










































































































































































































































































































































































































































































































































































































































































Absolute Maximum Ratings (Note 1) Operating Conditions 
Min Max Units 

Supply Voltage (Note 2) -0.5Vto + 7V Supply Voltage (Ved 

Input Voltage (Note 2) -1.2V to + 5.5V DM77S188, DM77S288 4.5 5.5 V 

Output Voltage (Note 2) - 0.5V to + 5.5V DM87S188, DM87S288 4.75 5.25 V 

Storage Temperature -65·Cto +150·C Ambient Temperature (TA) 

Lead Temperature (Soldering, 10 seconds) 300·C 
DM77S188, DM77S288 -55 + 125 ·C 
DM87S188, DM87S288 0 +70 ·C 

Logical "0" Input Voltage (Low) 0 0.8 V 

Logical "1" Input Voltage(High) 2.0 5.5 V 

DC Electrical Characteristics (Note 3) 

DM775188, DM875188, 
Parameter Conditions DM775288 DM875288 Units 

Min Typ Max Min Typ Max 

I'L Input Load Current, All Inputs Vee= Max, V,N = 0.45V -100 -100 Jl.A 

I'H Input Leakage Current, All Inputs Vee= Max, V'N=2.7V 25 25 Jl.A 

I, Input Leakage Current, All Inputs Vee=Max, V,N =5.5V 50 50 Jl.A 

VOL Low Level Output Voltage Vee= Min, IOL = 12 mA 0.35 0.50 0.35 0.45 V 

V,L Low Level Input Voltage 0.80 0.80 .V 

V,H High Level Input Voltage 2.0 2.0 V 

leEx Output Leakage Current Vee= Max, VeEx = 2.4V 50 50 Jl.A 
(Open·Coliector Only) Vee=Max, VeEx =5.5V 100 100 Jl.A 

Ve Input Clamp Voltage Vee= Min, liN = -18 mA -0.8 -1.2 -0.8 -1.2 V 

C'N Input Capacitance Vee =5V, V,N =2V, TA =25·C, 4.0 4.0 pF 
1 MHz 

Co Output Capacitance Vee =5V, Vo=2V, TA=25·C, 6.0 6.0 pF 
1 MHz, Output "OFF" 

Icc Power Supply Current Vee= Max, All Inputs Grounded, 120 120 mA 
All Outputs Open 

TRI·STATE PARAMETER5 

Ise Output Short Circuit Current Vo = OV, Vee = Max, (Note 4) -20 -70 -20 -70 mA 

1HZ Output Leakage (TRI·STATE) Vee = Max, Vo = 0.45 to 2.4V, ±50 ±50 Jl.A 
Chip Disabled 

VOH Output Voltage High IOH= -2 mA 2.4 3.2 V 
IOH= -6.5 mA 2.4 3.2 V 

AC Electrical Characteristics (With standard load) 

DM77S188, DM875188, 
DM775288 DM875288 

Parameter Conditions 5V ± 10%; - 55°C to 5V ± 5%, O°C to Units 
+125°C +70°C 

Min Typ Max Min Typ Max 

tAA ·Address Access Time 12 20 12 15 ns 

tEA Enable Access Time 8 12 8 10 ns 

tER Enable Recovery Time 8 12 8 10 ns 

Nole 1: Absolute maximum ratings are those values beyond which the device may be permanentiy damaged. They do not mean that the device may be 
operated at these values. 
Nole 2: These limits do not apply during programming. For the programming ratings, refer to the programming Instructions. 
Nole 3: These limits apply over the entire operating range unles stated otherwise. All typical values are for Vec = SV and TA = 2S'C. 
Nole 4: During Ise measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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~National 
D Semiconductor 

Bipolar PROMs 

DM77S190/DM87S190, DM77S191/DM87S191 
2048 x 8·Bit TTL PROM 

General Description 
These Schottky memories are organized in the popular 
2048 words by 8 bits configuration. Three memory enable 
inputs are provided to control the output states. When E1 
is low and E2 and E3 are high, the output presents the 
contents of the selected word. 

If E1 is high, or E2 or E3 are low, it causes all 8 outputs to 
go to the "OFF" or high impedance state. The memories 
are available in both open-collector and TRI-STATE® 
versions. 

PROMs are shipped from the factory with lows in aliloca­
tions. A high may be programmed into any selected loca­
tion by following the programming instructions. 

See the last page of this section for detailed program­
ming information. 

Block Diagram 

Al0 

A9 

A8 

A7 

A6 

A5 

A4 

A3 ---------\ 

A2 ----------\ 

Al----------I 

AD ----------\ 

El--OI-_ 

16384·BITCELL 
128X 128 

MEMORY MATRIX 

Features 
• Advanced titanium-tungsten (Ti-W) fuses 
• Schottky-clamped for high speed 

Address access-40 ns typ 
Enable access-20 ns typ 

• PNP inputs reduce input loading 
• All DC and AC parameters guaranteed over 

temperature 

• Low voltage TRI-SAFETM programming 

Military Commercial 
Open- TRI·STATE Package 

Collector 

DM87S190 X X N, J 

DM87S191 X X N, J 

DM77S190 X X J 

DM77S191 ·X X J 

Connection' Diagram 

Dual-In-Line Package 

24 
A7 VCC 

A6 23 A8 

22 
A5 A9 

A4 21 AID 

A3 
20 _ 

El 

19 
A2 E2 

Al 18 E3 

17 
AD 08 

EZ r-~~---~+---~~---1~---~~--~+---'-r--~ 16 07 E3---r-

DB 07 06 05 04 03 02 

Logic Symbol 

Pin Names 

E1 to E3 Enable Inputs 

AO to Al0 Address Inputs 

01 to 08 Data Outputs 

6-24 
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15
06 

03 11 14 05 

01 
GNO 12 13 04 

TOPVIEW 

Order Number DM77S190J, DM77S191J, 
DM87S190J or DM87S191J 

See NS Package J24A 

Order Number DM87S190N 
or DM87S191N 

See NS Package N24A 



Absolute Maximum Ratings (Note 1) Operating Conditions 
Min Max Units 

Supply Voltage (Note 2) -0.5Vto + 7V Supply Voltage (Vec) 

Input Voltage (Note 2) -1.2Vto +5.5V DM77S190, DM77S191 4.5 5.5 V 

Output Voltage (Note 2) - 0.5V to + 5.5V DM87S190, DM87S191 4.75 5.25 V 

Storage Temperature -65·Cto +150·C Ambient Temperature (TA) 

Lead Temperature (Soldering, 10 seconds) 300·C 
DM77S190, DM77S191 -55 + 125 ·C 
DM87S190, DM87S191 0 +70 ·C 

Logical "0" Input Voltage (Low) 0 0.8 V 

Logical "1" Input Voltage(High) 2.0 5.5 V 

DC Electrical Characteristics (Note 3) 

DM77S190, DM87S190, 

Parameter Conditions DM77S191 DM87S191 Units 
Min Typ Max Min Typ Max 

IlL Input Load Current, All Inputs Vee= Max, VIN =0.45V -10 -150 -10 -100 /lA 

IIH Input Leakage Current, All Inputs Vee= Max, VIN=2.7V 25 25 /lA 

II Input Leakage Current, All Inputs Vee=Max, VIN =5.5V 50 50 /lA 

VOL Low Level Output Voltage Vee = Min, IOL = 12 mA 0.35 0.50 0.35 0.45 V 

'V IL Low Level Input Voltage 0.80 0.80 V 

V IH High Level Input Voltage 2.0 2.0 V· 

leEx Output Leakage Current Vee = Max, VeEx = 2.4V 50 50 /lA 
(Open·Collector Only) Vee = Max, VeEx = 5.5V 100 100 /lA 

Ve Input Clamp Voltage Vee= Min, IIN= -18 mA -0.8 -1.2 -0.8 -1.2 V 

CIN Input Capacitance Vee =5V, VIN =2V, TA=25·C, 4.0 4.0 pF 

1 MHz 

Co Output Capacitance Vee =5V, Vo=2V, TA=25·C, 6.0 6.0 pF 

1 MHz, Output "OFF" 

Icc Power Supply Current Vee = Max, All Inputs Grounded, 120 175 120 175 mA 

All Outputs Open 

TRI·STATE PARAMETERS 

Ise Output Short Circuit Current Vo=OV, Vee= Max, (Note 4) -20 -70 -20 -70 mA 

1HZ Output Leakage (TRI·STATE) Vee= Max, Vo =0.45 to 2.4V, ±50 ±50 /lA 
Chip Disabled 

VOH Output Voltage High IOH= -2 mA 2.4 3.2 V 

IOH= -6.5 mA 2.4 3.2 V 

AC Electrical Characteristics (With standard load) 

DM77S190, DM87S190, 
DM77S191 DM87S191 

Parameter Conditions 5V ± 10%; - 55°C to 5V ± 5%, O°C to Units 

+125°C + 70°C 
Min Typ Max Min Typ Max 

tAA Address Access Time 40 85 40 70 ns 

tEA Enable Access Time 20 35 20 30 ns 

tER Enable Recovery Time 20 35 20 30 ns 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be 
operated at these values. 
Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming Instructions. 
Note 3: These limits apply over the entire operating range unles stated otherwise. All typical values are for Vee = 5V and TA = 25'e. 
Note 4: During Ise measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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Schottky PROM 
Programming Procedure 

These parts are shipped from the factory with all fuses 
intact. As a result, the outputs will be low (logical "0") 
for all addresses. In order to generate a high level on the 
outputs, the part must be programmed. Information on 
available programming equipment may be obtained from 
National. However, if it is desired to build your own 
programmer, the following conditions must be observed. 

1. Programming should be attempted only at tempera· 
tures between 15°e and 30

o
e. 

2. Addresses and chip enable pins must be driven from 
normal TTL logic levels during both programming 
and verification. 

3. Programming will occur at a selected address when 
Vee is held at 10.5V, the appropriate output is held 
at 10.5V and the chip is subsequently enabled. To 
achieve these conditions in the appropriate sequence, 
the following procedure must be followed: 
a) Select the desired word by applying a high or low 

level to the appropriate address inputs. Disable the 
chip by applying a high level to one or both enable 
inputs . 

b) Increase Vee to 10.5V ±0.5V with the rate of 
increase being between 1.0 and 10.0V/Jis. Since 
Vee supplies the current to program the fuse as 
well as the lee of the device at programming 
voltage, it must be capable of supplying 750 mA 
at 11.0V. 

c) Select the output where a high level is desired by 
raising that output voltage to 10.5V ±0.5V. Limit 
the rate of increase to a value between 1.0 and 
1 O.OV /Jis. This voltage change may occur simul­
taneously with the increase in Vee but must not 
precede it. It is critical that only one output at a 
time be programmed since the internal circuits can 
only supply programming current to one bit at a 
time. Outputs not being programmed must be left 

Programming Waveforms 

T1 = 100 ns min 

open or tied to a high impedance source of at least 
20 kD. (Remember that the outputs of the device 
are still disabled at this time because the chip 
enables are high.) 

d) Enable the device by taking both chip enables to a 
low level. This is done with a pulse of 10Jis. The 
10Jis duration refers to the time that the circuit is 
enabled. Normal input levels are used and rise and 
fall times are not critical. 

e) Verify that the bit has been programmed by first 
removing the programming voltage from the 
output and then reducing Vee to 4.0V ±0.2V. 
Verification at a Vee level of 4.0V will guarantee 
proper output states over the Vee and tempera­
ture range of the programmed part. The chip 
must be enabled to sense .the state of the outputs. 
During verification, the loading of the output 
must be within specified IOL and IOH limits. 
Steps b, c and d must be repeated 10 times or 
until verification that the bit has programmed. 

f) Following verification, apply five additional pro· 
gramming pulses to the bit being programmed. 
The programming procedure is now complete for 
the selected bit. 

g) Repeat steps a through f for each bit to be pro· 
grammed to a high level. If the procedure is 
performed on an automatic programmer, the duty 
cycle of Vee at programming voltage must be 
limited to a maximum of 25%. This is necessary to 
minimize chip junction temperatures. After all 
selected bits are programmed, the entire contents 
of the memory should be verified. 

Note: Since only an enabled chip is programmed, it is 
possible to program these parts at the board level if all 
programming parameters are complied with. 

Equivalent Circuit 
Programming Equivalent Circuit for One Memory Output 

(Applies to All NSC Generic Schottky PROMs) 

AODRESS1.::::::::~ ______ ~ 
T2 = 5/ls min (T2 may be ~ 0 if VCCP 
rises at the same rate or faster than VOp) 

T3 = 100 ns min 

T4 = 100 ns min 

T5 = 100 ns min 

*PWE is repeated for 5 additional pulses 
after verification of VOH indicates 
a bit has programmed 

TOBIT 
DECODE 

Programming Parameters Do not test or you may program the device. 

PARAMETERS CONOITIONS MIN RECOMMENDED 
VALUE 

VCCP Required Vee for Programming 10.0 10.5 

ICCp ICC During Programming VCC = l1V 600 

VOP Required Output Voltage for Programming TO.O 10.5 

lOp Output Current while Programming VOUT=TTV 

'RR Rate of Voltage Change of Vee or Output 1.0 

PWE Programming Pulse Width (Enabled) 10 

VCCV Required VCC for Verification 3.8 4.0 

MDC Maximum Duty Cycle for Vee at Veep 25 
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MAX UNITS 

11.0 

750 rnA 

11.0 

20 rnA 

10.0 Vips 

IT ps 

4.2 

25 % 
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Bipolar PROMs 
PREVIEW 

DM10416 256 x 4-Bit Eel PROM 

General Description Features 
• Fast cycle time-12 ns typ 

• Organization-256 words x 4 bits 

• 10k and uncompensated 10k Eel logic 

The DM10416 is a fully decoded high speed 1024·bit field 
Programmable Read Only Memory, organized 256 words 
by four bits. The DM10416 is voltage compensated and 
compatible with 10k ECl families. The device is enabled 
when CS is lOW. Programmed bits will furnish HIGH 
levels at corresponding outputs. When the device is 
disabled (CS is HIGH) all outputs are lOW. 

• Chip select input provides easy expansion 

• Open emitter outputs for memory expansion 

See the last page of this section for detailed program· 
ming information. 

• Standard 16-pin dual-in·line package 

• Full address decoding on chip 

Block Diagram 

A3 

A4 

AS 

A6 

A7 

AD 

A1 

A2 

1D24-BIT CELL 
32 X 32 

MEMORY MATRIX 

~--------------------------------------------------~ 

01 

02 

03 

04 

Connection Diagram Logic Symbol 
Dual-In-Line Package 

TOP VIEW 

Pin Names 

CS Chip Select Input 

AO to A7 Address Inputs 

01 to 04 Data Outputs 

Note: 
VCC1 (Pin 1) is connected to the 
Programmer (+ 6.0V) during 
programming only. 

VCC1 = GND (Read only) = Pin 1 

VCC2 = GND = Pin 16 

VEE=Pin8 
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Bipolar PROMs 
PREVIEW ,.... 

~ DM100416 256 x 4-Bit Eel PROM 

General Description Features 
• Fast cycle time-12 ns typ 

• Organization-256 words x 4 bits 

• 100k logic 

The DM100416 is a fully decoded high speed 1024-bit field 
Programmable Read Only Memory, organized 256 words 
by 4 bits. The DM100416 is voltage and temperature com­
pensated and compatible with the 100k family. The device 
is enabled when CS is LOW. Programmed bits will furnish 
HIGH levels at corresponding outputs. When the device 
is disabled (CS is HIGH) all outputs are LOW. 

• Chip select input provides easy memory expansion 

• Open emitter outputs for memory expansion 

See the last page of this section for detailed program­
ming information. 

• Standard 16-pin dual-in-line package 

• Full address decoding on chip 

Block Diagram 

AJ 

A4 

AS 

A6 

A7 

AD 

Al 

A2 

cs 

I·OF·J2 
DECODER 

I·OF·S 
DECODER 

Connection Diagram 
Dual-In-Line Package 

VCCI 

AI 

.A2 

AD 

A6 

A5 

A7 

VEE 

TOP VIEW 

02 

OJ 

Pin Names 

CS Chip Select Input 

AO to A7 Address Inputs 

01 to 04 Data Outputs 

Note: 
VCCI (Pin 1) is connected to the 
Programmer (+ 6.0V) during 
programming only. 

VCCI = GND (Read only) = Pin 1 

VCC2=GND=Pin 16 
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Section 7 

MOSROMs 

Program storage for microprocessors has become the 
fastest growing area of ROM application. As the per­
formance of microprocessors and the sophistication 
of users increase, so will the requirements for large 
amounts of program storage. Also influencing larger 
ROM sizes is the trend toward higher level languages 
for microcomputers. The MAXI-ROM is a perfect vehi­
cle for "Silicon Software" ~ which is National's name 
for putting high level languages such as INS8080A 
BASIC, PACE BASIC, and NIBL (National Industrial 
Basic Language) for the INS8060 (SC/MP) into mask­
encoded ROM at a reasonable cost. Refer to 
National's Memory Applications Handbook for data 
on using the pin-compatible series of MAXI-ROMs. 





~National . 
~ Semiconductor 

MOS ROMs 

MM5213 2048· Bit (256 x 8 or 512 x 4) ROM 
General Description 
The MM5213 is a 2048-bit static read only mem­
ory. It is a P-channel enhancement mode mono­
lithic MOS integrated circuit utilizing low thresh­
old 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 

600 ns typ 

• Pin compatible with MM5203 PROM 

. Block and Connection Diagrams 

I
ILS81 

A, 

A, 

A, I 
INPUTS : 

A, MEMORY 
ADDRESS 
DECODER 

SENSE 

• Static operation No clocks required 

• Common data busing Output wire AND 
capability 

• Chip enable output control 

• TRI-STATE output 

Applications 
• Code conversion 

• Random logic synthesis 

• Table look-Up 

• Character generator 

• Microprogramming 

Dual-In-Line Package 

INPUT A] 

INPUT A2 23 

LSB INPUT AI 

lSBOUTPUTB I 21 INPUT A. 

OUTPUTB2 INPUT As 

19 INPUT" 

INPUT A1 

INPUT As 

Vee 

MODE 
CONTROL 

EH'!p 
ENABLE 

INPUT All 

Order Number MM5213J 
See NS Package J24A 

Order Number MM5213N 
See NS Package N24B 

Note: For programming information see Memory Applications Handbook, page 4-6. 

7-1 



Absolute Maximum Ratings Operating Conditions 

VLL Supply Voltage Vss - 20V Operating Temperature 
Voo Supply Voltage Vss - 20V 
Input Voltage (Vss - 20) V < VIN < (Vss + 0.3) V 
Storage Temperature _65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics POSITIVE LOGIC (Note 1) 

PARAMETER 

Output Current Capability 

Logical "1" 

Logical "0" 

I nput Voltage Levels 

L~gical "0" 
Logical "1" 

Power Supply Current 

Iss (Note 2) 

I nput Leakage 

Input Capacitance (Note 5) 

Address Time 

T ACCESS 

Output AND Connections (Note 4) 

CONDITIONS 

V OUT ~ 2.4V 

V OUT = O.4V 

T A = 25°C 

Vss = +5V 
V LL = Voo = -12V 

V 1N = -12V 

f = 1.0 MHz, V 1N = OV 

T A = 25
c'c, Vss = +5.0V 

VGG = Voo =-12.0V 

MIN 

200 
-1.6 

Vss - 2.0 

TYP MAX UNITS 

fJ.A 
mA 

Vss - 4.0 V 
V 

20 40 mA 

1 fJ.A 

5 pF 

600 850 ns 

10 

Note 1: These specifications apply for VSS = +5.0V ±5%, V LL = -12V, T A = -25°C to +70°C unless otherwise specified. 

Note 2: Outputs open. 

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. 

Note 4: The address tima in the TTL load configuration follows the equation: T ACCESS = The specified limit + (N - 1) (25) 
ns. Where N = Number of AND connections. 

Note 5: Capacitances are measured on a lot sample basis only. 

Typical Applications (Continued) 

.sv-..... r---..... -t-------------..... ---..... -·sv 

, .-_~A,~~1-3---------,~2~ J 
~_14 

L-4--..,---IIS 
tMOOE 

CONTROL 

'--"::"V
O
-

O
--l '6 

A._ 17 

A,_ 18 

A~19 

A, 
)o----+--~__f20 

Jo-___ ;-_-J
A
/- 21 

NC-22 

NC-23 

11~-} 
':~'"""" 
8r-8, OTLITTllOGIC 

1-8, 

6-8, 

S-8, 

4- B, 

3-A, 

2-A, 

1 
1 -AJ ,--_V";';"'""""--I24 

I~ ___ --_-~ 

1 
tSee operating mode notes. 1 
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Operating Modes 

256x8 ROM connection (shown I 
Mode Control - Logic 'T' 

Ag - Logic "0" 

512x4 ROM connection 
Mode Control - Logic "0" 
Ag - Logic "1" Enables the odd 

(B" B3 ... Bg) outputs 
- Logic "0" Enables the even 

(B 2 , B •... B8 ) outputs. 

The outputs are "Enabled" when a logic "0" is 

applied to the Chip Enable line. 

Mode Control should be "hard wired" to VLL 
(Logical "0") or Vss (Logical "1"). 



~National 
D Semiconductor 

MOS ROMs 

MM5214 4096·Bit (512 x 8) ROM 

General Description 
The MM5214 4096-bit static read only memory 
is a P-channel enhancement mode monolithic 
MOS integrated circuit utilizing a low threshold 
voltage technology to, achieve bipolar compatibility_ 
TRI-STATE® outputs provide wire ORed capabil­
ity without loading common data lines or reducing 
system access times. The ROM is organized in a 
512 word x 8-bit memory organization. 

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

Logic and Connection Diagrams 

Ao A, A, 

A, 

A, 

A, 
Y MEMORY 

DECODE ARRAY 
A. 

A, 

A. 

CHIPSElECT 

Timing Diagram/Address Time 

+5.0V 

3~VSL 

T
10Pf -12V 

Features 
• Pin compatible with MM5204 PROM 
• Bipolar compatibility No external 

• Standard supplies 
• Bus ORable output 
• Static operation 

Applications 
• Character generator 

components required 
+5.0V, -12V 

TRI-STATE outputs 
No clocks required 

• Random logic synthesis 
• Microprogramming 
• Table look-up 

Dual-In-Line Package 

NC 1 24 NC 

NC 2 

CHIPSElECT 3 

23 Voo 

22 B, 

21 B, 

Bo 

B, 

B, 

B, 

B, 

B, 

B. 

B, 

E'N 

T
I5Pf 

EouT 

NC 

Ao 

A, 6 

A, 1 

A, 

A, 

A, 10 

A. 11 

Vss 12 

20 Bs 

19 B, 

lB B, 

17 B, 

16 B, 

15 Bo 

14 As 

13 A, 

Order Number MM5214J 
See NS Package J24A 

Order Number MM5214N 
See NS Package N24B 

TIME 

Note: For programming information see Memory Applications Handbook, page 4-6. 
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Absolute Maximum Ratings Operating Conditions 
V DD Supply Voltage Vss - 20V Operating Temperature Range -25°C to. +70°C 

Input Voltage (Vss - 20) V < VIN < (Vss + 0.03) V 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics POSITIVE LOGIC 
TA within operating temperature range, Vss = +5.0V ±5%, Voo = -12V ±5%, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Output Voltage Levels 
Logical Low Level (V IL ) IL = 1.6 rnA Sink 0.4 V 

Logical High Level (VIH ) IL = 100pA Source 2.4 V 

Input Voltage Levels ., 
Logical Low Level (V d Vss-4.0 V 

Logical High Level (V H) Vss-2.0 V 

Power Supply Current Vss = 5.0V, Voo = -12V, TA = 25°C 23 37 rnA 

(Iss) (Note 4) 

I nput Leakage VIN = Vss - 10V 1.0 pA 

Input Capacitance (Note 1) f = 1.0 MHz, VIN = OV 5.0 10 pF 

Output Capacitance (Note 1) f = 1.0 MHz, VIN = OV 4.0 10 pF 

Address Time (T ACCESS) (Note 2) Voo = -12V, Vss = 5.0V, TA = 25°C 150 1000 ns 

Output AND Conne.ctions (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 enabl~ line to the output of a TTL gate. (See 
Timing Diagram.) 

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

Note 4: Outputs open. 

Note 5: Positive true logic notation is used. Logic "'" = most positive voltage level. Logic "0" = most negative voltage level. 

Note 6: Chip is enabled when Chip Select is low. 

Typical Performance Characteristics 
Guaranteed Access Time Typical Access Time 
vs Supply Voltage vs Supply Voltage 

1600 1600 

1400 
~ 1125~C 

1400 

1200 TA=.70°C 1200 
= 25°C = 125°C 

] 1000 1000 TA"70°C 

~ 800 ] 800 
• 25°C 

.. 
600 ~ 600 

400 400 

200 200 

0 0 
16.2 17.0 17.8 16.2 17.0 17.8 

Vss + IVool (V) Vss + IVool (V) 

Power Supply Current Power Supply Current 
vs Temperature vs Voltage 

80 80 
Vss = 5.0V- TA= 25°C-

70 Voo = -12V 70 

60 60 

50 50 < < 
~ 40 

E MAXIMUM 
MAXIMUM ~ 40 ..,. 

30 30 ThlcAL 
TYPICAL 

20 20 

10 10 

-50 -25 0 25 50 75 100 125 ·16.2 17.0 17.8 

TEMPERATURE ('C) Vss + IVool (VI 
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~National 
~ Semiconductor 

MM5220 1024·Bit (128 x 8 or 256 x 4) ROM 

General Description 
• Static operation 

• Common data busing 

MOS ROMs 

no clocks required 

output wire AND 
capability 

The MM5220 is a 1024-bit static read only mem­
ory. It is a P-channel enhancement mode mono­
lithic MOS integrated circuit utilizing low thresh­
old voltage technology. The device is a non­
volatile memory organized as 12S-S-bit words or 
256-4-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. 

• Chip enable output control. 

Applications 
• Code conversion 

• Random logic synthesis 

Features • Table look-up 

• Bipolar compatibility • Charact~ generators 

• High speed operation 500 ns typ • Microprogramming 

Block. and Connection Diagrams 

INPUTS 

" 
" 

" 

.. ---..... ----' 
MODE CDNTRDl-----i...~ 

Note: For programming information see Memory Applications Handbook, page 4-6. 
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Absolute Maximum Ratings Operating Conditions 

VGG Supply Voltage Vss-30V Operating TemperaturE' 
Voo Supply Voltage Vss -15V 
Input Voltage 1Vss -20)V < V IN < (Vss +0.3)V 
Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics 
T A within operating temperature range, Vss = +12V ±5% and V GG = -12V ±5%, unless otherwise specified. 

PARAMETER CONDITION MIN TVP MAX UNITS 
Output Voltage Levels 

MOSto MOS 
Logical "1" 

1 Mn to GND Load (Note 1) 
Vss -9.0 V 

Logical "0" Vss-1.0. V 

.' 
MOS to TTL 

,.-
Logical "1" 6.8 kn to V GG Plus One· +0.4 V 
Logical "0" Standard Series 54/74 Gate Input +2.4 V 

Input Voltage Levels 

Logical "1" Vss -8.0 V 
Logical "0" Vss -2.0 V 

Power Supply Current T A = 25°C 

Vss 19 25 mA 
VGG (Note 1) 1 pA 

Input Leakage V 1N = Vss -12V 1 pA 

Input Capacitance f = 1.0 MHz V 1N = OV 5 pF 

Access Time (Notes 2, 3) T A = 25°C 

T ACCESS (See Timing Diagram) 150 500 650 ns 
Vss = +12V VGG = -12V 

Output AND Connection 
MOS Load 3 
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. 
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Performance Characteristics 

Guaranteed Access Time vs Typical Access Time vs 
Supply Voltages Supply Voltages 

1000 ITA "25'~ 1000 
""T"'!-

, 800 
TA c 75'C 

800 
] TA.~:r -:;; 

~ 600 ~ 600 
'I -

tl ~ I/. 7 --
125'C'i:;1'it ~ 400 ... 408 
I I I + '/, 

200 
:-'70"C 1:;-"1 I 

200 25'C~ 
I I 

10.8 12.0 13.2 10.8 12.0 13.2 

Vss & VGG IV) VSS & VGG IV) 

Power Supply Current vs Power Supply Current vs 
Voltage Temperature 

Ti =,25'C I\. Vss = +12.0V 
24 - GUARANTEE!!-

I I "' 
VGG = -12.0V 

Iv 26 
"-22 

" .A'" 
;( 20 TYPICAL - 22 

"\ " ~UARANTEED 
.5 i.-' ;( "- ......... 
j 18 .5 

" 
0 ..... , 0 

i.o"" 18 
16 ~ 

14 14 
TYPICAl'r-... 

10,8 12.0 13.2 -50 -25 0 25 50 75 100 125 

Vss & VGG (V) TEMPERATURE ('C) 

Timing Diagram/Address Time 

T 
+SV l.OK I +sv 

• INPUT AN OUTPUT s.. • +lTL MMS220 

10 PF.l.. ANY OTLI: .l.. IS pF 

EOUl 

ov EIN/ 
OMBB10 '=r 1OPF 

I I 6.8K *' GATE * ~ 
-Xv 

+12V 

~ OV 
Vss -9.0 

EI• E-'~'.~ +12V 

OV 

~VSS-2.0 

+lV 
l.SV 

0 

I 
EOUT 

+lV 

1.5V 
OV 

tim. 
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Typical Application 

128·8 Bit ROM Showing TTL Interface 

tSea operating mode notes. 

, A, 

t CHIP 
ENABLE 

f MODE 
CONTROL 

Vao 

VDD 

·R values can ~ary from 740 tD 30 kn depending on speed requirements. 

Operating Modes 

'28x8 ROM connection 
Mode Control - Logic "0" 

As - Logic "'" 

256x4 ROM connection 
Mode Control - Logic "'" 

H, 

H, 

.. 
Ho 

H. 

