |1l of1lololojofofn 90 1li1floflojojojolo
5 i fee 11 el 48 of{1]lo[ofolo[o]0 91 olofJo[1]1]oj1]0
6 V[ oo 1|10 49 ojolofofofololn 92 ofl1]ofo|r1]o]1]0
7 v foelofr e 50 ofjojo[o]ofo[ 110 93 olof1]of1fol1}o
8 1jojrjolojr|r]o 51 ojoojolojo| 1] 94 ojolt1Jofr |1]1]1
9 ijojoito]rfol 52 ojolofofofi]ojo 95 of1jofol1f1]ol}s
W [1{1|ofojo 1 o] 53 ojolojofojifafn % olojofolriofoln
m_fr1lolefrjife ] 54 oflolofofoji1[1]0 97 of1]oj1|olalol
2z trlofefi]ifilo]o 55 ojofaloafo] ][] 98 o 1]of1|ojol1]|o
13 Jifojofi]ilr o] 56 ojofofof1]ofo]e 99 of1]orlofof|
w [rletali i1 [1le 57 1{o]oJofof[olo]0 100 (o f1]of1]ofrfo]o
s [fode [ il 58 ojo ool [of 10 101 |o[1fofifol1i0]s
6 tr]of{1 [1 i ]olo] 59 ofol o[ [T ]0 w2 (o1 fo]t]ofaj1]0
17 [1[o[rfofefojo] 60 olo|o[1|[1[1] o]0 103 |0 3o [t]e[al9 ]
w J1|o 1 |ofoto 1[0 81 ofo ofo|1[1]1]0 w4 |0 [0 [t ]olo]0
19 1fo [t ]ofofo [1]1 62 ofr[ofo[1]t]1]e ws [P {1|of1]o]a]ojo
20 |1jolofofri]i o]0 63 BRI REREEE 106 001 [1]0o]0]o]r
21 |iJojoler T Jol 4 oo [ofo[1[1] o]0 w7 [ofjolt]|1]eojoj1]o
22 l1fefolofofo1]o s ofof[o[1]o]o] o] g fofoft[1][ofo]r]s
23 111 ofofof1 |10 66 olofof[+]o[o]1]0 109 |o]or|1fof1]ofo
24 J1lof1ifofr]ofo]0 67 |ofofo[1[oef[o] ] 110 [o[o v [1]oela]o]n
25 [vjo |1 [of1lofol 68 olofo[1]e[1] 00 n1_Jolofyjilejajsfe
26 (1]o]ofofsla]1]n £9 ofofo[1{e][ 1] n2 |ofofirfilejaia]n
27 (2|1 ]ofafo]1 i 70 olofol o[ 1] 1]0 113 |o o1 ]1]1]ofo]o
28 |1fo]rfol1[1]o]|0 71 olofofifof ][] M4 _[1|oj1jilojoje]o
29 [1iof1[of1]afoln 72 ofof[of1[1fo[ofo 115 [ol1f1]ofofof1]0
30 (ool i li]e 73 1Jofojr[ofof o]0 16 o f1]1[olo]ofs]n
31 (tfofrJolvir [1]n olo|[1|o[efo[ ol W7 o111 |ofe[1]o]0
32 |ofoJofoofo o]0 ofo|1]ofefo]1]0 ng Jo 1|1 |efol1]of1
33 |ojo o111 |11 76 ofo [ 1]ofojo] 1|1 19 Jo 1|1 jojolaj1io
34 Jofolo o1 [+t 77 ofol1]ef o[ 1] ojo 120 o1 |1 dofoja]rir
35 |ofofo a1 jo |1} 78 olo[1]o]o[ 1] o] 121 [of[1[1]of1]eo]fo
3 |ofo 1 ofriof1] 79 ofo[1[e]o][ 1} 10 122 |1 [1l1]efolofofo
37 |ol1fojo|1 |1 o]0 80 olo[1]ofof 1] afi 123 jof[1io]1]o]olo]o
38 |ojofo]1]ofofo]o 81 olo]1lo[ 1] of o]0 124 |0 o1 [1]o]ojo]o
39 lolofofof1f1ja]1 82 1ol 1{o]o|oc}f o]0 126 |o[1 |1 ]|o|o|olo]o
0 jofofoltafrifrjo]n 83 oj1[ofo]o[e] 10 126 |o[1[1]o]ofofo]s
a Jefe v e[ ]o] 84 DERREEEEE 27 |1 ]o]o o]
a2 Jofofs o1 |1 fo]e 85 o[ el o[ of 1| o]0 ROW |olo|mn|1z|8 a2
Row |ojo |11 |28 fa |2 [ Row [ofojri]i2| e| a] 2] 1
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MM4220AP/MM5220AP

BCDIC-to-ASCIl code converter

general description

The MM4220AP/MM5220AP is used for the con-
version of the Binary Coded Decimal Interchange
Code(BCDIC) to the American Standard Code for
Information Interchange (ASCII).

The input is a seven-bit BCDIC code with the
exception of the parity (check) bit (pin 18) which
is returned to +12V dc. The alternate set of input
symbols is also shown in the Conversion Table for
reference.

ROM Code Converters

The output is a seven-bit ASCII code, with an
eighth bit generated for even parity.

device characteristics

For full electrical, environmental, and mechanical
details, refer to the MM4220/MM5220 1024-bit
read only memory data sheet.

typical application

-12v

&

connection diagram

+5V

S |

GATES DMB810 OR DM8812 Voo

258K,
-DTYPICAL,
&8 LINES

|_D o B 2 " Vo :’_' Az =i 1 \ 24 Vop
GATES DM7400
A —]2 23p—nc.
A, B,
2 2 a by
A—{3 22p—nc.
A
2 B, =4 21— A,
=
5 A 8
z a—D— 7 6 D—b, B, =5 20fpen A
A—D wl P /e &n. H] By =g 6 19f—As
MM5220Ap 8
A B 2 Bo—f7 18 |pme A,
2
By e 8 17 e Vo
A7 Bs
C (NOT USED) L 9 be MODE
B =19 151 conroL
0K & & 5
TYPICAL, S——-9 10 b cHIP
TUNES @ @ D_ ’ B; =10 5™ ENnsLe
v [
+2v o—{12 w15 e " i D)——mmv L 18 = A,
DTL/TTL LOGIC —
e I Vss =412 )
*CHIP ENABLE TOP VIEW

1MODE CONTROL

Logic Levels
BTL/TTL (except at MOS/ROM interface)
Logic 1", +5V, nom. Logic “0”, ground, nom.
MOS/ROM Inputs & Qutput
Logic “1”, more negative. Logic “0", more positive

TMode Control = Lagic “0”
Ag = Logic 1"

*Chip Enable = Logic 1" to obtain outputs
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ROM Code Converters

MM4220BL/MM5220BL baudot-to-ASCIl code converter

general description

The MM4220BL/MM5220BL is used for conversion
of the Communications Set Baudot code to the
American Standard Code for Information Inter-
change (ASCII).

The Baudot and ASCII codes have different for-
mats. ASCI| has a unique code combination for
each alphabetic, numerical, or control character.
The correct interpretation of a five bit Baudot is
dependent upon knowing its previous history;
whether upper or lower case was /ast selected. In
effect a sixth-bit, which can be called the Case Bit,

is required to uniquely identify the Baudot input.

The latch circuit shown in the typical application
can store this information and will generate the

feedback and latch circuits can be deleted (as
shown with the X’s).

The accompanying table is applicable for the code
conversion scheme as shown (or its alternate)
rather than for the device itself. The input and
output codes are defined at the TTL gates with the
logic trues high (Logic ‘1" = +5 volts, nominal;
Logic “0” = Ground, nominal). )

device characteristics

For full electrical, environmental, and mechanical
details, refer to the MM4220/MM5220 1024-bit

1902ZSNIN/19022YININ

Case Bit. If the bit is externally supplied, the read only memory data sheet.

typical application

Baudot to ASCII

"oy -12Vde

VWA
v‘v‘v
VWA

1|

3
BAUDOT  (ALL3OKI D
INPUTS < Vss JVoo Vg

1 afz 2 7 s
TS 43 4 ;1 b,
A 8
mu—D < Pl 5 b
! Ay B3
INPUT GATES  BIT3 S
ARE DMB812

AAA,
AAA
AAA

4
BiT2 21 7 ",
Mma2208L QUTPUT GATES
OR DM7400 SERIES
A MM52208L  |e,
BT 1 8 b,
OPTIONAL SIXTH BIT N .
——————— D113 fyad I Jo- b

VWA
AA,
VW
AA,
VWA
AA
vV

AAA
AAA
W

8
> > > 2
< 3 <
> > > >
| (ALLBSKI S > S
v

GATES. DM8000 SERIES Vss

Logc Levels of Input and Qutput Codes
“1" = 45 Volts Nomunal
“0” = Ground, Nomynal

Logic Levels

"1 More Negatwe Output
0" More Positive Output
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ROM Code Converters

MM4220BM/MM5220BM sine look-up table

general descrfption

The MM4220BM/MM5220BM is a 1024-mono-
lithic MOS read only memory that has been
programmed to solve for the sine value x of a
known angle 8; i.e., to obtain the solution of the
equation x = sin 6.

Values of 8 are defined in the look up table for
0° < 6 < 90° (quadrant 1) which has corres
ponding solutions of 0 < x < 1. For values of
90° < § < 180° (quadrant 11}, enter the comple-
ment (180° - 0) to obtain the correct solution.
Solutions for quadrants |11 and 1V differ in sign
with | and Il. This is summarized in Table 1.

This input is divided into 128 parts for  in each
quadrant. Thus, the appropriate input address is
(61/90°)(128) to the nearest whole integer. The
actual input code to the ROM is the input address
expressed in binary, with A; being the most
significant bit.

The output is the value of X expressed in binary.
The output lines B4, By, .. ... Bg are binary place
values 1/2, 1/4, 1/256. The sign for nega-
tive values of X is externally generated.

The 8 bit output code has been rounded off from
a larger word code, i.e., where Ag was a binary

“1" it carried into the LSB of the eight bit code,
where Ag was a binary ‘0" it was simply dropped.

EXAMPLE

Find the sine of 45°

The input address is (45/90) 128 = 64 or
1000000, as expressed in binary. The converter
generates the output .10110101 whose decimal
equivalent is 0.707131. Thus, sin 45° = 0.707.

Find the sine of 2107

This value is in quadrant I11; therefore §' = 210° -
180° = 30°. The input address is then (30/90)
128 = 43 to the nearest whole integer. The binary
input to the ROM is then 0101011. The output
value is .10000001 or 0.503906. Thus, sin 210° =
-0.504, with the sign generated by the external
logic. The solution is within 1%; note that address
43 is actually equal to 30.23°.

device characteristics

For full electrical, environmental and mechanical
details refer to the MM4220/MM5220 1024-bit read
only memory data sheet.

typical application

-12v

L

!

GATES DM8810 OR OM8812

|Vnn'

Az

Ay

Ay

As

%

3 68K,

Voo :»--,‘:Tvmu,l
u & FsunEs
GATES DM7400
8,

82

84

As

bbb

30K, &
TYPICAL, Q——-
TUNES @ &

VW

v
2y =iz

14

0
MM52208M

1!

TYYYYYYY

14, _.__l

“CHIP ENABLE
TMODE CONTROL
Logic Levels
DTL/TTL (except at MOS/AOM mtecface)
Logee “1”, +5V, nom. Logic “0", ground, nom.
MOS/ROM Inputs & Output
Logic 1", mare negative. Loge: “0", more posstive

DTUTTL LOGIC

TMode Control = Logk “0”

Ag - Loge “1"

*Chup Enable = Logic “1" to btain outputs
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MM4220BM/MM5220BM

pattern selection form

FUNCTION CODE FUNCTION CODE
ADDRESS INPUT QuTPUT ADDRESS INPUT OUTPUT
REFERENCE | DEGREES | RADIANS | Bg | By | Bg | Bg | Ba Bgi 8y B4 REFERENCE | DEGREES | RADIANS | Bg | By | Bg | Bg | Ba | 83 | B2 | By
o 00 000 o0 o o o 0 o o 64 45 00 785 1 o 1 o il 1 o 1
T 7o o2 [ e loTolotolo 65 4570 TN I N N NS N B O I
2 14 025 o 1 1 ] o ] '] [ 66 a6 41 810 1 9 [} 1 i) 1 o 1
3 21 037 A} o Q 1 0 ] o o 67 4a7.11 822 1 Al [ i3 1 1 0 1
4 281 049 ] ] Al 1 o ] 0 [)) 68 a7 8y 834 1 ] Al i) 1 1 o 1
5 362 061 1 1 i} 1 o o ] 0 69 48 8 847 0 0 o o o v
A a7 ©a [+ o ol 1 [ololo ) 92 FIT I I A ) P I
7 ao7 085 | o |1 ]+ ol 1ol o o 7 a5s 81 o [o 1o o [T
3 5o 0e |1+ ol o+ [+ 1o oo 7 506 7 I N B ) o T
9 633 10 0. Q 1 1 1 [ [ [ 73 513 896 o o o 1 1 1
10 703 123 1 1 1 1 1 ] ] o 74 52 03 908 [} 1 0 1 [} 1 1
m 753 FETS I T O B B A N 7 5273 520 [ [ o 7o P
12 gaa .147 1 o 1 o 0 1 0 o 76 344 933 1 Q 1 1 [ 1 1
13 914 160 0 [ ] 1 o 1 o o 77 54 14 945 1 1 1 1 o 1 )
14 984 172 0 o k] 1 o 1 [ 0 78 54.84 957 1 L] ] o 1 ] 1 1
15 1055 184 1 1 1 1 ] 1 9 ] 79 55.5: 969 1 i) 0 ] 1 ] k) 1
16 1125 196 0 1 o 0 1 1 a [ 80 56.2¢ 982 1 9 1 [ 1 [ 1 1
17 1195 209 1 [] 1 [) 1 t [ [ 81 56.9! 994 [ A} 1 0 1 o 1 1
T 1250 20 | ool ol 11+ olo oz 576 Toos o [0 o [+ [ v
o [EES N I I N O T N B o3 563 vors o | o T [e v
26 Taos EY TR I B T MR NEA S N ) aa 5906 T [ [ e T e
21 1877 258 1 0 o 0 0 0 1 85 $9 77 1043 1 [ 1 1 1 o 1 1
% 54 20 o o T oo o] 86 047 vess [ o v e T
23 617 282 |11 [+ ] o ool & IRY] Toss | 0 oo o o[ 1l
2 Toes 25 o 11 o1 (ool M 6187 FITTON I T N N N I
25 758 30 [ o[ o[l s EE tos2 | 1 1o o [0l [
1828 319 o 0 o Q 1 '] 1 o 0 63 28 1104 o 0 1 o 0 1 1 1
1808 3 [ i loo 1ol ]o ) 2.9 EOKEEI I N N N N N
1969 344, o 1 1 o 1 0 1 [ 2 64 6 1.129 1 1 1 o | o t 1 1 :
2039 3se |1 oo 11 oo 3 5.3 e Lo oo o
2100 ses [ o o] a1 1 [ol1]o 54 56.09 Tsa o [ To e [ [
2180 380 il 1 1 1 1 o il 0 95 66.80 1166 1 1 2] 1 o 1 1 1
2250 393 o 1 o o o 1 Al o 96 67 50 1.178 [ [ 1 1 ) 1 1 1
5336 S A N N I B B 57 68 20 [ I N N B I N N O
2391 FYER S I S N N N B 8 8o T I B N N A AT B I
2401 a0 [ o1 Jol 1 Tola[ 1 o % 69 01 vars |6 [0 o o it [
2531 442 1 aQ 1 1 0 1 1 o 100 70 31 1227 1 3 o o 1 1 1 1
2602 asa | ool ool a7 61 7103 [ICETINN I SN R R R S )
672 4 12 (1] olol {7 o 102 EIRZ] vas: [ 1o To ol [ Th
Fix) ws o] [ol il o 03 72,47 P N O I N O
2805 s T o oo [ o]0 04 7513 [T I IR R NS N M B
2073 FREN T T N T N N N ) 105 7383 289 | o [ [0 o[ v [ 1 1|3
2953 FETI NN N N A I A ) 106 7453 s0r | o [ [ o [ [ [
3023 528 0 o ' o o [} [} 1 107 7523 1.313 1 1 1 o 1 1 1 1
3098 FYTIN I N N R R N A 108 7594 vazs [ o [0 [ o [ [ [+ 7
316a ss2 | o 1|1 o1 o o]0l 103 7664 vase |1 o ol [ a1
3238 565 1 o o 1 o '] o 1 110 77.34 1350 [ 1 0 1 i} 1 1 1
3305 FEER I N NN T N I B i 7808 asz | o |1 o [ T
3375 589 [ 1 1 1 Q [ o al M2 8,75 1374 1 1 0 1 1 1 1 1
3ads 6o | 1 Jol ool lololn 13 945 T I NN M B I B N I
3806 PPN R N SN A I N Tia 8016 vase o [0 T T T [ T
3586 s26 | o | v 1[0l ool s 8085 van [0 [ o [ v [ a0
3656 s | o oo a1 ool Tt 8156 [REZ0 B N I N A R
3737 PR N N A N W Y T w227 TN OO IR N MO I Y
5797 63 | 1 ol v 1 ol ol s 8207 FIFY I T I I I T (N B A
3867 65 | ool ololo |1 ol T 367 vaso | o [ T [ [ [
3997 w87 ] ol ololol o[ 120 8408 vars | [ L
g8 o9 |1 o a e e [ o 21 55 08 vass |1 [ [
2078 XTI NN T SO 0N O N N 122 85.78 vasr | o o o o
a8 FEYR T I B B I A N 123 86.48 isoe | v | [ [ Lo v [
as 35 | ool 1 [+ ool 124 a7.10 vsoo | [ [ [l [
azsh a0 1o [ L [+ ool 125 5789 [YCEY I MR N T B N AW )
a3y 76 | ool o o[+ ol 126 s 59 veas | 1 [0 [ [ a1
4430 773 1 1 o 3 1 1 o 1 127 89.30 1.559 1 1 1 1 1 1 1 1
connection diagram Table 1. SINE
INPUT OUTPUT
Ay ==t 1 28— Voo . - :
Quadrant Range Entry to ROM (6 ') Binary Value Sign
—f 2 - - N
R B | >0° <90° Direct Direct Reading +
Ar—qg3 22f— nec. I > 90° < 180° 180° - X Direct Reading +
3 S o X -
11l > 180" <270 X -180 Direct Reading -
By =g 4 =
v >270° < 360° 360° - X Direct Reading -
B, =q5 20 foe Ag
By~ &
1 |oon
By med 7
+
- .
B¢ 17h= Voo ) : )
B =] 8 15 fpm MODE |
o G CONTROL Iy 1| 0°
B; meed 10 15 e CHIP
ENABLE |
Bg =11 14 frma 4 :
Vgs =412 13 ’_ N.C. )

TOP VIEW
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ROM Code Converters

MM4220BN/MM5220BN arctangent look-up table

general description

The MM4220BN/MM5220BN is a 1024-bit mono-
lithic MOS read only memory that has been pro--
grammed to solve for the angle § whose tangent
value x is known; i.e., to obtain the solution to the
equation: 6 = arctan x.

Values of x are defined in the Look Up table for
0<x<1 with angles corresponding from
0° <6 < 45°. For values x > 1, the reciprocal of x
(i.e., 1/x) must be entered and the output angle
must be complemented to obtain the actual value.

The input is divided into 128 equal parts for x.
Thus, the appropriate input address is {(128)(x) to
the nearest whole integer for obtaining the appro-
priate ROM address. The input code is the ROM
address expressed in binary with A; being the least
significant bit. For input values greater than unity,
the decimal reciprocal is to be taken prior to entry
of the binary address.

The output has been normalized for 45°. To ob-
tain the true angular reading, the output should be
multiplied by 45°, i.e.: 8 = (05 tpyut) X 45° where
0output is the decimal equivalent of the output.
The output code is the normalized value of the
angle 0 expressed in binary. The output lines B,
B,,.... Bg are binary place values 1/2, 1/4, .. ..
1/256. To obtain angles between 45° and 89.6°
which occur when input values of x are equal to or

greater than unity, either complement the output
binary code and add a 1, or complement the
resultant angular value (i.e., subtract from 90°).

The 8-bit output code has been rounded off. That
is, if another bit of even lower significance had
been computed for the given arctangent value was
a binary 1", it would have carried over into the
LSB of the eight bit code. If it was a binary ‘0", it
would have been dropped.

EXAMPLE
Find the angle whose tangent is 0.258.

The input address is 128 x 0.258, or 33 to the
nearest integer. Expressed in binary, this is
0100001, and is the actual input code to the
converter. The converter will generate the binary
value .01010010, whose decimal equivalent is
0.3203125.

Thus, 8 = 0.320 x 45° = 14.4°

device characteristics

For full electrical, environmental and mechanical
details refer to the MM4220/MM5220 1024-bit
read only memory data sheet.

typical application

-12v

+5V

7

GATES DM3810 or DMB812

e S 6.8K,

Ay

Ay

Az
a

&

Aq

As

tan 0 input

Vo > —-S1veicaL,
7= S Psumes
GATES DM7400

As

As

feleilclelele

VW

3.0K,
TYPICAL, D~
TUNES € <

V,
2y =1

14

MM5220BN

1

*CHIP ENABLE

‘tMODE CONTROL

Logic Levels
DTL/TTL (except st MOS/ROM interface)
Logic “1”, +5¥, nom. Logic 8", ground, nom.
MOS/ROM Inputs & Output
Logic “1”, more negative. Logic 0", more positive

DTL/TTL LOGIC

*Mode Contral = Logic “0"

Ag = Logic 1"

*Chip Enable = Logic “1” to obtain outputs
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MM4220DF/MM5220DF
""quick brown fox’‘’ generator

general description

The MM4220DF/MM5220DF is designed for exer-
cising and rapid testing of ASCIl and Baudot-
coded keyboards, typing mechanisms, and data
communications links by generating the interna-
tionally accepted “'Quick Brown Fox'' message.

The input is a 7-bit binary sequential count. The
output of a 6 stage up-counter can be used; a
seventh bit selects the desired code. The message
is generated in the 5-bit Baudot Communications
Set code with a binary count input of 0 to 63. The
message is generated in the 7-bit American Stan-
dard Code for Information Interchange (ASCII)

| ROM Cod‘e Converters

along with an even parity bit for a binary count
input of 64 to 127.

device characteristics

The message generator is fully contained on a
monolithic MOS integrated circuit chip utilizing
low threshold voltage technology for increased
DTL/TTL compatibility. For complete electrical,
environmental, and mechanical details, refer to the
MM4220/MM5220 1024-bit read only memory
data sheet.

typical applications

connection diagram
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A typical application showing the ASCll-coded test
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OUTPUT CODE
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code conversion table
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L\‘IS ROM Code Converters

' MM4220EK/MM5220EK

BCDIC-to-EBCDIC and ASCII-to-EBCDIC code converters

general description

The MM4220EK/MM5220EK isa 1024-bitread only
memory that has been programmed to convert
both Binary Coded Decimal interchange Code
(BCDIC) and the American Standard Code for
Information Interchange (ASCII) to Extended Bi-
nary Coded Decimal Interchange Code (EBCDIC).
The BCDIC-to-EBCDIC converter is located in the
first 64 8-bit bytes of the ROM. The unused parity
check bit (the most significant input BCDIC bit) is
always a “0".

The ASCII-to-EBCDIC converter is located in the
second 64 8-bit bytes of the ROM. Thus, the input

ASCI! code in addresses 64 through 127 hasa 1"’
in the most significant (A, ) bit which is used with
the selection logic. The resulting 6-bit ASCII input
is for display—only upper case and numerical
codes, since it will not accept the control com-
mands or the lower case characters.

device characteristics

For full electrical, environmental and mechanical
details, refer to the MM4220/MM5220 1024-bit
read only memory data sheet.

typical application
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‘code conversion tables
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ROM Code Converters

MM4220LR/MM5220LR BCDIC to ASCII-7/
ASCII-7 to BCDIC code converter

general description

The MM4220LR/MM5220LR is a 128 x 8 read
only memory which has been programmed to con-
vert the 64 characters of the Binary Coded Decimal
Interchange Code (BCDIC) to the American Stan-
dard code for Information Interchange in seven
bits (ASCII-7).

The first half of the ROM, from address O to

address 63, converts the 64 character ASCII
graphic subset to BCDIC. The tables show the
character assignments and their binary equivalents.

For electrical, environmental and mechanical de-
tails, refer to the MM4220/MM5220 data sheet.

connection diagram
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code conversion tables
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ROM ‘Code Converters

MM4221RQ/MM5221RQ ASCII-7 to EIA RS244A/

EIA RS244A to ASCII-7

general description

The MM4221RQ/MM5221RQ is a 1024-bit read
only memory that has been programmed to con-
vert between the American Standard Code for
Information Interchange, compressed to six bits,
and the” Electronic Industries Association numeri-
cal control standard code, RS244A. The second
group of addresses, from 64 to 127, effects the
reverse conversion.

applications information

In the first 64 entries, compression of ASCII-7 to
six bits has been accomplished by dropping bit bg,

and substituting the control codes listed for certain
unused ASCII graphic symbols.

In the second 64 entries, the RS244A parity check
bit, Cg is ignored. The bit Cg, used only for the
end of block code (EOB) is used externally to de-
tect existence of this symbol, and to insert a redun-
dant code, C4.C, (ROM address 74). This code
will be translated arbitrarily as an ASCIl EXT.

typical application
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ROM Code Converters

MM4221RR/MM5221RR ASCII-7 to EBCDIC code converter

general description

The MM4221RR/MM5221RR is a 1024-bit read-
only memory that has been programmed-to con-
vert between the 128 characters of ASCIi-7, the
American Standard Code for Information Inter-
change in seven bits, and EBCDIC, an extended
binary coded decimal interchange code. This con-
version follows the EBCDIC character assignments
used in the IBM 1130 computer.

Certain arbitrary assignments have also been made
for maximum usefulness, and in these two areas
the part differs from the MM4230QY/MM5230QY,
which follows American National Standard ANSI
X3.26 recommendations for character assignments.

For electrical, environmental and mechanical de-
tails, refer to the MM4221/MM5221 data sheet.

typical application

ASCII-7 to EBCDIC

EBCDIC
BINARY
HIGH TRUE

o
=
3
©

~

S

@

~

LSB

ASCII-7 +5V
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ROM Code Converters

MM4230BO/MM5230BO hollerith to ASCII code converter

general description

The MM4230BO/MM5230B0O 2048-bit MOS read-
only memory has been programmed to convert the

12 line Hollerith punched card code to eight level -

ASCII. This conversion conforms to the American
National Standard (ANSI x 3.26 — 1970). Three
TTL 4-input NAND gates, and three inverters are

used to compress the 12 Hollerith lines to eight-
line binary encoded form suitable for use by the
read-only memory. This application is shown

 below.

For electrical, environmental and mechanical de-
tails, refer to the MM4230/MM5230 data sheet.

typical application
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1A J /11 la i ~ 13/9 SOH | DC1| 8/1 | 91 10/0 1 10/9 | 9/15]| 11/11| 9 -1
2B K S|[2]|b k s 13/10 STX | DC2 | 8/2 SYN | 10/1 | 10/10 [ 11/2| 11/12| 9 -2
3|C v T[3[¢c | t 13/11 ETX [ DC3[8/3 | 9/3 10/2 [10/11{ 11/3 | 11/13/9 -3
41D M Ula|d m u 13/12 9/12 | 9/13| 8/4 9/4 10/3 | 10/12] 1174 | 11/14 (9 -4
5|E N V|5 |e n v 13/13 HT |8/5 | LF o/5 | 10/4 {10/13[11/5{11/16|9 -6
6|F [¢] wW[(6 |f o w 13/14 8/6 | BS ETB | 9/6 10/5 | 10/14 | 11/6 1270 9 -6
716G P X|7|g p o fx 13/15 DEL | 8/7 | ESC | EOT | 10/6 | 10/16 | 11/7 | 12/1 |9 -7
8|H Q Y|[8[h q N 14/0 9/7 | CAN| 8/8 | 9/8 10/7 1 11/0 | 11/8112/2 (9 -8
9|1 R Z|91i 4 z 14/1 8/13 | EM [ 8/9 | 9/9 NUL | DLE |8/0 |9/0 9-8-1
8-2 | [ I \ 12/4 | 12/11|13/2 [ 14/2 8/1419/2 | 8/10| 9/10 | 14/8 | 14/14 | 15/4 | 15/10 | 9-8-2
8-3 $ L =12/5]12/12)13/3 | 14/3 VT | 8/15[ 8/11 | 9/11| 14/9 | 14/15| 15/5 | 156/11 | 9-8-3
8-4 | < -} " % | @] 12/6 | 12/13{ 13/4 | 14/4 FF FS 8/12 | pca | 14710] 15/0 | 15/6 | 15112 [ 9-8-4
8-5 | ) -’ 12/7 | 12/14|13/5 | 14/5 CR | GS | Ena| NAK | 14/11] 18/1 15/7 | 15/13 | 9-8-5
8-6 [+ | > 1= 112/8 | 12/15]13/6 | 14/6 SO RS | ACK | 9/14 | 14/12] 15/2 ] 15/8 | 15/14 | 9-8-6
87 [ ® ®]| 2| |12/9]|13/0 |13/7 | 14/7 Sl US | BEL | SUB | 14/13( 15/3 | 15/9 | 15/15 | 9-8-7
0] may be "|” Note: The entries of Form A/B refer 10 the unassigned locations in the right hand side of the ASCIt table {bit Eg = 1)
® may be ¥ designated for specialist use. (See National Bureau of Standards Technical Note No. 478.)

Note: For the fuil ASCII-8 Code Table, see MM4230QY /MM5230QY data sheet
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MM4230FE/MM5230FE

NN

ROM Code Converters

MM4230FE/MMb230FE selectric-to-EBCDIC/
EBCDIC-to-selectric code converter

general description

The MM4230FE/MM5230FE provides for the con-
version of IBM Selectric Correspondence Code to
Extended Binary Coded Decimal Interchange Code
(EBCDIC) in both directions. These two decoders
are contained on a monolithic MOS device.

The Selectric-to-EBCDIC converter is located in
binary addresses 0 through 127. Input bit A7 is
used as a single line command to determine
whether upper (denoted by a “1”) or a lower
(denoted by a ““0"’) case has been selected.

The EBCDIC-to-Selectric converter is located in
binary addresses 128 through 255. Since not all
EBCDIC control commands have Selectric code

counterparts, it is not necessary to encode bit
position 0 (A8), which is used instead as the code’
converter selection bit. In addition to the Selectric
Correspondence output code bits there is a bit to
indicate upper or lower case. The odd parity bit
generated does not account for the case bit.

device characteristics

For full electrical, environmental, and mechanical
details refer to the MM4230/MM5230 2048-bit read
only memory data sheet.

typical application

-12V de

+12V de

+5V de

connection diagram
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MM4230FE/MM5230FE

CODE

oUTPUT

3

INPUT

SELECTRIC
R2 Ry Raa T4 T2

Rs

voow

Bg B85 By B3z Bz 84

[

[

[

[]

o

G

G 1

(ROM ADDRESS IN BINARY)

Ag As A4 A3 A2 Ayl|(Bg By

A

(ag

FUNCTION

OUTPUT

SYMBOL

NULL

NULL
NULC
NULL

NULL

NULL

NULL
NULL
NULL
NyLL
NULL

NULL

NULL

NULL

NULL

NULL

HULL
NULL

NULL

NULL

NULL
NULL

NULL

INPUT.

SELECTRIC| EBCDIC

ROM
ADDRESS| SYMBOL

20
2
22
3

3

32

39
35
a6
)
52
53

54
o8

33
35
3
a1
a2
a3
47
49
55
57
61
62

79

65
67
68
78
80
[}

83
[3
(3

100
103
104
107

108

Via
5
716

77
119
120
121
122
123

127

code conversion table—selectric-to-EBCDIC
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ROM Code Converters

MM4230JT/MM5230JT BCDIC to EBCDIC/
EBCDIC to BCDIC code converter

general description

The MM4230JT/MM5230JT is a 2048-bit read-only
memory that has been programmed to convert from
the 64-entry, 6-bit Binary Coded Decimal Inter-
change Code (BCDIC) to the eight-bit extended
BCD interchange code (EBCDIC) and back again.
The tables show the two translations in binary.

Character assignments for the EBCDIC are given
to IBM1130 specifications. All the non-alphanu-
meric assignments in BCDIC are subject to special-
ist usage, and care should be taken over them.

For electrical, environmental and mechanical de-
tails, refer to the MM4230/MM5230 data sheet.

connection diagram

Dual- In-Line Package

weut A, —1
et A, — 2
WUt A, —{1

ouTPuTs, —fa

outeuT 8, mef 5

ouTPuT e, —6
7

ouTPUT B =8
s

outeuTe, —10

outeut s, —J11

Vs 12

wveo
-~
-~

i S—
I —
) E—
" -
i p—
ofvee

15 Gt

| owe
N

3} weuT Ay

typical applications

TP viEw

BCDIC to EBCDIC

™
s
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+
5, 1
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v HIGH
A T e T T s Thoe
.4;,_@ N f— N ]
T e
-
3
—{ oo
- : L
A | o
e i
A
Higw  SET —_
T seo . I
— .__=[ | \
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EBCDIC to BCDIC
—1
2
L.
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aon . .
N
ousgio o« $roe —tdn 3
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to— o L3 Y Y
5 5
so— o »
Ne—g 22 L
san
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e s L)
N
s £33 Ij
oD
e

sae sparsumgmode sows
MA230 s shen)

LrOSZSIWIN/LIFOEZYWIN
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MM4230JT/MM5230JT

code conversion tables -

BCDIC to EBCDIC

FUNCTION cone FuncTIoN cooe
WPUT [ outPut SuTPuT wrut_| outeut ouTeuT
ROM BCOIC EacoiC EBCDIC ROM BCDIC EBCDIC €BCOIC
aboRess | svmaot | svmsol [ 87 T8 [ 6s [ B4 83 [ B2 T8y aooRess | symeoL | symsoL [B5 [ 87 [ [ | 0s] 82 ] 8z [ 1
NULL NULL 9 [ [ il L) 5 ! X Ll :
DN i f : y [0 S
T T : E30 R
. 3 : [ T A
- | 3 o
o . )
g 3 . )
- [ Ro i o
2 7 ya— Y
T ) 3
7 5 DR
o 0
ETeR T
5 5 T
+ +
WU RULT
0 0
5 T o
o
5 s o
5 o
v 7 ©
3 3 o
N T
0 0 Yoo
~ w ot
o 5 o7
3 v 03
S 5 Toe
W = o o o o
T - o5 o
5 s o7
: : o7
7 7 oo
Vo
g fi
iR
0 o o
14 o o
R s o
Tig o
T
i
0y
[ 20
T T ]
I3 v IEd
IF)
- = —— oo
7 T S B 2 oo
T T O B B R 13 o To
EBCDIC to BCDIC
FUNCTION Cooe FUNCTION cope
weur | oumeut ouTPuT weut_| outeut oumPuT
aom [ “escoic | acoic coic row [ eBcoic | scoic scpic
aooness | svmeoL | symeoL [ s T8 [ 6 [ 8 [ 8 82 [82 81 aooness | symaow | svmeoL [ B3 67 ] Ba 5 | 63 [ 62 [ 51
FETI IO TS oz - — 1o [olo o o o
129 WULL_ | NOCL 193 A oo 1 1 o o
FELCHN ST TS I [ R B R
EETI BTN TS Iy Y I N N CN ]
ERET] NUL NUCL 196 ) o [0 T T T (]
133 - - G [0 T 1 [ o
=] - o v T o i
FECI BTV TS TS
FETI LTV STV T
137 O N )
[E] 7 v [ o
] T 5 s e
— = L L B Y 2 3 s1etsts 5
o T T L8 Y N L B ) 5 et
- g LN I L A B - R
T T L I 3 CEEREN N
T C N N R 2 A
LTS NTIY O W O B L 2 LN A N
ETTER AT Lo s 2 N B
wou [ TRULL N 5 1® K ST N M N
ECC T WY oo N L0 LI N 1S N
Y0 - [ I v 20 T O S O A
o - - N N 5o ol L2 U B
LI 1S LT N N 5 L L L L
SEEI T DO T N o L D ° il
) 7 g o T B CHEEK) LM D) ! z
w5 5 E N L N
755 - - L L I N L
5T ; T O N L T L N
5 L T LI N
e T T N I I L L WL
T L 2 L L
6o N N T T B0
& o) o) O N I I B I :
S LT TV TS o
163’ NULL NUL ol o 0
164, NULL NULT of o ] o L] T ° k] 1 M
165’ NULL MO FOE ) ] o190 T L] y o o
166 NULL NUL] o ® L] (N K il o il L] il
167, NULL UL oo Al L] ! ! 9
N 168 NUtL NUL oo Al L] Al 1 2
169 NULL NULT 7 o0 ! ! [] 9 o
170 NuLL T WOL [ 9|0 il 1 o o i
T o T I NI )
\ "o o L R
£ ] 00 O 2
T O I N I N N
5 L O N N O N A B
NULC o £ 0 ] [ 9 []
oL s 5 [
oL 5 T a oo
T 5 T 5 o
CT T 5 o v L
oo T 5 5 L
- o v s 5 L I
o a e T L
oL 5 o To o oo [T~
ot o 5[ o loTe
5 5% L
D o % L N N
e o 5o 3
S B B L 5T C S
O O B ) 5 L
T S B s N
EC TN T T B L N )
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ROM Code Cpnverters

MM4230KP/MM5230KP ASCII-7 to selectric code converter

general description

The MM4230KP/MM5230KP MOS read-only mem-
ory has been programmed to perform the conver-
sion between the American Standard Code for
Information Interchange in seven bits (ASCII)
and the Selectric correspondence bail code trans-
mitted and received by the IBM Series 7 input/
output printers.

application hints

The ASCII field and Selectric bail code field as
defined do not map exactly: for instance “’space”
is handled as a normal 7-bit code in ASCII, but is
handled as a unique switch and solenoid pair in the
Selectric printer. And even among the graphic

characters, + and ¢ exist only for Selectric, and >
and < only for ASCIIl. The former problem is
handled in the MM4230KP/MM5230KP by ex-
ploiting the inherent redundancy of the bail code
(see Table 2). The latter inconsistency is resolved
by making arbitrary equivalences between the
unique characters. The two tables show the treat-
ment of both the characters which have equivalents
in both codes, and those characters, and the func-
tions, which do not. Encoding and decoding the
Selectric functions that the user requires is a
matter of conventional Boolean logic. A typical
example is shown below.

For electrical, environmental and mechanical de-
tails, refer to the MM4230/MM5230 data sheet.

typical application

SELECTRIC INPUT

BAIL

K &

S 7 <
CODE S PLACES S
INPUTS. <

Z4 Ay

SELECTRIC

, OMBI22 2, A

MM5230KP

s N ASCH YO
SELECIRIC/
1 A SELECTRIC TO
s
Ascll

]
I“_l i_,_.;-alt—‘

[, owssz 2. A

AsCH

MACHINE CODE OR NON
PRINTING CHAR (SELECTRIC)

Neo-
1Pag
»

CORRESPONDENCE
L AIL

OUTPUTS TO
PRINTER

Bs

T
") wwmee
SELECTRIC

ASCH INPUT
LOW TRUE

1
z As

[1'g

T

s 2 — ~:

1

[

[

auTPUT
Low

TRUE

68K <

> 8 9
PLACES §

I“-];-L%L

[ — v

INPUT/
ouTPUT
SELECT

A HIGH ASCII to Selectric Output

LOW Selectnc to ASCHI Input omEs12

Encoding ‘Space’ by Gating In on lnpui

SELECTRIC TABLE SHOWS SPACE AS i, Ty, By

0 BAIL CODE INPUTS
SEE TYPICAL
APPLICATION

ABOVE

B {444 0010
e

Decoding ‘Space’ on Output

SPACE MAGNET
DRIVER

r———/—™7/A

: | |

!

| |

—d

LM351 PERIPHERAL
ORIVER

SAIL CODE FROM
CONVERTER< AT
LOWTRUE
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MM4230KP/MM5230KP

code conversion tables

Table 1. ASCII-7 to Selectric

by 0 0 0 0 1 1 1 1
B.'ba"s °o Cal o] M| %] %] o T

: b.“ bf "‘2 "" P L Y 1 2 3| a|s|se]| 7
cleeye ° NULoz DLEOA Svez N B S

o oo |1 1 50“12 Dc'lA ' 1 Alala q
o|of1]o 2 STXZZ oczu 2 B |R | b v

oo |1 | 3 X %% < | 8 c|s|e s

o 1|00 4 BTl P | s | o DT |df 1

o1 |o | 5 ENOH NAKm % | s Eluje | v

o|1]1]o 6 ACK23 SVNZB & | 6 Flv | v

'EERERE 7 BE"33 57333 w |7 clw|g | w

ifoiofe 8 3342 CANAA ¢ 8 WX | n| x

1lofo [ 9 HTSZ EMSA ) 9 Vv iy

[EERERE! A LF53 SUBGA . sz i}
et 8 VT72 Escn * K [7F Bk 7F
e ¢ FFn Fsaa <au t \so C 48
pryeln ° CRsa Gsss - : M ]77 ! 77
Ty € 5063 Hssa >50 N A7o . 58

INERENE ] 5'73 Usm / ? ol_ |o DE'('JO

Table 2. Selectric to ASCII-7

Ry ——rer—————— [) ) [ [} 1 1 1 1
T — 0 ¢ 1 1 ] 0 1 1
T— ) 1 [ 1 [} 1 0 1
T Faa | B T Riwcm 0 LI P 3 " 5 3 7

8 I P N W 574277 4 %

et ! Y " ° * | " e ne/F 4

| A N ) L e )
oo 0| o PRSPPI G  a e

o1 |o]o 4 Q k . c a 8
' s 21c
o1 |o|1 5 3 e o 5 e d . 7
o|1 |1]e 6 W0 n e 2 f u v 3
o1 |11 7 ! 1
J t 21 z q x m
110 [o}o 8 _ B w ( /E/ //{é g
o
1|0 jo 1 9 H s ) > L $

| ¢ .
1o c A

! ° ¢ ° K a9 6/3 21c )

11 e | D 4 3 % 0 R &
11 |10 E + N el @ F u v #
11 | w i

1 F J T 3 z G X M 58

(B oteS T ot BeGubdapt Ban Coges] ASCII shown thus: Column No./Row No.
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ROM Code Converters

MM4230QW/MM5230QW hollerith to EBCDIC code converter

general description

The MM4230QW/MM5230QW 2048-bit MOS read
only memory has been programmed to convert the
12 line Hollerith Code to the 8 line EBCDIC Code.
Three TTL 4-input NAND gates and three TTL
inverters are used to compress the 12 Hollerith

lines to eight line binary encoded form suitable
for.use by the ROM.

For electrical, environmental and mechanical de-
tails, refer to the MM4230/MM5230 data sheet.

typical application

Hollerith to EBCDIC

4 INPUT NAND GATES ARE oD

INVERTERS ARE
oW OM7430 TVPES oM

8912 TYPES

Vss.

E

CONTROL

connection diagram

Dual-In-Line Package

4
1 47K arK 4K EBCOIC
4 oureur Ay —]1 2al—voo
wf i 0 - .
—
-l Ay==2 23 p—NC
—1 A2| Ayt 3 22— NC
—_— =5}_{>» 1 L .
5, —]a 24f—na
a
’ S 5 B —t5 20— A,
7 —— L K 19 == Ag.
PuncHED n 5
1 .
CARD i
DATA | b—
-~ { By 1 it A,
220 2300 [} . : 3 8= 1f—a,
i
i 85— 16fm veo
LU s— 2
MODE
&= 15~ coNthoL
Al HIP
ZONE By g 14 ©
e w® - s gt o
Vo2 13— Rg
wsl o s
wores To° view
Ve~ 120V 10%, Ve < GNO, Vg - 120V 10% Ao
2 T Mol gut ta (ies 1 thinugh 12) 1 cansdeced " bevice ThuE
e o oty tpE Smthes etteed, o e of 3 six oo Soon
Dunchd hle, 1 Giound 1 shown s

Vss
§ ax
cHp

LINES B TO 12 EnAsLE

ﬂj"“

= UNEsTTO 7

code conversion table

Hollerith to EBCDIC

12 12| 12 12 12 12| 12 12
B3] ninfn 1 g
0 0 0of 0 0 [\ ol o
& - olspl b |1 i 70 49 |59 |69 80 |90 | AO|BO 8-1
1A [y /11 fe |i |~ |81 SOH|DC1f21 |31 {41 |51 [E1|71]9 1
2{8 |K |sl2|b |k [s [B2 sTx [oc2[22 |syn|42 |s2 |62 729 -2
3jc L {T]3]c |1 83 ETX|Dc3|23 |33 [43 |53 [63]73]|9 -3
4/D M |ufafd |m]|u |Ba 04 |14 |24 [34 [44 |54 |64 [74]|9 4
s|eE |N |v|5]|e [n|v [BS HT {15 |LF |35 |45 |55 |65[75]9 -5
6[F |o jw|e|f [o|w [B6 06 |BS [ETB|36 |46 |56 | 66769 -6
716 |p x|7 ]9 |p x [B7 DEL |17 |ESC |EOT[47 |57 |67]77]|9 -7
8iH (0 |v|s|n [a ]y [B8 08 [can[28 |38 |48 |s8 |68 |78 |9 .-8
91 R |[z|o | |r BY 09 |EM |29 {39 [NuL|OLE| 20 [30]9-8-1
8-2 |1 1 \ 8a|9al aa| BA oA [1a |2a [3a [ca | DA [ Ea|FA]9-8-2
8-3 $ |.|#|s88[9 AB|BB vt [ [28 [38 [cB [oB [ €B|FB|9-8-3
84 |< |[* %|®| 8c|ec|Ac|BC FF |Fs J2c [pca]cc | pc | EC|FC|9-8-4
85 |( ) - 8D} 9D| AD | BD CR |Gs | ena| NAk[cD | oD | ED[FD| 9-8-5
8-6 |+ |: >|=[8e[ 9| A€E|BE so [Rs [ack]3€ |CE |DE | EE|FE|9-8-6
8-7 |+ O @]~ 8F | oF | AF | BF sl {us |BEL|suB|CF | DF | EF | FF|9-8-7
® may be “|”
@ may be “ 7
Note: Unassigned entries e.g AF refer to the EBCDIC code as a 16 x 16 tabte, column then row, in hexidecimal notation

Note:

The relationship between Hollerith as 256 valid punch combinations and EBCDIC as eight binary digits is well established.

This converter conforms to this practice The assignments shown i the table above are the recommendations of the
American National Standards Institute For details on alternate non-alphanumeric graphic and control codes, see

ANSI x 3.26 ~ 1970
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MM4230QX/MM5230QX

NI

ROM Code Converters

MM4230QX/MM5230QX
EBCDIC-8-to-ASCIlI-8 code converter

general description

The MM4230QX/MM5230QX is a 2048-bit read
only memory that has been programmed to con-

vert Extended Binary Coded Decimal Interchange table.
Code (EBCDIC) to the American Standard Code

for Information Interchange extended to eight bits

(ASClI-8).

The conversion conforms to the practice estab-

lished by the American National Standard ANSIx
3.26—1970. Exact details are shown in the code

For electrical, environmental and mechanical de-

tails, refer to the MM4230/MM5230 2048-bit read

only memory data sheet.

typical application

-12v

+SV

LsSB

EBCDIC
INPUT BITS
~ w - « - ~

MSB

v

Logic Levels.
DTL/TTL

Logic

L8

GATES DM8810 OR DMBB12

Vss

14

-

> > 6.8K,
A 13 Voo S--JrveicaL,
3 % < QB LINES
GATES DM7400
A 8.
As 8, .
' s E;
A 8
=3
2
A 8 3
51,0 Mmazzoax s e, S
MM52300X 2
A g
__D J 19 8 Bs D—Es
A 8
>
< < A 8
< S fry = ‘D)_g,
< TYPICAL,
1 iumes
Bg.
12 n D—E.

“CHIP ENABLE =Y _'I

MODE CONTROL

(except at MOS/ROM interface)
1, +5V, nom. Logic “0", ground, nom.

MOS/ROM Inputs & Output

Logic ™

1", more negative. Logic “0", more positive

“Chip Enable -

Logic “1°*

DTL/TTL LOGIC

to obtain outputs

81138y

connection diagram

INPUT A, —

INPUT A, ==t

INPUT A, =ed

OUTPUT B, =

OUTPUT B, —

OUTPUT B ; ==

OUTPUT B, —

OUTPUT B, ==

OUTPUT B, ==

QUTPUT B, =i

OUTPUT By med

Vss

8

9

10

n

12

Voo

e NC
p=—NC

b INPUT A,
b— inPUT A,
b— inPUT A,
b— nPUT A,
e INPUT A

P Voo

| mooE
CONTROL

__ CHIP
ENABLE

b— inPuT A,

TOP VIEW
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code conversion table

0o——0 0 0 0 0 o |o 0 1 1 1 1 1 1 1
1——— 0 0 0 0 1 1 1 1 0 ° o | o [ ] 1 1
2—«o0 ° 1 1 ° ° 1 1 0 0 1 1 0 [} 1 1
3 ———0 1 0 1 [ 1 0 1 0 1 0 1 ° 1 ° 1
Col
a5 6 7 el o 1 2 3 4 5 | s 7 8 9 Al 8 c o | E F
bbb e
NUL DLE SP & - | \ o
° 80 Ba | c3a | ca | o1 | o8
000 0 00 0 % 0] 2| 2 w| | sc| 3
SOH | bct 7 a j ~ A 3 T
1 1 1 88 oF
000 01 nl 8 9 i % 61| en| | ™ 2| aa 3
o0 1 0 2 sTX bez 82 SYN a1 | aa | B sc |° . : oa | B K s 2
02 2 16 2 62| e8| 73 42| 48| 53| 32
o0 1 1 3 ETx | be3 a3 93 A AB 8o | ° ' ‘s | © t T 3
03 13 2 83 ‘&3] ec| M 43| 4c| sa| 33
o1 0 0 4 o 9D 84 %4 ge | ¢ m v oc | ° M v 4
: A3 | AC | B 64| 60| 75 44| ao| ss|
o 1 0 1 5 T gs | F 95 A ao | 8s | BF |° " v oo | € N v 8
09 oA 4 8 65| 66| 76 45| 4e| 6| 35
BS ETB 1 o w F o w 6
1 1 0
0 6 8 o8| * | % a5 | AE | B6 | cO | |l OE w| ar| s1| 3
DEL ESC goT h P x G | P X 7
11 7
° x| ¥ 18 oa | N8| AP BT O 67| n| .| ™ 47| s0| 88|
CcAN ) a v H ) v 8
100 o0 8 97 88 £0
18 %8 AT | B0 | B8 | @ 8| n| | 48| s | so| 38
1.0 0 1 9 e | M 89 % A B | Bo | ' ' ? e | R z 9
19 8 60| e | 12| 1a]. 49| s2| sa| 3
[ i h .
10 1 0 I 8 92 8A 94 c4 | cB | D2 | e2 | e8| Ee | Fa | FA
58| sD| c| 3a .
vT 7
10 1 1 8 8F 88 98 $ g cs | cc | b3 | es | e | er | Fs | FB
o8 26| 20| 2| 23
FF Fs Dca < % @
11 0 0 c . c6 | co | pa| ea| ea| r0 | 8 | FC
oc wc| ¥ | 3¢l 2a| 25| a0
11 0 1 0 cR Gs Ena NAK ! ) - c7 | ce { os| es{ e | F1 | F7 | FO
oo 1D 05 15| 2)'20) | 2
SO RS ACK > =
11 1 0 E € : cs o6 | e6 | ec| F2 | F8 | FE
o€ 1E | ° 28| ‘38| 3| 30 cF
s! us BEL sus ) N B =)
111 F o7 | 27| Eo| F3 | Fo
oF F 07 1A 21 SE 3F 2| @ | P° FF
©),
N
> Hexadecimal EBCDIC
C5_ Character Address
I'_E_—h__; \\
I
I |
|
Ll __ s

Location in ASCIt-8 {ROM Cont)

Character Assignment

(1 Any)
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"MM4230QY/MM5230QY

NS

MM4230QY/MM5230QY

ROM Code Converters

ASCII-8 -to- EBCDIC-8 code converter

general description

The MM4230QY/MM5230QY is a 2048-bit read
only memory that has been programmed to con-
vert the American Standard Code for Information
Interchange extended to eight bits, (ASCII-8) to
Extended Binary Coded Decimal Interchange Code
(EBCDIC-8). The conversion conforms to the prac-
tice established by the American National Standard

ANSIx3.26 1970. Exact details are shown in the
code table.

For etectrical, environmental and mechanical de-
tails, refer to the MM4230/MM5230 2048-bit read
only memory data sheet.

typical application

-12v

connection diagram

INPUT A5 1 28 b Vs 0
v ® . !
; = INPUT A, —] 2 23f—ne
GATES DMB810 OR DM3812 Ay Voo . 68K,
LS8 Ay Voo > — Stveicat, - -
€, _D T R 3% INPUT A, ed 3 2fe ne
\ . GATES DM7400 ourPuT B, =4 21 = vput g
2
OUTPUT B, = & 20 fum 1NPUT A,
As 8;
E 1 5 6 QUTPUT B, w=ed 6 19 o INPUT Ag
w As 8, ouTPUT B, =4 7 18 e INPUT A,
8k 2 6 5
H]
e ouTPUT B, —f 8 17f— INPUT Ay
2 A 8
H s MM42300Y/ d e
H ES—_D> 2 ymszay ¢ =g 0UTPUT 8, —q 9 16fam veo
32
85
A 8. s | mooe
€ ——D A2 11 8= D)— 3 =8 ouTPUT B, =10 51 contRot
-
UTPUT B Y T
A, Bs S i ENABLE
3 18 9 2
Ves—{12 13— INPUT A,
3 3 |
< < A 8, TOP VIEW
£ S S i 10 Do— 1
msB < & TYPICAL,
BLINES
12v 12 wp
»
Vas 14 15 ’

N

MODE CONTROL

Logic Levels
DTL/TTL (except at MOS/ROM interface)
Logic “1”, +5V, nom. Logic “0”, ground, nom.
MOS/ROM Inputs & Qutput
Logic “1”, more negative. Logic “0", more positive

*Chip Enable = Logic 1" to obtain outputs

DTL/TTL LOGIC
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code conversion table

bg ———0 0 o Jo o |o Jo R L
b7 —0 ° o o1 |1 1] o oo o |1 |1 |1 |1
bg ——s-0 0 1| 1| o] of 1| 1 ol o 1] 1] o]l o] 1] 1
by —0 1 o] 1 o 1 o 1 ol 1 o 1| o 1] o] 1
Column [Column,
e 1 2| 3| a | s| 6| 7 |8lo|alslc|o]|Ee|Fr X
bg by by by| Row} } Row
BB NU
0 0 0 0 0 L |DLE |SP 1O PP 20 | 30| 41 | 58|76 |9F |88 |DC 0
00 10| aoloro| 7c| p7| 79| o7
s | ,
0 0 0 1 1 oH |bc1 o) @ fo 21 | 31| 42| 5 |77 | a0 89| 0D 1
01 11| af| F1| c1| os| = 98
STX | D : R
00 1 0 2 c2 2 b 22 | 1a| 43| 62| 78 | Aa|BA | DE 2
02 12| 76| F2| c2| oo| 82| 99
ETX
0 0 1 1 3 bes # |3 S e F 23 | 33| 44 | 63 | 80 | AaB | BB. | DF 3
03 13| 78| £3] ca| e2| 83| a2
ECT | DC4 a2 |o |T ¢ ;
0100 4 $ d 24 | 3a| 45| 6 | 8a | Aac|BC | EA 4
37 3c| s8| Fa| cal e3| sa| a3
ENQ |NAK |4
01 0 1 5 A voe 15 | 35| 46 | 65 |'88 | AD| 8D | EB 5
20 30| ec| Fs| cs| ea| 85| A4
ACK YN Vv f
o 1 1 0| s s & |6 i 06 | 36| 47| 66 | 8c | AE| BE | EC 6
26 32| so| F6| ce| es| 86| as
BEL |ET . 7
001 1 3 7 ET8 Wole 17 | o8| a8 | 67 | 80 | AF| BF | ED 7
2F 26| 70| f7| c7| es| 87| A6
8s CAN x |n -
1 00 0 8 ©oe * 28 | 38| 49| 68 | 88 | BO | cA | EE 8
16 18] ap| rs| c8| e7] 88| A7
HT | em ) v
10 0 1 9 ! Y 20 | 30| s1| 69 | 8F | B1 | CcB | EF 9
05 19| so| fe| co| Ees| so.| as
IF sue |+ . i
101 0 A z o 2a | 3a| 52| 70| 90 | B2| cc | FA 10
2 3F| sc| 7a] o1] ee| @ A9
vT ESC + ; 3 [ k|t .
10 11 8 2% | 38| 53] 71|o9a} B3| cO| FB 1
o8 27 ae| se| 02| aa| 92| co
FF | Fs < R
11 0 0 [¢ \ ! 2C 04| 84| 72| 98 | B4A| CE | FC 12
oc 1c| e8| ac| o3| eo| 93| A
R |Gs SR SR PV
11 o0 1 o |© bogm ol 0o | 14l ss| 73| 9oc | B5| CF | FD 13
oD 10| 60| 78| 04| sal| 94| oo
RS > N Ay ~
1101 0 e | @|n oa | 3c| 56| 74| 90| B6| DA| FE 14
oE 1e] 48| ee| Ds| sF| 95| a1 '
sI Us E Z
111 F °© [PEL g | E1| s7| 75| o€ | B7| OB |EC 15
oF 1| 61| 6F| D6 60| 98| o7 FF

may be “1"
may be "

[AN SR

The top line in each entry to the table represents an

assigned character (Columns 0 to 7). The bottom
line in each entry is the corresponding EBCDIC Code,

in hexadecimal notation.