I, 

I, 

B, 

A, 

A, 

A, 

As - Logic "0" Enables the odd 
(8 1 ••• 8 7 ) outputs 

- Logic "'" Enables the even 
(8 2 ••• 8s) outputs. 

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

The outputs are connected to V 0 D through an 
internal MaS resistor when "Disabled." 

The logic levels are in negative voltage logic notation. 

7·8 

}m 
OnmLlOGIC 



~National 
~ Semiconductor 

MOS ROMs 

MM52211024·Bit (128 x 8 or 256 x 4) ROM 

General Description 
The MM5221 is a 1024-bit static read only mem­
ory. It is a P-channel enhancement mode mon­
olithic MOS integrated circuit utilizing low thresh­
old voltage technology. The device is a non­
volatile memory organized as 128·8·bit words or 
256-4-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 

<700 ns typ 

Block and Connection Diagrams 

A, 

A, 

MEMORY 
ADDRESS 
DECODER 

• Static operation no clocks requ ired 

• Common data busing output wire AND 
capability 

• Chip enable output control 

Applications 
• Code conversion 

• Random logic synthesis 

• Table look·up 

• Character generators 

• Microprogramming. 

Dual·ln-Line Package 

INPUTA 1 

lSBINPUTA l 

LSBOUTPUT8 1 4 

OUTPUT 82 

OUTPUTB l 

OUTPUT 84 

OUTPUTB!> 

OU1PUT86 

OUTPUY81 10 

MSB OUTPUT 8, INPUTA. 

Vss 12 

4 .... ----~~~BLE 

L..-________ ---! 

Note: For programming information see Memory Applications Handbook, page 4-6. 
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Absolute Maximum· Ratings Operating Conditions 

VGG Supply Voltage Vss - 20V Operating Temperature 
Voo Supply Voltage Vss - 20V 
Input Voltage (Vss - 20)V < VIN < (Vss +0.3)V 
Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics 

T A within operating temperature range, Vss = +5V ±5%, VGG = Voo = -12V ±5%, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP 

Output VoltageLevels 
MOS to TTL 

Logical "1" 6.8 kD ±5% to V GG Plus One 
Logical "0" Standard 'Series 54/74 Gate +2.4 

Output Current Capability 
Logical "0" VOUT = 2.4V 2.5 

Input Voltage Levels 
Logical "1" 
Logical "0" Vss - 2.0 

Power Supply Current T A = 25°C 

100 Vss = +5V 6.5 

IGG (Note 1) VGG = Voo = -12V 

I nput Leakage VIN = Vss - 12V 

Input Capacitance f = 1.0 MHz, VIN = OV 5 

V GG Capacitance (Note 4) f = 1.0 MHz, VIN = OV 15 

Address Time (Note 2) See Timing Diagram 

T ACCESS T A = 25°C, 700 

VSS = 5V 
VGG = Voo = -12V 

Output AND Connections 6.8 kD ±5% to V GG Plus One 
(Note 3) Standard Series 54/74 Gate 

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 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: 
T ACCESS = The specified limit + (N - 1) (50) ns 
Where N = Number of AND connections. 

Note 4: Capacitance guaranteed by design. 
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+0.4 V 

V 

mA 

Vss - 4.2 V 

V 

12.0 mA 
1 IlA 

1 IlA 

pF 
25 pF 

950 I']S 
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Performance Characteristics 

~ 
£ 
o 
o 

Power Supply Current vs 
Power Supply Voltages 

16 rT-r~rT-r'-rT~~~~ 

14 
H--+-H-t--t-H--+- V DO = V GG 
r+~~-r+-~-rTA=25C 

12 .J...t""T 
H-+--HF-::r-I- MAXIM UM -1---

10 I-+-+-+-II-+-+--t-I-+-+--t-I-+-I 

8 1-+-+-+-+-+-+-+,-++-+-+-+-+-1 

6 1-+-+-__ I-1''''F-r-T"-t-I-+-+--t-I-+-I 
H-+-H--t TYPICA L -t-~-r+-i 

2H-t--HH-t--t-H-t--t-H-l 

o ~-L~~-L~~-L~~~ 
16.0 17.0 

Vss - VGG (V) 

Typical Access Time vs 
Power Supply Voltages 

18.0 

1400 r-T-r"",--"'-r"rT-r"rT, 
H-t--+-H-t--HI-+ Voo = VGG 

1200 H-t--+-H-t--t-H-t--HI-t-l 

~1~ 11 
!::~ 800 +10'C +125'C 

~ I' 
~ 600 H-t--H-t--t-t-+-+-+-+ +25· C 

~ 400 H-t--+-H-t--t-I-t-t--HI-t-l 

<t 
200 I-+-+-+-I-+-+--t-I-+-+-+-II-+-I 

16.0 17.0 18.0 

Vss - VGG (V) 

Timing Diagram/Address Time 

'JV-rI 
OV...J L 

INPUT AN 

ANYTTl/OTL E'"·~10Pf 
GATE ~ 

Vss-20V~ 

MM5221 

I 1 

~ 
£ 
o 
o 

Power Supply Current vs 
Ambient Temperature 

16 ~-r'-~-r'-~~~~~ 
N:-t--+-H-t-+ VSS = +5.0V 

14 1'..,..,.. Voo = VGG = -12V 

12 l'O. 
10 -1-1- MAXIMUM t'S.. I--

6 -
4 

21-+-+-+-1-+-+-+-1-+-+--t-1-+-I 

O ........ -'--'--.L......I.-'--'--.L......I.-'--'--I.......J..-I 
-50 -25 0 25 50 15 100 125 

AMBIENT TEMPERATURE (C) 

Guaranteed Access Time vs 
Power Supply Voltages 

1400 r-T-r...,.--rT-r"rT-r~r-r-, 
I-t-+-+~+-H-t--H- V DO = V GG 

] 120 
0 t-t-+-"""+-O;-±:::+-1I-+"'==r"~ + 12 5 C 

] 1::: r-~ - - :;~.~ 
~ 600 t-+-+--HI-t-+-+-t-+--+-H-+---l 

~ 400 H--t-H-t--H-t--t-t-t-t-+--l 

200 r++-~-t-+-I-++-+-+-t-+-I 

16.0 17.0 18.0 

Vss - VGG (V) 

-5V 

OUTPUT BM t 

-

)0-"'-0 EouT 

10 pf l ANY TTl I:;' ll5 pf 

~ GATE ~ 

I EITHER ~ 

'. ':: I "" t:::::: '''''"; 
'JV~ 1,..----

1.5V 

0 

I 

EOUT 

·JV 

1.5V 
OV 

tlml! 
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,... 
N 
~ Typical Application 
~ 
~ 

128-8 Bit ROM Showing TTL Interface 

A, 

:ANVDTl/TTL 

I: LOGIC 

I 

"~{ 
I 
I 

I, I 
I .. I 
I 
I 

: 
I 
I 
I 
I 

V,, 
" I 

A, 

tSee operating mode notes. 1 

Operating Modes 

128x8 ROM connection 
Control - Logic "0" 
As - Logic "1" 

256x4 ROM connection 
Control - Logic "1" 
As - Enables the odd (8 1 ... 8 7 ) or even 

(8 2 _ •• 8s ) outputs. 

The outputs are "Enabled" when a logic '.'1" is 
applied to the Chip Enable Ii ne. 

The outputs are connected to ground through an 
internal MOS resistor when "Disabled." 

Logic levels are negative true MOS logic. 

Mode control should be "hard wired" to either 
Voo (logical ",.') or Vss (logical "0"). 

The logic levels are in negative voltage logic notation. 
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~National 
~ Semiconductor 

MaS ROMs 

MM5230 2048·Bit (256 x 8 or 512 x 4) ROM 

General Description 
The MM5230 is a 2048-bit static read only mem­
ory _ It is a P-channel enhancement mode mono­
lithic MOS integrated circuit utilizing low thresh­
old 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 

Block and Connection Diagrams 

SENSE AMPLIFIERS 

A. ___ ._-.......I 

MOOECONTRDL-----i..-I 

• 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 

• Microprogramming. 

OUTPUTS Dual-In-Line Package 
81 IUS) 

INPUTA3 v" 

I, INPUTA.a 

I, 
LSB INPUTA 1 

lSB OUTPUT 81 INPUT A. 

I. 
OUTPUTBz INPUT A, 

I, OUTPU18 l INPUT lie 

OUTPUT 8. INPUTA7 

I. 
OUTPUT 8, INPUTA. MSB 

B, OUTPUTS, VDD 

OUTPUT 81 
MODE 

I. 
CONTROL 

MSB OUTPUTS. CHIP 
ENABLE 

V" INPUT A. 

TOP VIEW 

CHIP 
ENABLE 

Order Number MM5230J 
See NS Package J24A 

Order Number MM5230N 
See NS Package N24B 

Note: For programming information see Memory Applications Handbook, page 4-6. 
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Absolute Maximum Ratings Operating Conditions 

VGG Supply Voltage Vss-30V Operating Temperature 
Voo Supply Voltage Vss-15V 
Input Voltage (Vss -20)V < VIN < (Vss +0.3)V 
Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics 
T A within operating temperature range, Vss = +12V ±5% and VGG = -12V ±5%, unless otherwise specified. 

PARAMETER CONDITION MIN TYP MAX UNITS 
Output Voltage Levels 

MOSto MOS 
Logical "1" 

1 Mn to GND Load (Note 1) 
Vss -9.0 V 

Logical "0:' Vss -1.0 V 

MOSto TTL 
Logical "1" 6.8 kn to V GG Plus One +0.4 V 
Logical "0" Standard Series 54/74 Gate Input +2.4 V 

Input Voltage Levels 

Logical "1" Vss -8.0 V 
Logical "0" Vss -2.0 V 

Power Supply Current TA =25°C 

Vss 24 40 mA 
VGG (Note 1) 1 J.lA 

Input Leakage VIN = Vss -12V 1 J.lA 

Input Capacitance f= 1.0MHz VIN = OV 5 pF 

Access Time (Notes 2, 3) TA =25°C 

T ACCESS (See Timing Diagram) 150 500 725 ns 
Vss = +12V VGG = -12V 

Output AND Connection 
.MOS Load 3 
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: T ACCESS = the specified time +, (N - 1) (50) ns 
where N = number of AND cotlnections. 

Note 4: The above logic levels are indicated in negativ~ logic notation. 

7-14 



Performance Characteristics 

1000 

800 

~ 600 

... 400 

200 

40 

36 

< 32 
oS 
c 

Guaranteed Access Time 
vs Supply Voltages 

1 
1" • 125'C 

T".~ 
~ 

10.8 12.0 

Vss & VGG (V) 

Power Supply Current 
vs Voltages 

TA = 25C I 

~A~ 
" 

10' 

...... 
~ 

13.2 

"" 
c 28 

~ 
...... TYPICAL - -f--

24 "'" 
20 

10.8 12.0 13.2 

Vss & VGG (V) 

Timing Diagram/Address Time 

'JV-rI 
ov-.J L 

E'N 

EOUT 

+12V 

DV 

+12V 

OV 
.3V 

t12V 

-12V 

.3V f-----------...... 
1.5V 

OV 

1000 

800 

~ 600 

~ 
... 400 

.200 

60 

50 

40 

< 
oS 30 
c 
c 

20 

10 

Typical Access Time vs 
Supply Voltages 

., 
,... 

1~5~CW~1 
f-70'CI~ 

25'C:"-:- I 

Till 
10.8 12.0 

Vss & VGG (V) 

Power Supply Current 
vs Temperature 

13.2 

I Vss = +12.0V 
I VGG =-12.0V 
MAX 

.J'.. 
-ApICAL 

~ - --:--.... --
-50 -25 0 25 50 75 100 125 150 

TEMPERATURE r'C) 

f-----------------__ time 
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~ 
~ Typical Application 
:E 
:E 

256 x 8 Bit ROM Showing TTL Interface 

+12V 

'A, 

CHIP 
ENABLE 

t MODE 
'5 CONTROL 

v •• 

A, 

A, 

MM52JO 

J.D' 
A. 

A. 

3.0 •• 
A, 

2' 

DMIIIO 
nlGATES 

Voo 
24 

tSee operating mode notes. 
*R values can vary from 140n to 30 k~L 

Operating Modes 

'2SxS ROM connection 
Mode Control - Logic "0" 

Ag - Logic "'" 

256x4 ROM connection 

Mode Control - Logic "'" 
Ag - Logic "0" Enables the odd 

(8 1 .•• 8 7 ) outputs 

- Logic "'" Enabl es the even 
(8 2 ••• 8 8 ) outputs. 

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

The outputs are connected to V DO through an 
internal MOS resistor when "Disabled." 

The logic levels are in negative voltage logic notation. 
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~National 
~ Semiconductor 

MOS ROMs 

MM5231 2048·Bit (256 x 8 or 512 x 4) ROM 

General Description 
The MM5231 is a 2048-bit static read only mem­
ory. It is a P-channel enhancement mode mono­
lithic MOS integrated circuit utilizing low thresh· 
old 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 typo 

Block and Connection Diagrams 

(LSBI AI) 

A, 

A, 

A, 

MEMORY 
ADDRESS 
DECODER 

A,--~ .... -""" 

t The outputs are open when Disabled. 
• The output is enabled by Ipplying I Logic "1"10 Ihe Chip Enlbleline. 

SENSE AMPLIFIERS 

• Static operation No clocks required 

• Common data busing Output wire AND 
capability 

• Chip enable output control 

Applications 
• Code conversion 

• Random logic synthesis 

• Table look-up 

• Character generator 

• Microprogramming 

Dual-In-Line Package 

OUTPUllt 

I, INPUTA) v •• 

INPUTA) 
I, 

LS81NPUTA 1 

I, 
LSBOUTPur8 1 INPUT,.. 

I, 
OUTPura 2 INPUT As 

OUT'UT8l IN'UTAt .. 
OUTPUT I .. INPUT A, 

I, OUTPUlls INPUT A, MSB 

OUTPUTS, VGG 

I, 

OUTPUT I, ~g~;RDL 
I, MSB OUTPUT 8. CHIP 

ENA.BlE 

v .. INPUT A, 

TO' VIEW 

CHIP 
ENAIlE-

Order Number MM5231J 
See NS Package J24A 

Order Number MM5231 N 
See NS Package N24B 

Note: For programming information see Memory Applications Handbook, page 4-6. 
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Absolute Maximum Ratings Operating Conditions 

VGG Supply Voltage Vss - 20V Operating Temperature' 
Voo Supply Voltage Vss - 20V 
Input Voltage (Vss - 20)V < VIN < (Vss + 0.3)V 
Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics 

PARAMETER CONDITIONS MIN TYP 

Output Voltage Levels 
MOS to TTL 

Logical "1" 6.8 kD ±5% to Voo Plus One 
Logical "0" Standard Series 54/74 Gate 2.4 

Output Current Capability 
Logical "0" V OUT = 2.4V 2.5 

I nput Voltage Levels 
Logical "1" 
Logical "0" Vss - 2.0 

Power Supply Current TA = 25°C 

100 Vss = +5V 15 
IGG (Note 1) VGG = Voo = -12V 

I nput Leakage VIN = -12V 

Input Capacitance f = 1.0 MHz, VIN = OV 5 

V GG Capacitance f = 1.0 MHz, VIN = OV 15 

Address Time (Note 2) See Timing Diagram 

T ACCESS T A = 25°C Vss = +5.0V 640 

VGG = Voo = -12.0V 

OutputAND Connections 6.8 kD ±5% to Voo Plus One 
(Note 3) Standard Series 54/74 Gate 

Note 1: These specifications apply for VSS = +5V ±5%, VGG = VDD = -12V ±5%, T A = -25°C 
to +70°C 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 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: 
T ACCESS = The specified limit + (N - 1) (50) ns. 

Where N = Number of AND connections. 

Note 5: Capacitances are measured on a lot sample basis only. 
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+0.4 V 
V 

mA 

Vss - 4.2 V 
V 

30 mA 
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1 IlA 

pF 

pF 
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Performance Characteristics 
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16.0 17.0 
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Power Supply Current vs 
Power Supply Voltage 

lB.O 

1-.... 
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16.0 lB.O 

Timing Diagram/Address Time 
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-12V 
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Typical Access Time IT AI 
vs Power Supply Voltage 
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Typical Application 

'"'""~ 
TTL GATES 

tSee operating mode notes. 

256 x 8 Bit ROM Showing TTL Interface 

A, 

t CHIP 
ENABlE 

t MODE 
CONTROL 

Vaa 

Voo 
2' 

I 

l 

Operating Modes 

256 x 8 ROM connection (shown) 
Mode Control - Logic "0" 
Ag - Logic "1" 

512 x 4 ROM connection 
Mode Control - Logic "1" 

A, 

A, 

Ag - Logic "0" Enables the odd 
(B1. B3 ... Bg) outputs 

- Logic "1" Enables the even 
(B2. B4 ... B8) outputs. 

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

Logic levels are negative true MaS logic. 

Mode Control should be "hard wired" to VDO 
(Logical "1") or VSS (Logical "0"). 

The logic levels are in negative voltage logic notation. 
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~National 
U Semiconductor 

MM5232 4096·Bit (512 x 8 or 1024 x 4) ROM 

General Description 

The MM5232 4096-bit static read only memory is 
a P-channel enhancement mode monolithic MaS 
integrated circuit uti lizing a low threshold voltage 
technology to achieve bipolar compatibility. 
TRI-STATE® outputs provide wire ORed capa­
bility without loading common data lines or 
reducing system access times. The ROM is organ­
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 
(CE 1 and CE 2 ) provide logic control of up to 16K 
bits without external logic. A separate output 
supply lead is provided to reduce internal power 
dissipation in the output stages. 

Block and Connection Diagrams 

A, A, A, 

Features 

• Bipolar compatibility 

• Standard supplies 

a Bus aRable output 

• Static operation 

• Multiple ROM control 

Applications 

• Character generator 

• Random logic synthesis 

• Microprogramming 

• Table look-up 

MOS ROMs 

No external 
components required 

+5V, -12V 

TR I-STATE outputs 

No clocks required 

Two-programmable 
Chip Enable lines 

Dual-In-Line Package 

A, 

A, 

A, 

A" 

CON~~~i 0----' 

CE,o----------l 
CE, o--------~ 

MEMORY 
ARRAY 

I---D---<l B, 

I---Cl----f.-o B, 

I---Cl--::J-<l B, 

1---f::_~.Q B. 

I---Cl--J-o B, 

I---Cl-~-O B, 

I--..f>~-o s, 

I---D----f.-o e, 

Note: For programming information see Memory Applications Handbook, page 4-6. 
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MODE CONTROL 

CE, 

CE, J 

A10 4 

lSB A, 5 

A, 6 

A, I 

A, 8 

Ao I 

Ao 10 

A7 11 
Vss 12 

TOP VIEW 

24 Vu 

23 VG~ 

22 S. MSI 

21 B, 

20 B. 

1985 

1.8. 

17 BJ 

1& B2 

15 B, lSB 

14 A. MSB 

13 A. 

Order Number MM5232J 
See NS Package J24A 

Order Number MM5232N 
See NS Package N24B 



Absolute Maximum Ratings Operating Conditions 

VGG Supply Voltage Vss - 20V Operating Temperature Range 
VLL Supply Voltage Vss - 20V 
Input Voltage (Vss - 20) V < V IN < (Vss + .03)V 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics (Positive Logic) 

TA within operating temperature range, Vss = +5.0V ±5%, VGG = VLL = -12V ±5%, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Output Voltage Levels 
Logical "0", VOL IL ; 1.6 mA Sink .4 V 

Logical "1", VOH IL ; 100 J.LA Source 2.4 V 

I nput Voltage Levels 
Logical "0", V'L VGG Vss - 4.0 V 
Logical "1", V,H Vss - 2.0 Vss +0.3 V 

Power Supply Current 
Iss (Note 4) Vss; 5, VGG ; -12, V LL ; -12, T A ; 25°C 23 37 mA 

Input Leakage V ,N ; Vss - 10V J.LA 

Input Capacitance (Note 1) f; 1.0 MHz, V IN ; OV 15 pF 

Output Capacitance (Note 1) f; 1.0 MHz, V ,N ; OV 4 10 pF 

Address Time (Note 2) T A; 25°C, Vss; 5 150 1000 ns 

TACCESS VGG ; VLL ; -12V 

Output AND Connections (Note 3) 20 

Note 1: Capacitances are measured periodically only. 

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

Note 4: Outputs open. 

Timing Diagram/Address Time 

E'N 

+5V 

EOUT 

TIME 
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Performance Characteristics 

Guaranteed Access Time vs 
Supply Voltage 

1600 r-T'""T""T.....-r-r-"T""'T""'-rT-,-,,-T-T"t 
t-+-t-i'-t--H-+-+-+-+-+ V LL • Vee 

t400 H--H-t-t++-t-t-H-HH-+-I 
125°C I.d:--H-t-t++-t-t-H-I 

1200 T ... 70oCI:::+'f"'f ...... 8--t-i-+-+-+--t 

! 1000 1--r--r2;5°-=1Cf--t''A'-;''~FI''''i-H-i 

~ 800 t-++-+-+-H--t-i-+-+-+-HH--+--t 

600 H--H-t-t++-t-t-H-HH-+-t 

400 H--H-t-t++-t-t-H-HH--H 

200 H--H-t-t++-t-t-H--f-;H--H 

80 

70 

60 

~ 50 

~ 40 

30 

20 

10 

16.2 17.0 17.8 

Power Supply Current vs 
Temperature 

Vss' 5.0V 
vGG ' VLL = -12V 

MAXIMUM 

TYPICAL 

-50 -25 0 25 50 75 100 125 

TEMPERATURE (OC) 

Typical Applications 

MOOE 
CONTROL 

TTL/MOS Interface 

v,. 

A, B, 

A. B. 

A, B, 

A, MMS232 B, 

A, B, 

A, 

eE, 0------1 

CE,o-----....J 

512 x 8 ROM connection 
Mode Control = VIH 
AID = VIL 

Typical Access Time vs 
Supply Voltage 

1400 t-++-+-+-H-+-t-+-+-+-HH--+--t 

1200 H--H-t-H-+-t-t-H-HH-+-t 

.. 
... 600 H--H-t-H-+-t-t-H-HH-+-t 

400 t-++-+-+-H-+-+-+-+-+-HH-+-t 

200 t-++-+-+-H-+-t-+-+-+-HH-+-t 

80 

70 

60 

~ 50 

oS 40 
Jl 

30 

20 

10 

16.2 17.0 17.8 

Vss + IVee I (V) 

Power Supply Current vs 
Voltage 

TA = 25°C-
VLL =VGG -

MAXIMu'M .., 
ThidL 

16.2 17.0 17.8 

Vss + IVee I (V) 

FIGURE 1. Power Saverfor 
Small Memory Arrays 

FIGURE 2. Power Saver for 
Large Memory Arrays 

-, 
I 
I 
I 

I .1 
L ___ --' 

ASSUME IIVlL IIMIN. II-JV II 

VGG - VLL MIN· R (1.6 mAl (NI whett N· 1 for 5.1 font. 

Operating Modes 

1024 x 4 ROM connection 
·Mode Control = VI L 

N- 1'0,6 .Slont. 

r I 
I I 
I I 
I I 
I I 
L ___ --' 

AIO = VI L enables the odd (8, ... B7) outputs 
VI H enables the even (B2 ... 88) outputs 

Note: Both chip enables may be programmed to provide any of four combinations. Example if CE1 = 1 and CE2 = 1 
outputs (Positive Logic) would be enabled only when device pins 2 and 3 are Logic "1". The outputs will be in the 
third state when disabled. -
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~National 
~ Semiconductor 

MaS ROMs 

MM5240 2560·Bit Static Character Generator 

General Description 
The MM5240 2560-bit static read only memory 
is a P-channel. enhancement mode monolithic 
MOS integrated circuit utilizing a low threshold 
voltage technology to achieve bipolar compat­
ibility_ 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 8 word by 5-bit memory organi?ation. 

The MM5240 may be used as a 512 x 5-bit read 
only memory for applications other than charac­
ter generation. 

Features 
• Bipolar compatibility 
• High speed operation-500 ns max 
• ± 12 volt power suppl ies 
• Static operation-no clocks required 
• Multiple ROM logic appl ication-chip enable 

output control 
• Standard fonts available-off-the-shelf delivery 

Applications 
• Character generation 
• Random logic synthesis 
• Micro-programming 
• Table look-up 

Connection Diagram Dual-In-Line Package 

Typical Application 

LOAD/RECIRCULATE 
CONTROL 

{

l' 

"OW 
ADDRESS L2 

INPUTS 

l, 

I

" 
B, 

DATA 
OUTPUTS BJ 

I, 

I, 

-~'--------~--

'AC;ERfFRESH 
MEMORY 

lINfREFRESH 
MEMORY 

Note: For additional information refer to AN-40. 
Note: Chip enable tied to VOO to enable. 
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CHII' 
ENABLE 

Order Number MM5240J 
See NS Package J24A 

Order Number MM5240N 
See NS Package N24B 

I, 

I, 

.. 



Absolute Maximum Ratings Operating Conditions 

V G G Supply Voltage V ss - 30V Operating Temperature 
V DD Supply Voltage Vss - 15V 
Input Voltage (Vss - 20)V < V 1N < (Vss +0.3)V 
Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics (Note 1) 

PARAMETER 

Output Voltage Levels 
MOSto MOS 

Logical "1" 
Logical "0" 

MOS to TTL 
Logical "1" 
Logical "0" 

Output Current Capability 
Logical "0" 

Input Voltage Levels 
Logical "1" 
Logical "0" 

Power Supply Current 

IDD 

IGG (Note 2) 

Input Leakage 

Input Capacitance (Note 5) 
VGG Capacitance (Note 5) 

Address Time (Note 3) 

T ACCESS 

Output AND Connection 
(Note 4) 

CONDITIONS 

IMSl to GND 

6.8 kSl to V GG Plus One 
Standard Series 54/74 Gate 

VOUT = Vss - 6.0V 

V 1N = Vss - 12V 

f=1.0MHz,V 1N =OV 
f = 1.0 MHz, V 1N = OV 

See Timing Diagram 
T A = 25°C 

MOS Load 
TTL Load 

MIN 

Vss - 1.0 

+2.5 

2.5 

Vss - 2.0 

150 

TYP 

25 

5 
25 

425 

MAX 

Vss - 9.0 

+0.4 

Vss - 8.0 

55 
1 

1 

8 
40 

500 

4 
10 

Note 1: These specifications apply for VSS = +12V ±5%, VGG = -12V ±5%, T A = O°C to +70°C unless 
otherwise specified. 

Note 2: The V GG 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: 
T ACCESS = 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 increased at the expense of MOS "0" 
level. 

Note 5: Guaranteed by design. 
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UNITS 

V 

V 

V 

V 

mA 

V 

V 

mA 

/lA 

/lA 

pF 
·pF 

ns 



Performance Characteristics 

Guaranteed Access Time IT AI 
vs Supply Voltage 

1000 r-----,----,----,--..., 

800 

600 

-
~ 400 

200 

50 

40 
C[ 

~ 30 

20 

10 

10 

. , 
" 

" 

11 12 13 

Vss & - VGG (V) 

Power Supply Current vs 
Voltage 

TA = 25°C 

~ 
-I-

... - T~P:CAl --- I-

14 

10,8 12,0 13,2 

Vss & -VGG (V) 

Timing Diagram/Address Time 

+1ZV 

OV 
E,. 

·12V 

OV 
+JV 

EOUT 

+JV 

OV 

TACC£ss 

BV 

1,5V 

1200 

1000 

800 

- 600 .. 
,I-

400 

200 

60 

50 

40 

C[ 

E. 30 
o 
o 

20 

10 

Typical Access Time IT AI vs 
Supply Voltage 

.-;-~ 
(: 125'C ~!O°C 

. .... -
':--

" 

25°C t-

I 
I 

lU 12,0 13,2 

Vss & -VGG (V) 

Voo Power Supply Current vs 
Temperature 

Vss = +12,OV 

MA~ VGG = -12,OV 
~ ... I 

J"'.. 
TYPICAL r--... --. 

:-.""" -- --r--- r--

-50 -25 0 25 50 15 100 125 150 

TEMPERATURE r C) 

i-----------------__ time 

+JV-r-l 

DV...J L 

+12V 
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~National 
~ Semiconductor 

MOS ROMs 

MM5241 3072·Bit (64 X 6 X 8) ROM 
General Description 

The MM5241 3072-bit static read only memory 
is a P-channel enhancement mode monolithic MOS 
integrated circuit utilizing a low threshold voltage 
technology to achieve bipolar compatibility. 
TRI-STATE® outputs provide wire ORed capa­
bility 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 2 ) 

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. 

Block and Connection Diagrams 

A. 

A, 

A, 

LSB Lo 

" 

, 
DECODE 

CE,o----------1 
CE,O----------I 

Typical Applications 

M[MORY 
ARRAY 

CHIP 
ENABLE 
ARRAY 

I-----I:::t-t-O " 
I--i:~f-O " 
I-----I:::t-t-O '. 
1---c~J-o '. 
1--. -c::t-f-O •• 
1---c~J-o., 

I--i:~t-o •• 

Features 

• Bipolar compatibility 

• Standard supplies 

• Bus ORable output 

• Static operation 

• Multiple ROM control 

Applications 
• Character generator 

• Random logic synthesis 

• Microprogramming 

• Table look-up 

No external 
components required 

+5V. -12V 

TRI-STATE outputs 

No clocks required 

Two programmable 
Chip Enable lines 

Dual-In-Line Package 

" v" 
CE. n Vt;t; 

CE, 22 '. 
Ne · 21 " A, I 20 '. 
A, · 19 " A, 1 " '. 

11 " A, · " " A. 10 " " 
" 11 " " v~ 12 IJ " 

Order Number MM5241J 
See NS Package J24A 

Order Number MM5241N 
See NS Package N24B 

TTL/MOS Interface FIGURE 1. Power Saver for 
Small Memory Arrays 

FIGURE 2_ Power Saver for 
Large Memory Arrays 

ANYTTlIOTL 
DEVICE 

A. 

.. ,. 