To convert ASCI1-8 asterisk (*) to EBCDIC-8
Eg Eq
*in ASCII is a 2A or binary 0010 1010

applying this as an address to the MM5230QY/MM4230QY

bit-0 bit-7

gives the output 0101 1100, which is an EBCDIC-8 asterisk.

The exadecimal EBCDIC entry jvs formed thus:
Eight EBCDIC bits
MSB 0123 4567 LSB

i s

1st Digit  2nd Digit

Example: 0 1 0 1 1100
—_——  ———  or®

5 C
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MM4230RS / MM5230RS

NN

general description

The MM4230RS/MM5230RS binary to modulo-n
divider code converter is set up to generate the
program input settings for a pair of DM7520/
DM8520 modulo-n dividers, in order to divide by
any binary number from one to 255. Detailed
instructions for use of the DM7520/DM8520 are
given in its data sheet.

MM4230RS/MM5230RS binary to
modulo-n dividercode converter

ROM Code Cohverters, |

Applying the required division ratio, in binary, to
the inputs of the ROM as shown, generates two
sets of four program inputs, one for each of the
2 DM7520/DM8520 dividers.

For electrical, environmental and mechanical de-
tails, refer to the MM4230/MM5230 data sheet.

connection diagram

Dual-In-Line Package

INPUT Ag = 1
INPUT A, ==1 2
INPUT A, =] 3

UTPUT B, == 4

OUTPUT B, =4 5

OUTPUT B =g

OUTPUT By =emd 7
OUTPUT B; ==] &
QUTPUT 8, —4 9
0UTPUT B, =={ 10

OUTPUT Bg memed 11

Vesmmd 12

Voo
23fp—ne

22 e NC

21 e INPUT A4
20} PuT A,
19| INPUT A5
18 == INPUT A
17 s INPUT Ag
16 voo
50— owTaoL
N E:IAPBLE
13 = INPUT Ag

typical application

zv

TOP VIEW

Binary to Modulo-n Divider

CONNECT

DM7520/DM8520
L L PROGRAM
> > > INPUTS
S, < s < < < 3 2 1
M K & < 4 < < S 3K
owasie 2 < < < < < < Vss MODE om74ne
w v o—{>o- . COMTROL >0
#o—{>o- n o o >—or
N DIVIDER 2

»o—> [ >0

2 o—-Dv s 0 :D—o 3
amany

DIVISOR MMS5230RS
zﬁo——D. o .Jl>—o v
20— >0 ~s o >—0r
DIVIDER 1

2 &-—% o 4>_° IS

o—> of>—o-

158 CHIP b N

As ENABLE Voo Voo 4 4 > > > : :
S
m = T e 3 3 3 3 g o

HIGH
TRUE
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Z:Shwwowm /MM5230RS

code conversion table

>
o wrsoNCcogao~olusnN—ooONOlusnaCooR~olursnarognoursoaCoonoluET ooV~ O|lusma oo E~NO|lLT O
. A ENARNRCRCRER -] RCRLRERCRERC R RURRE R fr Jrar S R R AR R R R R R RPN e R RERSRERC RIRSENEN RS ENRSR MR NRRURR ) U IO
Q|- "0 - -|00000~0-~00 (000000~ r00O0+--000~|000r-r00-~0r0O0r-00r-O-—|lc-o0ro-0~0c|-000O
~
E|d|--co-----oc|lcoccoror-000|0r0000r-r~|000r-000~0|00-r00-0~00lrr0OrrOr o000~ |000
=l
2 |00 rrr-~00|000-0r-0000|-~0000 0|00 r-000-00|0r00~0r00-|r00rrOr—rr|0rororor—o|loco~r
a
e <
2 B | OO -~ -000|00r0O~0000~ (0000~ —00|0r-000-000r00-0-r00 |00+ O rrO|r0-r0-0=~00|0
E
w B |- O0000[0-r0-r0000~-0|000r - -000|-~-000-0CO0—|{00-CO0~0O0-rOl0~ -0 rO-|0CrO0rOF--000|r=r=«
»n @
Elf|---r--o0ocooo|l-oroc000-00|00rrrr000 00000000000~ r00|rrOrrrrOCO|rOCFO OO0 |~
=]
2|f|--~-coococo~|o-0ocoo-000|lorrrco00--|000-000-00|-r0 0000|000 -|l0r0 00O —|c—~=
a
f|-——coocco-o|-~ccoco-co0o0o|rrrrc00--0|00-00O-00|C-rOD 0O —|Orr OO OO rrE OO |-
z Q aN-OD® WTON—OD® LWLTMN—OD O™ =3
wynN-—ooerolusna-coourno|lusoa oo~ ol = ~ o = ~o|lws - ~ o ln NN O|luTNN- ORI oD o~ ©
I C OO PO Y|P OO YIS IITITIINONONONONINANN SN NNNN =S| —-c-g8cgso 8388583858833 -58858|83IBI58RRRE
P ERaRal= RS IR R = R = e o Eali= R~ RN =T = B R R R Rk = i = T = I B Y B o Olr 00 ~—000|0O-~0Q-O0-O0~|0QCO0 -0 -0 +—r—0
~
mBz110110100111101101110100011011 O~ -~ 00~ 0| "0 -0 -rOD O~ |~ O =m0~ [~ 000000~ —00~O0rOrO[00 0 =0
o
Slf|rorr0r00rn|crO0rc0rrr0|r000 -0 -0|0Or 000 r—|0r0cr0O0rOr—|rorrreccOrr|lcroocrc000r|roor0-0rco|orororm e~
© [=}
2 Ao ~O OO0 r [ r OO0~~~ O |00~~~ O00|~~~0O0 -0~ 0| ~0O 0000« O~ OO0~~~ 0000~ l00 -0 r0-000|cd O r—r =~
=
w S|~ OrO0 O |0 O - -0~ 0 00O -0 |~F-rO00-~O -~ —O~|0-r0O0 -0 O|r-—-r O~ -0|0c--0000 0|00 +~0~000~|CrOrecrecer—o
-
gld|-o-co-r--o|--o-~co0c-o0cjo-c-0--00--|r00-0--0-0|[r00rO0-rrcOor|rccrO0r-r00|r-0000r-00|l-0or0-00O-O|-Orrr-——-00
8 s
Sld|lo-ocor-rrrror-|ror-ro0r0c00|-ro--00---|lo00ro0rro0-0-|00FO0 -0 rlrrrO0-r--00-|-r0000-~00-|0r-r0~0O00FCO |00«
o
R re O rr O - |0 c -0~ 0O0O | ~0 -~ 0O0 - 0|00~ —O -0 ~Ol0 DO~ -0 c0O0 -~ |000O0F-r~00~O|rO0r000FrO0-O|re-rr 00~
>
wesnN-coonrnoluToN-OQ 10 - ~ - N0 RN T NN - DO N R O TN N O PO N OO TONNCODONOOLTONOD D~ ©
@ Bl s TR 8IS 380 883003 BR g8l R e N e R Rl ed 8528385883355 3808|8300028n gL o288
" FANNNAIIANAINANANIANANNNANANANANANRANNNANON| NN NNNARACOQ| OV ARRA e mr e | mr el r e e e e R R E RS cCC s r 8282
B~ -~ -0 Ol0O- 0000000~ |~-O0-r-0000C|0-00F--0+-00[000rrO0-Or—|-r0000rOr—|-00-000~-~-|000 -0 --~00 0000 mm= 0
~
«
Wl |~~~ 0-00|-r0000000--|r0r-r-r000000|r00~~0r000|00r~0rOr 0000 rO0rr=-|l00r000 - —~0|0O0-0O-~00~0|l0-~r00=—r—rora
[=]
W&J11111010010000000111011000000100110100000110101110 OO0 ~-0re=-=0|l0-000~--+~00|0-~0r-r~00~CO|-0O0-e-—-0-0~
© .
z B~~~ 000 -~0|0O0000O0-~—~0|r-~000000~0|0r—rOr-~r0000d|lrrOr0O---00|C0-O0reece-—0O0|~000---~00Q|r0-r-~00~0O0 |00~~~
=
-
w d|lr--oroco-00|co00o0rrror|r000000r0O|lrr0~0000O-|rOrOrr-000|0FrOrr 00 |CCOr 000|000~ 0COr0|oreroro~-r-o
m F| -0~ 00~000|0000-~rrO0--|l0000CO 0O |[r0r000O0O——|lOr-rOrcr0O0OO|rOrr 000|000 r- 00O -O|rrO0C-00-CO|rer O e —0—
2
2|d|~orco0r0000|00o-rro-r0|l0o000O0r0O - |[0-00000--O|rOr--0000F|0Or-rc-r00-0C|Crr-0O0O0-O-|r00r00-0O—|rrororeor—
[=]
| O~ -~00C00 |00 -0 -r-00|0000r00~—0|-r00000~~0r|l0r—-~00C0~0|----00F-0CO|-r-000r-r0 |00~ 00-00-|lrorOre—0wr—o
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MM4231RP/MM5231RP

NN

ROM Code Converters

MM4231RP/MM5231RP EBCDIC to ASCII-7 code converter

general description

The MM4231RP/MM5231RP is a 2048-bit read-
only memory that has been programmed to con-
vert from EBCDIC, an extended binary coded
decimal interchange code used in the 1BM1130
computer,. to ASCII-7, the American Standard
Code for Information Interchange in seven bits.

This conversion differs from the ANSI x 3.26

conversion of the MM4230QX/MM52300X in that
it follows certain earlier IBM 1130 character assign-
ments. Also certain EBCDIC control codes are
arbitrarily preserved and translated (see transla-
tion chart on truth table).

For electrical, environmental and mechanical de-
tails, refer to the MM4231/MM5231 data sheet.

typical application

EBCDIC TO ASCIHI-7

+5V
EBCDIC

ASCIt
HIGH TRUE

LOW TRUE 1215
U] 11 HIGH = Graphi
O— = Graphic
MsB o ha B °> —0 Low = Control
10
1 Ot a, B, OD—O by
19 9 X
2 Q] Ag Bg 4 D b
20 []
3 O] As [ 4>—o bs
” MM5231RP ;
10——a, B °| >——O's
1 ] % o
5 Qe A3 By b3
2 5
Y-S Y B °>_° b
3 4
Lss 7 O 4, 8, » 0——0b-
< < <L 3 3 S S omMmn
68K & B.IK < 68K Q6K < 68K 68K & 68K
16,2413 p i > >
*—&
o

-12v
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FUNCTION cooe FUNCTION cooe
INPUT OUTPUT INPUT QUTPUT INPUT QUTPUT INPUT OUTPUT
nom  [“cacorc | _asen rom [ eecoic | asoir
ADDRESS | svmBoL | symsoL | mss Lsa | cers | mss Ls8 aooness | symaor | svmsoL | mss ise | cers | msa use
~or T ne Tofolololalo oo o [olofololeo]o] o 128 | ———)
son | son | o el e o el ool + o [ ol ololofol ol 139 0 : T T
st s [ e T oo ool ol 1 oo [oelolblolol o o0 5 5 T
erx e o [0 [0 ool ol | 1+ T o o6 ojolol ]t [ET T . i T
23 e Totolotol i To1 0 [ a ., T
W e [ lelofs[iiele T i3 . . i
© T34 ¥ v | v
[N S | T N I MU N B W35 ) ) v
7] ) " T
a7 D : | ]
E] | 13
% T o1 1o 1 T 1 T r T I B S B O T
3 3 | o B
< " (O B N N
S0 o [ I N L ) I
— OLE E i o L ©
ocz | oc | T T Te i « v o !
ocs | e i o v ) T [ [ ©
Aes - 5 oo S w = T T
N T ' 7 TTo o 2 n 0 T 7
Bs &S [ [ ) 750 o > I EI I A ) 0
oC l 151 » > T T s o
can | can [ N R ) 52 a a I N 5
FY I T R I S L N 53 : g | D S S B ) :
cc | 5
cur 155 T N T B W T T ) T
T o | I R e R S
ROS As o o [ 1 1 v [ [ 158 CONTINUING BINARY
s us | C N N L Y ) [iso ] aueRct
os 60 1
o3 CONTINUING AR i ; ; | ; i
SEQUENCE o7 : : :
e 3 | F N N N ) e v v T
Tos | eve FI N I I B ) e w 0 v
| T ; :
) v . | i
B g i)
<oz i
. 72 |
T I T N B S O O ; ; e
ack | ack s [ololofol [ 1] @ i
seL BeL PR I R N S s |
— | m———
V7
FECTI T | O 0 N W ) i |
179
" o0 |
as o6 | T I R N T ) T .
e a2
For Tor T I N R N D B ) 183 |
e |
65
| ] |
o3 157
oca 58
- . v B | o s tite ] o | o] | o . ; | At
I )
sue [ svs | —mm—————— [ o 0 1 1 o 1 [ 191 /——/‘_ﬁ
P | Ar[ns)as|aafas|Az]ar [ B [ ] | Bs]Ba| Ba] Bz] B As | A7 | A | 5| Aa| As| Az | a1 [ s | 87| 6o| 65| Ba] 8] 52| 61
ToNGTION oot FUNCTION cooe
weur ] outeur WPoT UTPUT wPUT | oumur WeUT ouoT
ROM €BCOIC | ASCH Rom | EBcoic [ Ascil ‘
ADDRESS | SYMBOL | SYMBOL | mMs8 Ls8 | CC/G | MsB Lse N ACDRESS | SYMBOL | SYMBOL | MS8 LSB | CC/G | MsSB LS8
s sp \ ' o [1]oJolo o] o [ " zeno [ ———
10 v TN O A
[ e T [ N N )
‘ 195 I . o
- 5 v T
197 1 o N
108 | v
| o — e
7o ) w oo
| e | iR
n = T A ) e 257
" To [ [o o 205 ] |
« [l T o 1 o 0 205
I I | o (v T 206 I
H H 1 1 T [ ) 207
& & 1 o 1 [ o 208 ERO.
| 705 3 g | [ N S B B
I 3 < EI I R N S N N
p . EI I N L L N )
| a o | R B R o
W W [0 I T N N )
| ° ) [ N A L
3 G N o [ o [ o o
Q a [ [ 1 o o ] T
| R " | [ L B A N
' + [l 1 9 1 [3 []
0 0 [ 3
1 | e : |
y ) v T o .
. CONTINUING 8INARY . T 5 CONTINUING BINARY
T + 0 o v SEQUENCE
. - X @ i o
7 ‘ v T £ A |
S 0 il o i o [ il T -
T T o [ 5 o
100 | v | F N N N B
ov v L N N I L
102 w 1 ©° 1 [ T 1 T
03 | x l [ e eroro
- ] T 1
106 3 | £ N N N )
- [
o7 i 3 Q
00 £y Y ‘ v T g I
05 — — v o v
10 > B v v o
fin > 7 | v T i |
na s T N N L I B I )
1 [ o T v ) o o T
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DMb5488AA/DM7488AA

NN ROM Code Converters

DM5488/DM7488 (SN5488/SN7488)

256-bit read-only memory

general description

The DM5488/DM7488 is a custom-programmed
2566-bit read-only memory organized as 32 8-bit
words. A 5-bit input code selects the appropriate
word which then appears on the eight outputs.
An enable input overrides the address inputs and
turns off all eight output transistors.

features
® QOrganized as 32 8-bit words

Open collector outputs provide expansion to
greater numbers of words

On-chip decoding
30 ns typical access time
250 mW typical power dissipation

Input clamp diodes

connection diagram
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absolute maximum ratings

Supply Voltage

Input Voltage

Output Voltage

Operating Temperature Range DM5488

(Note 1)

v
5.5V
5.6V

-55°C to +125°C

DM7488 0°Cto +70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C
electrical characteriétics (Note 2)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Logical *1” Iant Voltage Bmgigg xzz z jg;lv 20 \Y
Logical 0" Input Voltage gmgzgg xzz z :3;/\/ 0.8 \%
Logical “1” Qutput Current Bm?:gg xzz : gg;/\/ Vo =55V 123 Z/':
Logical 0" Qutput Voltage 8?\2?222 z(c:z : 23:5/\/ lo =12 mA 0.4 \Y
Logical “1" Input Current Bmg:gg xzz : :gg/v V=24V 40 uA
ouetes | VeSS0 v-aon |
Logical ‘0" Input Current gmg:gg xzz : 22\5/\/ V=04V -1.6 mA
Supply Current Ds4se | vee =S5V 0 | s | ma
Iﬁput Clamp Voltage Bmg:gg \\;zz : :?ZV I =-12 mA -1.5 \Y)
il I SR B S I
popmton Dy 03 Lol "o | Vec SOV, -5 s | w0 |
Ziiffiitii"oﬁfl,ii,‘i’pjf"gi“' em \le?f;‘oocv C_ = 15pF 28 | 50 ns
Lo o | e o | | w0 |

Note 1: ‘‘Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot
be guaranteed. Except for ‘‘Operating Temperature Range'’ they are not meant to imply that the
devices should be operated at these limits. The table of ’Electrical Characteristics’’ provides conditions

for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the ~55°C to +125°C temperature
range for the DM5488 and across the 0°C to 70°C range for the DM7488. All typicals are given for

Vee = 5.0V and Tp = 25°C.
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DM5488AA/DM7488AA

truth tables
DM5488A/DM7488A SINE LOOK-UP TABLE

A pattern has been generated for the DM5488/DM7488. The AA pattern provides a sine table. The 5-bit input
code linearly divides 90° into 32 equal segments. Each 8-bit output is therefore the sine of the angle applied.

EXAMPLE: Input 11010 means 26/32 of 90°, or about 73°. The corresponding output 11110100 indicates
(1/2+1/4 + 1/8 + 1/16 + 1/64) or about .95, which is close to the sine of 73°. Rounding-off has not been
employed, since without rounding-off it is possible to extend the accuracy with additional ROMs.

INPUTS QUTPUTS
WORD BINARY SELECT ENABLE

E D c B A G Y8 Y7 Y6 Y5 Y4 Y3 Y2 Y1

0 [ 0 o o 0 0 0 0 ) 0 0 0 o 0
1 0 0 0 0 1 o 0 0 0 0 1 1 0 0
2 Y 0 0 1 0 o 0 0 0 1 1 0 0 1
3 0 0 0 1 1 0 0 0 1 0 0 1 0 1
4 0 4] 1 o 0 0 0 0 1 1 0 0 0 1
5 0 0 1 0 1 0 0 0 1 1 1 1 1 0
6 0 0 1 1 0 0 o 1 0 0 1 0 1 0
7 Q Q 1 1 1 [ 0 1 0 1 0 1 1 0
8 0 1 0 0 0 0 0 1 1 0 0 0 0 1
9 0 1 Y 0 1 o 0 1 1 0 1 1 0 1
10 0 i 0 1 0 o 0 1 1 1 1 0 0 0
11 o 1 0 1 1 ] 1 0 o 0 0 0 1 1
12 0 1 1 o 0 0 1 0 o 0 1 1 1 0
13 0 1 1 0 1 0 1 0 0 1 1 0 0 0
14 0 1 1 1 o 0 1 0 1 0 0 0 1 0
15 0 1 1 1 1 0o 1 0 1 o 1 C 1 1
16 1 0 o 0 0 0 1 0 1 1 0 1 0 1
17 1 0 0 0 1 0 1 0 1 1 1 1 0 1
18 1 0 0 1 0 0 1 1 0 0 0 1 0 1
19 1 0 0 1 1 0 1 1 0 0 1 1 [J 1
20 1 0 1 0 0 o 1 1 0 1 0 1 0 0
21 1 0 1 0 1 0 1 1 0 1 1 0 1 1
22 1 0 1 1 0 o 1 1 1 0 0 0 0 1
23 1 0 1 1 1 0 -1 1 1 0 0 1 1 1
24 1 1 o 0 o 0 1 1 1 0 1 1 0 0
25 1 1 0 0 i 0 1, 1 1 1 0 0 0 1
26 1 1 [ 1 o 0 1 1 1 1 0 1 [ 0
27 1 1 0 1 1 o 1 1 1 1 1 0 0 -0
28 1 1 1 0] o 0 1 1 1 1 1 0 1 1
29 1 1 1 0 1 0 1 1 1 1 1 1 0 1
30 1 1 1 1 0 0 1 1 1 1 1 1 1 0
31 1 1 1 1 1 0 1 1 1 1 1 1 1 1
All X X X X X 1 1 1 1 1 1 1 1 1

X Don't Care

DM5488/DM7488 TRUTH TABLE

The output levels are not shown on the truth table since the customer specifies the output condition he desires
at each of the eight outputs for each of the 32 words (256 bits). The customer does this by filling out the truth
table on this data sheet, and sending it in with his purchase order.

INPUTS OUTPUTS

WORD BINARY SELECT ENABLE
e [pjcle]a G ve |v2 Jve| vs| va|va|va| v

0 0o Jojojo o 0
1 o [oJo ol 3
2 0o Jo|o (1o [
3 o Jo o [ [ [
4 o [o[1jo o 0
5 o [o [+ o [}
6 o [o v [ (o 0
7 o o111 [ 0
8 o (1 Jo]o o [}

\ 9 o I1 ool 0
10 o [t Joj1]o 3
1 o |1 o[+ [
12 o |11 loflo 0
13 4 1 1 0 1 0
14 [NERERERER 0
15 o |+ [+ [ [ [
16 1 Jojo oo [
17 1 oo fo 0 [
18 1 oo |1 ]o [
19 T lofo 1T [
20 1 o {1 oo 0
21 1 o[ o [
22 1 o1 |1 lo )
23 [IREEENERE 0
24 71 o oo 0
25 1 {1 (oo | 0
26 R ENERT [
27 11 o[t 0
28 IHEEEREED 0
29 ERERERE 0
30 [ EE R [
31 [HEREEERN 0
Al X X X X X 1 1 1 1 1 1 1 1 1

X = Don’t Care
Notice This sheet must be completed and signed by an authorized representative of the customer’s company before an order can be entered

To be used by National only Authorized Date
Part Number Company
$ O Number
Date Recewed Desired Part O D
DM5ags oM7488
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typical performance characteristics
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‘DM7598AA/DM8598AA

NN

ROM Code Converters

DM7598AA/DM8598AA TRI-STATE™
sine table look-up read only memory

general description

. The DM7598AA/DMB8598AA is a 256-bit bipolar

read-only memory organized as 32 8-bit words.
The 5-bit input code linearly divides 90° into 32
equal segments. Each 8-bit output is therefore the
sine of the angle applies.

EXAMPLE: Input 11010 means 26/32 of 90°, or
about 73°. The corresponding output 11110100
indicates (1/2+ 1/4 + 1/8 + 1/16 + 1/64) or about
.95, which is close to the sine of 73°. Rounding-
off has not been employed, since without round-
ing-off it is possible to extend the accuracy with
additional ROM's.

The DM8598 is identical to the SN7488 except
that the Enable input on the SN7488 simply places
all outputs in the logical "“1”' state, whereas the
Enable input on the DM8598 places the outputs

in a high impedance state. This high impedance

state allows many outputs to be connected in
parallel for expansion to greater numbers of words
and/or connection to a common bus line.

features

Organized as 32 8-bit words

Party line capability

On-chip decoding

Pin compatible with SN7488

Typical access time 30 ns

Total power dissipation 350 mW

Compatible with Series74 TTL and 939 DTL
Strobe input

Input clamp diodes

connection diagram

Dual-In-Line Package

Vee

IIG 15 14 13 12 1 10

_—
©

[ D 3 8 A
ENABLE ~ /
BINARY SELECT
Y1 OUTPUT Y8 OUTPUT
DUTPUTS
o
L N
2 3 ¥4 Y5 \ M
|1 2 3 4 5 6 7 8
.~ GND
TOP VIEW

typical system connection
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DM7598AA/DM8598AA

Y1
0
0
1
1
1

HI-Z

Y2
0
0
0
0
0

Hi-Z

Y3
0
1
0
1
0

HI-Z

Y4
0
1
1
0
0

HI-Z

OUTPUTS

HI-Z

Y6
0
0
0
1
1

Hi1-Z2

Y7
0
0
0
0
0

HI-Z2

Y8
0
0
0
0
0

HI-Z

Enable
G
0
0
0
0
0

0

1
0
1
0

1

0

1
1
0

INPUTS
Binary Select

0 0(0}{0
0(0]}0
010

E|D|C |B |A
0jo (o |0 ]|O
0|0 (0|0
010 |0
0|0 |0
0

1
1

X[X|X|[X]X

truth table

Word
0
1
2
3
4

10

1"

12
13
14
15
16
17
18
19
20
21

22
23
24
25

26
27

28
29
30
31

All

223






NN

CUsTOM
DESIGN

CAD
SIMULATE

CAD
DIGITIZE

CAG

MASK

FAB

ASSY

TEST

QA

REL

SHIP

Custom MOS/LSI

Custom MOS/LSI Product Flow

Interface between
Customer and
Design/Production
Engineers

Time Sharing Computer
Simulates

Static and Dynamic
Performance and

Worst Case Parameters

Macrodata FEDIS
LS! Design System

David Mann
Reticle Generator

David Mann Camera
6-Barrel Step & Repeat

Wafer Fabrication

Assembly

Macrodata J259, J277
100, 230-2 LS| Tester

Quality Assurance

Reliability

Shipping

Product Definition

Partitioning
Simulation

Drafting
Digitizing

10X Reticle Generation

Mask Making (In-House)

Volume Wafer Production
Santa Clara Facility

Volume Assembly,
Worldwide

100% Wéfer Probe Test
100% Finished Product
Test

Internal Spec to MIL-STD 883

High Rel Processing
Available on all Products
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Custom MOS/LSI

INTRODUCTION

While custom and standard MOS have advantages
over each other for specific applications, there is a
high demand for both in today’s electronics indus-
try. In most cases, the true test of whether a sys-
tem can most economically be implemented with
standard, custom, or both, can only be determined
after partitioning. If the quantities in question do
not exceed a few hundred units per year, the stan-
dard product approach is probably the best solu-
tion. However, if the total number of units is
several thousand per year, then customizing is
usually the best approach.

Custom MOS circuits are designed to do a specific
job. You are not buying capability that is not
needed. The entire chip is devoted to performing
your specific function. Advantages are:

1) Fewer Packages

2) Lower Power Dissipation
3) Smaller P.C. Boards

4) Proprietary Design

These advantages result in lower system costs and
protection of your system design.

RESOURCES

National has brought together a group of experi-
enced circuit and system designers, separate from
the standard product group, to offer a custom
MOS/LSI design service to the industry. This group
is prepared to aid in the logic design of a system,
partition the system into feasible LSI circuits if
the design requires more than one chip, develop
the chips, assist the customer in prototype system
checkout, and put the design into production.