CE, 

eE,-----' 

I, 

I, 

ANVTTllDTl 
DEVICE 

D
-v

,,--, 

I I 
I R I 
I I 
I I 

v" L ___ -.I E
v

"----, 

I -::- I 
I I 
I I 
I I 

v" L ___ -.I 

ASSUME I!VLL .IMIN =: II-lV II 

VGG - VLL MIN'" A (1.6 mAl (N) where N '" 1 fot 5 ... 1 font. 
N = 810r6 ... 8 font 

Note: 80th chip enables may be programmed to provide any of four combinations. Example: If CEl = 1 and CE2 = 1 outputs 
(Negative Logic) would be enabled only when device pins 2 and J are negative (Logic "1"). The outputs will be in the third state 
when disabled. La, Ll and L2 (device pins 11, 13 and 14) are in positive logic (1 = most positive voltage levels = Vs - 2V; a = 
most negative voltage level = Vss - 4V). 

Note: For programming information see Memory Applications Handbook, page 4-6. 
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Absolute Maximum Ratings Operating Conditions 

VGG Supply Voltage Vss - 20V Operating Temperature Range 
V LL Supply Voltage Vss - 20V 
Input Voltage (Vss - 20) V < VIN < (Vss + .03)V 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics (Negative Logic) (Note 5) 

TA within operating temperature range, VSS = +5.0V ±5%, VGG = V LL = -12V ±5%, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Output Voltage Levels 

Logical "1" IL ; 1.6 mA sil'k .4 V 
Logical "0" IL ; 100 IlA source 2.4 V 

Input Voltage Levels 
Logical "1" Vss -4.0 V 
Logical "0" Vss - 2.0 V 

Power Supply Current 
Iss (Note 4) Vss = 5, VGG ; -12, VLL ; -12, TA = 25°C 23 50 mA 

Input Leakage V1N = Vss - 10V 1 IlA 

Input Capacitance (Note 1) f = 1.0 MHz, V1N ": OV 5 15 pF 

Output Capacitance (Note 1) f; 1.0 MHz, V1N ; OV 4 10 pF 

Address Time (Note 2) TA = 25°C. Vss; 5 150 700 900 ns 

TACCESS VGG ; VLL = -12V 

Output AND Connections (Note 3) 20 

Note 1: 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 2: Capacitances are measured periodically only. 

Note 3:. The address time follows the following equation: T ACCESS = the specified limit + (N - 11 x 25 ns where N = Number 
of AND connections. 

Note 4: Outputs open. 

Note 5: All addresses and ou'tputs are in negative true logic with the exception of LO, L,. and L2 which are in positive logic. 
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Performance Characteristics 

1400 

1200 

1000 

! 800 .. 
... 600 

400 

200 

80 

10 

60 

< 50 

~ 40 

30 

20 

10 

Typical Access Time vs 
Supply Voltage 

~ VLL ' VGG 
I 
I 
I 12~oc 

TA " 10°C ... .... 
25"C 

16.2 11.0 11.8 

Vss + IVGG I (V) 

Power Supply Current 
vs Temperature 

Vss= 5.0V 
VGG " VLL = -12V 

II 

MAXIMUM 

TYPICAL 

-50 -25 0 25 50 15 100 125 

TEMPERATURE (OC) 

Timing Diagram/Address Time 

EON 

EOUT 

+5V 

7·29 

Guaranteed Access Time vs 
Supply Voltage 

1600 """-'-'r-T'"-,-,-rT""'T-'-"""""T'""""""''' 
I-++I-++-+-I-IH-+-+ V II • V GG 

1400 H-+-t-++-+--HH-+-t--t-t-t--t-t 

1200 

1000 
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600 H--+-IH-+-tH-+-+-++-+-+-+-+4 

400 I-+-HH-~-r+-+-+++-++-+, 

200 1-++-iH-~H-+-+-+++-++-+, 
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60 
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30 

20 
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Power Supply Current 
vs Voltage 
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~National 
~ Semiconductor 

MOS ROMs 

MM52116 (2316E) 16,384·Bit Read Only Memory 

General Description 
The MM52116 is a static MOS 16,384-bit read-only 
memory organized in an 2048-word-by-8-bit format. 
It is fabricated using N-channel enhancement and 
depletion-mode technology which provides complete 
DTL/TTL compatibility and single power-supply opera­
tion. 

Three programmable chip selects controlling the TRI-
5T ATE".: outputs allow for memory expansion. 

Programming of the memory array. and chip·select 
active levels is accompl ished by changing two masks 
during fabrication. 

Block and Connection Diagrams 

AD 

Al 

A2 

A3 

ROW DECODE 
ROM 

A4 ARRAY 

A1 

r r 
AS A9 AID 

Features 
• Fully decoded 
• Single 5V power supply ± 1 0% tolerance 

• Inputs and outputs TTL compatible 
• Outputs drive 2 TTL loads and 100 pF 

• Static operation 
• TRI-STATE outputs for bus interface 
• Programmable chip selects 
• 2048-word-by-8-bit organization 
• Maximum access time - 450 ns 
• Industry standard pin outs (2316E) 

• Compatible to standard EPROMs 

Applications 
• Microprocessor instruction store 

• Control logic 
• Table look-up 

Dual-In-Line Package 

02 A1 
24 

VCC 

A6 23 AS 

04 AS 22 A9 

05 A4 21 CS3 

06 A3 2DCSI 

01 A2 19 AID 

Al 
OS 

IS CS2 

AD 
11 

OS 

~ 
01 16 01 

DEC. 

02 
10 IS 06 

03 " 
14 05 

GND 12 13 04 

CSI CS2 CS3 ToPVIEW 

Order Number MM52116D 
See NS Package D24C 

Order Number MM52116N 
See NS Package N24B 

7-30 



Absolute Maximum Ratings (Note 1) Operating Conditions 
Voltage at Any Pin -0.5V to +7.0V Operating Temperature Range 
Storage Temperature Range 
Power Dissipation 

_65°C to +150°C 
1W 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics 
ITA within operating temperature range, VCC = 5V ±10%, unless otherwise specified). 

PARAMETER 
CONDITIONS MIN 

(Note 2) 

III Input Current VIN = 0 to VCC 

VIH Logical "1" Input Voltage DoC 2.0 

VIH Logical "1" Input Voltage _40°C 2.2 

VIL Logical "0" Input Voltage -0.5 

VOH Logical "1" Output Voltage IOH = -40011A 2.4 

VOL Logical "0" Output Voltage IOL = 3.2 mA 

ILOH Output Leakage Current VOUT = 4V, Chip Deselected 

ILOL Output Leakage Current VOUT'" 0.45V, Chip Deselected 

ICC1 Power Supply Current All Inputs = 5.25V, Data 

Output Open 

Capacitance 

PARAMETER 
CONDITIONS MIN 

(Note 3) 

CIN I nput Capacitance (All Inputs) VIN = OV, T A = 25°C, 

f = 1 MHz, (Note 2) 

COUT Output Capacitance VOUT = OV, T A. = 25°C, 

f = 1 MHz, (Note 2) 

AC Electrical Characteristics 

TYP 
(Note 4) 

70 

TYP 
(Note 4) 

MAX UNITS 

10 I1A 

VCC+1.0 V 

VCC+1.0 V 

0.8 V 

V 

0.4 V 

10 I1A 

-10 I1A 

100 mA 

MAX UNITS 

7.5 pF 

15.0 pF 

(T A within operating temperature range, VCC = 5V ±10%, unless otherwise specified). See AC test circuit and switching time 
waveforms. . 

PARAMETER CONDITIONS MIN 
TYP 

MAX UNITS 
(Note 4) 

tAC Chip Select Access Time See AC Test Circuit; tAC and tA Measured to 120 ns 

Output Turn OFF Delay Valid Output Levels with tr and tf of Input \ 

tOFF 100 ns 
<20 ns, tOFF Measured to <±20 I1A Output 

tA Address Access Time Current 450 ns 

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: Positive true logic notation is used: logical "'" = most positive voltage level, logical "0" = most negative voltage level. 

Note 3: Capacitance is guaranteed by periodic testing. 

Note 4: Typical. values are for T A = 25" C and nominal supply voltage. 
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Switching Time Waveforms and AC Test Circuit 

2.DV 

ADDRESS X ADDRESS VALID ~ ____________ ~x ___ __ 
D.BV 

-' 

2.DV 

X CHIP SELECT CHIP SELECT VALID 

D.BV 
__________ ~x~ __ ~ 

l-tOFF
-\ 

~H 
TRI·STATE@ OUTPUT - _______ - -~ _ --< 

VOL _tAC -\ 

DATA VALID r-
FIGURE 1. Address Precedes Chip Select 

2.DV ---------~ r------------"' r----
ADD:E:~ X X~ ___ _ 

2.DV -----"""\ r---+-t-----------------CHIP SELECT X 
D.BV • ..... ---+--______ -,-_______ _ 

-tA-1 
VOH i---------

TRI·STATE'" -< X 
OU~~~_-__ - __ --__ -_-__ -__ -__ - ___ ~ ___ D_A_T_A_IN_V_AL_IO __ -J '--__ D_AT_A_V_A_lI_D __ _ 

FIGURE 2. Address Follows Chip Select 

TEST 
POINT 

~ 

..... 

lDOPF*r : 25k 

":" ~ 

* Includes jig capacitance 

ROM Programming Information 

ROM programs for the MM52116 can be supplied to 
National in a number of means: 

A. 2708 PROM sets 

B. 2516 PROM (or equivalent) 

C. 2716 PROM (or equivalent) 

D. Intellec HEX punched paper tape 

E. Binary punched paper tape 

Since the MM52116 ha's programmable chip selects, it is 
imperative that chip select information be provided 
along with the ROM program. The information should 
be supplied as shown: 

CS1 is to be programmed logical ___ (Hi or Lo) 

CS2 is to be programmed 10gical ___ (Hi or Lo) 

CS3 is to be programmed 10gical ___ (Hi or Lo) 

Given any of the above means of program data is re­
ceived by National, verification of ROM program:: is 
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handled internally via a sophisticated computerized 
system. The original input device (PROM, tape, etc.) is 
read, the data is reprocessed to formats required by 
various production machines, and the final reconstructed 
data is then compared back to the original input device. 

The verification package returned to the customer for 
approval will consist of a listing of the program and a 
PROM or tape which matches the data National will use 
to create the programmed MM52116. In a normal 
situation, the verification package returned to the cus­
tomer for approval, because of the system described, 
may consist of the original PROM or tape submitted by 
the customer. This program data, now in National's 
production format, is stored in archives for future cus­
tomer re-orders. 



~Nalional 
U Semiconductor 

MOS ROMs 

MM52132 32,768·Bit (4096 x 8) MAXI·ROM™ 

General Description 
The MM52132 is a static MOS 32,768-bit read-only 
memory organized in a 4096-word-by-8-bit format. 
I t is fabricated using N-channel enhancement and 
depletion-mode technology which provides complete 
DTL/TTL compatibility and single power-supply opera­
tion. 

Two programmable chip selects controlling the TR 1-
ST ATE® outputs allow for memory expansion. 

Programming of the memory array and chip-select 
active levels is accomplished by changing two masks 
du ring fabrication. 

Block' and Connection Diagrams 

AD 

Al 

A2 

A3 

ROW DECODE ROM 

A4 ARRAY 

A5 

A6 

Al 

r r 
A8 A9 AID All 

Features 
• Fully decoded 

• Single 5V power supply ±10% tolerance 

• Inputs and outputs TTL compatible 

• Outputs drive 2 TTL loads and 100 pF 

• Static operation 

• TRI-STATE outputs for bus interface 

• Programmable chip selects 

• 4096-word-by-8-bit organization 

• Maximum access time - 450 ns 

• I ndustry standard pin outs 

Applications 
• Microprocessor instruction store 

• Control logic 

• Table look-up 

Dual-in-Line Package 
01 

24 
Al Vce 

02 
23 A8 A6 

03 
22 A9 A5 

04 
A4 

21 
eS2 

05 
A3 

20 
CS1 

06 A2 19 AID 

01 Al 18 All 

08 AD 
11 

08 

W DEC. 

01 16 01 

02 10 15 06 

03
11 14 05 

GND 12 13 04 

TOPV1EW 

CSI CS2 
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Order Number MM52132D 
See NS Package D24C 

Order Number MM52132N 
See NS Package N24B 



Absolute Maximum Ratings (Note 1) Operating Conditions 
Voltage at Any Pin -0.5V to +6.5V Operating Temperature Range 
Storage Temperature Range -65°C to +150°C 

Power Dissipation lW 
Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics 

(T A within operating temperature range, VCC = 5V ±10%, unless otherwise specified). 

PARAMETER 
(Note 2) 

III Input Current 

VIH Logical "1" Input Voltage 

VIL Logical "0" Input Voltage 

VOH Logical "1" Output Voltage 

VOL Logical "0" Output Voltage 

ILOH Output Leakage Current 

ILOL Output Leakage Current 

ICCl Power Supply Current 

Capacita nce 

PARAMETER 
(Note 3) 

CONDITIONS 

VIN = a to VCC 

IOH = -200 /lA 

IOL = 3.2 mA 

VOUT = 4V, Chip Deselected 

VOUT = 0.45V, Chip Deselected 

All Inputs = 5.25V, Data 

Output Open 

CONDITIONS 

I nput Capacitance (All I nputs) V I N = OV, T A = 25° C, 

COUT Output Capacitance 

f = 1 MHz, (Note 2) 

VOUT = OV, T A = 25°C, 

f = 1 MHz, (Note 2) 

AC Electrical Characteristics 

MIN 

2 

-0.5 

2.4 

MIN 

TYP 
(Note 4) 

100 

TYP 
(Note 4) 

MAX UNITS 

10 /lA 

VCC+1.0 V 

0.8 V 

V 

0.4 V 

10 /lA 

-20 /lA 

130 mA 

MAX UNITS 

7.5 pF 

15.0 pF 

(T A within operating temperature range, Vce = 5V ±10%, unless otherwise specified). See AC test circuit and switching time 
waveforms. 

PARAMETER CONDITIONS MIN 
TYP 

MAX UNITS 
(Note 4) 

tAC Chip Select Access Time See AC Test Circuit. All Times (Except tOFF) 120 ns 

tOFF Output Turn OFF Delay Measured to 1.5V Level with tr and tf of 100 ns 

Address Access Time 
Input < 20 ns, (Figures 1 and 2), tOFF TR I·ST ATE 

450 tA Output Level Measured to Less than ±20 /lA 
ns 

Output Current 

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: Positive true logic notation is used: logical "1" ; most positive voltage level, logical "0" = most negative voltage level. 

Note 3: Capacitance is guaranteed by periodic testing. 

Note 4: Typical values are for T A; 25° C and nominal supply voltage. 
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AC Test Circuit and Switching Time Waveforms 
TEST 
POINT 

IOOPF*r 

IV 

R[ 
1.66K 

*Includes jig capacitance 

2.4V 

ADDRESS 

D.4V 

1.IV 

2.4V ----"""'" ,.------, 1.,--­
CIIiPSElECT 

O.4V----J 

TRI·STATE"·· 
OUTPUT -----f-----{ 

tAC 

FIGURE 1. Address Precedes Chip Select 

Custom ROM Programming 
INFORMATION NEEDED 

FIGURE 2. Address Follows Chip Select 

So that National can better serve its customers, the following information must be submitted with each ROM order. 

National Semiconductor Corporation NATIONAL PART NUMBER 

2900 Semiconductor Dr .• Santa Clara. CA. 95051 

Phone (408) 737·5000 TWX 910·339·9240 
ROM LETTER CODE (NATIONAL USE ONLY) 

NAME DATE 

ADDRESS CUSTOMER PRINT OR ID NO. 

CITY STATE ZIP PURCHASE ORDER NO. 

TELEPHONE J NAME OF PERSON NATIONAL CAN CONTACT (PRINT) AUTHORIZED SIGNATURE JDATE 

CHIP SELECT INFORMATION LOGIC 

CS1 

Tape Entry Format 

Punched 
Paper Tape 

.1 CS2 

000 a a a 
00 00 a a 
000 a 00 

000 0 0 
000 00 
000 00 
00 00 0 
00 00 0 

A. Binary Complement Format 

11 ~:::; Com,l.m", 
Word 2 Complement 
Word 2 . 
Word 1 Complement 

'-------- Word 1 
'-------- Start 

o POS o NEG 

CS3 

-Bitl 

--BitS 

POSITIVE Logic: A punch is a "1" or most positive voltage. Omission of a punch 
is a "0" or the more negative voltage. 

Pre·Programmed PROM 
B. Hex Format (I ntel Standard Hex) 

• 2708 

• 2716 
• Or combinations of the above to make 16k, 32k 

or 64k bits. 
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~National 
~ Semiconductor 

MOS ROMs 

MM52164 65,536-Bit (8192 x 8) MAXI-ROMTM 

General Description 
The MM52164 is a static MOS 65,536-bit read-only 
memory organized in an 8192-word by 8-bit format. 
It is fabricated using N-channel enhancement and 
depletion-mode technology which provides complete 
DTL/TTL compatibility and single power-supply opera­
tion. 

One programmable chip select controlling the TRI­
STATE® outputs allow for memory expansions. 

Programming of the memory array and chip-select 
active levels is accomplished by changing two masks 
during fabrication. 

Block and Connection Diagrams 

AD 

AI 

A2 

AJ 
1192 X I 

ROW DECODE ROM 
A4 ARRAY 

AS 

A6 

A7 

r r 
AI A9 AID All Al2 

Features 
• Fully decoded 

• Single 5V power supply ±10% tolerance 

• Inputs and outputs TTL compatible 

• Outputs drive 2 TTL loads and 100 pF 

• Static operation 

• TRI-STATE outputs for bus interface 

• Programmable chip select 

• 8192-word-by-8-bit organization 

• Maximum access time - 450 ns 

• Industry standard pin outs 

Applications 
• Microprocessor instruction store 

• Control logic 

• Table look-up 

Dual-In-Line Package 

01 

02 

OJ 

04 

05 

06 

01 

06 

DEC. r 
CSI 

24 
A1 Vee 

A6 
2J 

AS 

AS 22 A9 

21 
A4 A12 

20 
AJ eSl 

AZ 19 AID 

AI lB All 

11 
AD OB 

01 16 01 

02 
10 15 06 

OJ 11 14 05 

GND 
12 13 

04 

TOPVIEW 

Order Number MM52164D 
See NS Package D24C 

Order Number MM52164N 
See NS Package N24B 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Voltage at Any Pin -0.5V to +6.5V Operating Temperature Range 

Storage Temperature Range 

Power Dissipation 

-65°C to +150°C 

1W 
Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics 

(T A within operating temperature range, VCC = 5V ±10%, unless otherwise specified). 

PARAMETER 
(Note 2) 

III I nput Current 

VIH Logical "1" Input Voltage 

VIL Logical "0" Input Voltage 

VOH Logical "1" Output Voltage 

VOL Logical "0" Output Voltage 

ILOH Output Leakage Current 

ILOL Output Leakage Current 

ICCl Power Supply Current 

Capacitance 

PARAMETER 
(Note 3) 

CONDITIONS 

VIN = 0 to VCC 

IOH = -200/lA 

IOL = 3.2 mA 

VOUT = 4V, Chip Deselected 

VOUT = 0.45V, Chip Deselected 

All Inputs = 5.25V, Data 

Output Open 

CONDITIONS 

Input Capacitance (All Inputs) VIN = OV, T A = 25°C, 

COUT Output Capacitance 

f = 1 MHz, (Note 2) 

VOUT = OV, T A = 25°C, 

f = 1 MHz, (Note 2) 

AC Electrical Characteristics 

MIN 

2.2 

-0.5 

2.4 

MIN 

TYP 
(Note 4) 

100 

TYP 
(Note 4) 

MAX UNITS 

10 /lA 

VCC+l.0 V 

0.6 V 

V 

0.4 V 

10 pA 

-20 pA 

130 mA 

MAX UNITS 

7.5 pF 

15.0 pF 

(T A within operating temperature range, VCC = 5V ±10%, unless otherwise specified). See AC test circuit and switching time 
waveforms. 

PARAMETER CONDITIONS MIN 
TYP 

MAX UNITS 
(Note 4) 

tAC Chip Select Access Time See AC Test Circuit. All Times (Except tOFF) 120 ns 

tOFF Output Turn OFF Delay Measured to 1.5V Level with tr and tf of 100 ns 
Input < 20 ns, (Figures 1 and 2), tOFF TRI·STATE 

tA Address Access Time 
Output Level Measured to Less than ±20 pA 

450 ns 

Output Current 

Note 1: "Absolute Maximum Ratings" are those val'ues 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: Positive true logic notation is used: logical "'" = most positive voltage level, logical "0" = most negative voltage level. 

Note 3: Capacitance is guaranteed by periodic testing. 

Note 4: Typical values are for T A = 25° C and nominal supply vol tage: 
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AC Test Circuit and Switching Time Waveforms 

TEST 
POINT 

lDOPf*r 

sv 

Rl 
1.66K 

*Includes jig capacitance 

Z.4V 

ADDRESS I.5V 

O.4V 

·Z.4V----""'\ r-----"""""I 
CHIPSElECT 

O.4V----J 

TRI·STATE"' 
OUTPUT -----t-----< 

FIGURE 1. Address Precedes Chip Select 

Custom ROM Programming 
INFORMATION NEEDED 

TRI·STATE® 
OUTPUT -----(/J,!J, 

'f2lddiiL~ 

FIGURE 2. Address Follows Chip Select 

So that National can better serve its customers, the following information must be submitted with each ROM order. 

National Semiconductor Corporation NATIONAL PART NUMBER 

2900 Semiconductor Dr., Santa Clara. CA. 95051 

Phone (408) 737-5000 TWX 910-339-9240 
ROM LETTER CODE (NATIONAL USE ONLY) 

NAME DATE. 

ADDRESS CUSTOMER PRINTOR IDNO. 

CITY STATE ZIP PURCHASE ORDER NO. 

TELEPHONE I NAME OF PERSON NATIONAL CAN CONTACT (PRINT) AUTHORIZED SIGNATURE IDATE 

CHIP SELECT INFORMATION LOGIC 

CSI I CS2 

Tape Entry Format 

Punched 
Paper Tape 

000 0 0 0 
00 00 0 0 
000 0 00 

000 0 0 0 
000 00 0 
000 00 0 
00 00 0 0 
00 00 0 

A. Binary Complement Format 

\! \I Wo.d 3 Com,l,m," ~Word3 
Word 2 Complement 

Word 2 
Word 1 Complement 

L------Word 1 
L------Start 

o POS o NEG 

CS3 

-Bitl 

--BitS 

POSITIVE Logic: A punch is a "1" or most positive voltage. Omission of a punch 
is a "0" or the more negative voltage. 

Pre-Programmed PROM 
B. Hex Format (Intel Standard Hex) 

• 2708 

• 2716 
• Or combinations of the above to make 16k, 32k 

or 64k bits. 
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~National 
~ Semiconductor 

MOS ROMs 
PREVIEW 

MM52264 MAXI-ROM™ 65,536-Bit Clocked 
Read Only Memory 

General Description 
The MM52264 is a clocked MOS 65,536-bit read-only 
memory organized in an 8192-word-by-8-bit format. 
It is fabricated using N-channel enhancement and 
depletion-mode technology which provides complete 
DTL/TTL compatibility and single power-supply oper­
ation. Programming of the memory array is accom­
plished by changing two masks during fabrication. 

The MM52264 was designed for those ROM applications 
requiring fast access time and low power dissipation. 
Dynamic circuitry has been used extensively to reduce 
access time. The util ization of a clock input allows 
the device to be put into a low power standby mode 
during inactive periods. The device is put into the 
standby mode by maintaining the clock input CE 
at an input "1" voltage. CE must be maintained at 
a "1" voltage for the minimum specified time (tp) 
to allow for adequate precharging of the internal dy­
namic circuitry. 

After the address data has been applied to the device, 
a read operation is initiated by bringing CE to an input 
"0" voltage. The falling-edge of CE triggers the gen­
eration of a series of internal clock signals which latch 
address data in address buffers, decode addresses into 
row and column lines, and enable output sense ampli­
fiers and buffers. Since the address is latched' in address 
buffers, the input address data can be changed during 
a read operation after the address hold time (tAH) 
specification is met. 

Block and Connection Diagrams 

A8 A9 AID All Al2 
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Power dissipation increases during a read operation; 
however once the output data is latched in the TR 1-
ST ATE® output buffers, most of the dynamic cir­
cuitry is automatically switched off to conserve power. 

The output data remains valid as long as CE is main­
tained at a "0" voltage level. Switching CE to a "1" 
voltage level will return the device to the standby 
mode and all data outputs to a high impedance OFF 
state. 

Features 
• Fully decoded 

• Single 5V power supply ±1 0% tolerance 

• Inputs and outputs TTL compatible 

• Outputs drive 2 TTL loadsand 100 pF 

• Clocked operation 

• TRI·STATE outputs for bus interface 

• 8192-word-by-8-bit organization 

• Maximum access time - 300 ns 

• I ndustry standard pin outs 

Applications 
II Microprocessor instruction store 

• Control logic 

• Table look-up 

01 
Dual-In-Line Package 

14 

02 A1 Vee 

A6 
13 

A8 
0: 

A5 11 A9 
04 

11 
A4 All 

05 

A3 
10 CE 

06 

A2 19 AID 

01 
18 

Al A11 

08 11 
AD OB 

01 
16 

01 

02 
10 15 

06 

03 
11 14 

05 

GNO 
11 13 

04 

TOPVIEW 



Absolute Maximum Ratings (Note 1) Operating Conditions 
Voltage at Any Pin -0.5V to +6.5V Operating Temperature Range 

Storage Temperature Range 

Power Dissipation 

-65°C to +150°C 

lW 
Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics 
(T A within operating temperature range, VCC = 5V ±10%, unless otherwise specified). 

PARAMETER 
CONDITIONS MIN 

(Note 3) 

III Input Current VIN = 0 to VCC 

VIH Logical "1" Input Voltage 2.0 

VIL Logical "0" Input Voltage -0.5 

VOH Logical "1" Output Voltage IOH = -200 pA 2.4 

VOL Logical "0" Output Voltage IOL = 3.2 mA 

ILOH Output Leakage Current VOUT = 4V, Chip Deselected 

ILOL Output Leakage Current VOUT = 0.45V, Chip Deselected 

ICCl Power Supply Standby Current All Inputs = 5.25V, Data 

Output Open 

ICC2 Power Supply Active Current 

Capacitance 
PARAMETER 

CONDITIONS MIN 
(Note 3) 

CIN I nput Capacitance (All Inputs) VIN = OV, T A = 25°C, 

f = 1 MHz, (Note 2) 

COUT Output Capacitance VOUT = OV, TA = 25°C, 

f = 1 MHz, (Note 2) 

AC Electrical Characteristics 

TYP 
(Note 4) 

10 

30 

TYP 
(Note 4) 

MAX UNITS 

10 /lA 

VCC+l.0 V 

0.8 V 

V 

0.4 V 

10 /lA 

-10 pA 

15 mA 

50 mA 

MAX UNITS 

7.5 pF 

15.0 pF 

(T A within operating temperature range, VCC = 5V ±10%, unless otherwise specified). See AC test circuit and switching time 
waveforms. 

PARAMETER 

tc CE Cycle Time 

tp CE Precharge Time 

tCE CE Pulse Width 

tAH Address Hold Time 

from CE 

tAS Address to CE Setup 

Time 

tAC CE to Output' Access 

Time 

tOFF Output Turn OF F 

Delay 

CONDITIONS 

See AC Test Circuit and Figure 1. 

All Times (Except tOFFI 

Measured to 1.5V TRI·STATE 

Level with tr and tf of Input < 20 ns 

MIN 
TYP 

(Note 4) 
MAX UNITS 

450 ns 

150 ns 

300 ns 

50 ns 

0 ns 

300 ns 

150 ns 

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: Positive true logic notation is used: logical "1" = most positive voltage level, logical "0" = most negative voltage level. 

Note 3: Capacitance is guaranteed by periodic testing. 
Note 4: Typical values are for T A = 2SoC and nominal supply voltage. 
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Section 8 

Character Generators 

The Character Generators included in this section 
represent very cost effective solutions to problems 
arising in the design and implementation of CRT 
display subsystems. National's innovations in these 
devices in conjuction with the DP8350 series of CRT 
Controllers have assisted in the growth of this very im­
portant marketplace. Contact your local National 
representative for costs and other assistance. 





Bipolar 
Character Generators 





~National 
D Semiconductor 

Character Generators 

DM8678 Bipolar Character Generator 
General Description 
The DM8678 is a 64-character bipolar character generator 
with serial output designed primarily for the CRT dis­
play marketplace, and packaged in a standard 16-pin DIP. 
The DM8678 incorporates several CRT system level 
functions, as well as a 7 x 9 or 5 x 7 row scan character 
font. The DM8678 performs the system functions of 
parallel to serial shifting, character address latching, 
character spacing and character line spacing. These 
system functions have required extra packages in the 
past. 

Shifted characters can be generated by the on-chip 
subtractor. 

The clear input and the load enable input are active low. 
Load enable is synchronous with the dot clock_ Both 
the line clock and the dot clock are positive edge­
triggered. When the address latch control signal is high, 

ROW SCAN 7x9 5x7 

DM8678BWF 

DM8678CAE 

DM8678CAB 

DM8678CAH 

DM8678CAD 

DM8678BTK 

DM8678CAS 

Block Diagram 

ADDRESS LATCH 
CONTROL 

A6 

A5 

A4 

AJ 

A2 

AI 

CO~~~~~----f-'\1 

LINE 
CLOCK 

fiDffi----------~ 

X 

X 

X 

X 

X 

X 

X 

DOT 
CLOCK 

64 X 64 BIT 
FONT 

MATRIX 

X 

X 

X 

X 

X 

LOAD 
mm 

X 

X 

OUTPUT 
mID 

the character addresses "fall through" the latch. And 
when the address latch control signal goes low, the 
character addresses are latched. 