National has one of the most advanced IC manu-
facturing facilities in the industry. Your custom
design will go through the same production facili-
ties where National's standard MOS products are
manufactured, and thus benefit from our long
experience in MOS processing.

As with its bipolar circuits, the key to Natiénal’s
MOS program is volume production. We are a
leading producer of shift registers, read-only mem-
ories, and random access memories. In the latter
category, National is supplying many second source
and proprietary static and dynamic RAMs as well
as several advanced large-capacity RAMs. National
is also exploring other MOS device applications,
such as MAPS (Microprogrammable Arithmetic
Processor System). This unit contains five LSI
chfps which, with very few added parts, can com-
prise a high sophisticated electronic calculator, an
“intelligent’”” computer terminal, or even a low-
cost microprocessor.

National was the first company to offer MOS cir-
cuits that operate at voltage levels directly com-
patible with TTL. (Previously, level-shifters were
needed if high-voltage MOS and low-voltage TTL
were to work together}). To achieve this so-called
low-level MOS operation, National pioneered in
the fabrication of circuits made from silicon cut

along the (1-0-0) axis of the crystal. Subsequently,
other companies developed bipolar compatible
MOS circuits also. Today, National is investigating -
a variety of MOS technologies to determine the
best process to use a specific function. During the
past year, National introduced the silicon gate
process to the MOS product line; other tech-
nologies such as ion-implantation, N-channel and
CMOS are also being investigated. The company
will use any available technology as a tool to
achieve necessary performance for agiven function.

1-0-0 P-channel metal gate and 1-1-1 silicon self-
aligned gate enhancement mode MOS technologies
are presently utilized by National in our standard
MOS products. These processes have become indus-
try standards. All of the P-channel MOS process
devices offer bipolar compatibility.

Metal gate devices operate to 3.3 MHz. This tech-
nology is well-suited to random logic and ROM
applications. Higher logic densities and operating
frequencies approaching 10 MHz can be achieved
by using silicon gate technology. This process lends
itself to RAMs, registers, and random logic appli-
cations.

Static and dynamic logic is available in both metal
and silicon gate devices (including ion-implants).
In general, less power is dissipated if dynamic logic
is employed, which also offers the advantage of
synchronous operation and eliminates hazards due
to race conditions. In any event, power dissipation
of typical LSI functions (up to 1000 gate func-
tions) approach 500 mW in devices fabricated with
either metal gate or silicon gate technology.

Complementary MOS (CMOS) technology is pre-
sently being used on many standard products and
will soon be available for custom products. Struc-
tured logic, ROMs, RAMs, and registers, designed
with CMOS cannot achieve the density of P-
channel MOS. However, quiescent power and dissi-
pations are less than one microwatt per gate.
Operation to 10 MHz can be achieved. One of the
advantages of CMOS is that power dissipation is a
function of frequency, with the DC (quiescent)
state consuming the least power.

" The N-channel process is also undergoing develop-

ment at National. This process allows higher den-
sity and high frequency operation than P-channel.
This process is slated for production capability
before June 1972.

lon implantation is a technique that can be applied
to any of the previously mentioned processes. It
allows threshold voltages to be adjusted to a desired
level by implanting ions in the gate region. Deple-
tion load devices and large value ohmic resistors are
also being made with ion implantation, which
greatly improves packing density on LSI chips.

DESIGN

Your custom design will benefit from National’s
longtime experience in the MOS business. Exten-
sive use of computer-aided design (CAD) and
computer simulation programs assure proper opera-
tion of your circuit before it goes into production.
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All designs are verified with a circuit analysis pro-
gram 1o assure proper operation. Worst case signal
:paths are checked to see that no signal race condi-
tions exist. :

Circuit layouts are performed using both manual
and CAD techniques. Manual artwork generation
is produced on rubylith cut and peel material. The
CAD system bypasses this step entirely and goes
directly from a digitized layout to 10X recticles
eliminating the need for rubylith and intermediate
reduction steps. National’s photomask generation
laboratory is one of the  best equipped in the
industry including the Macrodata FEDIS System,
the David Mann Pattern Generator, Reticle Genera-
tor, and 6-barrel step and repeat camera.

TESTING

National has a number of LSI testers that allow
complete checkout of structured logic (ROMs,
RAMs, shift registers, etc.} and random combina-
tional logic. The random logic testers are computer
programmed to test to the customer’s input/output
logic specifications. On-line testers include Tera-
dyne J259, J277, Macrodata 230-2 LSI tester and
Macrodata 100 memory system exercisors.

After fabrication, each wafer is checked for thres-
hold voltage, breakdown voltage,  oxide rupture
and sheet resistivity. The wafer then goes into
functional test. The logic on each die is thoroughly
exercised. This 100% test of each wafer eliminates

any functional defective die from being packaged.

After packaging, all devices are stressed to environ-
mental extremes. The packaged devices are then
returned for another functional test. Depending
on the customer’s requirement, packages can be
tested under a variety of environmental conditions
and can be subjected to a burn-in cycle. Full MIL-
STD 883 processing is offered on all National
custom and standard MOS devices.

QUALITY ASSURANCE

National’s quality assurance department has a com-
plete and comprehensive quality control program
which effectively controls component parts and
vendors at a quality level of functional, workman-
ship and dimensional criteria. The QA program also
covers in-process controls of assembled devices,
final electrical test, marking and final shipment of
approved product. All procedures are documented
at specification control and at respective quality
inspection stations. Weekly and monthly reports
are generated for quick feedback of information
for corrective action purposes.

All inspections are performed to spécified internal
AQL inspection levels which meet or exceed MIL-
STD 883.

RELIABILITY

The reliability evaluation program in effect at
National is a continuous monitor on the process
stability of assembled devices on extended life

test. Tests which are performed on a continuous
basis on each process are:

(a) High Temperature Operating Life Test {ex-
tended life)

(b) High Temperature Storage Test (extended
life)

MIL-STD 883, which specifies testing procedures
for integrated circuits, was innovatively handled by
National. The company adopted 883 specs as its
own, rather than to set up one procedure for
military orders and another for industrial cus-
tomers. Therefore, there are no dual standards at
National. All devices are given the same quality
control treatment and the company inventories
devices with guaranteed 883 specs.

All standard devices undergo MIL-STD 883 testing.
They are 100% subjected to a temperature cycle
per Method 1003 Condition D, fine leak test per

Method 1014 Condition A, Helium 5x 107, and

gross leak test per Method 1014 Condition C.

The company has been informed by the National
Aeronautics and Space Administration that it has
received line certification under MIL-M-38510, the
new military standard defining acceptable pro-
cedures for producing devices.

A customer may request any special rel processing
per Document NSC/0002. The intent of this docu-
ment is to provide the user with the ability to
procure any integrated circuit manufactured by
National to any class of MIL-STD 883 processing.

PACKAGES

National offers a variety of dual-in-line packages
(DIPs), metal cans, flat packs, and specialized
packages. Both ceramic and molded packages are
available.

All packages meet the standard JEDEC registered
outlines. Lead finishes are available in either gold
or tin. The ceramic packages meet a leakage of
5 x 107 std cc He/sec leak rate. National’s molded
packages are the most advanced in the industry
and afford reliability which rivals the ceramic
packages.

FACILITIES

In addition to its 150,000-square foot Santa Clara
facility, National has operations in Connecticut,
Singapore, Hong Kong, Scotland, Germany and
Australia totaling over 300,000 square feet. Per-
sonnel is presently over 3,000 worldwide.

In Singapore, National completed its 90,000-square
foot facility prior to fiscal 1971 but assembly and
test functions were substantially expanded during
the past year. The Hong Kong plant doubled in
size and will again expand in 1972. In Europe, test
and warehousing facilities in Scotland and West
Germany continued to grow in fiscal 1971 in pre-
paration for future assembly operations. The estab-
lishment of NS Electronics Pty. in Australia pro-
vides the company with an assembly operation in
that part of the world.
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Application Notes

JUNE 1970

THE SYSTEMS APPROACH TO CHARACTER GENERATORS

A huge new market for man/machine interfaces is
being created by the increasing availability of low
cost data processing through computer time
sharing, LS| calculators, minicomputers and digital
business and control systems. In turn, the pressure
is on to design CRT terminals, displays and tele-
printers that are at least as compact and inexpen-
sive as the new data processors.

MOS integrated circuit producers are in the thick
of this competition. They have begun making
read only memories and shift registers with enough
storage capacity to put an appreciable dent in
terminal and printer costs. Entire alphanumeric
character fonts and CRT refresh channels now can
be fabricated as single-chip arrays. Low threshold
MOS processes and designs have been refined to
make the storage arrays more compatible with
bipolar logic and standard power supplies.

These developments have won MOS a place on the
alphanumeric side of the readout family tree in
Figure 1 (and some inroads are being made on the
other side—see Appendix on Page 239. In fact,
MOS has pushed beyond the state of the art.
MOS/TTL assemblies can generate characters
faster than they can be handled by moderately
priced CRT video circuitry or printer mechanisms.
However, the increased storage capacity and speed
also make higher performance systems feasible.
For example, designers are considering larger fonts
that make characters more legible. Large fonts
have generally been economically impractical in
the past because even a small increase in font size
can double the memory size needed.

APPLICATIONS FOR
INSTRUMENTATION
H-V SHIFT REGISTERS.

MOS ROMS AND REGISTERS

Large capacity, high speed, and bipolar compati-
bility strike directly at the problems involved in
lowering data terminal costs. To generate and up-
date readouts with many characters and symbols
takes thousands of bits of storage and fast manipu-
lation of data and control signals. If this capability
is supplied in a central processor, it must be paid
for in the form of central system overhead and
communications costs. Using pre-LSI memory
techniques in the terminals, however, can easily
double the cost of each console.’

Storage capacities per MOS chip have increased at
least tenfold in the past few years, with compar-
able reductions in assembly costs. By the close of
1969, MOS/TTL character generators cost about
half as much as those built with bipolar devices.
The newest ROMs (read only memories) for char-
acter generation represent the integration of some
3,000 diodes and 50 packages of IC gates. One
terminal manufacturer who made the changeover
late in 1969 replaced six large printed circuit
boards with one plug-in card.

The largest MOS ROMs mass produced last year
stored 1024 and 2048 bits—general purpose sizes
used for table lookup, microprogramming and
random-logic functions as well as character genera-
tion. A typical generator contained three 1024-bit
ROMs, such as National Semiconductor’s SK0001
and SK0O002 kits {see Table 1 and Figures 2 and
3). Generating the standard 64 . ASCli-selected
characters in a 5 x 7 font requires a storage capac-

DATA
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Figure 1. Display Family Tree
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AN-40 The Systems Approach to Character Generators

ity of at least 5 x 7 x 64. Each logical ‘1" bit
stored in the ROM produces a black dot on a
printout or a bright spot on a CRT screen, and
each 0" bit a blank space.

Table 1. ROM Combinations for Various Fonts
FONT CHARACTERISTICS PARTS REQUIRED
5x7 Raster Scan SK0001

or MM5240
7x5 Vertical Scan SK0002
static ROM required or MM5241
7x9 Raster Scan MM5241
{2 required)
9x7 - Vertical Scan MM5240
static ROM required (2 required)
8x10 Raster Scan MM5241
(2 required)
10x8 Vertical Scan MM5240
static ROM required . (2 required)
9x 11 Raster Scan MM5240
{3 required)
11 x9 Vertical Scan MM5241
static ROM required (3 required)
12x 16 Raster Scan MM523
(6 required)
16x12 Vertical Scan MM5241
static ROM required (4 required)
SERIAL
DAYA
| OUTPUT
MKOD0Y o b
MKD0D3 o ‘—'r—
MK0002 ’l‘ H
5
9 68K
0 AAA
\AAS 12
PARALLEL INPUT VWA
e L1 T

ALL GATES ARE
DM8000 OR DMBSI0

LINE RATE
CLOCK INPUT

Figure 2a. Three-ROM Raster Scan Character Generators

Two new soon-to-be-announced ROMs are the
MM5240, storing 64 x 8 x 5 bits, and the MM5241
storing 64 x 6 x 8 bits. Each chip also contains
decoding logic and sense amplifiers (as do the
1024 and 2048-bit chips). Thus, one ROM s
ample for a standard 5x 7 or 7x5 font. The
added capacity can implement special needs, such
as dropping comma tails below the other char-
acters and symbols. But its main purpose is in
providing the logic and programming flexibility
that enables ROMs to be operated in tandem to
generate the larger font sizes indicated in Table 1.
The additional capacity costs little in terms of
silicon real estate because these devices are made
by low-threshold processes with p-channel-
enhancement mode MOSFETs as the storage
elements—the most LSl-able type of MOS.

In the past, when diode matrixes were used as
character generators, the 5 x 7 or 7 x 5 fonts gave
the best cost/legibility tradeoff. Because the new
ROMs lower the cost per function, the 8 x 10 font
will probably become the most attractive.

The input-output configurations of the MM5240
and MM5241 are outlined in Figure 4 for a stan-
dard ASCil-addressed font. The 6-bit ASCII code
words will address any of 64 characters (2°). The
control logic generates the three additional address
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Figure 2b. Character Generator For Tape Printers and
Other Vertical Scan Applications
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5x 7 x 64 dot matrix. The output bits forming
each dot line or column are presented in parallel.
The parallel outputs are serialized by a TTL regis-
ter and used to control the CRT beam or the
printer mechanism. To simplify the selection
process, the ROMs are programmed to generate
the lines or columns in the correct sequence when
addressed by the sequential outputs of a TTL
counter. . /

As for registers, they became quite popular during
1969 because a CRT refresh memory of up to
about 5,000 bits—enough for a display of more
than 800 characters—could be built less expen-
sively with MOS dynamic registers than with delay
lines.? This was achieved with registers containing
200 storage stages per chip. During 1970, dynamic
registers up to 512 bits long will go into mass
production, giving rise to predictions of significant
savings in refresh memory costs. Whether savings
that large can actually be realized will depend
upon how quickly the new devices catch on and go
into volume production.

Aside from cost per function, other pertinent con-
sideration are temperature sensitivity and func-
tional flexibility. In a refresh memory, register
outputs are fed back to the inputs. On each recir-
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AN-40 The Systems Approach to Character Generators

culation, the data readdresses the ROM, regenera-
ting (refreshing) the display (Figure 5). The recir-
culation times must correspond to the CRT scan-
ning time to keep the display legible. MOS register
delay times are relatively insensitive to tempera-
ture variations because they are established by
system clock rates rather than physical parameters.

RECIRCULATION LOOP

SERIAL
OuTPUT

DATA M-CHAR. REGISTER

INPUT +
(58ITS) {6 IN PARALLEL)

P/

ROM CONV.

(111

— 1

LINE SELECT

Figure 5. Basic Digital Character Generator and CRT
Refresh Memory

Also, special requirements of data entry and out-
put for display formatting and editing can be
implemented much more easily with registers than
with physical delay lines. Data bit positions in the
recirculation loops are maintained in alignment
and can be monitored and modulated precisely by
the control logic {one recirculation loop is needed
for each data bit—six loops, for example, in an
ASCllI-addressed system). Data entry and output
for display or transmission thus becomes a
straightforward exercise in logic design.

BIPOLAR COMPATIBILITY

A dynamic register is one that must be clocked at
some minimum frequency. Data is retained in the
form of charge storage and the charges would
eventually leak out of the storage nodes if not
re-established. In contrast, the ROMs being dis-
cussed are static devices, generating an output only
when addressed. Specifically, they are designed
and programmed to be sequenced by TTL ICs.
Furthermore, the new generations of ROMs and
registers accept and put out bipolar level signals
and operate off +b volt and -12volt power
supplies. ’

These features eliminate any need for special
level-translating circuits between the MOS and
bipolar devices. Also, special power supplies are
not generally required because 12V as well as
+5V supplies are usually provided in terminals for
other parts of the system. Such compatibility is a
convenience and a cost saver in any digital system
containing MOS storage subsystems and bipolar
logic, since it minimizes the interface and drive
complexity. In terminals, though, compatibility is
practically essential for efficient operation and
lowest cost per function.

First, as the detailed system diagrams show, many
of the interconnections have a MOS device at one

end and a TTL device at the other, so that a large
number of level translators would be needed if
they were not compatible.

Second, several control logic oper'ations must
occur between memory outputs, and the output-
serializing device must operate at least six or eight
times as fast as the word (dot line or column)
output rate of the ROM. Obviously, if high speed
control logic—preferably TTL MS! devices such as
single-chip binary counters and 8-bit parallel-
input/serial-output shift registers—were not used,
the character generating process would be slowed
excessively. This would limit the number of char-
acters that could be displayed in a CRT refresh
cycle or printed out in a given time. The new
generation of MOS ROMs can deliver up to eight
bits in parallel in about 700 nanoseconds, com-
pared with a microsecond or more for last year's
models. Logic speeds around 10 MHz are therefore
desirable (several times higher than the speed that
can be achieved by MOS gates.) Likewise, dynamic
registers can now easily be run at rates above
2 MHz—double the speed of early mass produced
registers—so the logic controlling refresh “storages
must also be faster.

The improved compatibility and higher speed are
largely due to better design and processing of the
input and output stages of the registers and the
sense amplifiers of the ROMs. They don’t increase
the complexity of the MOS circuitry, unlike other
techniques for increasing MOS speed, and there-
fore they have permitted the capacity increases
cited.

The net benefit to the system designer of this
approach to MOS design is that it enables the
system designer to capitalize on the best features
of each technology—MOS storage for high density
and low cost, and TTL for high speed processing
of data and control signals. This is what produces
lowest cost per function in most digital systems.

CRT RASTER SCAN DISPLAYS

The basic refresh mode in Figure 5 limits the
number of characters that can be displayed. A
better way of generating and refreshing raster scan
displays, particularly those with many rows or
lines of characters, is outlined in Figure 6. Figure 7
illustrates the timing and logical implementation
for a multiple row system.

As before, coded data from a communications link
or the console keyboard passes through. the regis-
ters and addresses the character generator. In these
examples, the 6-bit ASCIl input and the 3-bit
control logic input generate raster scan character
formats that allow a conventional TV monitor to
be used as a display. Communications codes other
than ASC!I can be used.

If the ROM contains a 5 x 7 font, each 5-bit char-
acter line output will form five horizontal bright
spots on the CRT. That is, each ROM output
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generates one-seventh of each character in a row of
displayed characters. The output is serialized by
the TTL register and used to intensity modulate
the CRT beam as it sweeps across the screen.

mLOoP
N LOOP SERIAL
OUTPUT
DATA MN CHAR. N CHAR.
INPUT B o B o
(6 BITS)
sP
Cconv.

=l

LINE
SELECT

Figure 6. {M-N}+N Technique for Large Page Displays

The refresh memory registers are divided into M-N
and N sections to facilitate page displays. M is the
total number of characters displayed in several
rows (lines of the page) and N is the number of
characters in each row, To form such a display
with single-loop registers, as in Figure 5, would
take seven recirculations of all M data words
during each refresh cycle of the CRT. The tech-
nique in Figures 6 and 7 only requires high speed
recirculation of N bits at a time, with advantages
that will be discussed shortly.

Assume that on the first sweep of the CRT beam,
the ROM is being addressed by the six register
outputs representing characters N;, N,, Nj, etc.
The first horizontal, 5-dot line of each character in
the display row are displayed in sequence. Then
the line address inputs to the ROM from the con-
trol logic change to their second state at the time

that N, has completed its recirculation to the N
register's outputs. Thus, on the second CRT
sweep, the second series of 5-dot lines are dis-
played horizontally for all N characters. At the
end of seven recirculations, the complete row of N
characters is on the display.

Now, the contents of the N register are not re-
turned to the input of the N register. Instead, they
are fed back to the input of the M-N register and
this register is clocked to load the N register with
the second group of N characters. The M-N register
is then held still while the N register recirculates
seven times to generate the second row of char-
acters on the display. After all M characters are on
the display, the first group of N characters is
reloaded into the N register and the entire process
is repeated to refresh the display.

Human factors—chiefly the eye’s response time—
dictate that the display be refreshed at least 30 to
35 times a second for good legibility. Most de-
signers prefer to refresh at 60 Hz power liné fre-
quency because it is generally the most convenient
frequency.

Besides generating the line address inputs (that is,
the number of recirculations of the N register), the
control logic keeps track of the number of dots
and spaces in he output bit stream. The spaces
between characters in a display row are inserted as
0" bits when the ROM outputs are serialized by
the TTL register. The counters also control the
loading and recirculations of the MOS registers in
the refresh memory subsystem.

A multiple row raster scan display could be gen-
erated with the M-loop technique in Figure 5 but,
the implementation is difficult and impractical.
This technique is more appropriate for single row
displays. Using this method of display, all M char-
acters to be displayed.must recirculate seven times
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AN-40 The Systems Approach to Character Generators

to generate a 5 x 7 horizontal scan, so all stages of
the registers must operate at the full character
rate. To form several rows with a single-loop
memory requires an interlaced scan rather than an
ordinary raster scan. The first series of 5-dot lines
are generated by the first N character outputs as
before, but the next set of N inputs to the ROM
will generate the first group of 5-dot lines in the
second row of characters on the display. There-
fore, the beam must jump to the new line position.
To display four rows of 5x 7 characters, for
instance, would require a staircase generator that
would step the beam by the height of nine scan
lines (seven dot lines, plus two blank spacing lines
between rows) three times after the initial scan.
Then, as the second of the seven recirculations
begins, the beam would have to be shifted an
additional line to start the second series of line
scans—and so forth.

The M-N-N technigue does not require any more
register stages than the M-loop technique and
significantly reduces control and drive circuit
requirements—again producing a lower cost per
function.

REFRESH MEMORY MODULATION

The technique employed in the M-N-N refresh
memory is called “clock modulation”. In other
applications, it has already been found to signifi-
cantly reduce total storage costs.®> It helps mini-
mize power dissipation—in most terminals, the
amount of power consumed is unimportant in
itself since line power is used, but registers are
powered by clock drivers and the cost and com-

" plexity of the drive network is certainly impor-

tant. Furthermore, the technique allows long, very
high-density MOS circuits, produced by relatively
inexpensive low threshold (bipolar compatible)
processes to operate at very high effective char-
acter rates.

As shown in Figure 7, the raster scan system uses
nine clock intervals to generate a row of characters
on the display. Seven are for the high-speed re-
circulations. During the other two intervals, the
first N characters are fed back from the output of
the N register to the input of the M-N register
while the N register is loaded from the M-N regis-
ter with a new row’s worth of characters. Since
two intervals are used for this operation, the regis-
ters operate at only half the character rate. The
rest of the time, the M-N register is charge-
quiescent. Its average clock frequency is only
about 11% of the character rate.

In other words, most of the refresh memory
{perhaps 90% in a large display system) operates at
only half the character rate (say 1 MHz instead of
2 MHz) only two-ninths of the time. The savings in
the drive network alone can be judged from the
power-frequency plot for a typical MOS dynamic
register (Figure 8)%. In addition, the designer can
increase the number of characters generated per
refresh cycle, for a larger display, or increase the
number of dot lines, for a larger font, or both.

Remember, though, that dynamic registers must
be clocked to retain data. How long can the M-N
register be turned off? Long enough for practical
applications. The guaranteed minimum frequency
is temperature dependent, since temperature
affects charge-storage time. The minimum for
National Semiconductor’s MM-series registers is
500 Hz at 25°C, rising to 3 kHz at 70°C {maxi-
mum operating temperature is 125°C, but that is
not a display environment). At room temperature,
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Figure 8. Power vs Frequency Plot of Typical MOS
Dynamic Register

the registers can safely be quiescent for as long as
2 msec. (The typical MM register will actually hold
data for 10 msec.) Suppose the N register stores 40
characters and operates at 2 MHz. The quiescent
period can be as short as 40 x 7 x 0.5 = 140 us. If
standard TV raster timing is maintained then the
quiescent period will be 7 x 63 us = 441 us.
Obviously, the designer has great leeway in char-
acter rates, operating temperatures, and register
capacities.

Other applications in displays for clock modula-
tion include input-output buffering of data during
data reception and transmission,? or during dis-
play editing and formatting through the console
keyboard. The register rates can be adjusted via
control logic to accommodate differences between
1/0 and recirculation rates. Note that the gating in
Figure 7 permits data entry under TTL control
into either register section.

CHARACTER GENERATION

The first generally available MOS character gen-
erators were kits such as those in Figure 2, using
three 1024-bit ROMs (MM521). Although single-
chip generators were being developed in 1969,
they were in very short supply. The kits cost about
half as much as diode generators and thus allowed
terminal manufacturers to start the changeover to
MOQOS.

The kits are also a good place to begin describing
character generator operation in this application
note, because they provide an “exploded view’’ of
multi-ROM generator operation. Similar tech-
nigues will be needed to build larger fonts with the
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new devices. The external gating functions shown
in Figure 2 are not needed for these fonts when
the MM5240 and MMb5241 are used. The ““assem-
bly”” of the dot patterns is taken care of in the
programming of the ROMs. However, to generate a
large font, such as 8 x 10 or 12 x 16, with the new
ROMs will require operation of two to four ROMs.

Each MM521 in the SKOOO1 raster scan kit can
store 256 4-bit dot patterns. As the inset letter
“N" in Figure 2a indicates, the MKOO1 ROM
stores the first four 4-dot line segments of each of
the 5 x 7 characters, the MKQ002 stores 4-bit
segments of the other three-dot lines, and MK003
supplies the fifth bit of each of the seven-dot lines.
All ROMs are addressed simultaneously.

The 6-bit ASCII code was devised to select 64 (26)
characters. However, an 8-bit address is used to
select the dot fines and the 6-bit ASCII code from
the 256 (2%) word locations in each ROM. These
two additional bits are supplied by the A and B
outputs of a TTL binary counter
DM8533 {SN7493) and the counter’s'C output is
used to commutate the MK0OO1 and MK0O2. The
ROMs are enabled by an output at the TTL logical
“0” level. Thus, with the gating shown, the
MKO0O01 is enabled during the first four of seven
line-rate clock inputs and the MKO0O02 during the
remaining three inputs.

The MKOO3 is continuously enabled by grounding
the chip-enabled pin, CE. It must generate a 1-bit
output for each of the 7 x 64 dot lines in the
64-character set, which implies a 9-bit address.
Rather than produce a special ROM just for this
function—which would make it expensive—the
MM521 was programmed to generate 256 2-bit
outputs from the 8-bit address. The counter’'s C
output simply gates out the unwanted bit.

For a 5 x 7 font, the new single-chip character
generators are simply programmed to generate all
5 bits in each dot line, from a 9-bit address. Stan-
dard programming provides the 64-character
ASCII set, but special characters can be substi-
tuted by changing the stored dot patterns. The
reprogramming process consists of altering an
etching mask that controls gate insultation thick-
ness in the MOS field effect transistors of the
storage array. If the oxide is left thick, the transis-
tor will not switch when selected by the'decoding
logic, generating a 0" output from that location.

Figure 9 indicates why the storage capacity of the
MM5240 is 5 x 8 x 64 rather than 5 x 7 x 64—each
ROM can generate half of the 8 x 10 x 64 char-
acter set. The ROMs can be addressed simulta-
neously, as before, and be commutated by the
control logic to put out the 8-dot horizontal lines
in the correct sequence. For very high speed char-
acter generation, the addressing of the ROMs can
be skewed or overlapped so that the outputs from
one are generated while the inputs to the other are
being decoded. The only real limitations to the
character generation rates achievable with such

techniques are the speed of the bit serializing logic -

and the bandwidth of the video circuitry.
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Figure 9. Multiple ROM Character Fonts

CONTROL LOGIC

Starting with the dot/character or dot and space
counter in Figure 7, the counter moduli are set to
accomplish the following functions:

® The dot and space counter determines the num-
ber of horizontal spacing bits between char-
acters in the character row on the display. Its
output is loaded into the parallel inputs of the
DM8590 serial-in/parallel-out shift register. For
a bx 7 font, for example, a modulus of six
inserts one spacing bit (logical 0" bit) between
each 5-dot group in the serialized stream.
During line recirculation periods, this counter
also drives the N counter at the character shift
rate of the N register.

® The N counter causes the line select counter to
change state at the end of every recirculation of
the row data in the N register. It generates a
pulse at intervals of 6N dot clock periods
(assuming one spacing bit}).