Features 
• 64-character-row scan 

• 5 x 7 or 7 x 9 font 

• Shifted lower case descending characters 

• Serial output 

• 16-pin package 

• 16 MHz min clock rate 

• On-chip input latches 

• On-chip shift register 

• On-chip dot blanking 

• On-chip row blanking 

• TRI-STATE® output 

FONT PACKAGE 

Upper Case Block Letters N, J 

Shifted Lower Case Block N, J 

Upper Case Block Letters N, J 

Shifted Lower Case Block N, J 

Kata Kana N, J 

Upper Case Script Letters N, J 

IBM 3741 Selectric N,J 

Connection Diagram 

Order Number 
DM8678XXX/J 

AJ 

A2 

AI 

Dual-In-Line Package 

16 
VCC 

15 
A4 

A5 

See NS Package J16A ADDRESS LATCH 4 13 
A6 

Order Number 
DM8678XXX/N 

See NS Package N16A 

SERIAL 
OUTPUT 

CONTROL 

12 OUTPUT rnABTI 

LINE CLOCK 
II 

OUTPUT 

CLOCK CONTROL 
10 

LOAD mID 

GIIID DOT CLOCK 

TOP VIEW 

Logic Symbol 
ADDRESS LATCH 

CONTROL 
AI 

A2 

A3 

A4 

A5 
Ai 

LIlliE CLOCK 
CLOCK CONTROL 
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CD 
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Absolute Maximum Ratings Operating Conditions 
MIN MAX 

Supply Voltage 
Input Voltage \ 
Output Voltage 
Storage Temperature 

-o.5V to +7V Supply Voltage (Vee) 4.75 5.25 

-1.5V to +5.5V Ambient Temperature (T A) 0 +70 

Logical "0" Input Voltage (Low) 0 0.8 

Logical "1" Input Voltage (High) 2.0 5.5 
Lead Temperature (Soldering, 10 seconds) 

-o.5V to +5.5V 
--65° C to +150°C 

300°C 

DC Electrical Characteristics (Note 2) 

PARAMETER CONDITIONS MIN TYP MAX 

IlL Input Load Current, All Inputs VCC = Max, VIN = 0.45V -0.8 -1.6 

IIH Input Leakage Current, All Inputs VCC = Max, VIN = 2.4V 40 

II Input Leakage Current, All Inputs VCC = Max, VIN = 5.5V 1 

VOL Low Level Output Voltage VCC= Min, IOL = 16 mA 0.35 0.45 

VIL Low Level Input Voltage VCC';' Min 0.80 

VIH High Level Input Voltage VCC = Min 2.0 

Vc Input Clamp Voltage VCC = Min, liN = -12 mA -0.8 -1.5 

CIN Input Capacitance VCC = 5V, VIN = 2V, TA = 25°C, 4.0 

1 MHz 

Co Output Capacitance VCC = 5V, Vo = 2V, TA = 25°C, 6.0 

1 MHz, Output "OFF" 

ICC Power Supply Current VCC = Max, All Inputs Grounded, 115 145 

All Outputs Open 

TRI·STATE PARAMETERS 

ISC Output Short·Circuit Current Vo = OV, VCC = Max -15 -50 

1HZ Output Leakage VCC = Max, Vo = 0.45 to 2.4V, ±40 

Chip Disabled 

VOH Output Voltage High IOH = -2 mA 2.4 3.2 

AC Electrical Characteristics (With standard load) (Note 2) 

PARAMETER CONDITIONS MIN TYP MAX 

Access Time 

TOO Dot Clock to Output 35 55 

TEA Output Enable 20 45 

TER Output Disable 20 45 

Set·Up Time 

TSl Load to Dot Clock 40 25 

TS2 Address to Load 350 200 

TS3 Clear to Load 
See Switching Time Waveforms 

350 

TS4 Control to Line Clock 40 

TS5 Line Clock to Load 950 

TS6 Address to Address Latch 40 

Hold Time 

THl Load from Dot Clock 0 

TH2 Address from Load 0 

TH3 Control from Line Clock 100 

TH4 Address from Address Latch 40 

8·4 

UNITS 

V 

°e 

V 

V 

UNITS 

mA 

pA 

mA 

V 

V 

V 

V 

pF 

pF 

mA 

mA 

pA 

V 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

flS 

ns 

ns 

ns 



AC Electrical Characteristics (Continued) (With standard load) (Note 2) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Minimum Pulse Width 

TW1 Line Clock 40 ns 

TW2 Clear 40 ns 

TW3 Dot Clock See Switching Time Waveforms 30 ns 

TW4 Load 40 ns 

TW5 Address Latch 40 ns 

fMAX Maximum Clock Frequency 16 20 MHz 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for VCC = 5V and T A = 25°C. 

Standard Test Load 
VCC 

300 

lk 

• Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZOUT = 50 n, tr < 5 ns and tf < 5 ns (between 
1.0V and 2.0V). 

• TOO is measured with output enable at a steady low 
level. 

Switching Time Waveforms 
~TS6~~------------TH4------------~ 

3V------"'"' 
ADDRESS INPUT 

OV-----------J ~====~T;S2~==~------~-------~=-=-=-~~TH2 

ADDRESS 
LATCH CONTROL 

LINE CLOCK 

CLOCK CONTROL 

LOAD ENABLE 

DDT CLOCK 

OUTPUT ENABLE 

OUTPUT 
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co 
t; Truth Tables 
co 
:!! 
C 

a) Address Latch b) Output 

ADDRESS LATCH FUNCTION OUTPUT STATE OF 

CONTROL PERFORMED ENABLE THE OUTPUT 

0 Latched 1 Output Hi·Z 

1 Fall Through 0 Data Out 

c) 4-Bit Line Counter 

CLOCK CONTROL LINE CLOCK 

H .J" 
X X 

L X 
H """"L 

X = Don't care 

Definitions 

A 1-A6: Character address. A 6-bit code which selects 
1 of the 64 characters in the font. 

Clear: Active low clear for mod 16 row counter, (can be 
used to truncate mod 16 counter). 

Line Clock: Clock that advances the line counter. 
Advances counter on the low·to·high transition. 

Clock Control: Enables line clock when high and 
disables line clock when low. 

Functional Description 
To select a character, a 6-bit binary word must be 
present at the address inputs A 1-A6 when the add; ess 
latch contra) is high. This address can be latched by 
bringing the address latch control signal low after a 
40 ns set·up time. When the clear input receives a low 
pulse, the counter is reset to zero. The shift register can 
be loaded (TS2 ns) after the character is addressed. 
Data, representing one horizontal line of the addressed 
character, is available at the output when the load 
enable input is brought low. As shown in Figure 1, 
valid data arrives serially at the ou'tput. Dot clock 
pulses beyond that required to shift out one line of the 
character will add lows to the end of character. This 
provides a horizontal spacing between characters. 

Figure 2 shows how the counter sequences through the 
rows of addressed lines with the application of clock 
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CLEAR LINE COUNTER 

H Increment line counter 
L Asynchronous clear 

resets cou nter 
H Clock inhibited 
H No change on high·to· 

low clock edge 

Load Enable: Active low load command which routes 
data from the character ROM to the "D" inputs of the 
7-bit shift register.' 

Dot Clock: A low·to·high transitIOn of the dot clock 
loads the shift register if load enable is low or shifts 
data if load enable is high. 

Output Enable: An active low output enable. When high 
the output is in theHi·Z state. 

Output: A TTL TR I·ST ATE output buffer. 

pulses at the line clock input. Any additional line 
clocks beyond that required to display the character 
will put a vertical space between characters. This spacing 
can be truncated by bringing the clear input low. 
Detailed system application infomation is contained in 
application note AN-167 available from National. 

A two character display example is shown in Figure 3 
and a typical system timing waveform is shown in 
Figure 4. 

A chip select input is provided for expansion of the 
character font. The various standard fonts are shown in 
Figures 5, 6, 7, 8, 9 and 10. 



Functional Description (Continued) 

Character Cycle - ROM data corresponding to one 
line of characters is loaded into the shift register TS2 
after the ROM is addressed. When load enable goes low, 
ROM data is allowed to be present at the D input of 
the shift register via the MUX. The first bit of the ROM 
data is transferred to the output at the next low-to-high 
transition of the dot clock. After load enable goes back 
high, the second to seventh clock pulses shift out the 
rest of the selected row of the addressed character. 
Additional clock pulses will shift out low data used 
for spacing. 

V
" r 

LINE J 

CLOCK 

Line Cycle - The line counter is a mod 16 counter. 
A low-to-high transition of the line clock advances the 
line counter to the next count_ If, for any reason, the 
counts need to be truncated, a low signal at the Clear 
input resets the counter to zero. The clock control may 
be used as a line clock disable_ A high signal at the line 
clock control terminal enables the counter and a low 
signal disables the line clock_ 

CHARACTER _________ ....JX C AOORESS INPUT '__ _______________________________ _ 

DOT CLOCK 

[\ [\ 

OUTPUT / 

OUTPUT (SE~~~TE) 
------'" ~---~ ~-~ 

1-1 ~--------VALID OATA OUT ----------1 

Note. Output goes and stays low following the leading edge of the eighth Dot-Clock pulse until Load enable is enabled again and new parallel data 
is loaded into the shift register. 

CHARACTER 
ADDRESS 

INPUT ___ ~ _______ -+-' 

LINE 
CLOCK 

CLOCK 
CONTROL 

FIGURE 1. Character Cycle 

OISPLAY 
FIRST LINE 

OF N CHARACTERS 

FIGURE 2. Line Cycle 
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DISPLAY 
SECOND LINE 

OF N CHARACTERS 

DISPLAY 
THIRD LINE 

OF N CHARACTERS 
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co 
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Functional Description (Continued) 

!-.>--------TWO CHARACTER CYCLE --------.11 

Al~~----------------~ ________________ _ 
A2--------------------------------------------------

ASCII A3---, 
COD ED ...... --------------------... 

ADDRESS 
INPUTS A4 --, .. _______________ --' 

A6------------------------------------------------
LOAD L.-I 

ENABLE 

DOT 
CLOCK 

u u 
CLOCK LINE OUTPUT 

CO NTROL, CLOCK CLEAR ENABLE 

ADDITIONAL 
LINE COUNTS 

FOR VERTICAL 
SPACE 

FIGURE 3. Example of Two Character Display Timing 
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OJ 
<b 

CHARACTER 
ADDRESS* 

ADDRESS LATCH 
CONTROL* 

CLEAR 

LINE CLOCK 

CLOCK 
CONTROL 

LOAD 
ENASLE 

DOT CLOCK 

OUTPUT 

625n, CYCLE 

~~ 
350n, 

~~ 
350n, 

/ 
~ 950n, 

~40-""~ 

(16 MHz DOT RATE) 

*Shown here for operation with dynamic memory. For static memory operation the address latch control would be tied high and the character 
addresses would be stable between each address change occurring 350 ns before the high-to-Iow transition of Load enable. 

FIGURE 4. Typical System Timing Waveform. 

~ 
:::s 
o -C)" 
:::s 
~ 
C 
CD 
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c. 
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co 
....... Functional Description (Continued) 
CD 
CO 
~ lS: 000 001 010 011 100 101 110 111 

C 
IA6 A5 A4' 

LJu •••• O 
n8ODcm • 
• nooouo 
.OOODaD 

000 • 0(''lOOOLJ 
.000 ••• 
• 00000. 
O8Dna •• 
00 ••• 0_ 

001 lllil 
qfm~,~ 

010 
I 

III 
I I I 

011 

s~g;~~ 
100 

101 

l§~~~~ i~~~~t 

110 ~i~li DU08 
••• 0 

J llUO. 
UCla. 
unu • 
••• u 

: 1IIIil 
uuuuou 

iill! 
000[.100 
000000 
rJ[1O.UD 

111 0000000 
0000000 
ono.ouu 
DOOODOU 
[lo(JOODn 

FIGURE 5. DM8678BWF 

IS 000 001 010 011 100 101 110 111 

A6 A5 A4 ....... ....... UUU.11UU (lLlLJ["JLJU • .l]IIlJlJUU ....... uUU[J(1U • uuuoouo 
.C:lJl)llU. • llLJLlUUU rmu.non [JOOO[)[J • .OOOOUD • cCJnuu. [JrJO[1cn • 0000000 
.rlIHlI1LJ. • mJe]UUll [Jna.DUll DIJOGOO • U.O.OUll 80nOO08 O[]DOO.U OODDOUD 

000 
.CHlrHlLl. • LlnnOO[) IlllO.UUO [H)UllfJll • [1[] •• O[]O .Cl8D.08 oouoo.a uo ••• oo 
8LlLl:lUIJ. .mlDOULl [Joa.o[m (lnO[][)ll. DOll8Dllll • [--;lJ.Ull. nllOLJ.UD 08000.U 
.r;llOllU. • m][J[lUU lJUrJ.::JOll (1LJOCJ[Jll • OOLJ •• lJU .o.u.o. (1000.00 .o;:]o[']u. 
.rl11Llor~. • 1)fJOO[JU OrHJ.ocm Dl1DUI)'.J • oon.O.ll .nUODO. .oo.uuo .0DoOO. 
• ,I:llllll]. • ~JLHH)lln O[lU.LlU[l UnD[l[JU • OU~](IDD • .nuooo. U.o.O[lO .UrJlJOO • ....... • 11OU=:1Drl ....... ....... OfllJ:JOU • ....... DO.OoDU . ...... ....... [JD ••• UU nu ••• uu llU ••• LJU UlJ ••• ULJ [)uODUU. O ••••• u oouuuu. 
.r~(JLlUU. n.:l.o.::l n.rJ[ILJ.U IJ.LlllLJ.n IJ.U.o.o [loou(,n. O.UI]U.o nODOOO • 
• fHJ[JOU. .r)n.lJu. .UOQUO • • UOOUU • • llU.CU. [)[10lm.u 0.000.0 ooooou. 
.CHln[lrJ. • orl.oll. • r][Jllllll. .[IUoOO • .on.oo • rJ mJ Dc...:. 0 O.UOO.CJ 000000. 

001 ....... • nn •••• • ~lo •••• •••• uu • • ••• ou • nn ••••• n.oou.o . ...... 
• nrlnnL-'. • nllOCHI • • ::lO.OU. .Lla.DU • .[moou • OOofl.lJU [1.::J00.0 oanonu • 
• nrlnnci. .0ncJOLJ. • nU.llCI • .rJU.UI] • • OO[]O[l • • n[].UDU 0.000.0 nooooo. 
.~] ~ In;l(l. O.:J(I(J.U u.u.o.rl U.U.Il.U [1.(l(lO.[J U.U.OUfJ O.OCW.O OUO[lOO. ....... ou ••• ·,)[J flU ••• [lU nO ••• [H] Oll ••• nll no.nUDO •• 000 •• [1(luonn. 
••• ~J(IU[l ••• IJUUO ....... .UU.LJU. [lOO.UUO [Jlj(JC ••• UU ••• UO lI0 ••• UO 
•• [JnrILln flUlJ.non UUUllllnu .UO.lln. .on.oo. rJlln.flrlU a.ULJo.o a.ouo.o 
.r'.nCUD r~OO[].lJO rl,Jn[JOOO .LlO.UU • • on.oo. [IO.OoOU .00000. .ODoDU • 
[llHl.oun Donno.a rl~(JDUOO .:lU.UO. U ••••• Ll n.UUUlJO • C.O.O. .00000 • 

010 1]11Il.0()f1 ....... ....... • 11Cl.OU. [lml.OLlll ....... • no.uu • .DO.oll. 
umm.IHl oonl][J.u llUUUUlJO .LlO.LJrJ • • Q[].OU. 11.L1UOOU .0.0.0. .0Dono. 
oouoU.:J n[JOo.ou r-lnourlUU U.O.O.ll n ••••• ll oo.oouu .noooo. .nooon. 
llLHI:"'IU.:l n[Jn.,l[][l uaO[J[JUu UO ••• llU DUU.GUO UOU.[J(HJ o.ooo.u o.O[lo.n 
nr~(J:.J~l[ I. ••• UOU'J ....... nnrJ.uoo DUU.O[ll) noon ••• oo ••• ou nn ••• nu ....... UUU.llUU 11 ••••• U l.ll , ••• uu ....... ....... ....... ....... 
• ;1IJ(1[](1. nnu.o[Jo .rJ[J[]un. [1.OlIU.LJ • uu.ou. • uuu(m • .ooouu. .00.00 • 
U.~lllLJ.U n[m.ouo • UO[]lJoU .UOOOO. • 011.00. • 00000 • .llooOO • .00.00 • 
orl.n.DO o[m.ono • (lOOOoO .mJO[JCJ. • 00.00. .nODoa • .00000. .00.00 • 

011 Dnll.UI][l o ••••• u [l •• ouuo ....... •••• ou. • ••• 00. • 00 •••• .on •••• 
[jD.U.:IU UOCJ.Ouu LJDO.:::JOO .uuuuo. .0rJOou. • 00.00. .00.00. .0UOoU • 
O.(JUU.U \:Joo.oou UOO.UOU .()uoou. • 00000. • no.oo • .00.OLJ • .00000 • 
• [lnrlU[I. o:::m.o[Jo uaourJoCJ O.LJOO.U • onrlon • .O[J.OO. .00.00. .oonoo • ....... rJ[lll.D(Jll nO[].U(l(J nn ••• u[J ....... ....... . ...... ....... 
IILJ •• '.JU[] ULJU[J[)Ull .m:;LJllllU lJC1lJ[lUUll 11LJOon.u UULJL1[ILJU UOU •• C10 o ••• o.u 
flU •• II[JO nr1lJUOLJO .["l[lU[]Do OU[lU[]rJU Of)[]OO.[) (lLlLlll[)OO oo.uo.o .000 •• 0 
lHjil.UUO nrHlOoL::O .OOUOO(] [1000UUD [11J(lDo.n [lOnoOUO uO.OOO[) .0000.0 
D()flU.[]o ll •••• nll .11 ••• 00 n •••• uLJ n ••• O.ll n •••• oo no.aOOD .000 •• 0 

100 urlnrlOUU Olmoo.u •• UUu.o .[]Quu.o .nno •• u .ouur.:;.o ••••• 00 0 ••• 0.0 
OOllOourl O ••••• LJ ."-louo.n .OOOUU[J .0LJOO.U •••••• u oo.uooo 00000.0 
D:lnOUClLl .[JUOO.U .m]lJO.U .0[)llLJU[J .nooo.c) .[]uuU(JU oo.uoou ooooo.u 
rl~:l[lUUll .CI:l(lO.O •• ~]UO.U .OOOlJ.O .unU •• D .000[JUU Do.aOUeJ .uonn.o 
nllrlOLlllU n •••• r1. .[l ••• UO [l •••• Uf] D ••• ::J.U O •••• Oll 00.0000 o •••• ou 
.uuuuuo ()UUUOUU l)IJULj •• U .rlrJD[JlJO no •• oou [ll][JO[lULJ LJLJOOOoU uuuuuuu 
.nnn[JUo 11llo.rJOO OllUU[J.O .l][JU[JnLJ or][J.oon ooaormo O(1[Jllono 0000000 
.r~I)[)(]UO nrl[HJnUO nnOfJU.O .oouooo nnc.oco [loaoOllU 0000000 ()OoDOUO 

101 
.[l ••• [:lCl DU •• oUU nouou.n .[100.uo [lOO.O[lll ••• u •• o .U ••• OD 0 •••• 00 
•• l'1(]O.ll l]rlll.OUU (HloOo.o .no.uuo ODo.nUll .[JO.uu. •• OUll.a .0000.ll 
.onon.u aon.OUll [lOOuu.u .0.UUO[) OOIJ.OlJll .00.OU. .uooo.o .0000.0 
.nnoo.u (JOO.OOll [)OOO(J.U •• u.ouu (JoO.GOU .oo.ua. .nooo.a .0000.0 
.~;](10.Ll oen.ODD u.ooo.u .ooo.uu ouo.ouu .00.00. .oooo.u .uuoo.o 
.~lllLJo.n on ••• au on ••• oo .n[J[Hl.n DO ••• lln .00.00. .0000.0 0 •••• 00 .IJ ••• UD U ••• LJ.U l]lJO[lULJU Ll[l[J[jU(IU 1l00lJUUU IIiJooUUO Ollli[jODO UlJUOUOO 
•• '.luo.a .U[JU •• O ono()uno OU[JUUDD no.oooo nnooono oooonoo 0000000 
.rlrJOO.O .0000.0 110onOO[] nooooou oo.nouo flOoOOoo oooooou 0000000 
•• ~no.Cl .000 •• 0 .n ••• oo [l •••• OO ••••• no .nooo.o 0.000.0 .oonoo • 

110 • [] ••• ;Jl1 o ••• u.u •• 0UO.0 .[Juoo.o oo.nOUl] .nOllO.O n.ooo.o .00000 • 
.00HlnLlU OO[l[)O.U .OoOUU[) a •• DOUO OO.oOllU .OODO.O 0.000.0 .00.00. 
• ~]llO[Jllll onooo.[1 .noUO[]U onu •• ULJ Do.ooorJ .ouoo.U 0.000.0 .00.00 • 
• 'J(1l10UO OUllClO.[] .nlJUOou .DlloO.U oU.(JO.O .0OD •• ll oo.o.uo .::](].OO • 
.rll1UDUll omlon.n .OOOODO D •••• oO ooo •• on o ••• U.o 000.000 0 •• 0 •• 0 
LJUU(JUULJ .oooo.u ouuouoo [JUU •• UO uoo.ooo oc..; •• uuu U •• UODO 0.00.00 
mlOOOOO • 0000.0 000 Dono 00.0000 000.000 oOOU.oo .00.00 • .00.00. 
nnooooo .nooo.o noD 0000 00.0000 000.000 0000.00 0000 •• 0 00.00.0 

111 
.DOOo.O .000 •• 0 •••••• 0 [l[1.OOOO 0000000 0000.00 0000000 0.00.00 
[J.[lO.UU 0 ••• 0.0 [lOoo.uo 0.00000 0000000 00000.0 0000000 .00.00. 
oo •• uuu OOl]OO.U uuo.uoo 00.0000 000.000 aaoo.ou 0000000 00.00.0 
oo •• nou OOOOo.ll un.UUUll 00.0000 000.000 0000.00 0000000 0.00.00 
n.Ull.llD .ULllln.[) O.[][]O[JU 00.0000 000.000 oooo.uo 0000000 .00.00. 
.1J[1n[].u O •••• [HI ••• 11 •• 0 onn •• oo O[JOLJO[JO 00 •• 000 0000000 00.00.0 

"ShIfted characters (see FIgure 12) 

FIGURE 6. DM8678CAE 

Note. A "filled in" dot represents a high memory output. 
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Functional Description (Continued) 

IS 000 001 010 011 100 101 110 111 

A6 AS A4 

0 ••• 0 00.00 •••• 0 0 ••• 0 •••• 0 ..... ..... D •••• 
.000. 0.0.0 aODOB BODO. • 000 • .0000 .0000 .000 • 

000 
BoBO. • 000. .000 • • 0000 .000. 80000 .0000 .0000 
BO ••• .000. •••• 0 .0000 BODO • • ••• 0 •••• 0 .0000 
.0 •• 0 ..... BODO. • 0000 BODO • .0000 .0000 .00 •• 
• 0000 • 000. • 000 • .0DoB .000. .0000 .0000 .000 • 
D •••• .000. •••• 0 0 ••• 0 •••• 0 ..... .0000 D •••• 

• 000. 0 ••• 0 0000 • .000. • 0000 • 000 • .000 • 0 ••• 0 
.000. 00.00 0000. 800BO aoooo •• 0 •• .000 • aooo. 
• 000. 00.00 0000 • • 0.00 .0000 • 0.0 • ..00 • .000. 

001 ..... 00.00 0000. •• 000 .0000 • OBO • .0.0 • .000. 
.000. 00.00 0000. • 0.00 .0000 • 0.0 • .00 •• .000. 
.000. 00.00 .000. 800BO 80000 • 000. BODO • .000. 
.000. 0 ••• 0 0 ••• 0 • 000. . .... .000. .000 • 0 ••• 0 

•••• 0 0 ••• 0 •••• 0 0 ••• 0 ..... .000 • • 000. .000 • 
• 000. aOOOB Boooa • 000. BO.O. .000 • .000 • .000. 
.000. • 000. .000 • 80000 00.00 .000. .000. .000. 

010 •••• 0 .000. •••• 0 0 ••• 0 00800 .000 • 0.0.0 .0.0. 
• 0000 .0.0. .0.00 0000. 00.00 .000 • 0.0.0 .0.0. 
• 0000 .00.0 .00.0 .000. DOBOO .000 • 00.00 .0.0. 
• 0000 0 •• 0 • .000. 0 ••• 0 00.00 0 ••• 0 00.00 0.0.0 

• 000. .000 • ..... . .... 00000 . .... 00000 00000 
• 000. .000. 0000. ..000 .0000 000 •• 00000 00000 
0.0.0 O.OBO 000.0 •• 000 0.000 000 •• 00000 00000 

011 00.00 00.00 00.00 •• 000 00.00 000 •• 0 ••• 0 00000 
0.0.0 00.00 0.000 •• 000 000.0 000 •• .000 • 00000 
• 000. 00.00 .0000 ..000 0000. 000 •• 00000 00000 
• 000. 00.00 ..... . .... 00000 ..... 00000 ..... 
00000 00.00 0.0.0 0.0.0 00.00 •• 000 0.000 00.00 
00000 00.00 0.0.0 0.0.0 0 •••• •• 00. B0800 00.00 
00000 001100 0.0.0 ..... .0.00 000.0 .0.00 00.00 

100 00000 00.00 00000 0.0.0 0 ••• 0 00.00 0.000 00000 
00000 00.00 00000 ..... 00.0. 0.000 .0.0. 00000 
00000 00000 00000 0.0.0 •••• 0 .00 •• .00.0 00000 
00000 00.00 00000 0.0.0 00.00 000 •• 0 •• 0. 00000 

00.00 ooaoo 00.00 00000 00000 00000 00000 00000 
oaooo 000.0 .0.0. 00.00 00000 00000 00000 0000. 
.0000 0000. 0 ••• 0 00.00 00000 00000 00000 000.0 

101 .0000 0000. 00.00 ..... 00000 ..... 00000 00.00 
.0000 0000. 0 ••• 0 00.00 00.00 00000 00000 0.000 
0.000 000.0 .0.0. 00.00 00.00 00000 00000 .0000 
00.00 00.00 00.00 00000 0.000 00000 00.00 00000 

0 ••• 0 DOBOO 0 ••• 0 ..... 000.0 ..... DO ••• ..... 
.000. 0 •• 00 • 000. 0000. 00 •• 0 .0000 0.000 DODD • 
aDD •• 00.00 DODD. 000.0 0.0.0 •••• 0 .0000 DODD. 

110 .0.0. 00.00 o.a.o 00 •• 0 • 00.0 DODO • • ••• 0 000.0 
•• 00. 00.00 .0000 DODO. ..... 0000 • .000 • 00.00 
• 000. 00.00 .0000 .000. 000.0 .000. .000 • 0.000 
0 ••• 0 0 ••• 0 ..... 0 ••• 0 000.0 0 ••• 0 0 ••• 0 .0000 

0 ••• 0 0 ••• 0 00000 00000 000.0 00000 0.000 0 ••• 0 
BODO. .000. 00000 00000 00.00 00000 00.00 .000. 
.000. BODO. 00.00 00.00 0.000 ..... 000.0 DODD. 

111 0 ••• 0 o •• c. 00000 00000 .0000 00000 DODO. 00 •• 0 
_OoOB DODD. 00.00 00.00 0.000 ..... 000.0 00.00 
.000. 000.0 00000 00.00 00.00 00000 00.00 00000 
0 ••• 0 ••• 00 00000 0.000 000.0 00000 0.000 00.00 

FIGURE 7. DM8767CAB 

IS 000 001 DID 011 100 101 110 111 

A6 AS A4 ..... ..... OOBOD 0000. .0000 . .... 0000 • 00000 
• 000. .0000 00.00 DoOOB BOBOD BODO. 0000 • 00000 

DOD 
flOOO. 80000 00.00 0000. O.BOD •• 0 •• 000.0 00000 
BODO. BoOOo 00.00 0000. OOBOD :~~~: 000.0 0 ••• 0 
BODO. 80000 00800 0000. 00 •• 0 • 0800 BODO • 
BODO. 80000 00.0[1 0000. OoBOB BODOB • 0.00 BODO • ..... • 0000 ..... ..... 0000 • ..... 0.000 ..... ..... 0 ••• 0 0 ••• 0 0 ••• 0 0 ••• 0 DODD. 0 ••• 0 0000. 
BODO. Boao. BODO. BODO. BOBO. 0000. 0.0.0 DODD. 
• 000. BOBO. BODO. BODO • BOBO. ODOBO aBaBa Doooa 

001 ..... • 0 ••• .0 ••• • •• 0 • • •• 0 • 00 ••• 0.0.0 . .... 
• 000. • 000. ao.o. .0.0 • .000 • .0.00 080.0 DODD. 
• 000. • 000. • 0.0. .0.0 • .000 • .0.00 0.0.0 DODD • ..... 0 ••• 0 0 ••• 0 0 ••• 0 oa •• o 0.000 •• 0 •• 0000 • 

••• 00 •• 000 ..... .0.0. 00000 000 •• 0 ••• 0 0 ••• 0 
•• 000 00.00 00000 • 0.[]8 • 080. 00.00 .000 • .000 • 
• 0.00 000.0 00000 80.0. .0.0. 0.000 •• 0 •• .000 • 

DID 888:8 ~~~:~ ..... ~~:~~ ~~:~~ ..... :~~~: .0.0. 
00000 0.000 .000. 

0000. 00.00 00000 0 ••• 0 o ••• u 00.00 .000. .000. 
DODO. •• 000 ..... 00.00 00.00 000 •• 0 ••• 0 0 ••• 0 ..... 00.00 0 ••• 0 0 ••• 0 ..... ..... . .... ..... 
• 000. 00.00 • 000. • 000 • • 0.0 • • 000 • .000 • .0.0. 
0.0.0 00.00 • 0000 • ouo • • 0.0 • .000. • 000 • .0.0 • 

011 00.00 0 ••• 0 0.000 ..... ••• 0 • ••• 0. • 0 ••• .0 ••• 
0.0.0 00.00 00.00 • O[]u. • 000 • .0.0. • 0.0 • .000 • 
.000. 00.00 00000 • 000. • 000 • • 0.0 • .0.0 • .000 • ..... 00.00 00.00 0 ••• 0 ..... ..... . .... ..... 
0.000 00000 .0000 00000 0000. 00000 000.0 0 •••• 
00.00 OoOOD .0000 (][]ono DUOO. 00000 00.00 .000. 
000.0 0 ••• 0 •••• 0 [J •••• D •••• 0 ••• 0 00.00 .000. 

100 00000 B~~~: .000. .0000 :~gg: :~~~: 0 ••• 0 ~~~~: 00000 .000. .0000 00.00 
00000 .oooa .000. aooo[] • 000. .0000 00.00 0000 • 
00000 0 •••• • ••• 0 0 •••• 0 •••• 0 ••• 0 00.00 00 •• 0 

.0000 00.00 000.0 0.000 0 •• 00 00000 00000 00000 

.0000 00000 00000 0.000 00.00 00000 00000 00000 
•••• 0 0 •• 00 000.0 0.00. [10.00 •• 0.0 •••• 0 0 ••• 0 

101 .000. 00.00 ouo.o 0.0.0 00.00 • 0.0. .000. aooo • 
aooo. 00.00 000.0 0 •• 00 0[].00 .0.0. aooo. aooo. 
.uoo. 00.00 .00.0 0.0.0 oo.on • 0.0. .000. .000 • 
.000. 0 ••• 0 0 •• 00 0.00. o.a.o • 0.0. .000 • 0 ••• 0 

•••• 0 0 •••• 00000 00000 00000 00000 00000 00000 
.000. .000. 00000 00000 ooaoo 00000 00000 00000 
• 000. aooo. 0.0 •• 0 •••• 0 ••• 0 .000 • • 000. .000 • 

110 :~~~~ .000. 0 •• 00 .0000 00.00 aooo. :888: .000. 
0 •••• 0.000 0 ••• 0 00.00 .000. .oao. 

.0000 0000. 0.000 OODU. 00.00 .000. 0.0.0 .0.0. 

.0000 DODO. 0.000 •••• 0 000.0 0 ••• 0 00.00 0.0.0 

00000 • 000. 00000 000.0 00.00 0.000 0000 • 0.0.0 
00000 aooo. 00000 00.00 00.00 00.00 0 ••• 0 ao.o. 
.000. • 000. m •••• 00.00 00.00 00.00 .0000 0.0.0 

111 0.0.0 .000. 000.0 0.000 00000 000.0 00000 .0.0. 
00.00 0 •••• 00.00 00.00 00.00 00.00 00000 0.0.0 
0.0.0 0000. 0.000 00.00 00.00 00.00 OOoOD .oao. 
.000. 00 •• 0 . .... 000.0 00.00 0.000 00000 0.0.0 

,.. Shifted characters (see Figure 13) 

FIGURE 8. DM8678CAH 
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~ 000· 001 010 011 100 101 110 111 

A6 A5 A4 

000 
I ;i~~~~ 
I §i§~g 
; ..... 

001 

II!III i~~~~~ 

~iim~ , !99~~ I !!~~~~ 
010 

l~~~~~! 

i~~i~~ 
011 

I----

ill iii 100 

I----

i!!111 
101 i;m! 

iiii~§ ig§~~~ 
!~~!,,~ 

I III III! 
.110 

111 

I lull 
FIGURE 10. DM8678BTK 
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Functional Description (Continued) 

ts: 000 001 010 011 100 101 110 111 

IA6 AS A4' 

I 
II 

li~~~~i 
1;1 

I 
I I H I I 

I II 

000 

I 
I 

!5~~~~i II 

I I 
I I I 

: I I 
001 

I I 
I 

I 

I •• ~.' 
II 

i!il,~! 
.rJuurl 
aDOUD 

010 
.[1UOuo. 
annouu • 
• oouuo • 

I 
• [1fJUoo. 
aOo[J(]u. 
n ••••• LJ 

I" !~~;;~m 

011 
I 

I 
I 

I I 

I 
I 

100 

I 
I 

101 I ~~~;~ 

110 
:~mg 

111 

IU~~~ ~ni~ I 
FIGURE 11. DM8678CAS 

FIGURE 12. Shifted Characters for CAE FIGURE 13. Shifted Characters for CAH 
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Ordering Information (For special character font for device DM8678). 

CUSTOMER CARD INPUT FORMAT 

Column 1-3 
2-digit character address, from 0-63 preceded by 
a letter "C". 

Column 4 
Blank 

Column 5-6 
1-digit line address, from 0-8, preceded by a let­
ter "L". 

Column 7 
Blank 

Column 8-14 
Row data which represents one horizontal row of 
dots at the specified line address and character 
address, with first dot at Column 8 and seventh dot 
at Column 14. Character for TTL high level is 1, 
for low level is O. 

Column 15 
Blank 

Column 16 
Tag bit-O for normal character and 1 for shifted 
character only. 

Truth Table Input Format 
CHARACTER LINE 

Column 17 
Blank 

Column 18 
Row SUM-Total number of "1 's" presents in row 
data and tag bit expressed in decimal. 

"TB" CARD FORMAT (total of eight cards) 

Immediately following the data cards, there should be 
"TB" cards to indicate the column sum. 

Column 1-2 
The character "TB". 

Column 3 
1-digit corresponding to Dot number. Use number 8 
for tag bit. 

Column 4 
Blank 

Column 5-7 
Column SUM-Total number of "1 's" in column 
expressed in decimal. 

DOT DATA 
ADDRESS ADDRESS 01,02,03,04,05,06,07 

TAG BIT SUM 

0 0 
0 1 
0 2 
0 3 
0 4 
0 5 
0 6 
0 7 
0 8 
1 0 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 
2 0 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 8 

TB 
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~National Character Generators 
~ Semiconductor 
DM76S64/DM86S64 Bipolar Character Generator 
General Description 
The DM76S64/DM86S64 is a 64-character bipolar 
character generator with serial output designed primarily 
for the CRT display marketplace, and packaged in a 
standard 16-pin DIP. The DM76S64/DM86S64 incor­
porates several CRT system level functions, as well as a 
7 x 9 or 5 x 7 row scan character font. The DM76S64/ 
DM86S64 performs the system functions of parallel 
to serial shifting, character address latching, character 
spacing and character line spacing. These system func­
tions have required extra packages in the past. 

the character addresses "fall through" the latch. And 
when the address latch control signal goes low, the 
character addresses are latched. 

Features 
• 64-character-row scan 

• 5 x 7 or 7 x 9 font 

• Custom fonts available with shift options 

Shifted characters can be generated by the on-chip 
subtractor. 

The clear input and the load enable input are active low. 
Load enable is synchronous with the dot clock. Both 
the line clock and the dot clock are positive edge­
triggered. When the address latch control signal is high, 

7x9 5x7 
DM76S64BWF/DM86S64BWF X 
DM76S64CAE/DM86S64CAE X 
DM76S64CAB/DM86S64CAB X 
DM76S64CAH/DM86S64CAH X 
DM76S64ACS/DM86S64ACS X 
DM76S64ANC/DM86S64ANC X 

• Serial output 

• 16-pin package 

• 35 MHz typ clock rate 

• On-chip input latches 

• On-chip shift register 

• On-chip dot blanking 

• On-chip row blanking 
., TRI-STATE® output 

FONT 
Up er Case Block Letters 
Shifted Lower Case Block 
Upper Case Block Letters 
Shifted Lower Case Block 
ASC II Character Set 
ASCII Numerals and Control 

PACKAGE 
N, J 
N, J 
N, J 
N, J 
N, J 
N, J 

Block Diagram Connection Diagram 
ADDRESS LATCH 

CONTROL 

A5 

A4 

A3 

A2 

Al 

AD 

CO~~~~~ ----',1 

LINE 
CLOCK 

CLEAR-------~ 

* alpha pattern designators 

OOT 
CLOCK 

64 X 64 BIT 
FONT 

MATRIX 

LOAD 
ENABLE 

Order Number 
DM76S64XXX* IJ 

or DM86S64XXX*/J 
See NS Package J16A 

Order Number 
DM76S64XXX* IN 

or DM86S64XXX* IN 
See NS Package N16A 

OUTPUT 
ENABlE 
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SERIAL 
OUTPUT 

Dual-In-Line Package 

16 
A2 VCC 

Al 
15 

A3 

AD 
14 

A4 

AOORESS LATCH 4 
CONTROL 

13 
A5 

CLEAR OUTPUT ENABLE 

LINE CLOCK OUTPUT 

lD 
CLOCK CONTROL LOAO ENABLE 

GNO DOT CLOCK 

TOP VIEW 

Logic Symbol 
ADDRESS LATCH 

CONTROL 
AD 

Al 

A2 

A3 

A4 

A5 

LINE CLOCK 
CLOCK CONTROL 



Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage 
Input Voltage 
Output Voltage 
Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

-{l.5V to +7V 
-1.5V to +5.5V 
-{).5V to +5.5V 

--65°C to +150°C 
300°C 

Supply Voltage (Vee) 
DM76S64 
DMS6S64 

Ambient Temperature (T A) 
DM76S64 
DMS6S64 

Logical "0" Voltage 

Logical "1" Voltage 

DC Electrical Characteristics (Note 2) 

PARAMETER CONDITIONS MIN 

IlL Input Load Current VCC = Max, VIN = 0.45V 

IIH Input Leakage Current VCC = Max, VIN = 2.4V 

II Input Leakage Current VCC = Max., VIN = 5.5V 

VOL Low Level Output Voltage VCC = Min, IOL = 16 mA 

VIL Low Level Input Voltage VCC = Min 

VIH High Level Input Voltage VCC = Min 2.0 

Vc Input Clamp Voltage VCC = Min,IIN = -12 mA 

CIN Input Capacitance VCC = 5V, VIN = 2V, TA = 25°C, 

1 MHz 

Co Output Capacitance VCC = 5V, Vo = 2V, T A = 25°C, 

1 MHz, Output "OFF" 

ICC Power Supply Current VCC = Max, All Inputs Grounded, 

Output Open 

TRI·STATE PARAMETERS 

ISC Output Short·Circuit Current Vo = OV, VCC = Max -15 

1HZ Output Leakage VCC = Max, Vo = 0.45 to 2.4V, 

Chip Disabled 

VOH Output Voltage High IOH = -2 mA 2.4 

AC Electrical Characteristics (Note 2) 

DM76S64 
PARAMETER CONDITIONS 

MIN TYP MAX MIN 

Access Time 

TOO Dot Clock to Output 25 50 

TEA Output Enable 10 35 

TER Output Disable 13 35 

Set·Up T;me 

TSl Load to Dot Clock 25 7 20 

TS2 Address to Load See 335 54 2S0 

TS3 Clear to Load Switching 335 14 2S0 

TS4 Control to Line Clock Time 50 -10 40 

TS5 Line Clock to Load Waveforms 1140 156 950 

TS6 Address to Address Latch 50 6 40 

Hold Time 

TH1 Load from Dot Clock 5 -6 0 

TH2 Address from Load 0 -14 0 

TH3 Control from Line Clock 120 23 100 

TH4 Address from Address Latch 50 3 40 

8·16 

MIN 

4.5 
4.75 

-55 
0 

0 

2.0 

TYP 

0.35 

-{l.S 

4.0 

6.0 

SO 

3;2 

DM86S64 

TYP 

25 

10 

13 

7 

54 

14 

-10 

156 

6 

-6 

-14 

23 

3 

MAX UNITS 

5.5 V 
5.25 V 

+125 °c 
+70 °c 

O.S V 

5.5 V 

MAX UNITS 

-SOO pA 

40 pA 

1 mA 

0.45 V 

O.SO V 

V 

-1.5 V 

pF 

pF 

140 mA 

-70 mA 

±40 pA 

V 

UNITS 
MAX 

40 ns 

30 ns 

30 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



AC Electrical Characteristics (Continued)' (Note 2) 

DM76S64 DM86S64 
PARAMETER CONDITIONS UNITS 

MIN TYP MAx MIN TYP MAX 

Pulse Width 

TWI Line Clock 50 12 40 12 ns 

TW2 Clear 50 6 40 6 ns 

TW3 Dot Clock 25 12 20 12 ns 

TW4 Load 40 8 30 8 ns 

TW5 Address Latch 50 22 40 22 ns 

fMAX Clock Frequency 18 35 22 35 MHz 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These I imits apply over the entire operating range unless stated otherwise. All typical values are for V CC ; 5V and T A ; 25° C. 

Standard Test Load 

Switching Time Waveforms 

3V------_ 
ADDRESS INPUT 

Vec • Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZOUT = 50 n, tr < 5 ns and tf < 5 ns (between 
1.0V and 2.0V). 

• TDO is measured with output enable at a steady low 
level. 

~~-------------TH4------------~~ 

OV ------..1 t-II----+- TS2 

ADDRESS 
LATCH CONTROL 

LINE CLOCK 

CLOCK CONTROL 

LOAO ENABLE 

DOT CLOCK 

OUTPUT ENABLE 

OUTPUT 

TW3-+----I 
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Truth Tables 

A) ADDRESS LATCH 

ADDRESS LATCH FUNCTION 
CONTROL PERFORMED 

0 Latched 

1 Fall Through 

B) OUTPUT 

OUTPUT STATE OF 

ENABLE THE OUTPUT 

1 Output Hi-Z 

0 Data Out 

C) 4-BIT LINE COUNTER 

CLOCK CONTROL LINE CLOCK 

H ---' 
X X 

L X 

H ~ 

X = Don't care 

Definitions 

AD-A5: Character address_ A 6-bit code which selects 
1 of the 64 characters in the font. 

Clear: Active low clear for mod 16 row counter, (can be 
used to truncate mod 16 counter). 

Line Clock: Clock that advances the line counter. 
Advances counter on the low-to-high transition. 

Clock Control: Enables line clock when high and 
disables line clock when low. 

8·18 

CLEAR LINE COUNTER 

H Increment line counter 
L Asynchronous clear 

resets cou nter 
H Clock inhibited 
H No change on high-to-

low clock edge 

Load Enable: Active low load command which routes 
data from the character ROM to the "D" inputs of the 
7-bit shift register. 

Dot Clock: A low-to-high transition of the dot clock 
loads the shift r!!gister if load enable is low or shifts 
data if load enable is high. 

Output Enable: An active low output enable. When high 
the output is in the Hi-Z state. 

Output: A TTL TRI-STATE output buffer. 



Functional Description 

To select a character, a 6-bit binary word must be 
present at the address inputs AO-A5 when the address 
latch control is high. This address can be latched by 
bringing the address latch control signal low after a 
40 ns set-up time. When the clear input receives a low 
pulse, the counter is reset to zero. The shift register can 
be loaded (TS2 ns) after the character is addressed. 
Data, representing 1 horizontal line of the addressed 
character, is available at the output when the load 
enable input is brought low. As shown in Figure 1, 
valid data arrives serially at the output. Dot clock 
pulses beyond that required to shift out 1 line of the 

LlNE~ r J 

CLOCK V 

character will add lows to the end of character. This 
provides a horizontal spacing between characters. 

Figure 2 shows how the counter sequences through the 
rows of addressed lines with the application of clock 
pulses at the line clock input. Any additional line 
clocks beyond that required to display the character 
will put a vertical space between characters. This spacing 
can be truncated by bringing the clear input low. 
Detailed system application infomation is contained in 
application note AN-167 available from National. 

CHARACTER X C 
AODRESS 

�NPUT ________________ ~ ~ __________________________________________________________ __ 

DOT CLOCK 

f\ f\ OUTPUT / 

OUTPUT (SE~~~TE) 
-------' ~---~ ~-~ 

~I---------VALID DATA OUT---------jl 

Note. Output goes and stays low following the leading edge of the eighth Dot-Clock pulse until Load enable is enabled again and new 
parallel data is loaded into the shift register. 

CHARACTER 
ADDRESS 

INPUT ____________________ -j...J 

LINE 
CLOCK 

CLOCK 

FIGURE 1. Character Cycle. 

CONTROL ____________________ --1 __________________ -1 

DISPLAY 
FIRST LINE 

OF N CHARACTERS 

FIGURE 2. Line Cycle 
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DISPLAY 
SECOND LINE 

OF N CHARACTERS 

OISPLAY 
THIRD LINE 

OF N CHARACTERS 



~ 
CD 
(J) 
CD 
CO 
~ 
C 
~ 
CD 
(J) 
CD r--. 
~ 
C 

Functional Description (Continued) 

A two character display example is shown in Figure 3 
and a typical system timing waveform is shown in 
Figure 4. 

A chip select input is provided for expansion of the 
character font. The various standard fonts are shown in 
Figures 5, 6, 7, 8, 9 and 10. Descending characters 
in the 5 x 7 fonts are shifted by virtue of their place­
ment in the matrix. Descending characters in the 7 x 9 
fonts are shifted (by the on·chip line shifter/ 
counter) the number of lines indicated by the number 
in the upper left hand corner of the character drawings 
in the figures. 

Character Cycle - ROM data corresponding to 1 
line of characters is loaded into the shift register TS2 
after the ROM is addressed. When load enable goes low, 
ROM data is allowed to be present at the D input of 

the shift register via the MUX. The first bit of the ROM 
data is transferred to the output at the next low-to·high 
transition of the dot clock. After load enable goes back 
high, the second to seventh clock pulses shift out the 
rest of the selected row of the addressed character. 
Additional clock pulses will shift out low data used 
for spacing. 

Line Cycle - The line .counter is a mod 16 counter. 
A low-to·high transition of the line clock advances the 
line counter to the next count. If, for any reason, the 
counts need to be truncated, a low signal at the crear 
input resets the counter to zero. The clock control may 
be used as a line clock disable. A high signal at the line 
clock control terminal enables the counter and a low 
signal disables the line clock. 

\-O----------TWO CHARACTER CYCLE ---------I 
AD~~--------------~~--------------~ 

A1-----------------------------------------------
ASCII 

CODEO 
ADORESS 

INPUTS 

A2 --, ... _______ _ 

A3---,~ _______ ~ 
A4~ 

A5-------------------------------------------------
LOADl..J 

ENABLE 

DOT 
CLOCK 

u u 
CLOCK LINE OUTPUT 

CD NTROL CLOCK CLEAR ENABLE 

ADDITIONAL 
LINE COUNTS 

FOR VERTICAL 
SPACE 

FIGURE 3. Example of Two Characters Display Timing 
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(Xl 

~ 

CHARACTER 
ADDRESS' 

ADDRESS LATCH 
CONTROL' 

CLEAR 

LINE CLOCK 

CLOCK 
CONTROL 

LOAD 
ENABLE 

DDT CLOCK 

OUTPUT 

455 n' CYCLE 

~~ 
[--40- -40-j 

ZBOn, 

- -
r-' 

~~ 
ZBOn, 

I J 
~ 950n, 

~ .... ~ 
I 

f-JO- -~'\ ~ ~ k$'d 

(Z2 MHz DDT RATE) ~ 

-40 X-x X ~ X r-
--- - - I .-1 

VALID DDT DATA LOW FOR SPACE 

·Shown her~ for operation with dynamic memory. For static memory operation the address latch control would be tied high and the character 
addresses would be stable between each address change occurring 280 ns before the high-to-Iow transition of Load enable. 

FIGURE 4. Typical System Timing Waveform 

~ 
:l 
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:l 
D) 

c 
CD 
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'C -O· 
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~ 
CD Functional Description (Continued) en 
CD 
CO 
:l!E 00 ••••• 00 00000000. 0.0000000 0 ••• 00000 ......... . ........ 000000000 0.00.00.0 c 0.00000.0 00000000. 00.000000 .000.0000 0000.0000 .000.000. 0000 •••• 0 00.00.00 • 

.0000000. 00000000. 000.00000 • 000.0000 0000.0000 .00080008 000.0000. .00.00.00 

.0000000. OOooooooa 000080000 .0000 •• 0. 0000.0000 ••••• 000. 000.0000. 0.00.00.0 

~ .0000000. 00000000. 00000.000 .00000000 0000.0000 .Oooooooa 000.0000. 00.00.00 • 
0800000.0 00000000. 000000.00 • 00000000 0000.0000 .0000000. 000.0000. .00.00.00 

CD 
00 ••••• 00 000000008 0000000.0 0.0000000 oOOO.OoOU ......... 0000 •••• 0 0.00.00.0 ......... 000000.00 000000000 000000000 00000000. . ........ 000000000 0.0000000 en 000000.00 00000.000 000000000 000080000 ......... .000.000. 0000 ••••• 00.000000 
00000.000 0000.0000 000000000 000.08000 • 00000000 .000.000 • 000.00000 00.000000 

CD 0000.0000 000.00000 00000000. 00.000.00 • 00000000 .000 ••••• 000.00000 0.0000000 
000.00000 0000.0000 000000000 0.00000.0 • 00000000 .0000000 • 000.00000 .00000000 

t-.. 00.000000 00000.000 000000000 .0000000. ......... aOOoOODO • 0000.0000 .00000000 ......... 000000800 000000000 000000000 00000000. . ........ 000 •••••• 0.0000000 

:l!E ......... ......... 0000.0000 000.00.00 •• 00.0000 . ........ 0000 ••••• 000000000 
00.000000 ......... 0000.0000 000.00.00 00 ••• 0000 .0000000. 000.00000 0000.0000 

C 000.00000 .00000Uo. 0000.0000 000.00.00 0000 •• 000 .0000000. 000.00000 0 ••• 0 ••• 0 
0000 ••• 00 .0000000. 0000.0000 000.00.00 0000.0 •• 0 .~oo ••••• [JoDo ••••• .0000000. 
000.00000 .0000000. 0000.0000 888:88:88 0000.000. .000.000. 000.00000 .0000000. 
[JU.oOOOOO .0000000. 0000.0000 0000000.0 .ono.ooo. 000.00000 000000000 ......... .0000000. 0000.0000 000.00.00 000000.00 . ........ 000 •••••• 000000000 

00000000. 0000000.0 000000000 000000000 00 ••••• 00 . ........ 000000000 000000000 
00000000. 000000.00 000000000 .0000000. 0.00000.0 .0000000. 000000000 000000000 
00000000. 00000.000 000000000 0.00000.0 • 0000000. .0000000. 00000000 • 000000000 
00000000. 0000.0000 000000 •• 0 00.000.00 ••••• 000. ••••• 000 • . ........ • •• 00 ••• 0 
OoO(JOOOO. 000.00000 OoO(JOOoo. 000.0.000 aooo.ooo. .000.000. .0000000. 000000000 
00000000. 00.000000 000000000 0000.0000 0.00.00.0 .000.000. 000000000 000000000 ......... 0.0000000 000000000 000000000 00 ••••• 00 ......... 000000000 000000000 

.0000000. .0000000. 0000.00::J0 000000000 00 ••••• 00 00 ••••• 00 000000000 000000000 
0.00000.0 .0000000. 0000.0000 000000000 0.00000.0 0.00.00.0 00000000. 000000000 
00.000.00 .oooooon. 0000.0000 000000000 .0000000. .000.000. 000.000.0 .0000000. 
000.0.000 .0000000_ 0 ••••••• 0 000.00 •• 0 .000 ••••• .000.000. 0000.0.00 .0000000. 
0000.0000 .[.JoOQoOO. nnOO.OODO 00000000. ~[JOO.OOO. .000.000. 00000.000 0 ••• 0 ••• 0 
00000.000 ......... oooo.oeoo 000000000 (J.oo.OO.O U.UU.OU.O [JUoUoo.OO 0000.0000 ......... . ........ 0000.0000 000000000 00 ••••• 00 [JO ••••• OO ......... 000000000 

••••••• 00 •• 000000. 0.00000.0 000000000 00 ••••• 00 0.0000000 000000000 000000000 
0000000.0 .0.00000. 00.000.00 000000000 0.00.00.0 .00000000 •••••••• 0 000.0000. 
00000000. .oo.ooooa 000.0.000 000000000 • 000.000. .00000000 .0000000 • 000 •• 000. 

..: 00000000. .000.000. ......... 000.00.00 • 000 ••••• .0000 •• 0. 00000000 • 000.0.00 • 
00000000. .0000.00. 000.0.000 000000000 • 0000000. .000.0000 00000000 • 000.00.0. 
0000000.0 .00000.0. 00.000.00 000000000 0.00000.0 .000.0000 0000000.0 000.000 •• 
000000.00 .000000 •• 0.00000.0 000000000 00 ••••• 00 0 ••• 00000 NoODoOooOo 000.0000 • 

000'000000 • 1.0000000 OOOO:JOOOO 0 •••••• 00 00 ••••• 00 000000000 000000000 000000000 
000000000 00.000000 OOOOOOO:JO .00.000.0 0.00.00.0 0000.0000 000000000 •••••••• 0 
.0000000. 000.00000 00 ••••• 00 .000.000. u.. • 000.000. 0000.0000 00000000 • 000.0000. ......... 0000 ••••• 0.00000.0 .000.000. ••••• 000. . ........ 0.0 •••••• 0000.000 • W 
• 0000000. 000.00000 .0ODOOOU • • 000.000. ~ .0000000. 0000.0000 000.0000. 0000.000 • ct 000000000 00.000000 000000000 • 000.000. 0.00000.0 0000.0000 000000000 0000.000. 
000000000 •• 0000000 000000000 0 ••• 000.0 ttl 00 ••••• 00 000000000 000000000 N •••• ooo.o lJ 

'<t '<t ......... •• 00000 •• 000000800 0 •• 000 •• 0 to ......... ..00000 •• 000000000 000000000 to 
0000.0000 00.000.00 000000000 .00.0.00. (/) • 000.000. .0.000.0 • 0000 ••••• 000.0000. (/) 
0000.0000 000.0.000 • 0000000. .000.000 • to .000.000. .00.0.00. 000.00000 0000.00.0 to-
0000.0000 0000.0000 0.00000.0 .000.000. co .000.000. .000.000. 000.00000 00000 •• 00 co 
0000.0000 000.0.000 00 ••••• 00 .000.000. ::2: .000.000. .00.0.00. 000800000 00000 •• 00 ::2: 0000.0000 00.000.00 000000000 .00.0.00a .000.000. .0.000.0. 0000.0000 0000.00.0 ......... •• 00000 •• 000000000 0 •• 000 •• 0 e ......... ..00000 •• . ........ 000.0000. c 
0.000 •••• • ••••••• 0 000000000 ••• 000000 u.. 00000 •••• 00 ••••• 00 000000000 000 ••••• 0 w 
.0000.0.0 00000000. 000000000 .00.00000 ~ 0000.000. 0.00000.0 • ••••••• 0 00000000 • ct 
.0000.00. 000000080 •• 0000000 • 000.0000 ttl 000.0000. .0000000 • 0.0.0000. 00000000. lJ .0000000. 0000 ••• 00 ••• 000000 • 0000.000 000.0000. .000.000 • .000.000. 00000 ••• 0 
.0000000. 0000000.0 000.00000 • oooooaoo '<t oooaoooo. aooooooo. .000.000 • 00000000. '<t 
0.00000.0 00000000. 000000000 • 000000.0 to 0000.000. 0.00000.0 .000.000 • 00000000. to 
00 ••••• 00 •••••••• 0 000000000 .0000000. (/) 00000 •••• 00 ••••• 00 NO ••• ooo.o 000 ••••• 0 (/) 

to to 
.00000000 ••• 000000 00000000. 0.000 ••• 0 r-.. •• 0000000 00 ••••• 00 000000000 000000000 r-.. 
.00000000 000 ••• 000 00000 ••• 0 .000.000. ::2: 00 •• 00000 0.00000.0 0.0000000 000 •••• 00 ::2: • 00080000 000000 •• 0 000000.0. • 000.000 • 0000 •• 000 .00.0.00 • .000.0000 0000000.0 
• 000.0000 00000000. 0 •• 00.00. 8000.000 • C 000000 •• 0 .000.000. .000.0000 00000000. C 
• 000.0000 000000 •• 0 • 00 •• 000. • 000.000 • 

Lri 
00000000. .00.0.00 • 0 •••••••• 0000000.0 to • 000.0000 000 ••• 000 .00 •• 000. 0.000.00 • 0000000.0 0.00000.0 0000.0000 000 •••• 00 ......... • •• 000000 0 •• 00 ••• 0 00 •••••• 0 

W 
000000.00 00 ••••• 00 0000.0000 000000000 

W 
.0000000. ••••••• 00 0.00000.0 • 0000 ••• 0 c:: . ........ .000.000 • 000000000 000000000 c:: 
• 0000000. 0000000.0 00.000.0. .000.000. ::::l • 0000000 • .000.000 • 0000 •• 000 000 •••••• ::::l • 000.000. 00000000. 000.000.0 • [Joo.noo. .on.o.oo • • 000.000 • 000.0.00 • 0000000.0 
• 000.000. 00000000. OO:JO.OOOO .000.000. ~ .000.000 • o.oo.oo.u 000.0.00. 00000000. C!l 
• 000.000. 00000000. 0.000.000 .000.000 • .00.0.00. 00.0.0.00 000.0.00. 00000000. u::: • 000.000. 0000000.0 .0.000.00 .000.0008 u.. .00COooo. 000 ••• 000 000.0.00 • 00000000. ......... ••••••• 00 0.00000.0 .~ ••• oo.o . ........ 0000.0000 0000 •••• 0 000 ••••• 0 

00 ••••• 00 •• 0000000 0.000 •• 00 000000.00 0000000 •• 0 •• 00.000 000000000 000000000 
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00.00.000 0.00000.0 000000000 00.00000. • 00000000 .000.000. 000.0.00 • .000.0000 
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00 ••••• 00 ......... 000000000 00 ••••• 00 ......... ••• 000000 000000000 N ••••••••• 
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000000000 oaoo.ooao 
0000 •••• 0 ooaooaoo. 
00080000. aoo.ooaoo 
DooaOODO. oa00800ao 
000.0000. ooaooaoo. 
oooaoooo. aoo.ooaoo 
0000 •••• 0 oaooaOoao 
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0000 ••••• 00.000000 
000.00000 00.000000 
000.00000 0.0000000 
000.00000 .00000000 
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0000 ••••• 000000000 
000.00000 0000.0000 
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000.00000 000000000 
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:2 
000000000 000 ••••• 0 
0 ••••••• 0 00000000 • e 
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000.0000. 000.00000 
0000 •••• 0 000.00000 

000000000 000000000 
0000.00.0 8gg~~g~~~ 000.0000 • 
000.0000. 000.00.0 • 
000.0000. 000.0.00 • 
000.0000. 000.0.00. 
0000 •••• 0 0000800.0 

000000000 000000000 
0000 •••• 0 0000.0000 
000.0000 • 000.00000 
000.0000 • 000.00000 
000.0000 • 000.00000 
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000.0.00. 0.000.000 
000.0.00. 0.000.000 
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000000000 000000000 
000.00000 00 ••• 0000 
••• 000000 0.000.000 
..0000000 0.000.000 
000000000 00.0.0000 
000000000 NO •••••••• 



Functional Description (Continued) 

0000.000. oooo.ooao 0.0000000 0 ••• 00000 
0000 ••••• DOOOaoao. 00.000000 aooo.OOOO 
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0000.0000 Dooo.ooao 000000000 ggggggggg ooooao.oo Dooo.oaoa 000000000 
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.000 ••••• .oooo.ooa 0000 •• 000 080000080 ao.oooooo a080OO00D 0000 ••• 00 008000.00 aoaoooooo .08000000 0000000.0 ooo.oaooo 
••••• 0000 ••••• oooe NOOOOOOOOO 0000.0000 

00000.000 00000.00. 0000.0000 000000000 
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••• 00 •••• 00000.00. 000000000 
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c:( 000 •••••• .00 •••••• 0 ••••••• 0 000 •• 00 •• 
000.00000 .0.0.0000 Bgg~~~8BB 88g~~8g~~ 000.00000 .0.0.0000 
•••• 00000 0.00.0000 00.000.00 000000000 

00000.000 00000 •••• 000000000 0 •••••• 00 
00000.000 000000.00 000000000 .000.00.0 
00000 •••• 
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• 0.0.0000 .0.0.0000 000.00000 .0000 •••• ~ 
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0 •••••••• :g~~~~g88 .00.0.00. .000.000. C 
• 0.000000 .000.000. .000.000 • 
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0000 ••••• 00000000. 000000000 000000000 
000000.00 0000 ••••• 000000000 00000000. 
000000.00 00000.00. 000000000 00000000. 
.00.00.00 0 ••• 00000 •••• 00 •• 0 . ........ 
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DM76S128/DM86S128 Bipolar Character Generator 
General Description 
The DM76S128/DM86S128 is a 128-character bipolar 
character generator with serial output designed primarily 
for the CRT display marketplace, and packaged in a 
standard 16-pin DIP. The DM76S128iDM86S128 
incorporates several CRT system level functions, as 
well as a 7 x 9 or 5 x 7 row scan character font. The 
DM76S128/DM86S128 performs the system functions 
of parallel to serial shifting, character address latching, 
character spacing and character I ine spacing. These 
system functions have required extra packages in the 
past. 