®m The line select counter generates seven sets of
the three address bits that sequence dot-line
selection from the ROM.

®m A character line counter is needed in some
raster-scan displays to keep track of which page
line has just been generated. This time is sig-
nified by the C or D output of the line select
counter.

Outputs of the first three counters actuate the
register clock drivers, keeping the line select bits in
synch with the data code. I the line select counter
is a 4-bit binary device, eight states are available on
the ABC outputs (000 through 111). The D out-
put can be used to provide a ninth state and the
reset function. Only seven states are needed for
line select, so the eighth and ninth states provide
the interval needed for loading the N register from
the M-N register, as previously described.

235

s103jeiduadn i13djoeiey) o0} yoeoiaddy swalsAs ayl Ov-NV



The Systems Approach to Character Generators

AN-40

" programmed

VERTICAL SCANNERS AND PRINTERS

Vertical scan character generators are generally
used in hard copy applications. Also, a vertical
scan type of character generator can sometimes be
more suitable for CRT displays than raster scan.

Displays or printouts of calculators and small
business machines often show only numerals and a
limited variety of symbols—not enough for a full
alphanumeric generator. Such fonts are easily
into a small ROM such as the
1024-bit MM522, which stores 128 8-bit words.
There's room for 16-5x 7 dot characters on the
chip.

These ROMs are also used in the SK0002 kit for a
64-character ASCll-addressed font (Figures 2b and
3b), which requires the storage of 320 7-dot
columns and a 7-bit address. Connected as shown,
the DM8533 TTL binary counter will reset on the
count of 16. And with the gating and intercon-
nections shown, the column select cycle is:

Counter Outputs DCB ROMs Enabled

DCB

000 MK004

001 MKO005

010 MKO004

011 MKO005

100 MKO006

101 reset (instantaneous)

A CRT beam can be intensity modulated by the
serialized output, as in the raster scan technigue.
However, the electron beam traces either a saw-
tooth' or pedestal-type scan pattern on the screen
(Figure 10). Every column of each character in the
display line is scanned in sequence, starting at the
left-hand side of the screen.

The sawtooth scan is straightforward, but the
pedestal scan requires that the bit order be re-
versed in the second and fourth columns. To do
this, the outputs of the MK005 ROM are simply

connected to the output buses in the reverse order
(i.e., output 1 to bus 7,.output 2 to bus 6, etc.).

SAW TOOTH DISPLAY PEDESTAL DISPLAY

g4/ o’f*'i»TTTH """ 1
St it mn
‘5",’ I;// i"l 5‘ | E ! ? i i E CHARACTER
SIiT e teet |
f !

Figure 10a. Two Techniques for Vertical Scan

THE QUICK BROUM FOX JUMPS

OVER THE LAZY DOG X1234567890

Figure 10b. Example of Character Generation Using

Pedestal-type Scan.

Long shift registers, operating at relatively slow
rates can be used. The character rate—the. register
shift rate—is no more than 1/6 of the column-
select rate for a 5 x 7 font, since the beam traces
one complete character before going on the next
one. A dot counter loads spacing bits between
characters via the TTL shift register, a character
counter triggers the sawtooth or pedestal scanning
patterns, and a row counter would control posi-
tioning of the beam in a page display system.

In the new single ROM (MM5241) version of this
system, (Figure 11), a 9-bit address is needed,
6 bits for the ASCII code and 3 bits for dot col-
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Figure 11. Vertical Scan Display System
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umn select, Since the ROM stores five dot columns
for each of 64 characters ina 5 x 7 font, 3 decode
line are" necessary. Also, the ROMs are pro-
grammed differently for sawtooth or pedestal
scanning. Because the output pins are committed
for all columns, external connections cannot
simply be used to reverse output bit order.

Hard-copy printers can use the same fonts as
vertical scan CRT displays. MOS registers may be
used for data input buffering, but of course refresh
registers are not generally required. The character
generator output may be used to select some com-
bination of 35 hammers, needles or electrodes that
print the 5 x 7 dot patterns on the paper. One
technique for handling the character generator
output is shown in Figure 12.

In Figure 12, a TTL counter connected to divide
by six (five columns and the blank column space
between characters) generates the column select
address. The ROM’s outputs are accumulated in
TTL latches (or held in TTL serial-in/parallef-out
shift registers). When all dots for a character are
ready, they are printed. In tape printing applica-
tions in which a 7-transducer array sequentially
prints or punches a column at a time as the paper
moves under the transducers, the ROM outputs
can be used as they are generated unless storage is
required for some other purpose.

Character generators are not needed for conven-
tional electromechanical typewriters. But MOS
ROMs do have a role here—one version of the
MM521, for example, is programmed to convert
the ASCIlI communications code into the Selectric
code used to control ball-type printers.

PRINTING APPLICATIONS

The application of character generators in a
printing application is normally quite different
from that of the display system. Most printers
require that a total character font be available
before the print is executed. An example of a
practical method of accomplishing this (Figure 12)
is to sequence the character generator element
through the font sequence. Each of the character

columns or rows is addressed. The character gen-
erator output data at each of these address inter-
vals is transferred into bipolar memory. This
memory not only satisfies the memory storage but
also the general power buffer which is required
between the MOS character generator and the
electromechanical on thermo electric printer. In
the printer application there may be a requirement
to buffer the input data with data storage because
of the relative differences in data and printer rates
but generally there is no need to retain the printed
character intelligence.

The data transfer from the character generator to
the bipolar memory in Figure 12 is accomplished
by sequencing the column address lines and en-
abling the appropriate memory simultaneously.
Each pair of DM8550s (SN7475s) then contains
the data for one of the five columns in a character.
The DM8842 (SN7442)—one in 10 decoder pro-
vides the decoding functions which are connected
to the enable line on the quad latches.

LARGER, FASTER SYSTEMS

Most low cost terminal designs have been based on
the 5 x 7 font because of the high cost of diode
matrixes and wideband video circuits. But it is by
no means the most legible font. A 5x 7 font is
acceptable for applications in which the display
changes slowly, but human engineering studies
indicate that it causes severe eyestrain when an
operator reads rapidly changing data.

The greatest portion of the discussion has dealt
with a 5 x 7 font. A full 64 character display can
be coded into a single MOS package. Now that LSI
has entered the scene, we see a different trend
towards larger, more stylized font. The economy
of MOS ROMs will provide the customer with a
more legible character font at the present cost of
“discrete’”’ character generators. An analysis of the
most practical solutions to various fonts are tabu-
lated in Table 2. The part types which have been
used to generate a 64 x 7 x b raster scan font are
the SK0001-3 ROM kit or the MM5240 which is
under development. The vertical scan font is satis-
fied by the SK0002-3 ROM bit or the MM5241
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which is under development. If we examine the
other possible fonts, these same two monolithic
elements will satisfy the requirements if they were
64 x 8 x 5 and 64 x 6 x 8 respectively. Therefore,
the added memory storage is being incorporated
into the MM5240 and MM5241. In some of these
cases the font is scanned in the horizontal dimen-
sion while in others the font is scanned in the
vertical dimension. You find both the 8 x 5 and
6 x 8 elements capable of satisfying the font
matrix requirement. Since all the ROMs listed are
static by design, there are no special clocking hard-
ships induced with the solution of any of these
larger fonts. This is not true for all dynamic ROM
solutions.

As mentioned before and shown in the table, the
same ROM element is used in both raster scan or
vertical scan applications. If we recall the design
solutions showing the refresh memory and char-
acter generator for a 5 x 7 display, the first thing
which is apparent is that the sequencing of the

character generator is different in each of the two,

basic techniques. In one case the character genera-
tor is sequenced at the character rate (raster scan)
while in the other case the generator element is
sequenced at the column rate (vertical scan) of the
font.

Since a display utilizing the vertical scan tech-
niques has input address changes at some multiple
of the display character rate, a clocking system for
a dynamic ROM character generator must be
supplied. This requires the addition of a frequency
divider and clock generator which results in a
higher system cost when dynamic ROMs are used.

A second consideration which should not be over-
looked in systems cost is the compatibility of
ROMs in multi-package character fonts. Optimum
ROM usage and organization will result in lower
systems cost. ROMs will also find applications in
micro-programming and code conversion where
synchronous operation is preferred.

The 8 x 10 font is much better and 12x 16 is
almost optimum for legibility. Small, lower case
characters can be sharply defined, too, and they
almost appear to be drawn with continuous
strokes. ’ '

System designers considering these fonts for low-
cost displays run, at present, into. CRT cost prob-
lems. The least expensive displays are television-
type CRTs with limited video bandwidth. Band-
width also limits the number of characters that can
be displayed simultaneously. Not counting the
times required for beam retrace and functions
other than character generation, which reduce the
time available in a refresh cycle for dot handling,
the necessary bandwidth is roughly:

BW = (dots and spacing bits per character)
X (characters per display row or page)
X (refresh rate) ’

TV-type CRTs have a maximum bandwidth of
about 4 MHz, of which only about 2.5 MHz is
generally useful. If one uses a 5 x 7 font with one
spacing bit (6 x 7 total) at a 60-Hz refresh rate,
each displayed character needs 2.52 kHz of band-
width, so the limit is about 1,000 characters. In
contrast, the new ROMs take as little as 700 nano-
seconds to generate a dot line, or about 5 us per
character. That's fast enough to generate 200,000
characters a second, or a display of more than
3,000 characters at the 60-Hz refresh rate. The
actual dot rate in the serial bit stream to the-CRT
can approach 10 MHz. -And if larger fonts are
generated in some multiplexed addressing mode,
the required bandwidth can be much higher.

Luckily, these problems are not insurmountable
and there are alternatives to using oscilloscope-
quality CRTs or storage tubes, which are fine for
high performance applications but too rich for
low cost terminals.

Obviously, the designer can drop the refresh rates.
New CRTs with longer persistence phosphors
facilitate this. Also, CRT manufacturers have been
responding to the new terminal market by working
on bandwidth improvements, and they are appar-
ently going to reach 10 MHz in moderately priced
video systems soon.

Finally, the designer is not obliged to display his
characters digitally just because he uses a MOS
ROM. Don't forget that the ROM is really working
as a code converter, generating a 35-bit machine
language code from a communications code. The
language translation can be whatever the situation
requires.

All that need be done is update methods used in
analog displays, which form characters with
strokes rather than dot lines or columns. The
ROMs can be programmed such that the bit out-
puts, when integrated, control X and Y ramp
generators. The slopes of the ramp functions are
determined by the number of bits in a sequence
and the lengths are determined by the locations
chosen for turn-off bits. As in the vertical scan
technigue, the ROM is addressed at the character
rate.

Even though some characters can be formed with
one or two strokes (!, L, etc.), equal time should
be given to all characters in a page display to keep
the character rows aligned. A standard sized area
of the MOSFET array, such as 6x8 or 5x8
should be used for each character. Most patterns
would thus be a combination of stroke and no-
stroke outputs. The single-chip fonts have an
8-stroke capacity for each of 64 characters which
is more legible than the standard segmented type
of instrument readout, since slant lines could be
generated wherever needed.
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APPENDIX

WHAT ABOUT INSTRUMENTS
AND CONTROLS?

While it is safe to predict that 1970 will be “the
year of the MOS'’ in alphanumeric terminals, MOS
applications in numeric readouts are just beginning
to emerge.

A new device with considerable promise in this
field is a high voltage, MOS static shift register, the
MM5081. Developed by National, it has a TTL-
compatible serial input, 10 parallel outputs that
can stand off -55V, 10 latching-type storage
stages, and a serial output.

This novel combination of functions means that
the MM5081 can drive lamps, numeric indicator
tubes, filament tubes in segmented number and
symbols displays, electroluminescent panels, and
the new gas-cell arrays. In short, it provides MOS
with a good foothold on the numeric side of the
readout family tree in Figure 1.

The register stages can either shift the bits to the
serial output for recirculation or store the data
indefinitely. Hence, displayed characters can be
swept along a line of indicators, ““frozen” on a
stationary display, or made to reappear period-
ically at any desired repetition rate.

A code-converting/character-generating ROM can
be placed at the register input, to display numbers
and symbols or alphanumerics. A designer can-get
almost as much flexibility from a lamp or panel
display as from a CRT display. In fact, the first
application of the MM5081 is controlling a matrix
of neon lamps in a moving billboard display.

Some applications for character generators in in-
struments are also cropping up. Displaying range
scales on an oscilloscope is a good idea that can be
improved upon with the new ROMs. The display
frees the operator of the chores of mentally calcu-
lating scale factors and manually writing these on
scope photos. With an alphanumeric font, the
camera can also record information such as test
conditions, date and time of test, identification
numbers, etc. Photo sequences and the data
needed to analyze the curves can be coordinated
automatically. ’

Similarly, a ROM can be programmed to display
standard curves for go-no-go equipment checkout
operations. For example, if a radar’s pulse ampli-
fier should have certain output characteristics, the
ROM generates the correct output curves through
a digital-to-analog converter and stroke generator.
When an actual operating characteristic and the
reference curve are displayed simultaneously, the
operator can tell at a glance whether the radar is
functioning properly. Many curves or general pur-
pose curve segments can be programmed into a

ROM and picked out as needed with selector
switches or a ROM microprogrammer.

ROMs can be programmed as lookup tables,
random-logic synthesizers,4 encoders, decoders,
and microprogrammers as well as character genera-
tors. A single ROM can perform limited combina-
tions of these functions, virtually qualifying it as a
microcomputer. [t has been suggested that this
capability be used in control panels to perform
functions like actuating an alarm when a trans-
ducer level goes out of range and initiating cor-
rective action. ROM addresses can be derived from
digital meter circuitry. In multi-point measuring
systems, this would provide the solid state equiva-
lent of a rack of meter relays.

DEFINITIONS OF DISPLAY TERMS

Font: A set of printing or display characters of a
particular style and size. A typical dot-character
font is 5 x 7, referring to the number of dot loca-
tions per character.

Dot Character: A character formed by a pattern of
bright dots on a CRT screen or dark spots on hard
copy, rather than by continuous strokes. The dot
pattern corresponds to bit-storage patterns in a
digital memory.

Column: In a dot character matrix for vertical
scanning, a column is a vertical series of dots. On a
page display, a column contains several vertically
aligned characters. In this article, a column refers
to a- dot column.

Row: A horizontally aligned group of characters
on a display.

Line: In this report, line refers to the number of
dots displayed in a single scan when a raster scan
character is generated. In a 5 x 7 dot character,
there are seven lines of 5 dots each.

Page: A display consisting of several rows of char-
acters, corresponding to lines on a printed page.

Raster Scan: See Figure 9.

Vertical Scan: Two types of CRT vertical scans are
shown in Figure 10. In hard copy applications, the
dots in a column or character may be printed
simultaneously by the printing transducers rather
than being scanned.

Sawtooth Scan: See Figure 10.
Pedestal Scan: See Figure 10.

Dynamic Element: A digital device that must be
clocked. A dynamic shift register must be clocked
to retain data. A dynamic ROM is clocked to
decode the address and generate an output.

Static Element: A device that does not have to be
clocked to retain data. A static ROM uses direct
coupled decoding for bit selection and static out-
put buffers.
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HIGH VOLTAGE SHIFT REGISTERS
MOVE DISPLAYS ’

There was a time when one had to go to Times
Square or Picadilly Circus to see a moving lamp
display. But now they’re going into stadium score-
boards, stock brokers’ offices, waiting rooms and
many other places where an attention-getting man-
machine interface is wanted.

Naturally, display designers would like to make
the control and drive circuitry more compact and
less expensive. What's needed to replace the banks
of discrete switching devices is storage and switch-
ing high-voltage circuits in monolithic form. That's
exactly why National developed the MM5081 high-
voltage MOS shift register.

This unusual IC is the first MOS device capable of
driving gas-discharge tubes and other high-voltage
display elements without going through a bipolar
buffer such as a transistor or SCR. Moreover, it can
“walk” the message around and around the dis-
play when operated in a-recirculating mode. The
latter feature provides a clear-cut division between
system functions — the MM5081’s take on the re-
sponsibility of display operation per se, while the
system logic need only format messages and con-
trol updating by invading the registers. In other
words, the main system logic need pay only inter-
mittent attention to display operation. If the main
system is a data-processing computer, for instance,
it can handle the display like any other peripheral.
Relieved of responsibilities for moving and refresh-
ing the display, the main system can do more data
processing between display updates.

Application Notes

MAY 1971

REGISTER PLUS SWITCHES

Figure 1 shows in simplified form how one
MM5081 would be connected to drive a bank of
10 neon tamps. A data bit stream is entered into
the serial input and shifted at the clock rate to the
serial output. Then, it can be routed back to the
input and recirculated to repeat the display motion.

The states of the data bits circulating through the
register control the switching of the MOS output
transistors. When a bit in the true state (MOS
logical 1"} is being stepped down the 10 register
stages, the lamps will turn on and off in sequence
at the register clock rate. In this mode, the clock
rate is the display rate. A typical display rate will
move the light along by no more than two or
three lamps per second, making any message dis-
played on parallel rows of lamps easy to folow and
read. A latch-type register cell that can shift at fre-
quencies to DC and a single-phase clock input are
used in the MM5081 to achieve this effect. How-
ever, the logic formatting the data for display will
have to run at some higher rate. |f the control
system has other functions as well, it may be
desirable to load the register at a clock rate in the
hundreds of kilohertz. At such a high rate, the
bit stream flashes by the 10 parallel output
switches too rapidly to see the lamps being turned
on. After loading, when the main system logic is
freed, the clock rate is dropped to the display
rate and the message is seen. The message simply
recirculates at the display rate until new data is
ready . for loading.

CLOCK INPUT O

SERIAL INPUT ?—'5-

8 O GND OR Vg

'
p——Q SERIAL OUTPUT

e

_j Voo = Vaa

FIGURE 1. Block Diagram
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The use of high-speed logic for control is facili-
tated by making the MM5081 with low-threshold,
p-channel, enhancement-mode MOS transistors. As
a rule, a low threshold device allows data to be
entered at bipolar logic levels.

The output transistors do not need a large gate-
voltage change to turn on and off. They are also
low-threshold devices in this sense. But they have
to withstand transients up to 100 volts and stand
off steady state voltages up to 55V to operate
lamp-type displays reliably. Adequate gate logic
volitages for the output transistors must be ensured
to make the lamps glow brightly when they should
be on or to make them free of any residual glow
due to switch leakage when the switching tran-
sistors are turned off. That is, a low Rgy and high
Rore must be ensured despite very high voltage
on the MOSFET drains. Because a pullup resistor
is used, the input gate should be a TTL or DTL
device with an uncommitted-collector output able
to withstand at least 10V. Among such devices are
the DM8810, DM8811 or DM7426 (SN7426) quad
NOR-gates, or the DM8812 hex inverter. All these
TTL devices will stand off to 14V.

The other two gates used in the input switch can
be any TTL or DTL types. The arrangement shown

brings the serial output back to the serial input
through the top gate when the “new data enable”
line is low (DTL/TTL logical “0"') or permits the
registers to be reloaded with new data when the
enable line is high. A pull-down resistor is placed
on the register output to handle 1.6 mA the cur-
rent sinking required for operation of the TTL or
DTL recirculation control gate.

TICKER-TAPE DISPLAY

A straightforward type of moving lamp display is
illustrated in Figures 2 and 3. Simple messages such
as CALLING DR. CASEY...CALLING DR.
CASEY ... DR. CASEY, PLEASE REPORT TO
SURGERY ... or stock quotes, or a series of
instrument readings would be displayed as 7X5
characters by this system. That is, each character
would be a lighted lamp pattern selected from a
moving matrix seven lamps high by five lamps
with a movingcolumn of lamps turned off between
characters. The off column is a space bit in each
lamp row.

“Assume that the display is long enough for 33
characters. Each row requires 33X6 lamps and
198 register stages. Each row is a cascade of 20
MMB081’s. The input of the first register and the
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output of the last register are connected as in
Figure 1, and the registers in between are simply
daisy-chained by connecting each serial output to
the next serial input. All seven rows would use
140 register packages.

The character data for this type of system can be
formatted by a standard character generator. For
instance, the standard ASCIl code can address a
bipolar compatible read-only memory such as
National’'s MM5241AA, which is programmed to
generate 5X7 dot-type characters for CRT display.
However, in the lamp display system, the display
refresh function is handled without an additional
memory. The column bits are entered in each
register chain, as before, through the input gating
at a rate determined by the clock rate supplied
the MH0025C clock driver. The MH0025C is a
two-phase driver. However, since the MM5081
takes a single-phase clock input {converted to a
two-phase clock inside the register package), only
one of the dual drivers in the MH0O025C package
is shown (the other half can be used to share the
clock-drive load).

After the registers are loaded, the clock into the
driver is dropped to a frequency of 2 Hz, if the
register was loaded at a higher frequency. This rate
is stabilized by the coupling capacitor Cc. The
coupling capacitor on this type of driver deter-
mines the maximum pulse width, but the mini-
mum pulse width is established by the clock
signal. So, at the lower frequency, the characters
sweep smoothly from right to left across the dis-
play lamps. They repeat the message every 100
seconds because 200 register stages are in each of
the seven parallel rows.

Both the clock driver and the registers operate off
the 10V and -6V power supplied.

1 50Hz 1
-45

~125

ON OFF
-125 HIGH
-45 VOLTAGE DISPLAY LAMPS

POWER SWITCH
SUPPLY (FIG. 8)

—L NEW DATA
50 iy INPUT INPUT

DISPLAY SHIFT REGISTER e swiTcH
EVI

cLock
25% 7XN DEVICES LOGIC
DUTY
CYCLE
ADDITIONAL I
STORAGE

' MM5053

_ 35 LOBIC -] cock 2Hz o
OIVIDER DRIVER FROM SYSTEM
CONTROL LOGIC

7X10N LAMPS

FIGURE 3. System Block Diagram

DISPLAY DRIVE

The high voltage supply (shown in the block dia-
gram in Figure 3) is generated from a high voltage'

switch. The purpcse is to limit the current and
voltage across the lamps and the MOS output tran-
sistors to ensure that they operate reliably and
have long lives. Also, the method reduces power
consumption and allows lower power, inexpensive
high-voltage power supplies to be used.

The high-voltage switch seen in Figure 3 and
detailed in Figure 4 switches at a rate of 50 Hz and
a duty cycle of 25%. Thus, when any of the MOS
output transistors is on, the lamp that is “on”
during that 250 msec display-rate interval {100%
duty cycle at 2 Hz) is actually on for only 5 msec
at a time. Then it turns off for 15 msec. This re-
fresh rate was chosen because it provides a good
lamp intensity with no apparent flicker.

+5V 45V

FIGURE 4. High Voltage Switch

The =125V supply turns on the lamps, and the
—-45V supply turns them off. But what is actually

being used is the voltage difference, or bias. Most °

glow-discharge lamps require a 65V starting voltage

‘and a 60V holding voltage. The switch keeps the

lamps alternating between these levels while the
MOS transistors are on, but imposes a maximum
voltage of only —65V on the MOS transistors (that
is, 1256-60V) for the 5 msec “‘on” time. The
MM5081 can easily take this — the spec allows
-100V at 60 Hz (or 16.66 msec) and they are
stress-tested to this level.

INDUSTRIAL DISPLAYS

The characters displayed can be any kind of
symbol within the resolution of the lamp array —
from letters to cartoon characters — and within the
flexibility of the controls. Getting patterns to
move back and forth while changing shape is
technically feasible, but would require complex
clocking techniques to put the bits in the desired
location. Static pictorial displays would be fairly
simple to implement, merely requiring loading of
the registers at a high rate followed by storage at
a DC display rate for the desired time. Although
the characters would appear static, the high-voltage
switch would keep the actual duty rate low.
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There are many potential new applications for
moving-lamp displays in industrial control systems.
Functions such as process flow rates through
several feeder pipelines or subassembly line rate
in an assembly plant, cannot easily be set upon a
CRT display. Complex computer graphic tech-
niques or very expensive multi-gun displays may
be needed.

The clock rates and lengths of a number of rows
of lamps can readily be adjusted by hand-operated
controls, such as voltage-controlled oscillators and
gating between registers chosen by selector switch-
es. Any feeder-line display rate that can be repre-
sented by the display rate could therefore be varied
at a compressed scale of time and distance until the
display operator arrived at the optimum balance

of rates. This is a visual approach to a problem that
generally requires complex mathematics and ana-
log computers to solve. -

Nor do the rows of lamps have to be aligned.
Individual rows might represent route sections in
a transportation network between junctions. By
driving each section at a display rate simulating
the speed of a particular train, and switching the
“train’’ of moving lights from row to row via
switches at the junctions (serial output to serial
input register connections), control personnel
could simulate system operation. Problems such
as tie-ups — or worse — at junctions could be work-
ed out by varying display rates for the trains whose
schedules conflicted.
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DYNAMIC MOS RANDOM ACCESS
MEMORIES SYSTEM CONSIDERATIONS

ABSTRACT

A new TRI-STATE"™ common 1/0 configuration,
capable of precharge décoding without losing sys-
tem performance and bipolar compatibility, is
employed in a 1024-bit MOS RAM. In combina-
tion, the techniques reduce typical memory module
power dissipation some 66%, number of overhead
circuits by 50%, and overhead costs by 66%
without sacrificing system speed. Performance and
cost of the new RAM are compared with those of
an earlier design in a similar system application.

INTRODUCTION

Unlike earlier advances in MOS memories, the
advantages offered by the MM5260 MOS RAM
do not stem from a new process. Instead, a new
combination of operating techniques is used to
solve system cost/performance problems. The tech-
niques are a TRI-STATE /O structure at a com-
mon I/0 terminal, precharge decoding, and bipolar-
compatibility. '

Memory size, cost and propagation delay of the
monolithic MOS random-access device were not
decreased. These savings could have been realized
quite easily at the device level by foregoing some
of the system advantages. The result at the system
level though is very low average power dissipa-
tion, simplified timing control, fewer and faster
interface devices with the external system, reduced
cooling requirements; elimination of high-level

-

Application Notes

AUGUST 1971

@iy

MOS supplies, and other cost reductions. Chiefly,
dissipation is reduced by 66%, overhead circuits
by 50%, and overhead cost by 66% with no loss
of speed.

To make these points realistic, the new design will
be compared, in a system environment, with an-
other MOS RAM design with slightly faster access
and cycle times specified at the device level.

MOS STORAGE DEVICE

The internal design of the new MM5260 (Fig-
ure 1a) is fairly standard except for its bipolar
compatibility, 1/O structure, and precharge de-
coding.

The 1024 storage cells are in a 32 x 32 array. A
10-bit address is X-Y decoded on the chip to
access a cell. In each cell, Q; is the storage element,
Q, a read gate, and Q3 a write gate. An MOS ‘1"
is stored by charging the capacitance of Q; and an
“0" by not charging it. Read consists of sensing
the data level after an access is made.

Bipolar compatibility means that all data and
address inputs sense bipolar data levels and that
data is read out at the original data levels. This
eliminates external level translators at inputs and
sense amplifiers at outputs. Previous MOS designs
required these interface circuits in a typical mem-
ory module. The common /O terminal on the
MM5260 is made possible by the I/O structure

Vs Voo
48V -2V

M Av) |_oata
% PRECHARGE —|E }— rrecunrce coom | Pl INPUT/OUTPUT
A= AboREss ) A=
A N o]
X b neapmwRITE
PRECHARGE L I/ o]
" : P
AooRESS ) 40—
X1 xew r——————"—"7 Aromdl |—rrecHARGE
X1R X32R ) I Voo I
CHIP
| | ENABLE
| 0z }—l— X1/32R
I xugw ]
oy I _]_ I FIGURE 1b. MM5260 Connection Diagram
| ——1:;’ a |
| I |

FIGURE 1a. Internal Design of the MM5260
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“seen in Figure 1a. The 1/O gating and sensing ele-

ments are TRI-STATE MOS. As the name implies,
each element has three operating states. Two are
the bipolar-compatible “1” and 0" states. The
third is a high-impedance state that disables that
element. In the third state, only a small leakage
current flows at no definable logic level.

The third state prevents data transfer, allows one
element to look into the other, and permits out-
puts of several packages to be bus-connected with
no significant change in memory cycle time. One
pin serves for 1/0 because the read output buffer
is in the third state when write is enabled, and
vice-versa. When these outputs are bus-connected,
read speed is high because the disabled elements
on the bus load the enabled output very lightly.