Shifted characters can be generated by the on-chip 
adder/subtracter. 

The clear input and the load enable input are active low. 
Load enable is synchronous with the dot clock. Both 
the I ine clock and the dot clock are positive edge­
triggered. When the address latch control signal is high, 

DM76S128CNC/DM86S128CNC 
DM76S128CND/DM86S128CND 
DM76S128COH/DM86S 128COH 
DM76S128COJ/DM86S128COJ 

Block Diagram 

ADDRESS LATCH 
CONTROL 

A6 

AS 

7x9 5x7 
x 

x 
x 

x 

the character addresses "fall through" the latch. And 
when the address latch control signal goes low, the 
character addresses are latched. 

Features 
• 128 character-row scan 

• 5 x 7 or 7 x 9 font 

• Custom fonts available with shift options 

• Serial output 

• 16-pin package 

• 35 MHz typical clock rate 

• On-chip input latches 

• On-chip shift register 

• On-chip dot blanking 

• On-chip row blanking 

• Low power-400 mW typical 

FONT PACKAGE 
Upper and Shifted Lower Case Block N, J 
Upper and Lower Case Block N, J 

ASCII CHARACTER SET N, J 
ASCII CHARACTER SET N, J 

Connection Diagram 
Dual-ln·Line Package 

A2 
16 

VCC 

Al 
15 

A3 

AD 
14 

A4 

13 
A5 

ADDRESSLATCH 4 
CDNTRDL 

65X 12B·BIT 
FDNT 

MATRIX 

Order Number 
DM76S128XXX* /J 

or DM86S128XXX*/J 
See NS Package J16A 

mAR 

LINE CLDCK 

CLDCK CDNTROL 

12 
A6 

11 
OUTPUT 

10 LDADrnAm 

CO~~~~~ -----f-" 

LINE 
CLOCK 

CITliR -'------~ 

* alpha pattern designators 

DOT LOAD 
CLOCK ENABIT 

Order Number 
DM76S128XXX*/N 

or DM86S128XXX* IN 
See NS Package N16A 
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SERIAL 
OUTPUT 

GND 
9 

DOT CLOCK 

TOPVIEW 

Logic Symbol 
ADDRESS LATCH 

CDNTROL 
AD 

Al 

A2 

A3 
A4 

AS 

A6 

OUTPUT 

OOT CLOCK 

LINE CLOCK 
CLOCK CONTROL 



Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage 
Input Voltage 
Output Voltage 
Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

-D.5V to +7V 
-1.5V to +5.5V 
-D.5V to +5.5V 

-65°e to +150o e 
3000 e 

Supply Voltage (Vee) 
DM76S128 
DM86S128 

Ambient Temperature (TAl 
DM76S128 
DM86S128 

Logical "0" Input Voltage (Low) 

Logical "1" Input Voltage (High) 

DC Electrical Characteristics (Note 2) 

PARAMETER CONDITIONS 

IlL Input Load Current VCC = Max, VIN = 0.45V 

IIH Input Leakage Current VCC = Max, VIN = 2.4V 

II Input Leakage Current VCC = Max, VIN = 5.5V 

VOL Low Level. Output Voltage VCC'" Min, IOL = 16 mA 

VOH Output Voltage High IOH = -2 mA 

VIL Low Level Input Voltage VCC = Min 

VIH High Level Input Voltage VCC = Min 

Vc Input Clamp Voltage VCC = Min, liN = -12 mA 

CIN Input Capacitance VCC = 5V, VIN = 2V, TA = 25°C, 

1 MHz 

Co Output Capacitance VCC = 5V, Vo = 2V, TA = 25°C, 

1 MHz 

ICC Power Supply Current VCC = Max, All Inputs Grounded, 

Output Open 

ISC Output Short·Circuit Current Vo = OV, VCC = Max 

AC Electrical Characteristics 
DM76S128: TA = -55°C to +125°e, Vee = 4.5V to 5.5V. eL = 50 pF. 

DM86S128: TA = DoC to +70
o
e, Vee = 4.75V to 5.25V. eL = 50 pF. 

MIN TYP 

0.35 

2.4 3.2 

2.0 

-0.8 

4.0 

6.0 

100 

-15 

MIN MAX 

4.5 5.5 
4.75 5.25 

-55 +125 
0 +70 

0 0.8 

2.0 5.5 

MAX 

-800 

40 

1 

0.45 

0.80 

-1.5 

140 

-70 

DM76S128 DM86S128 
PARAMETER 

MIN TYP MAX MIN TYP MAX 

Access Time 

TOO Dot Clock to Output 25 50 25 40 

Set Up Time 

TS1 Load to Dot Clock 25 7 20 7 

TS2 Address to Load 335 54 280 54 

TS3 Clear to Load 335 14 280 14 

TS4 Control to Line Clock 50 ....:.10 40 -10 

TS5 Line Clock to Load 1140 156 950 156 

TS6 Address to Address Latch 50 6 40 6 

Hold'Time 

TH1 Load from Dot Clock 5 -6 0 -6 

TH2 Address from Load a ~14 0 -14 

TH3 Control from Line Clock 120 23 100 23 

TH4 Address from Address Latch 50 3 40 3 

Pulse Width 
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AC Electrical Characteristics (Continued) (With standard load) (Note 2) 

DM76S128 DM86S128 
PARAMETER UNITS 

MIN TYP MAX MIN TYP MAX 

TW1 line Clock 50 12 40 12 ns 

TW2 Clear 50 6 40 6 ns 

TW3 Dot Clock 25 12 20 12 ns 

TW4 Load 40 8 30 8 ns 

TW5 Address Latch 50 22 40 22 ns 

fMAX Clock Frequency 18 35 22 35 MHz 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unles's stated otherwise. All typical values are for Vee = 5V and T A = 2SoC. 

Standard Test Load 

Vcc 
o 
> 
:~ 300 
~ 

DEVICE 0. ...... _____ .. - ____ .. 

OUTPUT~ ~ 

T
3DPF 

Truth Tables 

A) ADDRESS LATCH 

ADDRESS LATCH 
CONTROL 

o 
1 

FUNCTION 
PERFORMED 

Latched 
Fall Through 

• Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = .1 MHz, 
ZOUT = 50 n, tr < 5 ns and tf < 5 ns (between 
1.0V and 2.0V). 

B) 4-BIT LINE COUNTER 

CLOCK CONTROL LINE CLOCK CLEAR LINE COUNTER 

H --F H Increment line counter 
X X L Asynchronous clear 

resets counter 

L X H Clock inhibited 

H ~ H No change on high·to· 
low clock edge 

X C' Don't care 
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Switching Time Waveforms 

~~------------TH4------------~ 

JV-------
ADDRESS INPUT 

DV-----------J ~====~T~S2~==~---------------~=-=-=-~~TH2 

ADDRESS 
LATCH CONTROL 

LINE CLOCK 

CLOCK CONTROL 

LOAD ENABLE 

TWJ-+----t 

OOT CLOCK 

OUTPUT 

Definitions 

AO-A6: Character address. A 7·bit code which selects 
1 of the 128 characters in the font. 

Clear: Active low clear for mod 16 row counter. (can be 
used to truncate mod 16 counter). 

Line Clock: Clock that advances the line counter. 
Advances counter on the low·to·high transition. 

Clock Control: Enables line clock when high and 
disables line clock when low. 
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Load Enable: Active low load command which routes 
data from the character ROM to the "D" inputs of the 
7-bit shift register. 

Dot Clock: A low·to-high transition of the dot clock 
loads the shift register if load enable is low or shifts 
data if load enable is high. 

Output: A TTL BI·STATE output buffer. 
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Functional Description 
To select a character, a 7-bit binary word must be 
present at the address inputs AO-A6 when the address 
latch control is high. This address can be latched by 
bringing the address latch control signal low after a 
40 ns set-up time. When the clear input receives a low 
pulse, the counter is reset to zero. The shift register can 
be loaded (TS2 ns) after the character is addressed. 
Data, representing one horizontal I ine of the addressed 
character, is available at the output when the load 
enable input is brought low. As shown in Figure 1, 
valid data arrives serially at the output. Dot clock 
pulses beyond that required to shift out one line of the 
character will add lows to the end of character. This 
provides a horizontal spacing between characters. 

Figure 2 shows how the counter sequences through the 
rows of addressed lines with the application of clock 
pulses at the line clock input. Any additional line 
clocks beyond that required to display the character 
will put a vertical space between characters. This spacing 
can be truncated by bringing the crear input low. 

A two character display example is shown in Figure 3 
and a typical system timing waveform is shown in 
Figure 4. The standard fonts are shown in Figures 5, 
6, 7 and 8. Descending characters in the 5 x 7 fonts are 

LlNEv
J 

CLOCK 

shifted by virtue of their placement in the matrix. 
Descending characters in the 7 x 9 fonts are shifted (by 
th on-chip line shifter/counter) the number of lines 
indicated by the number in the upper left hand corner 
of the character drawings in the figures. 

Character Cycle - ROM data corresponding to one 
line of characters is loaded into the shift register TS2 
after the ROM is addressed. When load enable goes low, 
ROM data is allowed to be present at the D input of 
the shift register via the MUX. The first bit of the ROM 
data is transferred to the output at the next low-to-high 
transition of the dot clock. After load enable goes back 
high, the second to seventh clock pulses shift out the 
rest of the selected row of the addressed character. 
Additional clock pulses will shift out low data used 
for spacing. 

Line Cycle - The line counter is a mod 16 counter. 
A low-to-high transition of the line clock advances the 
line counter to the next count. If, for any reason, the 
counts need to be truncated, a low signal at the C'l"e"ar 
input resets the counter to zero. The clock control may 
be used as a line clock disable. A high signal at the line 
clock control terminal enables the counter and a low 
signal disables the line clock. 

CHARACTER X C 
ADDRESS INPUT ________________ ~ ~ ________________________________________________________________ _ 

DOT CLOCK 

1\ 1\ OUTPUT / 

OUTPUT (SE~~~TE) 
_~ '----___ ---.--I ~_---J 

1-1 ---------VALID DATA OUT ----------1 

Note. Output goes and stays low following the leading edge of the eighth Dot-Clock pulse until Load enable is enabled again and new parallel data 
is loaded into the shift register. 

CHARACTER 
ADDRESS 

INPUT ______________ -+..J 

LINE 
CLOCK 

CLOCK 
CONTROL 

FIGU~E 1. Character Cycle 

DISPLAY 
FIRST LINE 

OF N CHARACTERS 

FIGURE 2_ Line Cycle 
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OISPLAY 
SECONO LINE 

OF N CHARACTERS 

DISPLAY 
THIRD LINE 

OF N CHARACTERS 



Functional Description (Continued) 

AD 

Al----.1 

A2----.1 

ADDRESS 
INPUTS Al----.l 

A4 

A5~ 

AS 

lDADE~ 

DOT ClK 

TWO 
CHARACTER 

CYCLE 
OE-HEX-13 

I 

\ 

\ 

/ 

U 

\ 

\ 

\ 

I 

U 

ClK 
CNRl 

ADDITIONAL LINE 
COUNTS FOR 

VERTICAL SPACE 

FIGURE 3. Example, Two Character Display Timing - DM86S128CNC 
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CHARACTER 
AOORESS* 

ADDRESS LATCH 
CONTROL* 

CLEAR 

LINE CLOCK 

CLOCK 
CONTROL 

LOAD 
rnm 

DOT CLOCK 

OUTPUT 

DM76S128/DM86S128 

455 n. CYCLE 

~ 
F40-f-40--j 

280n. 

'---~ 

-~ r-' 

~~ 
280 n. 

! J 
~ 950n. 

~.-,".~ 
I 

1-30- -~'\. 'f/0'/j ~ ho//f 

(22 MHz DOT RATE) ,~ 

-40 X X X~ Y -X ~ 
----- ---- -I 

VALID DOT DATA LOW FOR SPACE---I 

*Shown here for operation with dynamic memory _ For static memory operation the address latch control would be tied high and the character 
addresses would be stable between each address change occurring 280 ns before the high-to-Iow transition of Load -enable_ 

FIGURE 4_ Typical System Timing Waveform 
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Functional Description (Continued) 

00 ••••• 00 00000000. 0.0000000 0 ••• 00000 
o.ooooo.n ooooonoo. 00.000000 .000.0000 
• 000000D. ooooooon. 000.00000 .000.0000 

"- .0000000. ooooooon. 0000.0000 • 0000 •• 0. • non[10on. nOOODoon • 00000.000 800000000 
o.ooooo.n ooooooon. oooooo.on .00000000 
00 ••••• 00 00000000. 0000000.0 0.0000000 ......... 000000.00 000000000 000000000 
DCJaDOO.OO 00000.000 000000000 0000.0000 
ooooo.oon 0000.0000 000000000 000.0.000 

w [JOoo.oooo 000.00000 00000000. 00.000.00 
(JOo.ooooo DOD08DOOCJ 000000000 0.00000.0 
oo.ooocou ouooo.ouo 000(]00000 .0000000. ......... conooo.oo 000000000 000000000 ......... . ........ 0000.0000 000.00.00 oo.oouooo ......... OU0080800 000800.00 ooo.naooo .onooooo. [JODO.O(]OO 000800800 

C 000[1 ••• 00 • coo[]ono. 0000.0000 [lOD80080o 
000.0000(] • 0000000. (JOOO.OOoo 000800800 
[Jo.mmeoo • [)Or;COClJ. (J(JDC.OOOO 000.00.00 ......... • OOCODO~J. ODeO.DODO 000.00.00 

ooooCo(]o. 0000000.0 000000000 000000000 
OO::::JO[]OOO. oD[Jo[JO.O[) OOOoDCJOD[) .0000000. 
OOOODoun. 00000.0[1l1 ocooooono 0.00000.0 

u 00000000. OODo.oonn 000000 •• 0 00.000.00 
ooooonlm. ooo.ooonn O[Jo[)ooooa 000.0.000 
OOOOOOOD. oc.oooono ooOOOOOClO 0000.0000 ......... 0.0000000 oocoooooo 000000000 

.000LJODQ. .OO[]OOOO. 0000.0000 000000000 
[].ooooo.o .COOOO[)o. Or.~OD.ODDO 000000000 
oC.O[JU.OD • uouuoO[J. ooou.oooo oonooonno .., UOU.(J8000 • 0000000. 0 ••••••• 0 000.00 •• 0 
[)(]00.000[1 • [)[]O(lOOO. 0000.0000 00000000. 
llOOCC.OOO ......... Dooe.OODD oooooooou ......... ......... oDoC.oooo 000000000 

••••••• 00 •• orJOooo. 0.00000.0 000000000 
::JCOoOO(J.O .CJ.DDO[")O. 00.000.00 000000000 
UUO[JO(]l]O. .OO.oLlOO. 000.8.000 000000000 

ct OCOOOOOo. • COrJ.OCO. ......... 000.00.00 
OUOrJO[JOO. .COoO.OO. 000.0.000 000000000 
LJCCJCSClC.C .COl;CO.C. Dc.ceO.DU 000000000 
uonCCC.OD .UCCCClO •• c.ccooo.a 000000000 

or100o. ;:Jnn •• 00::1:::;000 OOOCCJ::JOCO 0 •••••• 00 
000 on: lOOel 00.0:1:1000 000000000 .00.000.0 
.ouoooor]. OOo.ODOC]O uu ••••• oo • 000.000. 

en ......... DaDe ••••• o.oeOoo.O • 000.000. 
.COOOCoO. ono.ooooo .0000000. • 000.000. 
OCO[JCOO~]O OC.OOOOOO 000000000 .000.000. 
coooooooo •• COoOOOO oOCOOoOOO G ••• OOO.O ......... •• no:::J:):: •• OOOC::J.:J::JrJo 0 •• 000 •• 0 
oO::JO.OOOO OO.OOD.OO OO::JC:::JCJOOO • 00.0.00. 
CJooo.Qonn Ooo.o.oon .0OODDOU. .000.000. ... 0000.000[1 OCCO.OoO[l O.OCooo.o .000.000. 
OOOO.OODD ooo.c.ono 00 ••••• 00 .000.000. 
OCCO.OO:JO Dc.oco.no OCCODDOO[J • 00.0.00. ......... •• CODOO •• occoooooo 0 •• 000 •• 0 

0.000 •••• •••••••• 0 000000000 • •• 000000 
.0000.0.0 lJlJOlJ':..]Uou. 000000000 .00.00000 
.0000.00. 0000000.0 ..0000000 • 000.0000 .... • 0000000. 0000 ••• 00 ••• OOoOoD .0000.000 
• 0000000. OOODCOO.O 000.00000 .00000.00 
0.00000.0 00000000. 000000000 .000000.0 
00 ••••• 00 •••••••• 0 000000000 .0000000 • 

.00000000 ••• 000000 00000000 • o.oDlJ ••• o 

.00000000 000 ••• 000 00000 ••• 0 .000.000. 

.000.DoOO DOoOoO •• o 000000.0. .000.000. ... .000.0000 00000000. 0 •• 00.00. .000.000 • 
• 000.0000 (JOoODO •• O .00 •• 000. • 000.000. 
.000.0000 000 ••• 000 • 00 •• 000. 0.000.00 • ......... ••• CoooOo 0 •• 00 ••• 0 OC •••••• O 

.0000000. • •••••• oC] 0.00000.0 • 0000 ••• 0 
• 0000000. 0000000.0 DO.DOo.O • • 000.080. 
• 000.000. 00000000. uuo.OOo.O • OOC.OOO • 

'" .000.000. 00000000. 0000.0000 • coo.ooo. 
.000.000. 00000000. 0.000.000 .000.000. 
.0oc.oOO. OOOCOOC.o .0.000.00 • ooc.ooo. ......... • •••••• 00 0.00000.0 ••••• 00.0 

00 ••••• 00 •• 000OUoo B:B~~~~B ooooeo.oo 
0.00000.0 .00000000 000000.00 
• 0000000. .OOoOOO[]rJ ......... . ........ .. • 0000000. ......... 0.00.00.0 0.0000.00 
.0000000. .00000000 ......... 00.000.00 ......... .00000000 0.00.00.0 000.00.00 
.0000000. •• 0000000 00 •• 000.0 ocoo ••• oo 

0.00000.0 O.OOOO.OC 00.000.00 0 ••• 0 ••• 0 
.0000000. .0000.0.0 00.000.00 • 000.000. 
• 0000000. • Uoo.ooo • ......... • 000.080 • .., • 0000000 • • 000.000 • 00.000.00 .000.000 • 
• 0000000. • 000.000 • ......... • 0000000 • 
0.00000.0 o.o.ooco. oo.coo.oo • oocoooo. 
00 ••••• 00 00.0000.0 00.000.00 u.oocoo.o 

00.000.00 0 ••• 0000. 000000000 0 •• 00000. 
0.0.0.0.0 .000.00.0 000000000 • 00.0000. 
.000.000. .000.0.00 •••• 00000 • 000.000 • 

N .000.000. • 000 •• 000 000000000 .000.000 • 
.000.000. • 000.0000 000000000 .000.000 • ......... .000.0000 •••• 00000 • 0000.00 • 
.0000000. . ........ 000000000 0.0000 ••• 

000 •••••• 00 ••••• 0. 000000000 000000000 
00.00.000 0.00000.0 000000000 00000000. 
0.000.000 .00000.0. 000000000 00000000. - • 0000.000 • 0000.00 • •••••• 00 • ......... 
0.000.000 .0000000. 000000000 0.000000. 
00.00.000 0.00000.0 000000000 00.00000. 
000 •••••• 00 ••••• 00 000000000 000000000 

0 ••••• 0.0 0 ••• 00000 000000000 00 ••••• 00 
.0000.00. .000.0000 000000000 0 •• 0000.0 
.0 •••• 00. • 000.0000 000000000 .00.0000. 

co .0.00.00. • 000.0000 000000000 • 000.000 • 
.00 ••• 00. • 000.0000 000000000 .0000.00. 
0.00000.0 .000.0000 000000000 0.0000 •• 0 
00 ••••• 00 ......... 000000000 00 ••••• 00 
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. ........ ......... 
0000.0000 .000.000. 
0000.0000 .000.000. 
oooo.ooon ••••• 000 • 
0000.0000 80000000. 
0000.0000 800000008 
0000.0000 ......... 
00000000. . ........ ......... .000.000. 
.00000000 .0008000. 
.00000000 .000 ••••• 
.00000000 .0000000. ......... .00000008 
00000000. ......... 
•• 00.0000 . ........ 
00 ••• 0000 .0000000. 
uooo •• ooo .00000008 
0000.0 •• 0 .000 ••••• 
0000.000. 80008000 • 
000000080 80DO.OCO • 
oocmoo.oo . ........ 
00 ••••• 00 . ........ 
0.00000.0 .0000000. 
.0000000. .0000000. 
• •••• 000. ••••• 000. 
.oooaooo. :888:888: 0.00.00.0 
00 ••••• 00 ......... 
00 ••••• 00 oo ••••• ::m 
0.00000.0 0.00.00.0 
80000000. .000.000 • 
.000 ••••• • 000.000 • 
.000.000. • 000.000 • 
0.00.00.0 0.00.00.0 
00 ••••• 00 00 ••••• 00 

·00 ••••• 00 0.0000000 
0.00.00.0 .00000000 
.000.000. .00000000 
.000 ••••• .0000 •• 0 • 
.0000000. .oco.oooo 
o.oceoo.o .oee.oooo 
00 ••••• 00 o ••• coooo 

00 ••••• 00 ooooooomn 
0.00.r]0.0 Dooo.nooa 
• 000.coo • 0000.0000 
••••• 000. . ........ 
• 0000000. 0000.0000 
0.00000.0 0000.0000 
00 ••••• 00 coooooooo 

......... •• 00Du:J •• 
• 000.800. .0.000.8. 
.000.000. .00.0.00. 
.coo.ooc • .000.000. 
.000.00C. .co.o.on. 
.coo.ooo. .C.DOo.~ • ......... •• CDOOO •• 

00000 •••• 00 ••••• 00 
0000.000. e.ooooo.o 
000.0000 • .0000000. 
000.0000 • .000.000 • 
000.0000. .0000000. 
0000.000. 0.00000.0 
00000 •••• 00 ••••• 00 

•• 0000000 00 ••••• 00 
00 •• 00000 0.00000.0 
0000 •• 000 .00.0.00. 
000000 •• 0 .000.000. 
00000000 • .00.0.00. 
0000000.0 0.00000.0 
000000.00 00 ••••• 00 ......... .000.000 • 
• 0000000 • .000.000. 
.00.0.00 • .000.000. 
.000.000 • 0.00.00.0 
.00.0.00. 00.0.0.00 
.0000000 • 000 ••• 000 ......... 0000.0000 

0000000 •• 0 •• 00.000 
000000.00 000.00.00 
00000.000 000.00.00 
00 ••••• 00 ......... 
000.00000 000.00.00 
00.000000 000.00.00 
..0000000 0 •• 00.000 ......... •••••• 000 
00000000 • 000000.00 
00000000 • 0000000.0 
00000000. ......... 
00000000 • 0000000.0 
00000000 • 000000.00 
00000000. •••••• 000 

00000000. .000.000. 
00000000 • .000.000. 
00000000 • • 000.000. ......... .000.000 • 
00000000. • 000.000. 
00000000 • .000.000. 
00000000. • 000.000. 

.00000000 0000.0000 

.00000000 000 ••• 000 

.00000000 00.0.0.00 

.00000000 0.00.00.0 

.00000000 • 000.000. 
• 00000000 • 000.000 • ......... .000.000 • ......... 00000000. 
.0000000. 000000 •• 0 
.0000000 • 00000.000 
.00qoooO • 000 •• 0000 
.0000000 • .0.000000 
.Oo[J[JODO. •• 0000000 ......... ••• 000000 

.. '" 

000000000 
0000 •••• 0 
000.0000. 
000.0000. 
000.0000. 
000.0000. 
0000 •••• 0 

000000000 
0000 ••••• 
000.00000 
000.00000 
000.00000 
0000.0000 
000 •••••• 

0000 ••••• 
000.00000 
000.00000 
0000 ••••• 
000.00000 
000.00000 
000 •••••• 

000000000 
000000000 
00000000. ......... 
.0000000. 
000000000 
ocooooooo 

000000000 
00000000. 
000800080 
0000.0.00 
00000.000 
000000.00 ......... 
000000000 
•••••••• 0 
.0000000. 
00000000. 
00000000. 
0000000.0 

NOooocoooo 

oooooooce. 
000000000 
00000000 • 
0.0 •••••• 
000.0000 • 
000000000 
000000000 

0.00000000 
0080 ••••• 
000.00000 
000.00000 
000.00000 
0000.0000 . ........ 
000000000 
•••••••• 0 
0.0.0000. 
• 000.000 • 
.000.000 • 
.000.000. 

N 0 ••• 000.0 

000000000 
0.0000000 
.000.0000 
.000.0000 
0 •••••••• 
0000.0000 
0000.0000 

oooooooao 
[JOOO •• Ooo 
000.0.00. 
ouo.o.oo. 
OUo.o.OO. 
000.0.00. 
0000 •••• 0 

000000000 . ........ 
0000.00.0 
000.0000 • 
000.0000. 
000.0000. 
0000 •••• 0 

000000000 
0000.00.0 
000.0000. 
000.0000 • 
000.0000. 
000.0000. 
0000 •••• 0 

000000000 
0000 •••• 0 
000.0000 • 
000.0000. 
000.0000 • 
0000.00.0 ......... 
00000000. 
0000 •••• 0 
000.0.00. 
000.0.00. 
000.0.00 • 
000.0.00 • 
000000 •• 0 

000000000 
000000000 
000.00000 
••• 000000 
•• 0000000 
000000000 
000000000 

... 

0.00.00.0 
00.00.00 • 
.00.00.00 
0.00.0080 
00.00.00. 
.00.00.00 
0.00.00.0 

0.0000000 
00.000000 
00.000000 
0.0000000 
.00000000 
.00000000 
0.0000000 

000000000 
0000.0000 
0 ••• 0 ••• 0 
.0000000. 
.0000000. 
000000000 
000000000 

000000000 
000000000 
000000000 
• •• 00 ••• 0 
000000000 
000000000 
000000000 

000000000 
000000000 
.0000000 • 
.0000000 • 
0 ••• 0 ••• 0 
0000.0000 
000000000 

000000000 
000.0000. 
000 •• 000 • 
000.0.00. 
000.00.0. 
000.000 •• 
OeJO.cooo. 

000000000 
•••••••• 0 
000.0000 • 
0000.000 • 
0000.000 • 
0000.000. 

N •••• 000.0 

000000000 
000.0000 • 
0000.00.0 
00000 •• 00 
00000 •• 00 
0000.00.0 
000.0000 • 

000 ••••• 0 
00000000. 
00000000 • 
00000 ••• 0 
00000000. 
00000000. 
000 ••••• 0 

000000000 
000 •••• 00 
0000000.0 
00000000. 
otJooooo.o 
000 •••• 00 
000000000 

000000000 
coo •••••• 
0000000.0 
00000000. 
00000000. 
00000000. 
000 ••••• 0 

000000000 
0000000.0 
000.0000. 
000.0000. 
0 ••••••• 0 
000.00000 
000.00000 

000000000 
0000.00.0 
000.00.0. 
000.00.0. 
000.0.00. 
000.0.00. 
0000.00.0 

000000000 
0000.0000 
000.00000 
000.00000 
000.00000 
0000.0000 
000 •••••• 

000000000 ......... 
0.0.00000 
.000.0000 
.000.0000 
.000.0000 

N 0 ••• 00000 

000000000 
0 ••• 00000 
.ooo.oooc 
.000.0000 
.000.0000 
0.0.00000 

N ••••••••• 

~ 

u 
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Functional Description (Continued) 

000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 
0 ••••• 000 000000.00 0.0000000 0 •• 000000 ... .00000.00 000000.00 008000000 .00.00000 
.00000.00 000000.00 000.00000 .00 •• 0.00 
.00000.00 000000.00 0000.0000 .00000000 
0 ••••• 000 000000.00 00000.000 0.0000000 

000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 

w 
••••••• 00 0000.0000 000000000 000.00000 
0000.0000 000.00000 000000000 00.0.0000 
000.00000 000.00000 000000.00 0.000.000 
00.000000 000.00000 000000000 .00000.00 
••.••••• 00 0000.0000 000000000 000000000 

000000000 000000000 mlD.OOOOO 000000000 
000000000 000000000 000800000 000000000 

C 
••••••• 00 ••••••• 00 000.00000 00.0.0000 
0.0000000 ••••••• 00 080.00000 00.0.0000 
00 ••• 0000 .00000.00 000800000 00.0.0000 
0.0000000 .00000.00 0OO8COCOO 0080.0000 
••••••• 00 .00000.00 oOo.CooLlO 00.0.0000 

000000000 000088000 ODOOQODOO 800088000 
000000000 008000000 008000000 008DOOOOO 

..., 000000.00 00000.000 000000000 000000000 
000000.00 0000.0000 000000000 .00000.00 
000000.00 ooo.oOoClO OODo •• OOo 0.000.000 
000000.00 oO.oOOoClO OOODOO.OC 00.0.0000 
••••••• 00 o.OOOOClDo 000000000 ClOo.ooOoo 

000000000 000000000 000000000 000000800 
000000000 000000000 000000000 ::::JOOOOOOOO 
.00000.00 .00000.00 000.00000 UUQOOODOD 

'" 0.000.000 .00000.00 000.00000 tJOOOODOO::J 
00.0.0000 .00000.00 0 ••••• 000 UO.o •• CJOO 
000.00000 ••••••• 00 000.00000 [J[JOC(JO.oo 
••••••• 00 ••••••• 00 000.00000 OOUCCOODO 

OOOoCloooo 000000000 000000000 000000000 
000000000 000000000 000000000 011o00o00o 
•••••• 000 •• 0000.00 0.000.000 000000000 

<C 000000.00 .0.000.00 oo.oaoooo OOOOo::::JDOCJ 
000000.00 • 00.00.00 ••••••• 00 CJo.O.OOOO 
000000.00 • 000.0.00 ooao.oooo ooOCOOOoo 
00000.000 .0000 •• 00 0.0008000 OOCCOCJOOO 

000000000 000000000 000000000 000000000 
000000000 OOoOoOOOU 000000000 000000000 
000000000 •• 0000000 00 ••• 0000 0 •••• 0000 

en .00000.00 00.000000 0.000.000 .00.0.000 
••••••• 00 000 •••• 00 .00000.00 .00.00.00 
.00000.00 00.000000 000000000 .00.00.00 
000000000 •• 0000000 000000000 0 •• 000.00 

000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 
••••••• 00 •• 000 •• 00 000000000 0 •• 0 •• 000 ... 000.00000 00.0.0000 000000000 .00.00.00 
000.00000 000.00000 .00000.00 .00.00.OCl 
000.00000 00.0.0000 0.000.000 .00.00.00 
••••••• 00 •• 000 •• 00 00 ••• 0000 0 •• 0 •• 000 

000000000 000000000 000080000 000000000 
000000000 000000000 000000000 000000000 
•• 00 ••• 00 •••••• 000 000000000 ••• 000000 .... .000.0.00 000000.00 000000000 .00.00000 
.00000.00 000 ••• 000 ••• 000000 .000.0000 
.00000.00 000000.00 000000000 .0000.000 
0 ••••• 000 •••••• 000 . 000000000 .00000.00 

000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 
.00000000 ••• 000000 0000.0.00 .000 •• 000 

'" .00.00000 000 •• 000[;) 00000.000 .00.00.00 
.00.00000 00000 •• 00 0 •• 0.0.00 .00.00.00 
.00.00000 000 •• 0000 .00.00.00 0.0.00.00 
••••••• 00 ••• 000000 0 •• 0 •• 000 00 •••• 000 

000000000 000000000 000000000 000000000 
000000000 000000000 000000080 000000000 
.00000.00 •••••• 000 0.000 •• 00 .00 ••• 000 

'" .00.00.00 000000.00 00.00 •• 00 .0.000.00 
.00.00.00 000000.00 000.00000 .0.000.00 
.00.00.00 000000.00 •• 00.0000 .0.000.00 
••••••• 00 •••••• 000 •• 000.000 ••• 00.000 

000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 
0 ••••• 000 •• 0000000 0.00.0000 0000.0000 ... .00000.00 .00000000 0.0.0.000 ••••••• 00 
.00000.00 ••••••• 00 ••••••• 00 0.00.0000 
.00000.00 .00000000 0.0.0.000 00.0.0000 
••••••• 00 •• 0000000 00.00.000 000 •• 0000 

000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 
0.000.000 0.00 •• 000 00.0.0000 •• 00 •• 000 ... .00000.00 .00.00.00 ••••••• 00 .0 •• 00.00 
.00000.00 .00.00.00 00.0.0000 .00.00.00 
.00000.00 .00.00.00 ••••••• 00 .00000.00 
0 ••••• 000 0 •• 00.000 00.0.0000 .0000.000 

000000000 000000000 000000008 000000000 
000000000 000000000 000000000 000000000 
0 •• 0 •• 000 0 •• 000.00 000000000 0 •• 000.00 

N .00.00.00 .00.0.000 ••• 000000 .00.00.00 
.00.00.00 .00 •• 0000 000000000 .00.00.00 
.00.00.00 .00.00000 ••• 000000 .00.00.00 
••••••• 00 ••••••• 00 UUU[JOOOOO 0.00 ••• 00 

000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 
00 ••••• 00 0 •••• 0.00 000000000 000000000 - 0.00.0000 .0000.000 000000000 000000.00 
.000.0000 .000.0.00 ••••• 0.00 ••••••• 00 
0.00.0000 .00000.00 000000000 0.0000.00 
00 ••••• 00 0 ••••• 000 000000000 000000000 

000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 
0 ••• 00.00 0 •• 000000 000000000 0 ••••• 000 

co .00 •• 0.00 .00.00000 000000000 .0.000.00 
.0 ••• 0.00 .00.00000 000000000 .00.00.00 
.00000.00 .00.00000 000000000 .000.0.00 
0 ••••• 000 ••••••• 00 000000000 0 ••••• 000 
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000000000 000000000 
000000000 000000000 
••••••• 00 ••••••• 00 
000.00000 .00.00.00 
000.00000 •••• 00.00 
000.00000 .00000.00 
000.00000 ••••••• 00 

000000000 000000000 
000000000 000000000 
OOOODLJ.OO ••••••• 00 
••••••• 00 .00.00.00 
.00000000 .00 •••• 00 
••••••• 00 .00000.00 
000000.00 ••••••• 00 

000000000 000000800 
000000000 000080000 
•• 0.00000 ••••••• 00 
00 •• 00000 800000.00 
000 ••• 000 .00 •••• 00 
000000.00 .00.00.00 
0000 •• 000 ••••••• 00 

0000::10000 080000000 
ODClDO::::JDO[) 000000000 
0 ••••• 000 ••••••• 00 
.00000800 .00000.00 
•••• 00.00 •••• 00.00 
.OO.OO.QC] .00.00.00 
0 ••••• 000 ••••••• 00 

000000000 000000000 
000000000 000000000 
U ••••• OOO O ••••• OOU 
.00000.00 .00.00.00 
.00 •••• 00 .00.00.00 
.00.00.00 .00.00.00 
0 ••••• 000 0 ••••• 000 

000000000 000000000 
000000000 000000000 
0 ••••• 000 080000000 
.00.00.00 .00000000 
.00 •••• 00 .ooo.oaoo 
.oooooaoo .00.00000 
0 ••••• 000 0 •• 000000 

000000000 000000000 
000000000 000000000 
0 ••••• 000 000000000 
.00.00.00 000.00000 
•••• 00.00 ••••••• 00 
.00000.00 000.00000 
0 ••••• 000 000000000 

000000000 000000000 
000000000 000000000 
••••••• 00 •• 000 •• 00 
.00.00.00 .0.0.0.00 
.00.00.00 .00.00.00 
.00.00.00 .0.0.0.00 
••••••• 00 •• 000 •• 00 

000000008 000000000 
000000000 000000000 
0000 ••• 00 0 ••••• 000 
000.00.00 .00000.00 
000.00.00 .00.00.00 
000.00.00 .00000.80 
0000 ••• 00 0 ••••• 000 

000000000 000000000 
000000000 000000000 
•• 0000000 0 ••••• 000 
00 •• 00000 .0.0.0.00 
0000 •• 000 .00.00.00 
000000.00 .0.0.0.00 
0000 •• 000 0 ••••• 000 

000000080 000000000 
OOOOOUOOO 000000000 
••••••• UO .00.00.00 
.u.a.o.ao .00.00.00 
.00.00.00 0.0.0.000 
.0.0.0.00 00 ••• 0000 
••••••• 00 000.00000 

000000000 000000000 
000000000 000000000 
00000 •• 00 0 •• 0.0000 
0000.0000 000.0.000 
0 ••••• 000 0 •••••• 00 
00.000000 000.0.000 
•• 0000000 0 •• 0.0000 

000000000 000000000 
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g~~~:~~~g 
000000000 .0.00000. 
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00000.000 00000 •••• 000000000 0 •••••• 00 000000000 •• 0000000 000000000 000000000 

~~~~~5~~~ 
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:~~:ggg~~ 
.000.000. 

ggg~~:~~~ • 0.080000 0.0000000 .000.000 • 
••••• 0000 ••••• 0000 ......... 000 ••••• 0 

00000.000 0000000.0 0.000 •• 00 

~:~~~~:~~ ~;III;;;~ 
.00000000 000000000 000000000 

ggggg:~~~ gggg~:~:~ 0.00.00.0 .00000000 

ggg~~8g~~ ggg~ggg~~ 0.00.00.0 

5~~~~~~~~ .000 •• 000 0 ••• 00 •• 0 

~~~~~~~U 
00.000.00 000.0000. 

.0.0 •• 000 :ggg:gg~8 8gg~~g:g8 ggg~~~~~~ g~~:~~~~g :~:~:gggg .ooooouoo 
••••• 0000 00000 •• 00 .00000000 000.00000 

0000.000. 00000.0.0 000.0.000 0 ••• 0 ••• 0 o.O!'JoOO.O 

5§§~5~~i5 gggg~gg~g 000000000 

~g§§~~~~g 
0000.0.0. 000.0.000 .000.000. .0000000. 0000.00.0 
0000.0.0. ......... aooo.oDoa :ggggggg: 

!!!i~~~~i 
000.00.0 • 

O ••• ouuu. uoo.o_ooo • 000_000. noo.oo.o. 
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N g~:~:~~~~ ••••• 0000 0 ••••••• 0 00 ••••• 00 000000000 

Vi 
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~ Semiconductor 

Character Generators 

MM5240AA, MM5240AE, MM5241ABL American and 
European Character Fonts 

Three popular 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. Rowand column access times are typically 
450 and 700 ns respecti'vely. An MM5240 2560-bit 
ROM is used for the 5 x 7 horizontal-scan fonts 
and an MM5241 3072-bit ROM for the 7 x 5 
vertical-scan font. The MM5240 and MM5241 
operate over the temperature range of -25°C 
to +70°C. 

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. Refer to the MM5240 
and MM5241 in section 7 for specifications 
and ordering information. 

TYPE NUMBER CODE 64-CHARACTER SUBSET FIGURE 

Horizontal Scan (5 x 7) 

MM5240AA ASCII Upper-case alphanumeric 3 

MM5240AE ASCII Lower-case alpha and symbols 4 

Vertical Scan (7 x 5) CE 1 

MM5241ABL ASCII Upper-case alphanumeric 8 1 

TABLE 1. Single Chip, Standard Horizontal-Scan and Vertical-Scan Character Generators 

IN~~~~ b, ! 
:: 

(CHARACTER 
ADDRESS) b. 

ROW 

b. 

b,; 

( 

L, 

ADDRESS L, 
INPUTS 

Lo 

Vss VGG 

r.HIP ENABlE 0-------1 

(A) ROM CONFIGURATION 

B, 

B, 

ROW B, 
OUTPUTS 

B. 

B, 

000 81 81 113 B. 8~ 

001. • 
010 ••• 

ROW 01, ••• 
AODRESS'00e •• 

101. • 
110. • 11,. • 

CHARACTER fORMAT 

b, 

IN~~~~ b, 

l" (CHARACTER b 
ADDRESS) • 

' b. 

'"'"~ { ADDRESS 
INPUTS 

PROGRAMMABLE 
CHIP ENABLE 

b, 

C, 

C, 

Co 

Vss VGG 

MM5241 

(A) ROM CONFIGURATION 

CE 

1 

1 

I 
I 

B, 

B, 

B, 

B. 

B. 

B. 

B7 

B. 

CE 2 

1 

COLUMN 
OUTPUTS 

COLUMN 
ADORESS 

FIGURE 1. Horizontal-Scan Character Generator ROM FIGURE 2. Vertical-Scan Character Generator ROM 
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Note that each ROM has a chip-enable input to 
permit multi-ROM operation with common control 
logic. For instance, two horizontal-scan ASCII 
character generators may be operated in tandem to 
obtain upper and lower-case characters. In this 
case, chip-enable would be controlled with bit b6 
of the normal 7-bit ASCII code, and its com­
plement, 1)6. 

HORIZONTAL SCAN FONTS 

The subsets of 64 5 x 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. 

The MM5240AA contains the ASCII-6 preferred 
graphic subset, formed from ASCII-7 by ignoring 
bit b6 . The remaining six bits form two octal 
address characters. One is formed by the three 
more significant bits, b7 , b5 and b4 , and the 
second by b3 , b2 and b1 . 

... . .... . ................... . 
·1.··.111 ·111 I I 
•• : : : ••• : :...: :: :.. I·· : ·1 
·.1.· I I .1 •• • • •••• .1 •• • :.... : • ••• 1 

00 01 02 0] 04 05 06 01 
000000 000001 000010 000011 000100 000101 000110 000111 

I : -:- · . •• I I •• 1 I • 11··-: · . · . · · .. . · ...... · ..... · : : .. : · ... .. . · : I · · . · . . . . · .~. . .. · . . : .... : : : : 1 ••• 1 
10 11 

. 
13 14 lS 16 11 

001000 001001 001010 001011 001100 001101 001110 001111 

i···: : ... : i···: .: ... ··i·· i I: Ii' i .... . . .... . ...... . 
! . I.:.: ! •••••• :. I : ••• : .:. I···! 

20 21 22 23 24 25 26 21 
010000 010001 010010 010011 010100 010101 010110 010111 · .. . ..... -.. : ... ..... ..... ..-
._ e. : ._ 

:.. ··1 e. : · ... . 
· i · -! ••• · . · · . . ....... . . ... 

30 31 32 33 34 35 36 JJ 
011000 011001 0',010 011011 011100 011101 011111 

· 40 41 
100000 100001 

· . . · . . 
I I . · · . so Sl 

101000 101001 .. · · · .. i · · I I · ... .1. 
6. 61 

110000 110001 ... . .. 
1 ••• 1 : ••• 1 · . · . . ... .. 

70 71 
111000 111001 

.. .. . .. .. .. 
I: .: I • ••••••••• I I :: ... . . .. .. .. . .. .. .... . ... . . . . ..... . 

42 4] 44 45 46 41 
100010 100011 100100 100101 100110 100111 · .. ... . ..... . ... ..... .. · .. : .: . 

S2 S3 S4 
101010 101011 101100 

SS 
101101 

II 
S6 

101110 
S7 

101111 .•..• ••.•. .: :..... ····1 ..•.• ..: 1:.1. ····1 i···. . .. 
I.... ••••• I •••••••••• I 

62 63 64 65 66 61 
110010 110011 110100 110101 110110 110111 .. .. . . • .. II .. . ..... · I 
:: :: . . ..... .. I . . . . . . . 

72 13 74 7S 76 77 
111010 111100 111101 111110 111111 

FIGURE 3. MM5240AA Horizontal-Scan 
ASCII-7 Graphic Subset 

8-40 

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 rep1aced by the more useful arrows. 
(The arrows are related to characters in an older 
teletypewriter set.) This font is shown in Figure 3. 
The MM5240 data sheet should be referred to 
for operating characteristics of all the horizontal­
scan character generators. 

The MM5240AE generates unique symbols de­
scribing 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 signals are transmitted. I f not, the system 
designer can use the symbols as he likes. 

* American National Standards Institute (ANS I) 

·:1:. i:····. i ···i ::.: I:·d .f!. ..... ..... ..... .:. . ... : .. 
M ~ ~ ro ~ ~ ~ ~ 

000000 000001 000010 000011 000100 000101 000110 000111 

.. : :.. . .... i···! i···! .. .:. I::::: .. .. .. ..... .. .... . . ... ... ...... . .. · . : .. :.. ..::: 
10 11 12 1] 14 15 16 11 

001000 001001 001010 001011 001100 001101 001110 001111 · . . . . . . . .. ... ... .. .. .. ... . .. · ........ .. . ......... . ..... . ... ... . ... . . ... . . . . . . .... . · .. .. . ............... . .. .. .. ... ... .. ... . .. · . . . . . . . 
20 21 22 2] 24 25 26 21 

010000 010001 010010 010011 010100 010101 010110 010111 ..............................•......... · ........ ........ .. . .. .. . . . . . .. ........ .. . · .............................. . : .. : : : : : : :: :: :: ::::::: . ...................................... . 
~ JJ II n ~ ~ ~ JJ 

011000 011001 011010 011011 011100 011101 011110 011111 . · . 
40 

100000 

· · · .. I· : · . SO 
101000 

: ........ : .. ... ....... ... . . . 
i ! i· :: :.! i··e • ·1· • ···1 .... .... .... .... .... ... 

41 42 4] 44 45 46 U 
100001 100010 100011 100100 100101 100110 100111 

· · · ... 
Sl 

101001 

· . . · . . · . . · .. ... : ... 
52 53 

101010 101011 

. · · · · .. 
S4 

101100 

... ... . .. : : ::. :: . .. .. . . .. . ... 
55 56 57 

101101 101110 101111 ... . .. .. .. . · .. .... .... .... . ... i···· ····1 I· •• •.•• ! .: .!. :.:. =.:.: · . . .... .. . .. 
&0 61 62 63 64 65 66 61 

110000 110001 110010 110011 110100 110101 110110 110111 

· . . . . · . · · · . · ..... . · . ..... .. . . . .. . \ .. . · : · . . .... ... ::.: . ! · ..... · · ..... . . 
70 71 72 13 74 7S 76 77 

111000 111001 111010 111011 111100 111101 111110 111111 

FIGURE 4_ MM5240AE Horizontal-Scan 
ASCII-7 Lower-Case Graphic and Control 
Symbol Subset 



VERTICAL SCAN FONTS 

The standard vertical-scan subset in Figure 8 
is generated with 6-bit codes derived from code 
recommendations R646 of the International 
Organization for Standardization. 

The ASCII subset in Figure 5, is practically identi· 
cal to the horizontal-scan subset. The underscore 
(character 37) is dropped below the line so [hat 
it may be used as a cursor. 

Vertical-scan character generators are generally 
used in dot-matrix tape printers, ink-dot spray 

... ... ..... ..... . .. ::.:! ... !! ... :! ·I·:! ..• i ••• i.: · .... .. .. .. . . .. 
• ••• : I : •••• • •••• :... I •••• I • ••• 1 
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.... .. .... ... · . .. .. .... .. . · ... . . ... .. . · ....:. :. . ... :. . .. :.:. . .. ... : :. . ...... .. . .. . 
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• 20 .~ • • 12 • •• ~. ~ .~. ~ • 21 • 
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lD 31 32 
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· 40 41 
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· . · . · . 
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· . .. ... · · · · J6 
011110 · .. . . .:.: ... :.. .... :: .. ... . .. ..... ... .. . .. .... . ... . · . . . .. . .. 

43 44 4~ 46 
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JI 

011111 · · . 
41 

100111 

· · 
· · · · . 

10 II ~1 ~3 ~4 ~~ ~6 57 
101000 101001 101010 101011 101100 101101 101110 101111 ... . ... ..... ....... . 
! ... ! ··i : ... : .. :: :::~ : ...... : f.··.·.: .: ••• ... ..... ..... ... . 

60 61 61 63 64 65 66 61 
110000 110001 110010 110011 110100 110101 110110 110111 ... ... .. .. · · . · · · · ... · . ... : · · · . . · · · · · . · · · · · · ... .. ~ . .. .. 

1. 12 Il 1. " 16 
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FIGURE 5. MM5241ABL Vertical-Scan 
ASCII-7 Graphic Subset 
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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 illus­
trated in Figure 6a. For a pedestal scan, Figure 6b, 
alternate columns can be reversed by putting an 8-
bit shift left/right TTL shift register (DM74198) 
on the output as illustrated in Figure 7. 

SAW TOOTH DISPLAY 

FIGURE 6a. Sawtooth Vertical Scan 

PEDESTAL DISPLAY 

~-l •• f--, ~----~ 

+ : : : + \ \ : • 1 : : I 1 

I : • I I l I 

: I :'1 : I 

• : 1 I " I 
L .... c_J 

NEXT 
CHARACTER 

FIGURE 6b. Pedestal Vertical Scan 



LINE 
COUNTER 

LINE 
OIVIOER 

CHARACTER 
GENERATOR 

OM14191 
LEFT/RIGHT 

SHIFTER 
lAXIS 
MOOULATION 

X AXIS INCREMENT 
....... t-------.,.".,.,--__ t--------(MOVEALONGTOPOR 

OOT/COLUMN 
OIVIOER 

BOTTOMOFPEOESTALI 

I----~-------- ~~~ttTE 

FIGURE 7. Conversion of Sawtooth Output to Pedestal Scan 

CUSTOM FONTS 

The two ROMs can also be custom-programmed 
to provide special characters, or fonts larger than 
5 x 7. The MM5240 actually stores 64 5 x 8 
characters or character segments and the MM5241 
stores 64 8 x 6 characters or segments. They are 
not limited to 5 x 7 and 7 x 5. 
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For' example, the extra height may be used in an 
otherwise 5 x 7 font to drop the tails of commas, 
semicolons and lower-case letters below the bottom 
line of the capital letters_ Fonts as large as 16 x 12 
are entirely practical without additional control 
logic, using the chip-enable feature of four 
MM5241 s_ Large-font organizations are discussed in 
AN-40_ 
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~ Semiconductor 

Character Generators 

MM52116FDW, MM52116FDX Character G~nerators 
General Description 
The MM52116FDW, MM52116FDX are 128-character, 
N-channel, silicon-gate character generators designed pri­
marily for CRT display applications. The MM52116FDW/ 
MM52116FDX provide 5x7and 7x9 row scan character 
fonts, respectively. They provide complete DTL/TTL 
compatibility with single 5V power supply operation. 

Block and Connection Diagrams 
Chip Select Enable Pattern CSl = 0, CS2 = 0, CS3 = 1 

Features 
• 128-character row scan 

• 5x7 or 7x9 font 

• Maximum access time.- 450 ns 

• TR I-ST ATE® outputs for bus interface 

• Programmable chip selects 

• Single 5V power supply 

• Inputs and outputs TTL compatible 

• MM2316E and MM2716 pin compatible 

Logic Symbols 

LO L1 L2 L3 Dual-in-Line, Package 

AD 

AI 

A2 

A3 

A4 

A5 

A6 

ES2 CS3 

MM52116FOW 
MEMORY 
MATRIX 
2048 X 8 

01 02 03 04 05 

A3 

A2 

AI 

AD 

L3 

L2 

L1 

LO 

NC 

NC 
10 

NC 
II 

GNO 12 

Chip Select Enable Pattern CS1 = 1" CS2 = 0, CS3 = 1 
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A6 

ROW 
DECODER 

LO 'L1 L2 L3 

MM52116FOX 
MEMORY 
MATRIX 
2048 X 8 
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02 
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12 

MM52116FOW 

TOP VIEW 

24 VCC 

23 A4 

13 0\ 

Dual-in-Line Package 

24 VCC 

23 A4 

22 A5 

21 CS3 

20 CSI 

19 
A6 

MM52116FOX 
18 ill 

17 07 

16 06 

15 05 

14 04 

13 03 

TOP VIEW 
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Order Number MM52116FDW-D 
or MM52116FDX-D 

See NS Package D24C 

Order Number MM52116FDW·N 
or MM52116FDX-N 

See NS Package N24A 

AD 

AI 

A2 01 

A3 02 

A4 03 

A5 MM52116FOX 04 

A6 05 

LO 06 

L1 07 

l2 

L3 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.5V to +6.5V 
Operating Temperature Range -25D C to +85

D
C 

Storage Temperature Range -65D C to +150
D
C 

Power Dissipation 1W 
Lead Temperature (Soldering, 10 seconds) 300

D
C 

DC Electrical Characteristics 

(T A within operating temperature range, VCC = 5V ±10%, unless oth~rwise specified). 

PARAMETER rvp 
(Note 2) 

CONDITIONS MIN 
(Note 4) 

MAX UNITS 

III Input Current VIN = 0 to VCC 10 IlA 

VIH Logical" 1" I nput Voltage 2.0 VCC+l.0 V 

VIL Logical "0" Input Voltage -0.5 0.8 V 

VOH Logical "1" Output Voltage IOH =-400 IlA 204 V 

VOL Logical "0" Output Voltage IOL = 3.2 mA 004 V 

ILOH Output Leakage Current VOUT = 4V, Chip Deselected 10 IlA 

ILOL Output Leakage Current VOUT = OA5V, Chip Deselected -10 IlA 

ICCl Power Supply Current All Inputs = 5.25V, Data 70 100 mA 

Output Open 

Capacitance 

PARAMETER 
CONDITIONS MIN 

TYP 
MAX UNITS 

(Note 3) (Note 4) 

CIN I nput Capacitance (All Inputs) VIN = OV, T A = 25°C, 7.5 pF 

f = 1 MHz, (Note 2) 

COUT Output Capacitance VOUT = OV, T A = 25°C, 15.0 pF 

f = 1 MHz, (Note 2) 

AC Electrical Characteristics 
(T A within operating temperature range, VCC = 5V ±10%, unless oth~rwise specified). See AC test circuit and switching time 
waveforms. 

PARAMETER CONDITIONS MIN 
TYP 

MAX UNITS 
(Note 4) 

tAC Chip Select Access Time See AC Test Circuit; tAC and tA Measured to 120 ns 

tOFF Output Turn OFF Delay Valid Output Levels with tr and tf of Input 

<20 ns; tOFF Measured to <±20 IlA Output 
100 ns 

tAO' Address Access Time Current 450 ns 

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: Positive true logic notation is used: logical "1" = most positive voltage level, logical "0" = most negative voltage level. 
Note 3: Capacitance is guaranteed by periodic testing. 

Note 4: Typical values are for TA = 2SoC and nominal supply voltage. 
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AC Test Circuit and Switching Time Waveforms 
5V 

* I ncludes jig capacitance 

RL 
1.66k 

2.0V ------...,.x X 
ADDRESS ADDRESS VALID 

O.BV "-------------------' "'------

2.0V -----------...,. '-------------"""X 
CHIP SELECT X CHIP SELECT VALID 

O.BV "'---~--

l--tOFF-! 
VOH 

OUT~~:-_-----------------TR-I-.S-T-AT-E-®------+_---__ --__ ~ __ ~ _______ D_A_T_A_V_A_Ll_D ______ __J~--
-I,c-I 

FIGURE 1. Address Precedes Chip Select 

2.0V ----------...,.X X 
ADDRESS 

O.BV '---------______ '------

2.0V ------'"" 
CHIP SELECT 

O.BV ______ J 

1-.--------tA--------~·-1 
VOH ,-------------------T-R-I.S-T-A-T-E®-R------(--j~--------------...,.X 

OUT~~: ----- ------- DATA INVALID \. ____ DA_T_A_VA_L_I_D ___ _ 

FIGURE 2. Address Follows Chip Select 

Functional Description 

The chip is selected by applying the proper logic levels 
to the 3·chip select pins: A 7·bit binary word must be 
present at the character address inputs, AO-A6 to select 
a character. The dot matrix of selected characters is 
generated by cycling the line count address inputs LO-L3 
through the line counts necessary to generate the char· 
acters. A dot is generated when an output is a "1" 
(at VOH). 
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Figure 3 shows an example of the conditions required at 
the address and line count pins to generate the dot matrix 
of the character A. Figures 5 and 6 show the character 
fonts of the MM52116FDW and MM52116FDX. 
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Functional Description (Continued) 

CHIP SELECT 
CS1 CS2 CS3 

0 

PERIPHERAL 
INTERFACE 

I 
I 

MICRO 
PROCESSOR 

AD 
A1 

A2 

A3 

A4 

A5 

A6 

LO L1 L2 L3 

CHARACTER-ADDRESS 

DDT 
SHIFT 

REGISTER 

VIDEO OUTPUT 

LINE COUNT DOT MATRIX 
A6- - ~ A4 A3-- - - AO L3 L2 L1 LO 07 - - - - - - - - 01 

0 0 0 0 0 0 0 0 0 

0 0 0 1 

0 0 0 

0 0 1 1 

0 0 0 

0 0 1 

0 0 

0 1 1 1 

0 O· 0 

Note. A "1" = V I H for address, line count and chip select inputs and a "1" = VOH for outputs. 