In addition, the MM5260 uses two standard sup-
plies (+6V and -12V) instead of three high-level
and non-standard supplies (+20V, +16V and +5V).
A possible additional negative supply (-5V) will be
required for a high speed sense amp. :

A conventional MOS output could not share a
common terminal with an input. Separate data-in
and data-out terminals may be required. Several
outputs also may be bus-connected. However, this
multiplies the capacitive loading, causing a pro-
portional increase in output transition times. To
accommodate this, system cycle times must be
increased. For maximum speed, each conventional
MOS output should look directly into a low-level
sense amplifier which also has a low impedance
resistor at its input to minimize the data transfer
time constant.

Dynamic RAMs require some special considera-
tions. The storage cells are dynamic, meaning

that stored charges leak from the storage tran-
sistors and must be refreshed periodically. Each
cell must receive the refresh clock at intervals of
2 ms. Refresh is applied column by column at
62.5 us clock intervals {(an access also refreshes all
other cells in a column). Since accesses are made
every 600 ns, refresh overhead is less than 1% and
does not significantly affect system efficiency.
Refresh signals are given precedence over addresses
in the system control logic.

The chief advantage of dynamic MOS RAMs is
small cell size, about 4 or 6 square mils, which
makes packing density high and cost low. Static
MOS devices have latching cells that are not
refreshed but are most costly since the cell size
is 16 to 20 square mils. Therefore, fewer bits
may be- placed within the same package. Bipolar
RAM cells are also large and costly, but operate
in about 50 ns.

Dynamic MOS RAMs fit quite well into large
memories and higher system memory hierarchies
such as fast store, virtual memory and main mem-
ory. Their low cost, high density and relatively low
power dissipation suit them to main memory.

SYSTEM ORGANIZATION

Having ten address inputs, the MM5260 is effective-
ly a memory of 1024 1-bit words. Lengthening
the bits per word merely require parallel access
of several devices, such as nine for 1024 9-bit
words. A chip-select input, enabled by decoding
additional address bits, allows expansion of word
capacity.

Figure 2 is a MM5260 module storing 4096 16-bit
words (4k x 16) in four 1k x 16 submodules. One
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submodule is selected at a time by two bits of the
DM7442 TTL decoder address. The same decoder
could access eight submodules with a 3-bit address,
and so forth. This is standard decoding practice.

The external data selectors (DM8123) and read/
write bus buffers (DM8093 and DM8094) are
TRI-STATE TTL devices." These have high-speed,
active-pullup outputs when enabled. The two types
of buffers can operate in parallel with the internal
MOS input/output mode read/write gates. One
control line gates both in. complementary fashion
because one is enabled by an 0’ and the other by
a ""1”. The data selectors hold off accesses during
a submodule’s refresh intervals. Figure 3 is the
TTL clock forming and timing control circuit for
the module.
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FIGURE 3. System Clock Timing and Control Circuit

PRECHARGE DECODING

During standby, each MOS RAM circuit dissipates
about 75 mW. To achieve memory access, a
pulse called the “precharge’” is applied to set up
the decoders and other 1/O functions. Precharge
minimizes system power dissipation by making it
unnecessary to energize decoding logic between
selects. During a 600 ns access, MM5260 power
dissipation goes up to 400 mW.

It is important to keep as many as possible of the
RAM circuits on standby to minimize system
average power dissipation. Excessive dissipation,
without adequate cooling in a high-density system,
would overheat the semiconductor junctions. The
only ways of preventing overheating, should aver-
age dissipation be high, are to slow down speed and
lose performance, reduce packing density, or in-
crease system cooling hardware. Average power
supply and clock-driving requirements are also
reduced by precharge modulation or by reducing
the rate of precharge puise. The added circuitry
to effect power minimumization is only three
elements.

Figures 2, 3 and 5 illustrate the most effective way
- yet developed to decrease precharge power dissipa-
tion. This “precharge decoding” method applies
precharge to a submodule only when that module

1 Don Femling, “TRI-STATE Logic in Modular System
Organizations,”” National Semiconductor AN-43, April
1971.

is selected. This is implemented by having the
chip-enable of the decoder gate the precharge clock
via the TRI-STATE TTL data selectors in the
clock circuitry. Simuttaneously, the I/O directions
are controlled. Selective precharge decoding can
yield an ultimate average power dissipation of
77 mW.

MEMORY TIMING

The MM5260 timing control is quite simple be-
cause of precharge decoding and the I/0 structure.
As indicated in Table 1, maximum cycle time is
600 ns. A delay of 100 ns before precharge is
allowed for address settling and decoder operation.
This allowable delay will not affect the access time
under worst case conditions. This element design
characteristic permits a very straightforward selec-
tive precharge decoding technique which does not
affect the performance of the memory system.
Precharge goes low for 250 ns to set up the
decoders, then returns to conserve power.

ADDRESS >

cHIP
ENABLE

PRECHARGE

oaTA
out

READMAITE

DATA
NPUT

FIGURE 4. MM5260 Timing Diagram

If read is commanded, the read gates are enabled
and the write gates disabled at the outputs. Stored
data is available at the output within 350 ns of the
start of the access. Write may be comimanded just
prior to the precharge trailing transition and is
completed by the end of the 600 ns cycle.

Address, precharge, and chip select timing is not
critical. A skew of about 50 ns between address
timing by the CPU and leading and trailing edges of
chip-select and precharge will not affect access
time, cycle time, or overall memory speed.

DEVICE COMPARISONS

The 1103-type MOS RAM comes closest of pre-
vious MOS RAM designs to the MM5260 in per-

formance and organization. It is also a 1024-bit

device with chip select and on-chip decoding of
10-bit word addresses. The package has two addi-
tional pins, one for the extra power supply and
another because data outputs and inputs are
separate.
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FIGURE 5. Main Memory Module with Conventional 1103-Type MOS RAMs

TABLE 1: Comparison of Major Characteristics of MM5260 and 1103

MM5260 1103
Organization Tkx1 Tkx1
Chip Select Yes Yes
Input Data Levels TTL High (+20V)
Output Data Levels TTL Low (800 uA)
Common 1/0 Bus Yes No
Power Supplies +5, -12V +20, +16, +5, -5
Package Pins 16 18
Access Time 350 ns 300-390 ns
Read Cycle Time 450 ns 540 ns
Write Cycle Time 600 ns 580 ns
Refresh Intervals 2ms 2ms
Power Dissipation During Access 400 mW 300 mW
Standby Power 75 mW 75 mW

TABLE 2: Components in Typical 4k x 16 Memory Module

MM5260 1103
_UNITS UNITS

‘MOS RAM Packages 64 64

Total for Storage 64 64
interface and Control Devices
DM8123 Quad Data Selector 2 2
DM7442 BCD-to-Decimal Decoder 1 1
MHO0026 Clock Drivers 3
MH0027 Clock Drivers 18
DM74451 Power Translator 18
DM8093/DM8094 Bus Buffers 10 4
DM7402 Gates 2
DM7400 Gates 2 2
DM7404 Gates 5
DM7408 Gates 1
DM7420 Gates 1
DM8281 Counter 1 1
DM86L76 Counter 2 2
DM74L73 Flip-Flops 1 1
DM9601 Monostable Multivibrator 3 4
LM7524 Dual Sense Amplifiers 8

Total for External Parts 26 69

i
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Important differences between the MM5260 and
1103 characteristics are summarized in Tables 1
and 2. Their individual device costs are comparable
and the 1103 appears to enjoy a performance edge
(50 ns) at the device level. However, let's exam-
ine the 1103 specifications at the system level.
Major modules, though not submodules, are almost
interchangeable. As proof, compare the typical
1103 4k x 16 module in Figure 5 with Figure 2.
Both are very similar conceptually.

MODULE COMPARISON

Power Dissipation

One significant difference is in the power require-
ments. The 1103 uses two high-level supplies and
dissipates about three times as much power as
the MM5260 module. Total dissipation in the MOS
RAMs and by the circuitry outside the RAMs in
Figure 5 is around 30W, while that of the MM5260
module is about T0W. As a benchmark, core mem-
ories with the same capacity dissipate about 25W.
Clearly, the MM5260 has the advantage. The power
dissipation factors are standby power—the same
75 mW for both device—precharge dissipation,
and external dissipation.

A quick calculation shows that the MM5260 has
precharge dissipation in only 16 out of 64 devices,
due to precharge decoding. With standby dissipa-
tion in the other 48, total memory dissipation is
about 10W. Dissipation in the logic devices is not
large in either device.

Precharge dissipation in the 1103 is 300 mW,
100 mW less when it is accessed at a 600 ns rate.
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FIGURE 6. Timing Diagram of 1103-Type RAM

Precharge is used to reduce access time as well as
average dissipation in the 1103, which compro-
mises precharge power savings. Using precharge to
save time precludes precharge decoding. Figure 6,
the 1103 timing diagram, shows that precharge
sets up the decoders to receive the addresses.
Therefore, it must be applied to all 64 RAM cir-
cuits since the chip-enable portion of the address
is not decoded until after precharge begins. After
chip-enable decoding, precharge may be turned
off for the unselected submodules. By then, these
49 circuits will have been precharged for some
100 ns, consuming an extra six watts.

A total of about 14W are dissipated in precharge
and standby power in the 1103 memory module.
In other words, the MM5260 memory solution
has already saved 30%.

The extra amplifying devices account for the rest
of the increase. Address, chip-enable and data in-
puts must be pulled up to +16V. These level
translators must drive heavy capacitive loads. For
example, each address input capacitance is 7 pF,
a total of 450 pF for 64 in parallel. To avoid
making input delays very long, high-power tran-
sistor drivers must be used. The low-level outputs
must be detected with sense amplifiers to drive
logic in the processor. Furthermore, the high-
level supplies increase dissipation elsewhere in the
system and add to the system cost since they are
nonstandard.

Timing Tradeoffs

Next, is the question of access and cycle times.
The access time of the 1103 is 300 ns if the pre-
charge time can be anticipated. If address and
precharge occur together, access time is 310 ns.
Access time also depends upon the leading edge of
chip-enable. The read and write slots are also
quite critical.

Extra timing control circuits are needed. Conserva-
tive design must take into account Murphy’s Law
(“if anything can go wrong, it will”’) in module
and address timing.

Good bipolar drivers at the inputs, such as a mono-
lithic translator like the MHO0027 or three tran-
sistors and several resistors in each, will hold the
input delays to 40 to 60 ns. These add to the mem-
ory system cost. ‘A low-cost alternative, open-
collector TTL devices with passive pullup, would
stretch input delay to about 225 ns (due to the
RC time constant of a 450 pF load and 500f2
pullup resistor). Furthermore, these passive pullup
devices would about double power dissipation
again. The delays in the sense amplifiers are ap-
proximately 30 to 40 ns. Good sense amplifiers are
essential to achieve a short read time and because
the MOS outputs are wired-ORed. (64 rather than
16 sense amps aren’t practical.) As mentioned
before, wire-OR'ing also delays output transitions.
Most of the high speed sense amplifiers also require
an additional negative supply (about -5V).

In sum, there is a minimum increase of some 70 ns
in 1103 access or cycle time, and an increase up to
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100 ns might result in some system designs. This
easily offsets the access specification of 350 ns in
the MM5260. This included an output delay of
some 40 to 50 ns in the MMb5260 access and
cycle times because of on chip output TTL com-
patible buffering. This delay in the TRI-STATE
sense amplifier in the MOS chip was considered
a worthwhile. tradeoff to achieve the benefits
already cited for the common TRI-STATE 1/0
technique.

It might be noted that the TRI-STATE TTL bus
buffers will drive long buses at high speed with
high noise immunity. Therefore, the common 1/O
bus can extend well into the system structure.

SYSTEM COST SAVINGS

The obvious savings in system costs are listed in
Tabte 2. These consist of 17 interface and control
circuits, 8 dual sense amplifiers, 14 resistors, and
a need for only two supplies (+5, and -12) instead
of high-level supplies of (+20, +16, +5 and -5). One
can also add proportional savings in printed-circuit
board costs, cooling hardware, assembly, com-
ponent test, inventory control, and so forth.

4K x 16 Memory Modute
using 1103-Type
1K Dynamic MOS RAM

Effective packing density is higher, because the
MM5260 has two less pins than the 1103 (obtained
by common /0), one iess supply, and less stringent
cooling requirements. More RAM circuits can be
packed into the same volume; more also can be
added on bigger boards when system designers
want to increase word length or module word
capacity. Smaller boards, of course, further reduce
system packaging costs.

CONCLUSIONS

Savings using the MM5260 in a typical memory
system module are 66% less power dissipation,
50% fewer overhead circuits,. and 66% less. over-
head cost. Speed performance is not curtailed and,
in many applications, an improvement may be
achieved.

These advantages stem from a combination of
three techniques: TRI-STATE common 1/0 struc-
ture with an internal sense amplifier, precharge de-
coding, and bipolar compatibility. All are oriented
toward system advantages, rather than cost/speed
improvements at the device level.

4K x 16 Memory Module
using MM5260

1K Dynamic MDS RAM

FIGURE 7. 1103-Type and MM5260 Modules. The 1103 memory module utilizes NH0026
level translators in place of 36 DM74451 and NH0027 elements.
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USING THE MM5704 KEYBOARD
INTERFACE IN KEYBOARD SYSTEMS

INTRODUCTION

When one contemplates the design of an MOS-LSI
chip to perform the keyboard interface function,
several elements immediately stand out for con-
sideration. Among these is the obvious problem
of encoding a key closure, and whether the bit
pattern produced should be presented in a parallel

or serial fashion. One must also consider what

happens if more than one key is depressed, or
more than two. How fast can keys be physically
depressed and released? One at a time, or in a
series? What is required to be compatible with the
dynamic characteristics of the many different

keyboards being manufactured? What is the best .

way to match the switch closure characteristics,
i.e., switch bounce, etc.? How may various key-
board capacities best be accommodated, or what
is required to allow for expansion of keyboard
capacity? All of these considerations and more
have been answered in the design of the first MOS-
LS| chip manufactured by National, the MM5704.
It is called the keyboard interface (KI) chip and
it is one of a total of five chips, called MAPS —
Microprogrammable Arithmetic Processing System,
being designed to implement all the functions re-
quired of bit serial calculation systems.

All of these chips are unique in that they are
designed to perform their functions in a defined
system, hence implying a standard design. Yet
each may be as individualized and as varied as there
are ways to perform their functions. To explain
how this apparently paradoxical situation is pos-
sible, let’s take an example. The keyboard inter-
face chip, MM5704, will accept 32 character key
closures and provide 64, 9-bit encoded words in
the output. Each key closure will generate and
output a code up to 9-bits long for lower or upper

Application Notes

NOVEMBER 1971

case depending upon the state of the shift key.
Thus, a standard function is performed, that of

providing a 9-bit pattern with each key closure.

However, the bit pattern itself may be programmed
according to the desires of the individual user. This
ability is possible because the 9-bit pattern is
generated through the use of a read-only memory
(ROM) located within the chip. The key closure
merely addresses the ROM and its output becomes
the custom encoded word.

These chips are P-channel, enhancement mode,
monolithic MOS devices. They are manufactured
using silicon 1-0-0 technology which provides the
low thresholds required to interface directly with
bipolar DTL or TTL integrated circuits. (This
latter statement is true only if an output is not
also used as an input, such as the ul bus.) The
chips typically use +56 VDC (Vgg, Pin 12) and =12
VDC (Vgg, Pin 24) power supplies because this
arrangement permits direct signal compatibility
with bipolar logic systems. There is, however,
nothing sacred about this power supply arrange-
ment. It is the 17V differential across the chip that
is important, and conceivably in an all MOS system
one might have a single —-17 VDC supply with
respect to ground.

A two phase clock is required to operate this
device. This is due to the dynamic nature of the
MOS logic circuits used in its construction. This
device is designed to accept clock speeds up to
1 MHz.

The MM5704 is packaged in a 24-pin cavity dual-in
line package. The input-output pin configuration
is shown in Figure 1 along with the pin configura-
tions of all the MAPS elements of this set.
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Arithmetic | Register Timing Control Keyboard
i i & Interface
Pin Unit Unit Control ROM Chip
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2| 92 ch cs
3| RES 102 TE 2 R7
4 102 ul R6
5 101 101 ] R5
S 4 o1 |Ra
7o P1 R3
8 Vss Vss P2 Vss R2
9 o™ 92 o1 ldle Key Reset
10 TE TE R1
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12 POT cm Vss Vss
13 POB FFO 1
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15 ul oW
16 Vao Voo Voo | Ta
17 0 ,”
18 T2
19 DS T3
20 B+9 T5
21 ul
22 BUS
2 A BUS2
24 Vo Voo

FIGURE 1. MAPS Pin Assignments

WHAT IT DOES

In addition to the 32 character key switch closures
that may be encoded, there are 8 static switches
that may be interrogated. These static switches
may be controlled by the user to form an 8-bit
word which upon command will be sent via the
keyboard interface output to the rest of the sys-
tem. These switch closures are used to perform
control functions. They may be used to form any
desired data word especially if it is to be varied
from time to time.

The output of this device is presented at Pin 21 in
a bit serial fashion. This organization was required
to be compatible with the bus structured organi-
zation of the five chip MAPS. The bit serial, digit
serial, organization of this system was designed
to keep to a minimum the number of pins required
for each MOS-LSI chip used in this system. Actu-
ally, Pin 21 is a bidirectional bus, with input
capability for controlling static switch interroga-
tion, data interrogation, or control of the alarm
and shift functions. Ina system this is accomplished
with time multiplexing. (Figure 5)

If a system contains more than 32 character key
closures, the functions performed by the MM5704
may be expanded by paralleling two or more of
these devices. Two devices will provide 64 key
closures (128 data words), three provide 96, etc.
The two key rollover and three key alarm functions
will continue to function by paralleling the busy 1
(Pin 22) and busy 2 (Pin 23) signal lines. The
alarm signal will be available at Pin 1 of the
devices. This signal is not OR{cieable.

TWO KEY ROLLOVER

If a second key is depressed before the first key
is released, a condition exists that is defined as two
key rollover. In this situation, the device will ac-
knowledge and transmit the encoded word gener-
ated by the initial key closure then acknowledge
and transmit the encoded data word generated by
the second key closure. At the time that the sys-
tem responds to the initial key closure, the “busy
1" signal line becomes true (MOS logic ““1"" condi-
tion). This informs any parallel keyboard interface
chips that a key closure has been detected. The
“busy 1" signal will remain true until the encoded
data word resulting from initial key closure has
been transmitted and the key released.

If during the time that the “busy 1" signal is true
and a second key closure is detected, the system
will flag this condition by causing “busy 2" to go
true. “Busy 2" will remain true until the encoded
data word generated by the initial key closure has
been transmitted and one key released. “‘Busy 1"’
will remain true until all keys are released. A key
once depressed and acknowledged by the system
must be released and depressed again before it will
be accepted and acknowledged as valid by the
system for the second time.

THREE KEY ALARM

If three or more keys are depressed, a condition
exists that will be detected by the system .and
interpreted as the alarm condition. Because the
Kl chip cannot process more than two key clo-
sures, depression of more than two must alarm
the system. When the alarm condition exists, a
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signal is generated at the alarm output (Pin 1) and
an alarm pulse may be transmitted to the rest of
the system via the data bus. The ability to signal
the alarm condition on the data bus is a pro-
grammable feature. The signal made available at
Pin 1 may be used to inform the operator of the
existence of the alarm condition. The alarm con-
dition will also be triggered if two or more keys
are depressed simultaneously, such that the second
key closure is detected before the first key closure
can be processed and transmitted.

IDLE KEY RESET (PIN 9)

An automatic reset signal is generated during the
idle key mode of operation. This mode is defined
as no keys depressed and power is on. The reset
signal is created by charging an external capacitor
(CR) which enables the control logic to detect
first key closure. The purpose of the reset is to
prevent keyboard lock-up due to mass depression
of the keys, or any other attempt to void the

integrity of the keyboard interface chip. An ex-

ample of this might be, depressing three or more
keys (including the clear key) to force an alarm
condition to repeat thereby voiding the keyboard
logic. When such an attempt occurs, as soon as the
keys are released and the bounce delay'is timed
out, the idle key reset enables the control logic.

The value of the reset capacitor (CR) is dependent
on the keyboard scan cycle.

CR = it
=V
Where: i = average charging current = 1 mA
V4 = reset voltage > 3.0V
t = charging time interval
_E+n
t= 0f
Where: E = modulo of E counter
n = number of scan cycles beyond
bounce out delay = 2
0; = frequency of clock fin.

Typical values for CR, that would fit most applica- -

tions, range from 0.001 uF to 0.1 uF.

HOW IT WORKS

As may be seen by the simplified block diagram in
Figure 2, the keyboard interface chip is partitioned
into three basic logic areas. These areas are the
Scan Logic, the ROM encoder (with its associated
input control logic and output data converter), and
the system housekeeping logic.

KEYBOARD MATRIX

$5 :
[TUNES 4
55
SCAN LOGIC | . |
II | RO | R1 | a7 l
[ PN
R LINES
! — >
8 LINES R ANY KEY |
o ROM INPUT v
[Comst > CONTROL LOGIC HOUSEKEEPING LOGIC
g (R) SWITCH BOUNCE
{8) 2 KEY ROLLOVER
{C} 3KEY ALARM
UPPER 32 {D) 1/0 CONTROL
L —— —— ROM — — — —]
LOWER 32
PARALLEL TO SERIAL p—
CONVERTER 9 BITS v
ul BUS
7y — s>
] PARALLEL TO SERIAL <
CONVERTER 8 BITS
(STATIC SWITCH

FIGURE 2. MM5704 Ki Block Diagram
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FIGURE 3. Scan Logic of MM5704

The Scan- Logic will sequentially interrogate each
key of the keyboard. It provides the timed inter-
rogation pulses. The detection of a key closure is
accomplished by the ROM input control logic.
This results due to the R and B line being com-’
bined in an AND condition at the input to the
ROM control logic. The rate at which the key-
board is scanned is basically determined by the
clock input. Provision has been made internal to
this logic block to compensate for the various
capacitive loads that different keyboards might
present. This is a programmed feature. The scan
logic is shown in greater detail in Figure 3. It is
designed to sequentially scan 32 keyboard switches
in a 4 x 8 matrix as shown in Figure 2. The T lines
enable each of the four quadrants in sequential
fashion. The B lines are then used to sequentially
decode the 8 R lines at the ROM input. As the
A counter changes from state N to N+1 a pro-
grammable delay times out before the B counter
is allowed to decode the R lines within the quad-
rant. This delay is necessary to allow the T line to
charge the capacitance, associated with that quad-
rant of the keyboard switch matrix, to its full
value, and discharge the capacitance associated
with the last quadrant to be scanned.

The delay is accomplished through the use of the
D counter in the following fashion: The same
signal from the B counter output that advances
the A counter sets a latch (block flip-flop) which
in turn inhibits any further advancement of the
B counter. It also sets the D counter to an initial
state from which it must advance until a signal is
generated in its output which resets the block
flip-flop. This enables the B counter to advance
through its cycle until its terminal state is reached
and the A counter is again advanced, at which time
the cycle is reinitiated. The degree of delay that is
generated by the D counter is a function of the
clock input to the counter and the modulus of the
counter. The modulus of the D counter may be
specified by the customer to be any value from
1 to 15. Either the 8 in clock or the cycle marker
(CM) from the system may be used to advance
the D counter. Since both of the signals are gener-
ated and controlled external to the device, the
delay resulting from this technique is completely

adjustable over a reasonably broad range. This
delay must exceed that time required by the sys-
tem to fully charge or discharge any keyboard
capacitance associated with any given T line. T4
duration will always be equal to and may be greater

_than the duration of the other T lines.

The following example will serve to clarify the
use of the D counter to develop a programmed
delay for a given keyboard capacitance. Assume a
keyboard capacitance of 300 pF and a clock (8)
rate of 500 kHz with a pulse width of 500 ns.
Also, we are given a .b mA current source to
charge the T/R line capacitance with each 500 ns
clock pulse width. Using the math function:
it

V = —
C

Where V = thevoltage developed across the
capacitor

i = the charging current
t = the charging time

¢ = the capacitance

(15 x 10°) (500 x 10°)
(.3x 10°)

We know that a voltage of 8V is a safe MOS ‘1"
level voltage, and if our capacitance charges .83V
with each clock pulse then we will need approxi-
mately 10 clock cycles to charge the T line
capacitance of 8V or greater.

VvV = .83V

10 x .83V = 8.3V

Therefore, the modulus of the D counter should be
specified at 10 and it should be driven from the
clock (@) to meet the requirements of this parti-
cular keyboard. :

The ROM accepts detection of any given key
closure along with the “Case” signal input and
produces a 9-bit parallel output. The ROM output
is serialized and transmitted on the data bus at the
proper time and upon command to the rest of
the system. The output of the ROM will be taken
from the upper 32, 9-bit words if the upper case




condition is specified (Pin 2 = Vgg). If lower case
is specified (Pin 2 = Vgg) the output will be gen-
erated by the lower 32, 9-bit words. The output
from the ROM is loaded in parallel into a 9-bit
shift register (Key Register) upon command from
the housekeeping logic. This command is generated
after the housekeeping logic has acknowledged a
genuine key closure. A “Character Ready” signal
is also sent out via the data bus to the rest of the
system, at the same time. Upon receipt of the
transmit signal (Xmit key) the key register will
transmit its information out on the data bus in
a bit serial manner, at the proper time. The

contents of the ROM contain character codes that '

are completely specified by the customer. There-
fore this device becomes in effect part of his
customized system.

The static switches are interrogated by the scan
logic and entered into the static switch holding
register at T5 time with each scan cycle. These
signals bypass the ROM and are switched directly
from the static switch holding register onto the
data bus serial fashion upon command from the
system.

The housekeeping logic performs many timing
and control functions which are initiated upon
detection of a key closure or an input from the
data bus. These are listed below:

1. Provides for elimination of switch bounce. (For
both conditions—when the key is depressed and
released). This feature is adjustable to accom-
modate the different switch bounce times that
exist with different keyboard switches.

2. Provides two key rollover.

(a) Detects first key closure and generates
“Busy 1" '
(b) Detects second key closure and generates
“Busy 2"
3. Provides three key alarm.

4. Provides the signals (“Alarm” and “Character
Ready’’) to the data hus at the proper time.

MCOUNTER
BLOCK

ANY
R LINES {@ S;:“T)gl: _’I M COUNTER

1STKEY| CONTROL LOGIC 1

]
4 v

E COUNTER ’

E Jump

\4 A4

| I~

MULTIPLE CHARACTER AND ALARM
DETECT LOGIC

_.[

> BUSY 2

TOKEYAND o v
STATIC SWITCH -
REGISTERS

1/0 EONTROL

L

P ALARM

DATA
READY
SIGNAL

BUSY 1

B. Accepts input commands (Xmit key, Alarm
"Reset, etc.) from the data bus and processes
them. (See Figure 5.)

The housekeeping logic performs most of its func-
tions upon initiation from any key signal. This
signal is generated by detecting when any of the R
lines are true. Two key rollover detection is accom-
plished through the use of a counter (M counter)
whose modulus is equal to the keyboard scan
counter (33). The sequence of events is as follows:
The initial key closure is detected and the “Any
Key” signal is generated, which performs the fol-
lowing functions: It sets a flip-flop which gener-
ates the “Busy 1" signal. It initializes the M and
the E counters (the E counter will be dealt with
later). It sets another latch (1st character FF)
which prevents any additional “Any Key” signals
from affecting the state of M and E counters and
the “Busy 1" latch. The M counter is now time
locked to the first detected “Any Key’' signal.
The signal that delays the B counter in the scan
logic also delays the M counter. This enables the
M counter to remain time locked to the scan
counters and permits multiple key depressions to
be detected. The first key time slot will always be
coincidental with the M counter equal to O time.
Any other key depression will generate the ““Any
Key” signal at the time when the M counter
doesn’t equal 0. This is more clearly illustrated in
Figure 4.

For purposes of illustration it is assumed that key
closure was detected at scan counter time 18. The
“1st character” and “busy 1" latches will remain
in the true state until the system has delayed long
enough to eliminate switch bounce (key closure)
and acknowledges the receipt of the valid charac-
ter. This action switches the contents of the ROM
into its output shift register, and sends out a “‘data
ready’’ signal on the data bus. The ‘" 1st character’
and “busy 1" latches go false when the release of
the first key is detected, again with sufficient
delay to eliminate switch bounce (key release).

KEY e
|-+——BOUNCE ——m]
KEY SCAN {4 1516 17 [18[19 20} 21 32133)1 14115{16{17{ 18
COUNTER
e ——— o
1
2|2 zl¢ 12 32| 4|1
‘M” COUNTER

W00

o

4> ul DATA BUS

FIGURE 4. Housekeeping Logic of MM5704
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The delay required to avoid switch bounce is
accomplished through the use of the E counter.
This counter is incremented each time the M
counter completes a cycle. The E counter will
continue to advance until it counts out its pro-
grammed modulus at which time all switch bounce
is a thing of the past and the system is allowed

to accept the-initial key closure as valid. When .

the first key is released, the E counter is again set
to its initial state and allowed to advance to its
terminal state. Upon reaching its terminal state for
the second time, when all switch bounce associated
with the first key release is over, the reset pro-
cedure for the “‘1st character’” and “busy 1"
latches will take place. The modulus of the E
counter may be varied to accommodate the switch
bounce times of the various switches that may be

used with this device. This is a parameter specified -

by the customer. The modulus of the E counter
may be anything from 1 to 15.

If a second key is depressed, while the first key
is held down, a sequence of events very similar
to that already described will occur. The basic
differences are that detection of the second key
will occur as a function of the “any key"” signal
and the M counter not equal to 0. The data ready
signal, from the first key closure, must have been
serviced by the system. Otherwise, this is an alarm
condition (two keys depressed simultaneously).
After transmission of the first key data and detec-
tion of the second key depression, the “‘2nd char-
acter’’ and “busy 2" latches will be set. The E
counter will inject its delay and the system will
acknowledge and transmit the second character.

Should the system be processing two key closures
and receive yet a third, the alarm latch will go
true. The third key depression is detected when
the “any key”’, M # 0", and “second character” in
process’’ signals occur simultaneously. When the
alarin latch goes true, a signal may be transmitted
to the rest of the system on the data bus. The
alarm latch is reset through the use of the clear
key or by a reset pulse on the data bus.

The remainder of the housekeeping logic accepts
the input signals from the data bus and transmits
data out on the bus at the proper time. The timed
sequence for the data bus associated with this
device is shown in Figure 5. We have already
discussed the nature of the keyboard alarm, char-
acter ready, and Xmit key signals. The alarm set
and reset signals are inputs from the rest of the
system that cause or remove the alarm condition.
The test input is for testing purposes only. It is
used to speed up the testing of this device when
the inputs to the device are generated from con-
trolled (bounce free) sources. Therefore there is
no need for the normal system delays. The system
could conceivably be used by the O.E.M. manu-
facturer for incoming receiving inspection, just as
the factory uses it. A more exact understanding of
its use should be acquired from the factory before
it is used.

The static Xmit inputs are used to cause the key-
board interface to deliver the data stored in the
static switch holding register at the immediate
next appropriate time. There are four of these
static Xmit input pulses to permit use of up to

o1 T9l10l1]1z[13]1a[1s]16]17]18

T0

-3

(4]
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XMIT KEY

I
swercone —1 Lo
STATIC XMIT 1 —l—lL
STAiIC XMIT 2 -I_L }
STATIC XMIT3 J_l-—L

STATIC XMIT 4

. ALARM SET

CHARACTER READY

KEYBOARD ALARM

I
I
auasw peseT I
I
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FIGURE 5. MM5704 1/0 Time Slots
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FIGURE 6. MAPS Block Diagram

four keyboard interface chips and associated static
switches in parallel. The device user may specify
which time slot will be used with a given device.
This is especially important when two or more of
these devices are to be used in a system. If this is
left unspecified in a single keyboard interface chip
system, this will generally be programmed to the
Xmit static 1 time slot, It is an illegal condition
for both a static transmit and key code transmit
request to occur in the same word cycle.

THE KEYBOARD INTERFACE
AS USED IN MAPS ‘

The natural environment for this device is to
-operate in conjunction with the ““timing and con-
trol” (T&C) chip (MM5702) of MAPS. MAPS
(Microprogrammable Arithmetic Processing Sys-
tem) is a five MOS-LSI chip, mini-processor sys-
tem. The block diagram shown in Figure 6
illustrates the system’s primary components and
their interconnections. Besides the clock lines and
power supplies, the keyboard interface chip has a
cycle marker (CM) input from the MAPS system.
This signal (CM) is generated in the T & C
chip from a master timing clock and is used to
synchronize the entire system including the KI.
This procedure is mandatory in a system, such as
this, where all data as well as command and opera-
tion signals are transmitted in a serial by bit and
serial by digit basis. The exchange of all informa-

tion between the system blocks is time multiplexed
onto single wire buses; therefore, all of the system
components must be in step. The cycle marker
flags the beginning of a 76 bit word cycle time.
The important bit times for the Kl chip in
MAPS are, for example, 11 through 30. These
are the bit times in any given word cycle that
are allotted for the K| to communicate with
the rest of the system through the T & C chip.
The detailed nature of this time period is more
completely defined and illustrated in Figure 5.

The various time slots are logically defined and
implemented within the Kl chip as follows: The
CM initiates a delay line composed of a series of
MOS “inverters. The outputs of these inverters
become true in a sequential fashion, one after
another in step with each clock transition. There-
fore, once the sequence is initiated at the proper
time (CM) the MOS delay line will behave as a
special decoded counter in step with the master
counter in the T & C chip. The output of each
stage will define a precise bit time with respect
to the CM. This occurs within the housekeeping
block (Figure 2). When the Kl has acknowledged
a key closure it will send out a character ready
signal (bit time 20), and continue to send it until
it is acknowledged by the T & C chip. The T& C
chip will receive this and, in some subsequent word
cycle at bit time 12, will send a transmit key
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KEYBOARD MATRIX
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FIGURE 7. ASCH Keyboard Encoder Using the MM5704

command. This will cause the keyboard to send
its data from the keyboard shift register out onto
the data bus (microinstruction) during time slot 22
through 30 immediately following the receipt of
the transmit command. The data bits are received
by the T & C chip. The static switch information,
from the keyboard, is handled in a similar manner
by the system. It is the intent of this section to
only deal with the interaction of the Kl chip with
the rest of the system. Therefore, a more detailed
treatment of the operation beyond this point
belongs in a description of the T & C chip, as
related to MAPS.

THE KEYBOARD INTERFACE ELEMENT
AS A STANDARD ASC!lI ENCODE SYSTEM

The MM5704 may be used quite conveniently in
applications other than as part of the calculator
chip system for which it was designed. To illustrate
how this may be done, a small keyboard system
was designed to perform the keyboard to ASCIl
encoding function. Only one of the MM5704s
was required to provide for all 128 characters in
the ASCII 7-bit communications code. This system
is illustrated in Figure 7.

A two phase clock must be generated and a master
counter designed to operate from the clock sys-
tem., A DM8850 (9601) is used to drive a JK
flip-flop in the toggle mode of operation. This
forms a master clock that has an equal duty cycle.
One eight bit shift register and one SN74107 is
used to form a twisted ring counter. This type of
counter was chosen because of the ease with
which its states may be decoded. One and 1/2 quad
2 input NAND gates are used to decode the
counter outputs into the discrete time slots re-
quired for the bit serial operation of the KI.
Because there is no need to concern ourselves
with anything other than the time slots required
to operate the Ki chips, the time slots have been
reorganized and the word length shortened, This is
more clearly defined and illustrated in Figure 8.
The cycle marker signal is generated by setting a
latch at time O and resetting it at time 1. CM is
only used, in this system, by the Kl chip.

The keyboard switch entry operation is accom-
plished exactly as described in a previous section
of this application note. The Kl chip will inter-
rogate the keyboard switch matrix. The alpha/
numeric control is accomplished externally by a

258




T 011 2[3]alslel7Ts]e[1e]r1lr2l1aT1alesTieTa7T18[10l0 T T

™
XMIT KEY

RESET XMIT LATCH

CHARACTER READY

L

_IDATATUSR l

FIGURE 8. ASCII Keyboard 1/0 Time Slots

mechanical latch on the keyboard. If the keyboard
should lack this facility, an integrated circuit latch
could be added to perform this function.

At character read time (T9), the data bus (ul) is
gated to an RS flip-flop. For the sake of illustrating
the action sequence, let’s assume that a character
ready (T9) signal appears on the ul data bus and
the Xmit latch is set. The data bus line is the data
input to an eight bit shift register. This shift
register is used to perform the serial to parallel
conversion. Nothing further occurs until the next
word cycle is initiated and time slot 1 is reached.
The Xmit flip-flop has enabled a gate that will
generate the Xmit key signal at T1 and place this
on the ul bus. This will be received by the Kl chip
and trigger the transmission of data from the key-
board holding shift register beginning with time

slot 11 and ending with time slot 18 (8 bits long).
The Xmit latch will automatically be reset at time
T2. The generation of the Xmit latch will auto-
matically be reset at time T2. The generation of
the Xmit key signal at T1 also causes another
latch to be energized (prepare for data). This latch
will enable a gate which at time T11 (the beginning
of the data word) will set a clock control latch.
This action enables the clock to the output shift
register for 8 clock pulses, The clock enable latch
is reset at time T19. The eight clock pulses to the
shift register will permit the entry of the data
coming from the Kl ul bus and accomplish the
serial to parallel conversion. At time T19, the data
prep. latch is reset.

The character and control codes associated with
the Kl device are illustrated in Table 1. The con-

TABLE 1. ASCII Keyboard Assignments

b,=0 by=1
CON. UC LC
bg=1  beg=0 bg=0 bg=1
0 SP N+1 @ \ T4
11 S04 A a T2
2 " STX B b T3
3 # ETX c c T3
4 3 EOT D d T2
5 % ENQ E e T1
6 & ACK F f T2
7 BEL G g T2
8 BS H h T2
9 ) HT I i T1
10 * LF J i T2
1M1+ VT K k T2
12 FE L | T3
13 - CR M m T3
14 . S0 N n T3
15 / S1 0 o T4
16 0 DLE P p T4
17 1 DC1 Q a T
18 2 DC2 R r T1
19 3 DC3 S s T2
20 4 DC4 T t T1
21 5 NAK U u T
22 6 SYN \; v T3
23 7 ETB w w R1
24 8 CAN X x T3
25 9 EM 3% y T
26 SUB z z T3
27 ESC [ { T4
28 < FS \ R V']
29 = GS 1 } T4
30 > RS - ~ T4
3t ? us - DEL T4

R6
RO
R4
R2
R2
R2
R3
R4
R5
R7
R6
R7
R7
R6
R5
RO
R1
RO
R3
R1
R4
R6
R3
R1
R1
R5
RO
R2
R3
R4
R5
R7

b;=1=Alpha
b,=0=Numerics

LC=alpha e b6=1
UC=alpha e b6z0

Numbers=Numerics ® b6=1
Control=Numerics e b6=0

Key Legend
example
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TABLE 2. American Standard Code for Information Interchange

by 0 0 0 0 1 1 1 1
be 0 0 1 1 0 0 1 1
bs 0 1 0 1 0 1 0 1
Bigg 'T bf bf T RO‘(;IO’LUMN, 0 1 2 3 4 5 6 7
o|lojo]o 0 NUL | DLE | sP 0 @ P p
0 Jo| 0] 1 7 SOH | DC1 ] 1 A Q a | a
0 |0 1] 0 2 STX | DC2 i 2 B R b r
0 |0 1 1 3 ETX | DC3 # 3 C S c s
o |1] 0] o0 4 EOT | DC4 $ 4 D T d t
0 |1 01 1 5 ENQ | NAK | % 5 E U e u
0 |11 11]0 6 ACK | SYN & 6 F Y f v
0o [ 1] 1 1 7 BEL | ETB ’ 7 G [ g w
T 0] 0] 0 8 BS | CAN 8 H X h X
T 0] 0 1 9 HT EM 9 | Y i v
1 ol 1] 0 10 LF SUB ¥ : J |z i z
1 o] 1 1 1 VT ESC + . K [ k {
1 1] 0] 0 12 FF FS ’ < L \ ] :
1 1] 0| 1 13 | CR GS — = M ] m }
1 T 1] 0 14 SO RS ) > N —~ n ~
1 T 1 1 15 S| Us / ? 0 ) DEL

This coded character set is to be used for the general interchange of information among information processing systems,

communication systems, and associated equipment.

trol codes are identical with the numerics section
of this device, except that bit b6 is a logic 0"
instead of “1”. The lower case letters are the same
as the capital letters (alpha section) except that
bit b6 is a logic 1" instead of ““0". A glance at
the 7-bit ASCIl standard MAPS (Table 2) will
show this to be consistent with the accepted
standard. The manner in which this is implemented
in our stand alone system is as follows: When the
control key is depressed bit b6 is slaved low in the
output of the serial to parallel shift register, then if
the numeric characters are being generated by the
Kl, control codes will result in the output of the
shift register. If character key $, for example, was
depressed, the resulting data code from the serial
to parallel converter would be modified from
01001000 ($) to 00001000 (EOT).

The features of the Ki chip will permit a more
elaborate system than this, but this is all that is
required to accomplish the use of the Kl chip into
a bipolar system. The total parts count is as
follows:

1 — MM5704°
1 — DM8850
2 — SN74107
1 — MH0025
1 — DM8800
2 — DM8570
4 — DM7400
1 —SN7404

PROGRAMMING THE KEYBOARD
INTERFACE CHIP

Within this device, there are nine areas that may be
specified, or programmed, by the customer. The
largest of these is the encoding ROM with its 64
9-bit words. The ROM is actually programmed
during the process with a masking step that either
leaves or removes gate oxide from a given node
depending upon whether a 1 or O is desired from
that node. To assist in programming the modulus
of D and E counters, which may vary from 1 to
15, vital information pertaining to keyboard per-
formance is required. This information will enable
the KI chip to overcome T line delays and switch
bounce as explained in an earlier section of this
article. The D counter clock may also be specified
to be either 8 in or CM, The fifth area to be speci-
fied as the static switch recognition code. If more
than one chip is used in any given system, each
chip must be given a unique internal code that will
enable it to respond when the system calls for
static switch data from a specific device.

The sixth area to be defined is an option that will
permit the static switch information to be gener-
ated from normally open, or normally closed,
switch contacts. The seventh programmable func-
tion permits specifying the shift key switch as
either normally open or closed. Within the chip
itself, these functions are implemented by insert-
ing, or not inserting an inverter in the appropriate
place. Programmable function number eight per-
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mits the user to inhibit or transmit the alarm pulse
on the ul bus. Number nine specifies whether the
system will accept or reject, set and reset alarm
pulses from the u! bus. These latter conditions
result from making or not making the appropriate

internal connections.

Figure 9 is a copy of the form used to manually
program this device. Because a great deal of the
actual process involved in programming this device
is accomplished with the use of a computer, a
normal computer input such as IBM cards may be
submitted by the customer to program this device.

L_‘

National Semiconductor Corporation
2900 Semiconductor Drive, Santa Clara, California 95051
(408) 732-5000/TWX (910) 339-9240

KEYBOARD INTERFACE PROGRAM SHEET MM5704

NAME:

DATE:

ADDRESS:

CUSTOMER PRINT OR 1D NO.

CITY:

STATE: ZIP:

PURCHASE ORDER NO.

PHONE:

AUTHORIZED SIGNATURE

TOTAL KEY MATRIX CAPACITANCE

MIN TYP MAX UNITS FOR NAT

IONAL SEMICONDUCTOR USE ONLY

of

CLOCK FREQUENCY MHz

COUNTER
PROGRAM

DRIVING

FUNCTION TIMING

MODULO

UNITS

KEY BOUNCE DELAY ms D COUNTER

CYCLE MARKER FREQUENCY (CM) kHz E COUNTER

CASE SHIFT CONTROL (CS) NO NC

Upper Case Logic COMMENTS:
Level + -

STATIC KEY FORM

Device | 10 2[00

NO NC No
130 40

KEY
IDEN-
TITY

T

SCAN
LINE

R

PIN NO. 2 {+} { ) KEY
IDEN-
7 6 5 4 3 2 1 0 TITY 8 7

PIN NO. 2 (-) { }

T1

RO

Tt

m

T

Tt

T

™

(5)

T

T2

T2

T2

T2

T2

T2

T2

T2

T3

T3

T3

T3

T3

T3

T3

T3

T4

T4

Ta

T4

T4

5

T4

T4

(5)

T4

NOTE 1:
NOTE 2:
NOTE 3:
NOTE 4:

NOTE 6:

Alogic 1" or “X* = most negative voltage

A logic 0" = most positive voltage

All ’Don’t Care” cases must be defined asa 1" or “0".
¥f less than 9 bits are used unused bits will be
programmed Jogic 1.

These locations are programmed for clearing the
keyboard alarm.

For National Semiconductor Use Only

Device No. MM5704 __

FIGURE 9. KI Programming Form
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The input must, however, follow the format as
illustrated in Table 3. The output bit pattern
is converted to a three digit decimal number. Each
card contains eight of these humbers using the first
32 columns on the card. The associated address

(Tx, Rx) is specified by card number.and output
digit location. Only the ROM portion of the
keyboard interface chip may be programmed. All
other programmable features must be specified
in another fashion.

TABLE 3. Computer Programming Format

R7 R¢ RS R1 R2 R3 R4 R6
™ XXX XXX XXX XXX XXX XXX XXX XXX | 1st Card
LC T2 XXX XXX XXX XXX XXX XXX XXX XXX 2nd Card
e T3 XXX XXX XXX XXX XXX XXX XXX XXX | 3rd Card
T4 | XXX XXX XXX XXX XXX XXX XXX XXX | 4th Card
T1 XXX XXX XXX XXX XXX XXX XXX XXX 5th Card
u.e T2 XXX XXX XXX XXX XXX XXX XXX XXX 6th Card
e T3 XXX XXX XXX XXX XXX XXX XXX XXX 7th Card
T4 XXX XXX XXX XXX XXX XXX XXX XXX | 8th Card
Column 1——1
Example (for column 1)
Number R7, T1 Bit 8 - - - ~ - - - BitO{1stout)
1 0 0 1 1 1 1 0 2
Output Conversion Example 256 128 64 32 16 8 4 2 1 4.
8
32
256
302

L.C. = lower case
U.C. = upper case
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Application Notes

OCTOBER 1971

LOW FREQUENCY OPERATION WITH DYNAMIC

SHIFT REGISTERS

In many dynamic shift register applications, it is
advantageous to operate the circuit at low clock
frequencies or in clock burst modes where high
frequency clock rate periods are followed by long
intervals in which the clocks are absent. To insure
that his system will operate correctly under these
conditions, the designer should be aware of the
limitations of the type of shift register he is using.

There are two basic forms of dynamic shift register
cells: the ratioless and the ratio. The ratioless
circuit of Figure 1a is based on a capacitor pre-
charge concept. During ¢;n clock time, node B is
precharged by transistor Qj; i.e., Q3 is turned on
by ¢,n, creating a low impedance path from node
B to Vgg which charges the node capacitor C, to
a negative voltage. Data is coupled at the same time
through transfer transistor Q, to node A, the gate
of Q,. If the incoming data is a positive or ‘0"’
level, Q, will be in a high impedance off state, and
node B will charge to a negative voltage one thresh-
old more positive than the ¢,y clock amplitude.

When ¢ returns to a positive level. Q3 is shut
off, isolating the precharged voltage of node B.
The stored charge of node B, coupled with an
additional increment contributed by C,, redistri-
butes between nodes B and C when the ¢oyt
clock turns on transistor Q4. The redistributed
charge develops a negative voltage ““1’’ level across
Cs which becomes isolated when ¢ 1 returns to
a "“0"” level. The "“1” level turns on Qg, resulting
in a low impedance path between the output of the
cell and Vgg, establishing a “0"’ level at the output.

In the ratioless cell, there are two nodes which
become isolated from any charge replenishing
source during normal operation of the circuit:
nodes B and C. These are the nodes which establish
the low frequency limitations of the cell. In most
designs node C, the gate of the logic transistor Qg,
is the limiting node because total capacitance is
less. If we had assumed the initial data coupled by
Q, during ¢y to be a 1" level, then node A
would of course be the limiting node of the cell.

FIGURE 1a. Ratioless Dynamic Shift Register Cell

263

sisysibay 131ys ogwequ- yiim uoneiadQ Asuanbaiq mo7

GS-NV



AN-55

Low Frequency Operation with Dynamic Shift Registers
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FIGURE 1b. Ratio Type Dynamic Shift Register Cell
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FIGURE 2. Timing Diagram For Two Phase Dynamic Shift Registers

The ratio dynamic shift register cell of Figure 1b
has only one isolated node which limits minimum
frequency operation. It, like the ratioless cell, is
the gate node of the logic transistor. The ratio cell
does not rely on stored precharge to establish a
“1" level on a succeeding logic gate mode. If a
“0" level had been transferred to node A of the
ratio cell by Q4 during ¢,y time, Q, would be off.
A dout 1" level would turn on Qg and Qg4 creat-
ing a charging path between node C and Vpp,
resulting in a “’1"" level at node C. The node would
be isolated by Q4, just as in the ratioless cell,
when ¢oyT returns to a “0” level.

If the data coupled by Q, had been a ““1”, both
Q, and Qg would be on during ¢oyt time. To

establish a ‘0" at node B in that case, an electrical
ratio between the on impedance of Q, and Q3
must be considered by the cell designer.

Charge must be stored at the logic transistor gate
node of the ratioless cell for the period of time
between leading edges of the two phase clocks.
This is because no charge enters the node B and C
network after the leading edge of the transfer
clock {¢ouT) and there is no way for charge which
leaks off the nodes to be replaced. This portion
of the clock period is defined as a Partial Bit Time.
The Partial Bit Time between the leading edge of
¢y and the leading edge of ¢oyr is the Ty period,
and the time between the leading edge of ¢out
and the leading edge of ¢,y is Tout (Figure 2).
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The period of the minimum operating frequency
is the sum of the two, or

1

MIN) = =/
o MIN) = o Tour

(1

Obviously the lowest operating frequency can be
attained when T,y and Tgyt are each at their
maximum limit and therefore equal. This says that
for minimum frequency, 50% clock phasing should
be used, i.e., the clocks should be equally spaced
within the bit time. ‘

The ratio cell has a similar storage requirement,
but with one difference. During the time the trans-
fer clock (¢poyt in Figure 1b) is on, a source of
charge is available to node C through the ON
transistors Qz and Q4 assuming Q, is OFF.
Therefore, charge must be stored on the critical
capacitor C, only after the transfer clock has re-

turned to a ‘0" level, and isolated the node. This-

required storage time is usually referred to as Clock
Phase Delay Time (¢4). The phase delay time be-
tween the trailing edge of ¢, and the leading
edge of ooyt is g the time between the trailing
edge of ¢oyr and the leading edge of ¢,y is Py
(Figure 2). Minimum clock operating frequency is:

1
din PW + ¢y + dout PW + g

assuming clock rise and fall time << @pyy.

¢+ (MIN) = (2)

Optimum low frequency operation can be obtained
when the clock pulsewidths and phase delays are
maximized and made equal. In most cases this
would mean 10 us clock pulsewidths and 50%
clock phasing. For power or system application
reasons it is usually not convenient to use such
wide pulsewidths, and the minimum clock fre-
quency is simplified to

¢ (MIN) = (3)

$a + Py

assuming Ppyy << ¢g OF Py.

Maximum Partial Bit Times and Clock Phase Delays
for a given circuit are a measure of the ability
of the critical nodes within the cell to store a
minimum voltage level. Charge is usually lost due
to leakage currents associated with the semicon-
ductor junctions of the nodes. The total reverse
leakage current for a p-n junction is the sum of
three components; the bulk diffusion current,
charge generation current and surface leakage cur-
rent. Within the normal operating junction temp-
erature range of MOS shift registers (—55°C to
150°C), the charge generation current is the pri-
mary component of leakage. Charge generation is
usually attributed to recombination centers with-
in the depletion layer of the junction. Leakage
current generated in this manner is usually ap-
proximated by the expression

I, =KT32 ¢ -7020/T (4)

Where T = Junction temperature, °K

K = Proportionality constant

1. = Leakage current of P-N junction

Therefore Partial Bit Times and Clock Phase Delays
will be a definite function of temperature. Figure 3
shows a curve for Partial Bit Times as a function of
temperature for a typical shift register using a
ratio-less cell. Figure 4 gives the corresponding
minimum operating frequency versus temperature
for two cases: when Ty = Tout (50% clock
phasing), and when one of the Partial Bit Times is
minimized, the other maximized. Minimum Partial
Bit Time is:

Toviny = 9 PWnminy + Oy + G + Saminy (5)

Any Partial Bit Time between minimum and maxi-
mum at a given temperature can be used. The
minimum clock rate would be calculated using
Equation 1.

1l

100 ===
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MAXIMUM Ty, Tout TIME (ms)
Y

N

N
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FIGURE 3. Maximum Partial Bit Time vs
Ambient Temperature
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FIGURE 4. Mini Clock Freq y vs
Ambient Temperature

If the shift register utilizes a ratio cell, a curve
identical to Figure 3 could be used to obtain maxi-
mum Clock Phase Delays for any required tempera-
ture. Equation 2 or Equation 3 could then be used
to calculate minimum clock frequency at that
temperature.
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Shift Registers

ith Dynamic

ion wi

Low Frequency Operat

AN-55

The shift register user can often increase his mar-
gin of safety when operating at low frequency, or
for long periods of time with the clocks stopped,
by designing the system with that operation in
mind. The ambient operating temperature of the
registers should always be minimized. The cell re-
quires a minimum voltage at the critical node to
operate, and the time to discharge the node to that
value is dependent upon the initial voltage, as well
as capacitance and leakage:

~ Cnope Vinimiar = Vumin)
I

(6)
tg = TN or Toyr for ratioless cells;

= ¢gqor ad for ratio cells

Cnope = Total capacitance at critical node

VinrriaL = Voltage at critical node immediately
after isolation of that node by trans-
fer clock.

“Vmin = Minimum voltage required at critical
node for operation.

I = Total leakage current at critical node.

The initial voltage can be optimized in two ways:
by using the highest clock amplitude possible and
by allowing something greater than minimum clock
pulsewidth to insure that the maximum amount of
charge is coupled to the node (and in the case of
the ratioless cell, that the maximum precharge
voltage is obtained before transfer). A high value
of Vg or Vpp, the negative supply voltage, in-
creases on-chip power and therefore junction tem-
perature, as well as increasing the minimum re-
quired node voltage. It is a good idea, therefore,

to stay away from very high supply voltages. When
both the clock driver reference voltage and Vgg
or Vpp are the same supply, the best tradeoff is
toward the higher end of the specified range, how-
ever. One other consideration which applies during
operation at any frequency, but particularly at low
frequency, is excursions of the clock line more
positive than Vgg. This forward biases internal
junctions which results in parasitic PNP transistors.
If the collector of the parasitic PNP happens to be
a critical node, the circuit will fail. Because critical
nodes are often closer to the minimum required
voltage during low frequency operation, registers
are usually more sensitive to positive clock spikes.

When calculating temperature effects of a system
operating in the clock burst mode, the designer
must remember that power dissipation in the shift
register is approximately double at 2.5 MHz what
it is at 100 kHz. High frequency bursts will heat
the chip, causing high junction temperatures which
reduce the time the clocks can be off.

‘SUMMARY

Dynamic shift registers can be operated at very
low clock rates if manufacturers data sheets are
consulted and the proper clock phasing is used.
Added margin can be designed into systems by
keeping clock amplitudes high, the clock pulse-
widths 10 to 20% wider than specified minimums,
power supplies low and temperatures as low as
possible. Beware of circuit board hot spots which
increase the temperature of individual packages,
or extensive interlead coupling or ringing which
could result in positive clock spikes.

266




NN

AMERICAN AND EUROPEAN FONTS IN
STANDARD CHARACTER GENERATORS

Ten popular American and European 64-character
subsets for displays and printers are now available
from National as single-chip, standard character
generators. These parts, listed in Table 1, are sold
‘off-the-shelf without a ROM masking charge.

The ROMs are static, bipolar-compatible types,
operating without clocks on standard power sup-
plies. Row and column access times are typically
450 and 700 ns respectively. An MM4240/MM5240
2560-bit ROM is used for the 5 x 7 horizontal-scan
fonts and an MM4241/MM5241 3072-bit ROM for
the 7 x 5 vertical-scan fonts. The MM4240 and

Appllcatlon Notes

JANUARY 1971

Input-output configurations and character formats
for the ROMs are shown in Figures 1 and 2. Appli-
cation Note AN-40 The Systems Approach to
Character Generators gives examples of line and
column address-control logic, and CRT and printer
operating techniques.

Note that each ROM has a chip-enable input to
permit multi-ROM operation with common control
logic. For instance, two horizontal-scan ASCI!
character generators may be operated in tandem to
obtain upper and lower-case characters. In this
case, chip-enable would be controlled with bit bg

MM4241 operate at -55°C to +125°C and the of the normal 7-bit ASCH code, and its com-
MM5240 and MM5241 at -25°C to +70°C. plement, bg.
TYPE NUMBER CODE 64-CHARACTER SUBSET FIGURE
Horizontal Scan (5 x 7)
MM4240AA/MM5240AA ASCHI Upper-case aiphanumeric 3
MM4240AE/MM5240AE ASCH Lower-case alpha and symbols 4
MM4240ABU/NIM524OABU Hollerith Upper-case alphanumeric 5
MM4240ABZ/MM5240ABZ EBCDIC-8 Upper-case alphanumeric 6
MM4240ACA/MM5240ACA EBCDIC Upper-case alphanumeric (I1BM) 7
Vertical Scan (7 x 5)
MM4241ABL/MM5241ABL ASCI Upper-case alphanumeric 8
MM4241ABV/MM5241ABYV ECMA Upper-case A/N, Scandinavian 9
MM4241ABW/MM5241ABW ECMA Upper-case A/N, German 10
MM4241ABX/MM5241ABX . ECMA Upper-case A/N, general
European (French, British, ltalian) 1
MM4241ABY/MM5241ABY ECMA Upper-case A/N, Spanish 12

TABLE 1. Single-Chip, Standard Horizontal-Scan and Vertical-Scan Character Generators

» o—o{
b5 O]
——O &,
CoDE
wRuTS b3 O———q
(CHARACTER
ADORESS) ) b O—— O &,
3, O—d 4240/ aow
w5280
N = & / qureurs
 Oremnned ouTPUTS
8,8,8;8,8;
p—0 B8s
L, O——of
ROW —o0 8.
ADDRESS Ly O——rt\
INPUTS
Ly O—r]

CHARACTER FORMAT

FIGURE 1. Horizontal-Scan Character Generator ROM
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CODE
weurs ) P O ¢
ICHARACTER b
ADDRESS) + O—— 0O &
b, O—of MMa241/ —o &. coLumy
5241 - .
oUTPUTS coLumn
be O—] o8 ADDRESS
O—q O B
*
¢; O—of 0 8, B: OO g
CoLUMN K] . os
ADDRESS O o outeuts b
weurs ) © ta B : :
% O— e e
B;
ProcRANimABLE | &—] CHARACTER FORMAT
CHIP ENABLE I
O

FIGURE 2. Vertical-Scan Character Generator ROM
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American and European Fonts in Standard Character Generators

AN-57

HORIZONTAL SCAN FONTS

The subsets of 64 5x 7 characters in the hori-
zontal-scan fonts are the ones most commonly
used in low-cost TV and CRT raster-scan displays
and dot-matrix line printers.

MM4240AA/MM5240AA contains the ASCII-6 pre-
terred graphic subset, formed from ASCII-7 by
ignoring bit bg. The remaining six bits form two
octal address characters. One is formed by the
three more significant bits, by, bg and b,, and the
second by bz, b, and by.

Also, characters 36 and 37 in ASCII (x3.4 1968) *
are respectively a carat (or circumflex), and an
underscore. These are awkward in a video display,
so they are replaced by the more useful arrows.
(The arrows are related to characters in an older
teletypewriter set.) This font, shown in Figure 3,
is also described on the MM4240/MM5240 data
sheet (which should be referred to for operating
characteristics of all the horizontal-scan character
generators).
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FIGURE 3. MM4240AA/MM5240AA Horizontal-Scan
- ASCII-7 Graphic Subset

MM4240AE/MM5240AE generates unique symbols
describing the ASCII-7 control codes, as well as
lower-case letters (Figure 4}. The designer may not
wish to display or dot-print the symbols. Since the
symbols are generated only when the most signifi-
cant address bit is logic ““0”, this bit line may be
used to-disable the chip, and blank the screen when
control sigha!s are transmitted. If not, the system
designer can use the symbols as he likes.

*American National Standards Institute {ANSI)

FIGURE 4.

The Hollerith character subset in Figure- 5b is
formed by using six gates to compress the 12-
line Hollerith code to the 6-bit address for 64

.
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Symbol Subset

characters, as shown in Figure 5a
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FIGURE 5a. MM4240ABU/MM5240ABU Typical
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FIGURE 5b. MM4240ABU/MM5240ABU Horizontal
Scan Hollerith Graphics Subset

As shown in Figure 6, an ASCIlI-compatible subset
is provided by the EBCDIC-8 character generator
(MM4240ABZ/MM5240ABZ) by simply ignoring
the two most significant bits, by and b4, in the
EBCDIC-8 code. The ABZ version follows the
ANSI standard, while the ACA version follows the
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FIGURE 6. MM4240BABZ/MM5240BABZ Horizontal-
Scan EBCDIC-8 Graphic Subset

IBM style. A cent sign, and IBM’s logical OR and
logic NOT signs are given by the ACA subset
(characters 12, 17, and 37). And a plus or minus
sign is provided, as character 52. (See Figure 7.)
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FIGURE 7. MM4240ACA/MM5240ACA Horizontal-
Scan IBM EBCDIC Graphic Subset

VERTICAL SCAN FONTS

All five of the standard vertical-scan subsets in
Figures 8 through 12 are generated with 6-bit
codes derived from code recommendations R646
of the International Organization for Standardiza-
tion. These recommendations cover ASCI-7, Eur-
opean ECMA-7 and CCITT alphabet number b.

The ASCII subset for American use, in Figure 8,
is practically identical to the horizontal-scan subset.
Those in Figures 9 through 12 follow preferred
character styles in the countries indicated. The
underscore (character 37) is dropped below the
line so that it may be used as a cursor.

Vertical-scan character generators are generally
used in dot-matrix tape printers, ink-dot spray
printers and high-definition sawtooth or pedestal-
scan CRT displays. They may also be used to
control raster-scan TV tubes or CRTs if the tube
is turned on its side so that the raster scan is made
vertically to provide a page-like format.

With standard programming, the bits in the column
outputs are sequenced for a sawtooth scan with
dot columns running in the same direction, as
illustrated in Figure 13a. For a pedestal scan,
Figure 13b, alternate columns can be reversed
by putting an 8-bit shift left/shift right TTL
shift register (DM74198) on the output as illus-
trated in Figure 14. o
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American and European Fonts in Standard Character Generators
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ECMA-7 Font for Scandinavian Use
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ECMA-7 Font for General European Use
(French, British, Italian)
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FIGURE 12. MM4241ABY/MM5241ABY Vertical-Scan ECMA-7 Font for Spanish Use
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FIGURE 13a. Sawtooth Vertical Scan FIGURE 13b. Pedestal Vertical Scan
GENERATOR
8 LINES
0,
INPYUT
CHARACTER
OATA oM74198
EFT/RIGHT ZAXIS
fas2a1 e Ten MODULATION
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FIGURE 14. Conversion of Sawtooth Output to Pedestal Scan

CUSTOM FONTS For example, the extra height may be used in an

otherwise 5 x 7 font to drop the tails of commas,
The two ROMs can also be custom-programmed semicolons and lower-case letters below the bottom
to provide special characters, or fonts larger than line of the capital letters. Fonts as large as 16 x 12
5x 7. The MM4240/MM5240 actually stores 64 are entirely practical without additional control
5 x 8 characters or character segments and the logic, using the chip-enable feature of four
MM4241/MM5241 stores 64 8 x 6 characters or . MMb5241s. Large-font organizations are discussed in
segments. They are not limited to 5 x 7 and 7 x 5. AN-40.
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TRIG FUNCTION GENERATORS

Accuracy is the major design variable of trigono-
metric lookup tables built with MOS read-only
memories. Only a few ROMs are needed for most
practical applications, but accuracy can be made
to increase very rapidly with memory capacity if
interpolation techniques are used.

For instance, without interpolation a single
1024-bit ROM can store 128 angular increments
and generate an 8-bit output that will be better
than 99.9% of the handbook value (Table 1).

BINARY | DECIMAL
ADDRESS | DEGREES | OUTPUT SINE
0 o 00000000 0.000
1 0.7 00000011 0.012
2 14 00000110 0.023
3 21 00001001 0.035
127 89.3 Ammn 0.996

TABLE 1. MM422BM/MM522BM Sine Function Generator

If one simply cascaded ROMs to improve input
resolution and output accuracy for a high-accuracy
trig solution (X=sin #) as in Figure 1, large num-
bers of ROMs might be needed. This 24-ROM
system stores 2048 12-bit values of sin x (or other
trig functions), giving angular resolution of 1 part
in 2'! (0.05%) and output accuracy of 1 part in
212 (0.024%). The system in Figure 2 has the
same resolution and is accurate to the limit of .its
12 output bits (0.024%), which makes it just as
good. But it only requires four 1024-bit ROMs and
three 4-bit TTL full adders, so it only costs about
one-fifth as much as the more obvious solution of
Figure 1.

Instead of producing x = sin §, the Figure 2 system
divides the angle into two parts and implements
the equation

x =sinf =sin (M + L)

=sin M cos L + cos M sin L

It can be programmed for any angular range.
Assume the range is 0 to 90 degrees and let M be
the 8 most significant bits of 6§ and L be the 3 least
significant bits of 6 (8 being the 11-bit input
angular increments, equal to 90°/2048, or
0.044 deg.) as in Table 2.

With an 8-bit address, the three 256x4 ROMs will
give the "12-bit value of sin M at increments of
M = 90°/2%, or 0.352 deg. The cos L can only vary
between 1 and 0.99998. So we assume cos L=1
and store values of sin M at 0.352 deg. resolution
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FIGURE 1. Conventional 2048-Increment Sine Table Uses

24 ROMs
in the top three ROMs, reducing the equation to
sin § = sin M + cos M sin L

Values of the second term are stored in the fourth
ROM. The maximum value of the second term in
the above equation can only be cos Msin L
=0.00539 where cos My, =1, sinLmax
=0.00539. This is the maximum value to be added
to sin M above. Only the five least significant bits
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MOS Brief 10 Trig Function Generators

of a 12-bit output are needed to form the maxi-
mum output, so an MM522 is used in its 128x8
configuration.

canry outut [ ?
AMOST SIG 8IS — Sout -
B G po— 4
— e 72
ome283
w2t 1 oo
=
4 NEXT MDST SIG 4 -
ce =
L CARRY INPUT
= CARAY OUTPUT
Sour
— LA
— .
— T
52y 1 ADDER
— ——
[ o s
—_1_c =
L CARRY INPUT
= CARRY OUTPUT,
Lour s
J— w0
w203
wsz) ADOER
J— b
— b 12
ce
-Lunnv NPUT
[ —
—
HmE22
[— -
3LEAST SIG BITS mmamm | meed T
| = (128 x 8 MODE)

=

MMS22 (0 128 X 8 MODE woerates cos (M, - 2.8)mn L 3 MMS21 guoerate sn M.
0= sin M+ cos (My - 28 sin L

FIGURE 2. Four-ROM Lookup Table Generates 2048
Values of Sin x by Interpolation Technique.

Let the 4 most significant bits of M be called M4
and the angle at these increments be X,,, = 90°/2*
=5.63 deg. Sin L (the 3 least significant bits of §)
has the same maximum as before and cos M4 has a
maximum of cos 5.63 deg. =0.99517, and con-
tinuing as fotlows:

cos (11.26) = 0.98076
cos (16.89) = 0.95686

cos (84.37) = 0.09810

through the 16 increments of M, . Now
sin  =sin M + cos My sin L

and the appropriate cos M sin L values are stored
in the fourth ROM. In effect, we have divided the
0° to 90° sine curve into 16 slope sectors with M,
each sector into 16 subsections with M, and each
subsection into ‘8 interpolation segments with L.

Since we are using an approximation, accuracy is
not quite as good as the Figure 1 system. The
additional error term is cosl, assumed 1 but
actually is a variable between 1 and 0.99998. At
every eighth increment, L is zero, making cos M

M
ADDRESS [ M, L

0 0

1 1|L=0.040°

2 10

3 T

4 100

5 101

6 110

7 111

8 10 0 0|M=0352°
—2 | | Moo
(T T —T7olooo

32 100/000

64 1o000[/000

128 10 0 0 0{0 0 O|M, =563°
256 10l0000[{000

§12 100{0000[000O0

1024 1000j0000(000

20481 {11 1 11 111

TABLE 2. Programming of 2048-Increment Sine Table

sin L=0, and sin x=sin M to 12-bit accuracy. Then
the error rises to a limit of near 0.002% at every
eighth increment where L is 0.352—-0.044. This
error can be halved by adjusting the fourth ROM’s
output so that

sin @ =sin M + cos (M—2.81°) sin L

If five ROMs are used—four MM521’s and all eight
outputs of the MM522-15-bit accuracy can be
achieved, and thus improving the accuracy by a
factor of eight. The resolution could also be
smaller, of course, if the angular range were
smaller as in an application involving a sensor with
a limited field of view. Variations of the system
could be used to space the increments irregularly
to compensate for sensor nonlinearities, to im-
prove accuracy in specific angular ranges.

This example has a binary fraction output, like the
sine function generator in Table 1. For instance,
the 8-bit output at the 64th increment repre-
senting sin x = sin 45° is 10110101. This equals
IX27V+0X 272 41X 23 +1X 274 +0X 278
+1X 27 +0X 277 +1X 27%, which reduces to
181/256 or 0.7070. Handbooks give the four-place
sine of 45° as 0.7071, so at this increment the
output is accurate to approximately 0.01%. This
table, the MM422BM/MM5228BM, is used in fast
Fourier transform, radar, and other signal-pro-
cessing applications.

Other standard tables that are available off the
shelf include an arctan generator, several code
generators (EBCDIC to ASCIl, BCD to Selectric,
and Selectric to BCD) and ASCll-addressed char-
acter generators for electronic, electrical and elec-
tromechanical display and printout systems. All
interface with TTL logic and operate off 12-volt
power supplies. Write for data sheets, or use one of
our programming tables to jot down any special
input-output logic functions you need.
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MASK PROGRAMMING SPECIALIZES
MOS SHIFT REGISTER DESIGNS

A quick, economical way of customizing MOS
shift register bit lengths is programming the metal-
lization mask, the mask that defines the thin-film
wiring pattern etched on the silicon wafer. Metal-
lization etching is the most convenient process step

' to specialize because it is consistent from wafer
to wafer and is the last major process step before
testing.

Utilizing this technique, National Semiconductor
has developed two variable-length dynamic MOS
register designs. Both of them, MM4007/MM5007
and MM4019/MM5019, are bipolar compatible.
Dual registers 20 to 256 bits long, single registers
40 to 512 bits long, and a variety of taps and
pinouts provide the system designer with a method
of obtaining custom length shift registers quickly
and at reasonable cost.

Up to metal masking, wafer design and fabrication
are standardized. No time is lost—or money spent—
in developing custom arrays or tuning up the
process. Automatic test systems further reduce
turnaround time and production costs.

Programming the metallization mask mainly in-
volves routing signal connections past selected
storage cells to adjust total register length to the
desired number of cells. Wire-bonding changes
provide output tap options.

DUAL REGISTER DESIGNS

Basically, each of the variable-length types is a
dual register (Figure 1 and Table 1A).

Briefs

SEPTEMBER 1971

There are enough storage cells, |/O stages, clock
and power supply lines on each MM4007 chip
to make up to two 100-bit registers. The minimum
length of each register half, M5 and Mg, is 20 bits.
The programmable parts, P4 and Pg, may be O to
80 bits long. Lengths need not be equal. For
instance, register A may be 29 bits and register B
76 bits (P5 =9, Pg = 56).

Vae

i

Vss
TOP VIEW

INPUT A INPUT B

OUTPUT A OUTPUT B

N

FIGURE 1. Dual Shift Registers

An MM4019/MM5019 chip is similarly organized,
except that My and Mg are 40 bits and P, and
Pg vary from 0 to 216 bits. Again, lengths may
be unequal, such as 240 bits in the A half and 136
bits in the B half.

Clock and supply line pin locations are stand-
ardized, but 1/O pinouts are selectable. The 1/O
terminals on the chip may be bonded to package
pins which are more convenient for the PC board
layout. For example, a couple of board feed-
throughs might be eliminated by bonding the A
register input to Pin 7 (rather than Pin 1) if data
comes in from the right and exits on the left. Or,
A and B could share an input pin when they have
the same signal source.

TABLE 1 Register Length Options

MM4007/MM5007 MM4019/MMS5019
M P TOTAL M P TOTAL
(BITS) (BITS) (BITS) (8ITS) (BITS) (BITS)
A. DUAL REGISTERS
A Register 20 0to 80 2010 100 - 40 Oto 216 40 to 256
B Registerv 20 010 80 20 to 100 40 Oto 216 40 to 256
Ma + Mg Pa+Pg Ma + Mg Pa +Pg
B. SINGLE REGISTERS
40 0 to 160 40 10 200 80 0 to 432 80 to 512
C. TAPPED SINGLE REGISTERS
Total register length same as single registers with tap locations determined by either half of the dual registers.
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Mask Programming Specializes MOS Shift Register Designs:

MOS Brief 14 .

SINGLE-REGISTER OPTIONS

Since clock rates are synchronized by the common
clock inputs, the registers may also be serially
connected inside the package, as diagrammed in
Figure 2. One output is internally connected to
the other input.

This extends the maximum length of an MM4007/
MM5007 to 200 bits and the MM4019/MM5019
maximum to 512 bits. However, each half still
has the same minimum, so the minimums become
40 and 80 bits, respectively (Table 1B). Again,
the customer specifies the most convenient 1/0
pin connections.

TOP VIEW

FIGURE 2a

Voo

TOP VIEW

FIGURE 2b
FIGURE 2. Single Registers

Going to the output tap designs of Figure 3
takes only one more wire bond; from the first
register output to any available pin. Tap locations
are selected by specifying the bit lengths of each
of the dual registers. For example, an MM5007
105 bits long may be tapped at any stage from
20 to 85 bits. Generally, this flexibility makes
input taps unnecessary—an output at 29 bits in
a 105-bit register usually serves the same purpose
as an input at 76 bits.

NC
DPTIONAL>

INPUTA (TA,,
LOCATION

OUTPUT
TAP

OUTPUT B

Vss
TOP VIEW

FIGURE 3a

NC

OPTIONAL
TAP
LOCATION

Vss
TOP VIEW

FIGURE 3b

FIGURE 3. Output Tap Options

OPERATING CHARACTERISTICS

All specifications, except bit lengths, are the same
as those of other MM4000/MM5000 series dynamic
shift registers with the same number of 1/0 stages.

Clock-line capacitance, power dissipation, as well
as other AC and DC parameters, are independent
of the lengths programmed. This is accomplished
by standardizing clock and supply wiring patterns
to achieve minimum turnaround time and cost.

The MM4007/MM5007 and MM4019/MM5019 are
fabricated using a low-threshold, p-channel en-
hancement-mode technology developed for the
MM4000/MM5000 series of registers. This means
that they are bipolar compatible, sensing TTL or
DTL data without input pull-up resistors and
driving TTL or DTL loads without output pull-
down resistors. They operate on standard +5V
and -12V supplies. The clock frequency range
is also the same, from 300 Hz to 2.5 MHz,
guaranteed.

Either TO-99 or dual-in-line packages may be
specified. MM4007 and MM4019 operate at -55°C
to +125°C. MM5007 and MM5019 are commerical
types, specified for -25°C to +70°C.
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NN Ordering Information/
Physical Dimensions

ORDERING INFORMATION
When ordering, indicate the appropriate

part number followed by the package ' o
. . e
designation, e.g., MM5230D. o L o] an .
o T 1 SEATING PLANE ain
PACKAGE N T
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N Molded Dual-In-Line Package L
D Cavity Dual-In-Line Package —
Q Quartz Lid Cavity Dual-In-Line Package e PN =1 LOCATOR
(MM4203/MM5203 only) = !
F Flat Package - _
H Metal Can Package ormAx }-—
G 12-Lead Metal Can Package (Hybrids Only) Fid
' SV | U AR i SR | B 2
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imensions
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Clock Repetition Rate: The range of clock fre-
quencies for which register operation is guaran-
teed.

Clock Frequency ¢¢: The range of clock fre-
quencies which register operation is guaranteed.
Maximum clock frequencies are dependent upon
minimum and maximum clock pulse width restric-
tions, as presented by the Guaranteed Operating
Curves. '

Clock Delay ¢q4: ¢4 is defined to be that minimum
amount of time that must expire after ¢; has
undergone a V4, to Vg transition and the start
of a ¢, Vg to Vy transition. The same spacings
apply, when ¢, preceeds ¢, .

Clock Phase Delay ¢g4, ¢g: The time between the
Von levels of ¢y and dout. 9q is the time be-
tween the trailing edge of ¢,y and the leading
edge of PouT. Pq is the time between the trailing
edge of gyt and the leading edge of ¢;.

Clock Pulse Risetime, t,: The time delay between
the 10% and 90% voltage points on the clock pulse
as it traverses between its logic V4 and logic Vg
levels.

Clock Pulse Falltime, t¢s: The time delay between
the 10% to 90% voltage points on the clock pulse
as it traverses between its logic Vg and logic Vg
levels. ’

Clock Pulse Width, ¢pyw: The duration of time
that the clock pulse is greater than 1.5V.

Clock Input Levels: The voltage levels {logic Vg
or Vgu) which the clock driver must assume to
insure proper device operation.

Clock Control Setup Time, t,: The time prior to
the clock Low to High transition at which the
clock control must be at its desired logic level.

Clock Control Hold Time, te,: The time after the
High to Low transition for which the clock control
must be held at its desired logic level.

Data Setup Time, tys: The time prior to theclock
High to Low transition at which the data input
level must be present to guarantee being clocked
into the register by that clock pulse.

Data Pulse Width, tg4,: The time during.which the
data pulse is in its V, or V,_ state.

Data Hold Time, ty,: The time after the clock
High to Low transition which the data input level
must be held to guarantee being clocked into the
register by that clock pulse.

Data Input Volitage Levels: The voltage levels
{logic V| or V,u) which the data input terminal
must assume to insure proper logic inputs.

Definition of Terms

Data Output Voltage Levels: The output voltage
levels (logic Vo or Vgu) which the output will
assume under normal operating conditions.

Data Input Capacitance: The capacitance between
the data input terminal and ground reference
measured at 1 MHz.

Output Resistance to Ground: The resistance
between the output terminal and ground with the
output in the logic Vo state.

Partial Bit Times T|n, Toyt: The time between
leading edges of clocks, measured at the Vgy
levels. Ty is the time between the leading edge of
¢n and the leading edge of ¢oyut. TouT is the
time between the leading edge of ¢oyt and the
leading edge of ¢|y.

Output Sink Current: The current which flows
into the output terminal of the register when the
output is a logical low level. Conventional current
flow is assumed.

Output Source Current: The current which flows
out of the output terminal of the register when the
output is a logical High level. Conventional current
flow is assumed. ‘

Input Voltage Levels: The logical Low level, V,_
or Vg is the more negative level. This level is
generally referred to as a TTL or DTL logical “0"
and an MOS logical 1”". The logical High level,
Vg or V¢;H is the more positive level. This level is
generally referred to as a TTL or DTL logical ‘1"
and an MOS logical “0”.

Output Voltage Levels: The logical Low level,
VoL, is the more negative level. This is the state in
which the output is capable of sinking current.
The logical High level, Vgy, is the more positive
level. This is the state in which the output is
capable of sourcing current.

Vgg Current Drain: The average current flow out
of the Vgg terminal of the package with the out-
put open circuited.

Power Supply Voltage, Vgg: The negative power
supply potential required for proper device opera-
tion; referenced to Vgg.

Power Supply Return, Vgg: The Vgg terminal is
the reference point for the device. It must always
be the most positive potential applied to the
device.

Vgg Current Drain: The average current flow into
the Vgg terminal of the package. It is equal to the
sum of the lgg and Ipp currents.

Power Supply Voltage, Vpp: The negative power
supply potential required for proper device opera-
tion, referenced to Vgg.

279

swia] 40 uoluaQ



f Terms

inition o

Def

Clock Input Voltage Levels, VsVt The voltage
levels (logic “1” or “0") which the clock driver
must assume to insure proper device operation.

Data Output Voltage Levels, Vo, Vo : The out-
put voltage levels (logic “1” or “0”) which the
output will assume with a specified load connected
between output and Vgg line.

Data Input Voltage Levels, VyyV,: The voltage
levels (logic 1" or “0”) which the data input
terminal must assume to insure proper logic
inputs.

Control Release Time, t;,: The maximum time
that a load command signal can be changed prior
to the Vg to Vg transition of the output clock,
douT, Wwithout affecting the data during bit
time t,,.

Control Initiate Window: The time in which a load

‘command signal must be applied to affect bit time

t,. This time extends from the start of t_, to the
start of t.

Control Hold Time: The time that the load com-
mand signal must remain stable during t,, bit time.
See control timing diagram.

Logical “0”: The logical zero voltage is the volt-
age state occurring near ground. At the output of
the device the logical zero voltage is guaranteed to
be npot more than -1.0 volt under worst case con-
ditions of power supply and ambient temperature.
The input requirements are guaranteed so that any
voltage up to -1.5 volts will be interpreted as a
logical zero. This implies a 0.5 volt noise immunity
for the logical zero state.

Logical ““1”: The logical one voltage is the more
negative voltage state occurring near the negative
supply (Vpp) value. At the output of the device
the logical one voltage is guaranteed to be not less
than -8.0 volts under worst case conditions of
power supply and ambient temperature. The input
requirements are guaranteed so that any voltage
more negative than —7.0 volts will be interpreted
as a logical one. This implies a 1.0 volt noise
immunity for the logical one state.
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MASSACHUSETTS

NORTH-EAST REGIONAL OFFICE
391 Totten Pond Rd.

Waltham, Massachusetts 02154

(617) 890-0510

TWX: 710-326-7578

MICHIGAN

EAST-CENTRAL REGIONAL OFFICE
23629 Liberty

Farmington, Michigan 48024

(313) 477-0400

TWX: 810-242-6984

FRANCE

NATIONAL SEMICONDUCTOR FRANCE,S.A.R.L.

40 Boulevard Felix Faure
92. Chatillon Sous Bagneux
France

Telephone: 253 60 50
Telex: 25956 F

HONG KONG

NATIONAL SEMICONDUCTOR HONG KONG LTD.

53A, Hung To Road
Kwun Tong, Kowloon
Hong Kong

Telephone: K-438281-4
Telex: HX 3866

JAPAN

NATIONAL SEMICONDUCTOR JAPAN
New Ueno Bldg.

1-24, Yotsuya, Shinjuku-ku

Tokyo

Japan

Telephone: 03-359-7321

Telex: J 24952 ELEMART

©1972 NATIONAL SEMICONDUCTOR CORP. PRINTED IN US.A.

_MID-ATLANTIC REGIONAL OFFICE

301 Sylvan Ave.

Englewood Cliffs, New Jersey 07632
(201) 871-4410

TWX: 710-999-9734

NEW YORK

NORTH-EAST DISTRICT OFFICE
129 Pickard Bldg.

East Molloy Road

Syracuse, New York 13211

(315) 455-5858

TEXAS

SOUTH-CENTRAL REGIONAL OFFICE
5925 Forest Lane

Suite 205

Dallas, Texas 75230

(214) 233-6801

TWX: 910-860-5091

SWEDEN

NATIONAL SEMICONDUCTOR SWEDEN
Sikvagen 17

13500 Tyreso

Stockholm

Sweden

Telephone: (08) 712-04-80

WEST GERMANY

NATIONAL SEMICONDUCTOR GMBH
8 Munchen 22

Herzog-Rudolfstrasse 3

West Germany

Telephone: (0811) 220 702