FIGURE 3. Example of Generating the Character A 

VIDEO 
INTERFACE 

I 
I 

TO t--:----""'I--------..... ------IATTRIBUTE 

I 
I 
I 
I 
I 
I 
I 
I 

OECOOE 

VIOEO I 
HORI~~;;~~ I} . 

_---.;.SY;.;,;N;.;.C.
II 

3·TERMINAL 
MONITOR 

SYSTEM CONTROL BUS 

X1 X2 

II 

FIGURE 4. Typical MM52116FDW and MM52116FDX Application 
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Functional Description (Continued) 
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FIGURE 5. MM52116FDW 
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Functional Description (Continued) 

MM52116FDX ASCII CHARACTER SET IN HEXADECIMAL REPRESENTATION 

7·Bit 7·Bit 7·Bit 
Character Hexadecimal Character Hexadecimal Character Hexadecimal Character 

Number Number Number 

NUL 00 SP 20 @ 40 \ 
SOH 01 ! 21 A 41 a 
STX 02 " 22 B 42 b 

ETX 03 # 23 C 43 c 

EOT 04 $ 24 D 44 d 

ENO 05 % 25 E 45 e 

ACK 06 & 26 F 46 f 

BEL 07 27 G 47 9 
BS 08 ( 28 H 48 h 
HT 09 ) 29 I 49 i 
LF OA * 2A J 4A j 

VT OB + 2B K 4B k 

FF OC 2C L 4C I 
CR aD - 2D M 4D m 
SO OE 2E N 4E n 
SI OF / 2F 0 4F 0 

DLE 10 a 30 p 50 p 

DCl 11 1 31 0 51 q 

DC2 12 2 32 R 52 r 
DC3 13 3 33 S 53 s 

DC4 14 4 34 T 54 t 
NAK 15 5 35 U 55 u 
SYN 16 6 36 V 56 v 

ETB 17 7 37 W 57 w 

CAN 18 8 38 X 58 x 
EM 19 9 39 Y 59 y 

SUB lA : 3A ? 5A z 

ESC lB ; 3B [ 5B 
FS lC < 3C \ 5C 
GS 10 = 3D 1 5D ALT 
RS lE > 3E - t 5E ESC 
US 1 F ? 3F +- 5F DEL,RUBOUT 
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7·Bit 
Hexadeci mal 

Number 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
6A 
6B 
6C 
6D 
6E 
6F 
70 
71 
72 

73 
74 
75 
76 
77 

78 
79 
7A 
7B 
7C 
7D 
7E 
7F 
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Section 9 
Memory Support 
Circuits 

National offers a complete line of memory drivers, 
buffers, sense amps, voltage comparators, and other 
interface circuits. This section provides data on 
several frequently used interface devices. Refer to 
National's Interface Integrated Circuits Databook for 
additional data on our complete line of interface 
devices. 





~National 
D Semiconductor 

National offers a selection of memory support circuits 
to facilitate the interface of memory components in 
systems architecture. The memory support circuits were 
developed specifically to accommodate the addressing, 
clocking, data I/O, and control signals associated with 
memory systems application as shown in figure 1. 
Additional circuits are available to interface with data 
bus structured computers and microprocessors. For 
additional information contact National's Interface 
Product Marketing Manager. 

FEATURES OF THE TTL LEVEL MOS DRIVERS 

Figure 2 compares the switching response of the OS3628 
with a 74S TTL gate. Two features can be observed from 
the switching waveforms: 1) the OS3628 is as fast as 
the 74S TTL driving TTL loads, and 2) the output high 
level (VOH) of the OS3628 is higher than that of the 
74S TTL. 

In a memory system composed of MOS RAMs the load 
is capacitive and not resistive. Figure 3 compares the 
switching response of the OS3628 with a 74S TTL 
gate driving capacitive loads of 50 p F, 150 pF, and 
300pF. The switching waveforms show that the fall 

Memory Support Circuits 

time of the OS3628 is as fast as or faster than those 
of the 74S TTL, but most obvious is the rise time of 
the OS3628 - much faster than that of the 74S TTL. 
In addition, the 74S has an objectionable glitch in its 
rise time. The output high (VOH) level of the OS3628 is 
higher driving capacitance due to a bootstrap effect in 
the circuit. 

The switching response of the circuits interfacing with a 
memory array is important since any delay subtracts 
from the overall memory access time. The switching 
response driving a capacitive load is more important; 
as an example, the address drivers might be expected to 
drive 420 pF in a memory containing 64 MOS RAMs 
with 5 pF input capacitance each plus 100 pF of board 
capacitance. The same is typical of clock signals, select 
signals, and read/write signals. 

The input logic levels of MOS RAMs are generally higher 
than TTL gate levels (typically 400 mV higher). There· 
fore, the higher output high level (VOH) of the OS3628 
is preferable for noise immunity and switching overdrive. 

The features of the OS3628 are typical of the other 
TTL level memory support circuits shown in the Selection 
Guide. 

REFRESH ADDRESS ADDRESS 
DRIVER 

CLOCK 
DRIVER 

r-
1 
I 

_lIo..l 

"j 
I 

COUNTER DRIVER 

I 

-------~ ~--

MOS 
RAM MATRIX 

---~ ---, 
I 
1 
I ... 

1 I 
~-------~--------~ 

I/O 
REGISTER 

Figure 1. Memory System Block Diagram 
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DAMPING RINGING OF CLOCK SIGNALS 

Ringing of clock signals in a system where the logic 
fan·out is less than 10 is not generally a big problem, 
but with higher fan·out the increased capacitive load 
associated with even a small amount of wiring inductance 
is a problem. When the capacitance is small the switching 
currents are small, but as the load increases the increased 
current through the inductance makes the effect of the 
inductance increase. 

To reduce the associated ringing on the clock sIgnals a 
resistor may be placed in series with the output of the 
clock driver to critically dampen the signal response. 
Many of the memory support circuits are available with 
this resistor in the output, such as the OS3649 which 

74S20 OUTPUT 

TTL LOAD 

CL = 50pF 

RL=280n 

has a 15 n dampening resistor, or the OS3679 which is 
functionally the same without a dampening resistor. 

FALL-THROUGH LATCH 

In many memory applications a holding register is 
required either for address or data I/O. Most commer· 
cially available registers have an objectionable propaga· 
tion delay since the circuit's response is the sum of many 
gate delays. The address and data I/O paths are critical 
to the memory system access time and a faster register 
is preferred. The memory support circuits provide a 
selection of faster latches. These circuits are the 
053645/75 and the OS3647/77/147/177 series. These 
registers are faster since the latch function is in parallel. 
instead of series with the signal path. 

Figure 2. Switching Response with TTL Load 
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Figure 3. Switching Response with Capacitive Load 
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SELECTION GUIDE FOR N·CHANNEL MOS MEMORY INTERFACE CIRCUITS 
(Refer to 1980 Interface Oatabook for complete specifications) 

4k 16k Timing 
5V 12V RAM RAM Data and Device Number and Name Clock Clock Address Address 110 Control 

Drivers Drivers Drivers Drivers Drivers 

C04520B 
Oual Synchronous Up Counters • 
OM8556 
TRI-STATE@! Programmable Oecadel • 
Binary Coun'ters 

OM74LS373,OM74LS374 
Octal OoType Transparent Latches and • 
Edge-Triggered Flip-Flops 

OM74S240,OM74S241 
Octal TRI-STATE BufferlLine Oriverl • 
Line Receiver 

OP730310P8303, OP7304BIDP8304B, 
OP7307IDP8307, OP7308IDP8308 • 
8-Bit Bidirectional Transceiver Families 

OP8212 
8-Bit InputlOutput Port • 
OP8216,OP8226 • 4-Bit Bidirectional Transceiver 

OP8350 
Programmable CRT Controller Series • 
OS3628 \ 

Octal TRI-STATE MOS Oriver • • 
OS3631,OS3632,OS3633,OS3634 • CMOS Oual Peripheral Orivers 

OS3643, OS3673 • Quad Oecoded MOS Clock Oriver 

OS3644, OS3674 • Quad MOS Clock Oriver 

OS3645, OS3675 • Hex TRI-STATE MOS Oriver Latch 

OS3647, OS3677, OS36147, OS36177 
Quad TRI-STATE MOS Memory • 
110 Register 

OS3648, OS3678 • • • • TRI-STATE MOS MultiplexerlOriver 

OS3649, OS3679 • HEX TRI-STATE MOS Oriver • • 
OS36149, OS36179 • • HEX MOS Oriver • 
DS75322, OS3622 • Oual TTL-to-MOS Oriver 

OS8T26, OS8T28 
Quad TRI-STATE Bus Oriver • 
MM74C240, MM74C244 
Octal Buffers and Line Orivers with • 
TRI-STATE Outputs 

MM74C373, MM74C374 
TRI-STATE Octal OoType Latch and • 
Flip-Flop 
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~National Memory Support Circuits 
~ Semiconductor 

CD4518BM/CD4518BC, CD4520BM/CD4520BC 
Dual Synchronous Up Counters 

General Description 
The CD4518BM/CD4518BC dual BCD counter and the 
CD4520BM/CD4520BC dual binary counter are imple­
mented with complementary MaS (CMOS) circuits 
constructed with Nand P-channel enhancement mode 
transistors. 

line. All inputs are protected against static discharge by 
diode clamps to both VDD and VSS. 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TT L 
compatibility 

3V to 15V 

0.45 VOD typ 
fan out of 2 
driving 74L 

or 1 driving 74LS 

Each counter consists of two identical, independent, 
synchronous, 4-stage counters. The counter stages are 
toggle flip-flops which increment on either the positive­
edge of CLOCK or negative-edge of ENABLE, simplifying 
cascading of multiple stages. Each .counter can be 
asynchronously cleared by a high level on the RESET • 6 MHz counting rate (typ) at VDD = 10V 

Truth Table 
CLOCK ENABLE RESET ACTION 

f 1 0 I ncrement counter 

0 "-- 0 Increment counter 

"-- X 0 No change, 

X f 0 No change 

f 0 0 No change 

1 "-- 0 No change 

X X 1 01 thru 04·= 0 

X = Don't Care 

Connection Diagram 
Dual-In-line and Flat Package 

Voo RESET 04 03 02 01 ENABLE CLOCK 

16 15 14 12 11 10 

R COUNTER 1 

c COUNTER 2 R 

CLOCK ENABLE Q1 02 03 04 RESET VSS 
TOP VIEW 
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~National Memory Support Circuits 
D Semiconductor 
DM7555/DM8555, DM7556/DM8556 TRI·STATE® 
Programmable Deca~e/Binary Counters 
General Description Features 

• DM7555/8555-Decade counter 

• DM7556/8556-Binary counter 

• Typical clock frequency 

• TRI-STATE outputs 

• Fully independent clear 

• Synchronous loading 

These circuits are synchronous, edge-sensitive, fully­
programmable 4-bit counters. The counters feature both 
conventional totem-pole and TRI-STATE outputs; such 
that when the outputs are in the high-impedance mode, 
they can be used to enter data from the bus lines. In 
addition, the clear input operates completely independent 
of all other inputs. During the programming operation, 
data is loaded into the flip-flops on the positive-going 
edge of the clock pulse. To facilitate cascading of these 
counters, the MAX COUNT output can be tied directly 
into the count enable input. • Cascading circuitry provided internally 

Connection Diagram 

Logic Diagrams 

Vee" 06l 
GND ~ 18) 

16) 

D. 

Truth Table 

55 

56 

IS) 
D. 
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* Asynchronous Transition 
Note: See Timing Diagrams 
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Memory Support Circuits 

DM54LS373/DM74LS373, DM54LS37 41DM7 4LS37 4 
Octal D-Type Transparent Latches 
and Edge-Triggered Flip-Flops 
General Description 
These 8-bit registers feature totem-pole TRI-STATE@ 
outputs designed specifically for driving highly-capacitive 
or relatively low impedance loads_ The high impedance 
TRI-STATE and increased high logic level drive provide 
these registers with the capability of being connected 
directly to and driving the bus lines in a bus-organized 
system without need for interface or pull-up com­
ponents_ They are particularly attractive for imple­
menting buffer registers, I/O ports, bidirectional bus 
drivers, and working registers. 

The 8 latches of the DM54LS373 are transparent D­
type latches meaning that while the enable (G) is high 
the Q outputs will follow the data (D) inputs. When 
the enable is taken low the output will be latched 
at the level of the data that was set up. 

The 8 flip-flops of the DM54LS374/DM74LS374 are 
edge-triggered D-type fl ip-flops. On the positive transition 
of the clock, the Q outputs will be set to the logic states 
that were set up at the D inputs. 

Connection Diagrams and Truth Tables 
DM54LS373/DM74LS373 

Dual-In-Line Package 

ENABLE 
Vce 08 08 07 07 06 06 05 05 G 

20 19 18 17 16 15 14 13 12 11 

10 

A buffered output control input can be used to place 
the 8 outputs in either a normal logic state (high or low 
logic levels) or a high impedance state. In the high 
impedance state the outputs neither load nor drive the 
bus lines significantly. 

The output control does not affect the internal operation 
of the latches or fl ip-flops. That is, the old data can be 
retained or new data can be entered even while the 
outputs are OFF. 

Features 
• Choice of 8 latches or 8 D-type flip-flops in a single 

package 

• TRI-STATE bus driving outputs 

II Full parallel access for loading 

• Buffered control inputs 

• PNP inputs reduce DC loading on data lines 

DM54LS374/DM74LS374 
Dual-In-Line Package 

Vce 08· 08 07 07 06 06 05 05 CLOCK 

20 19 18 17 16 15 14 13 12 11 

10 

OUTPUT 01 
CONTROL 

01 02 02 03 03 

TOPVIEW 

04 04 GNO OUTPUT 01 
CONTROL 

01 02 02 03 

TOP VIEW 

03 D4 Q4 GNO 

ENABLE 
0 OUTPUT 

G CLOCK 0 OUTPUT 

H H H t H H 

H L L t L L 

L X 00 L X 00 

When output control is high, the output is disabled to high impedance state; however, sequential 
operation of these devices are not affected. 
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Memory Support Circuits 

DM54S240/DM74S24O, DM54S241/DM74S241, 
DM54S940/DM74S94O, DM54S941/DM74S941 
Octal TRI·STATE® Buffers/Line Drivers/Line Receivers 
General Description 
These buffers/line drivers are designed specifically to 
improve both the performance and PC board density of 
T R I-ST ATE® buffers/drivers employed as memory­
address drivers, clock drivers, and bus-oriented trans­
mitters/receivers. Featuring 400 mV of hysteresis at 
each low current PNP data line input, they provide 
improved noise rejection and high fanout outputs to 
restore Schottky TTL levels completely, and can be used 
to drive term inated I ines down to 133Q. 

Connection Diagrams 

DM54S240/DM74S240 

Vee 21: lYl 2A4 lY2 2A3 lY3 2A2 lY4 2Al 

20 19 18 17 16 15 14 13 12 11 

Ie lAl 2Y4 lA2 2Y3 lA3 2Y2 lA4 2Yl GND 

TDPVIEW 

1Y = 1Awhen 10 is low 
2Y = 2A when io is low 

When 10 is high, 1 Y outputs are at a high impedance 
When 20 is high, 2Y outputs are at a high impedance 

DM54S940/DM74S940 

Vee 2C lYl 2A4 lY2 2A3 lY3 2A2 lY4 2Al 

11: lAl 2Y4 lA2 2Y3 2Y2 lA4 2Yl GND 

TOPVIEW 

I Y = fA when fo and 2<3 are low 
2Y = 2A when 10 and 20 are low 

When,either 1<3 or 2<3 is high, dll, outputs ar,e a high impedance 

9-8 

Features 
• High performance Schottky TTL line drivers and/or 

receivers in a high density 20-pin package 

• TR I-STATE outputs drive bus lines directly 

• PNP inputs reduce DC loading on bus lines 

• Hysteresis at inputs improves noise margins 

DM54S241/DM74S241 
Vee 2G lYl 2M 1Y2 2A3 lY3 2A2 lY4 2Al 

20 19 18 17 16 15 14 13 12 11 

III lAl 2Y4 lA2 2Y] lA3 2Y2 1M 2Y1 GND 

TOPVIEW 

1 Y = 1 A when 1 G is low 
2Y = 2A when 2G is high 

When 1 G is high, 1 Y outputs are at a high impedance 
Nhen 20 is low 2Y outputs are at a high impedance 

DM54S941/DM74S941 
Vee 211 lYl 2A4 lY2 2A3 lY3 2A2 lY4 2Al 

lC lAl 2Y4 lA2 2Y3 lA3 2Y2 1M 2Yl GND' 

TDPVIEW 

IY = lA when 10 and iG are low 
2Y = 2A when 10 and 20 are low 

When either 10 or 2<3 is high, all outputs are at a high impedance 
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~ Semiconductor 

Memory Support Circuits 

DP7303/DP8303 8-Bit TRI-STATi:® Bidirectional 
Transceiver (Inverting) 

Features 
• 8-bit bidirectional data flow reduces system package 

count 

• Bidirectional TR I-STATE inputs/outputs interface 
with bus oriented systems 

• PNP inputs reduce input loading 

• Output high voltage interfaces with TTL, MOS, 
and CMOS 

• 48 mA/300 pF bus drive capability 

Logic and Connection Diagrams 

ADo-+-.... -f ""><>---e-f--() BO 

I 

[ 

L_ 
AI~_ 
A2o--r­

AJo-t-

APORT ::~ = 
A6o--( = 
A10--t... _ 

I 

--l 1 _ ---.r--<> B I 

""t--..oB2 

-j-oBJ 

_~:: BPORT 

=:J-o B6 _ .....r--o B7 

TRANSMIT/RECEIVE 
(lIA) 

CHIP DISA(~~~O'-" ________ '" 

Logic Table 

INPUTS 

Chip Disable Transmit/Receive 

0 0 

0 1 

1 X 

• Pinouts simplify system interconnections 
• Transmit/Receive and chip disable simplify control 

logic 

• Compact 20-pin dual-in-line package 

• Bus port glitch free power up/down 

Dual-In-Line Package 

AD 

Al 

A2 

AJ 

A PORT 

A4 

B PORT 

AS 

A6 

A1 

CHIP DISABLE 

GND 
10 

11 TRAN/REC 

TOP VIEW 

RESULTING CONDITIONS 

A Port B Port 

OUT IN 

IN OUT 

TRI-STATE TRI-STATE 

X = Don't care 
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~National 
~ Semiconductor 

Memory Support Circuits 

DP7304B/DP8304B 8-Bit TRI-STATi:® 
Bidirectional Transceiver (Non-Inverting) 

Features 
• 8-bit bidirectional data flow reduces system package 

count 
• Bidirectional TRI-STATE inputs/outputs interface 

with bus oriented systems 

• PNP inputs reduce input loading 
• Output high voltage interfaces with TTL, MOS, 

and CMOS 

'. 48 mA/300 pF bus drive capability 

Logic and Connection Diagrams 

AOo-4-+--! ">---...... -+-<J BO 

I 

!
Al~= 
A2o---f""" 

A3o-1: -

APORT ::~_ 

A6~= 
A70--L. _ 

I 

---I l _ ,-.r---o Bl 

"""l-oB2 

-:J-oB3 

=-C:: BPORT 

=:J-o B6 _ -.r--o B7 

TRANSMIT IRE CEIVE 
(T/AI 

CHIP OISA(~~~o-+-_______ ....J 

Logic Table 

INPUTS 

Chip Disable Transmit/Receive 

0 0 

0 1 

1 X 

• Pinouts simplify system interconnections 
• TransmitIReceive and chip disable simplify control 

logic 

• Compact 20-pin dual-in-line package 

• Bus port glitch free power up/down 

Dual-In-Line Package 

AO 

AI 

A2 

A3 

A PORT 

A4 16 B3 

B PORT 

A5 15 B4 

14 
A6 B5 

A7 13 B6 

12 
CHIP DISABLE B7 

GNO 
10 11 TRAN/REC 

TOP VIEW 

RESULTING CONDITIONS 

A Port B Port 

OUT IN 

IN OUT 

TRI-STATE TRI-STATE 

X = Don't care 
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~National Memory Support Circuits 
~ Semiconductor 

DP7307/DP8307 8·Bit TRI·STATE® 
Bidirectional Transceiver (Inverting) 

Features 
• Pinouts simplify system interconnections • 8-bit bidirectional data flow reduces system package 

count • Independent f and R controls for versatility 
• Bidirectional TRI-STATE inputs/outputs interface 

with bus oriented systems 

• PNP inputs reduce input loading. 
• Output high voltage interfaces with TTL, MaS, 

and CMOS 

• 48 mA/300 pF bus drive capability 

Logic and Connection Diagrams 

r------, 
AO BO 

I I 
I I 

[ L- -~ ) Al~_ _~Bl 
A2 B2 

A3o-t- -j--oBJ 

APORT ::~ = =~:: BPORT 

A6o--{: = =J-oB6 
A70--L. _ _ ..J""'"'O B7 

TRANSMIT RECEIVE 
(f) (ill 

Logic Table 

CONTROL INPUTS 

Transmit Receive 

1 0 ~ 

0 1 

1 1 

0 0 

• Compact 20-pin dual-in-line package 

• Bus port glitch free power up/down 

Dual-In-Line Package 

AD 

Al 

A2 

A3 

A PORT 

A4 

AS 

A6 

A7 

Jr 
/ 

GNO 
10 

TOP VIEW 

RESUL TING CONDITIONS 

A Port B Port 

OUT IN 

IN OUT 

TRI-STATE TRI-STATE 

Both Actilie* 

*This is not an intended logic condition and may cause oscillations_ 
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~National Memory Support Circuits 
~ Semiconductor 

DP7308/DP8308 8-Bit TRI-STATE® 
Bidirectional Transceiver (Non-Inverting) 

Features 
• Pinouts simplify system interconnections • 8-bit bidirectional data flow reduces system package 

count • Independent T and R controls for versatility 
• Bidirectional TRI-STATE inputs/outputs interface 

with bus oriented systems 

• PNP inputs reduce input loading 
• Output high voltage interfaces with TTL, MaS, 

and CMOS 

• 48 mA/300 pF bus drive capability 

Logic and Connection Diagrams 

AD 80 

I I 
I I 

rd== -~ 1 _~81 
A1 81 

A3o-t- -j-083 

APORT ::~_ =~:: 8PORT 

A6o-{: = =j-086 

A70-L_ _y-087 

TRANSMIT RECEIVE 
If) tAl 

Logic Table 

CONTROL INPUTS 

Transmit Receive 

1 0 

0 1 

1 1 

0 0 

• Compact 20-pin dual-in-line package 
• Bus port glitch free power up/down 

Dual-In-Line Package 

AD 

Al 

A1 

A3 

A PORT 

A4 

A5 

A6 

A7 

GNO 10 

TOP VIEW 

RESULTING CONDITIONS 

A Port B Port 

OUT IN 

IN OUT 

TRI-STATE TRI-STATE 

Both Active * 

*This is not an intended logic condition and may cause oscillations. 
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~National 
D Semiconductor 

Memory Support Circuits 

DP8212, DP8212M 8·Bit Input/Output Port 

General Description Features' 

• 8-Bit Data Latch and Buffer The DP8212/DP8212M is an 8-bit input/output port 
contained in a standard 24-pin dual-in-line package_ The 
device, which is fabricated using Schottky Bipolar tech­
nology, is part of National Semiconductor's N8080 
microcomputer family. The DP8212/DP8212M can be 
used to implement latches, gated buffers, or multiplexers. 
Thus, all of the major peripheral" and input/output 
functions of a microcomputer system can be imple­
mented with this device. 

• Service Request Flip-flop for Generation and Control 
of Interrupts 

• O.25mA Input Load Current 

• TRI-STATE TTL Output Drive Capability 

Outputs Sink 15mA 

• Asynchronous Latch Clear 

• 3.65V Output for Direct Interface to INS8080A 
The DP8212/DP8212M includes an 8-bit latch with 
TR I-STATE® output buffers, and device selection and 
control logic. Also included is a service request flip-flop 
for the generation and control of interrupts to the 
microprocessor. 

• Reduces System Package Count by Replacing Buffers, 
Latches, and Multiplexers in Microcomputer Systems 

NBOBOA Microcomputer Family Block Diagram 

~ 

~ -
91 & 92 CLOCKS 

DP8224 
CONTROL SIGNALS 

CLOCK 
IRESET & READY) 

GENERATOR 
SYNC & INS8080A 

DRIVER MICROPROCESSOR 

WAIT_ 

ISY~n~- - -
OMA Rm) 

CONTRO~L t07-DO _...lA I5-AO ~GNALS 
IWR, DBIN, 

& HLDA) IOPT;N~1 
STSTB DP82281 I BUFFERSI I 

sDmf~ LDEC~~S~ 
CONTROLLER . [ ADDRESS 

BUSEN BUS (16) 

tDATA BUS (8) 

CONTRO L(5) -1-

~ -
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~National 
z.4I Semiconductor 

Memory Support Circuits 

DP8216, DP8216M,DP8226, DP8226M 4·Bit Bidirectional 
Bus Transceivers 

General Description 
The DP8216/DP8216M and DP8226/DP8226M are 
4-bit bidirectional bus drivers for use in bus oriented 
applications. The non-inverting DP8216/DP8216M and 
inverting DP8226/DP8226M drivers are provided for 
flexi bility in system design. . 

Each buffered line of the four-bit driver consists of two 
separate buffers that are TRI-STATE® to achieve direct 
bus interface and bidirectional capability. On one side 
of the driver the output of one buffer and the input of 
another are tied together (DB); this side is used to inter­
face to the system side components such as memories, 
I/O, etc., because its interface is TTL compatible and it 
has high drive (50mA). On the other side of the driver 
the inputs and outputs are separated to provide maximum 
fle~ibility. Of course, they can be tied together so that 
the driver can be used to buffer a true bidirectional bus. 
The DO outputs on this side of the driver have a special 
high voltage output drive capability so that direct inter­
face to the 8080 type CPUs is achieved with an adequate 
amount of noise immunity. 

The CS input is a device enable. When it is "high" the 
output drivers are all forced to their' high-impedance 
state. When it is a "low" the device is enabled and the 
direction of the data flow is determined by the OlEN 
input. 

Logic and Connection Diagrams 

DP8216/DP8216M DP8226/PD8226M 

010 010 

OBO 
ODD DOD 

011 011 

OBI 
001 

001 

OIZ 
OIZ 

OB2 
OOz 

002 

OIJ 

OBJ 
OIJ 

OOJ 
OOJ 

iiiEN 

cs OlEN 
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The OlEN input controls the direction of data flow, 
which is accomplished by forcing one of the pair of 
buffers into its high-impedance state and allowing the 
other to transmit its data. A simple two-gate circuit is 
used for this function_ 

Features 
• Data bus buffer driver for 8080 type CPUs 

• Low input load current - 0.25 mA maximum 

• High output drive capability for driving system data 
bus - 50 mA at 0.5 V 

• Power up-down protection 

• DP8216/DP8216M have non-inverting outputs 

• DP8226/DP8226M have inverting outputs 

• Output high voltage compatible with direct interface 
to MaS 

• TRI-STATE outputs 

• Advanced Schottky processing 

• Available in military and commercial temperature 
ranges 

Dual-In-Line Package 
OBo 

U 1 

OBI CHIP SELECT DOD Z 15 IillN PO~~~~~I~~AlolJTRDl) 

DATA OUTPUT OBO 3 14 003 DATA OUTPUT 

OB2 BIOIRrt~~~~~' DID 4 OB3 ~1~1::CUT~ONAl 

DATA INPUT 001 5 01 3 DATA INPUT 

DATA OUTPUT OBI 6 OOz DATA OUTPUT 

OB3 
BIOIRml~:~~ 011 J 10 OBZ gf01~:~T~ONAl 

DATA INPUT GNO B OIZ DATA INPUT 

cs 
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D Semiconductor 

Memory Support Circuits 

DP8350 Series Programmable CRT Controllers 
General Description 
The OP8350 Series of CRT Controllers are single-chip 
bipolar (12L technology) circuits in a 40-pin package_ 
They are designed to be dedicated CRT display refresh 
circuits_ 

The CRT Contr'oller (CRTC) provides an internal dot 
rate crystal controlled oscillator for ease of system 
design. For systems where a dot rate clock is already 
provided, an external clock input may be used by the 
CRTC. In either case system synchronization is made 
possible with the use of the buffered Dot Rate Clock 
Output. 

The OP8350 Series has 11 character generation related 
timing outputs. These outputs are compatible for 
systems with or without I ine buffers, using character 
ROMS, or OM8678-type latch/ROM/shift register 
circuits. 

12 bits (4k) of bidirectional TRI-STATE® character 
memory addresses are provided by the CRTC for direct 
interface to character memory. 

Thrlle on-chip registers provide for external loading of 
the' row starting address, cursor address, and top-of-page 
address. 

A complete set of video outputs is available including 
cursor enable, programmable vertical blanking, program­
mable horizontal sync, and programmable vertical sync. 

The OP8350 Series CRTC provides for a wide range of 
programmability using internal mask programmable 
ROMs: 

- Character Field (both number of dots/character and 
number of scan lines/character) 

- Characters per Row 

- Character Rows per Video Frame 

DP8350 Series Connection Diagram 

C~~'~~~l- J 

VERTi~~E_4 

NC-5 

[

LCJ-' 

LINE LC2-1 

COUNTER] OUTPUTS LC,-8 

LCD-' 

Cl~~~Nl~~~ _ 10 

CHARA~~EO"~~~ _ 11 

RECIRCUll~~~ ~~~~~~ - 12 

lINEC~~~~ _ 13 

HORIZO~~~~ _ 14 

s~~n~- 15 

lINEBgn~~_ 16 

EXTE~~:~f~tcR~ - 11 

The CRTC also provides system sync and program inputs 
including 50/60 Hz control, system clear, external 
character/line rate clock, and character generator pro­
gram. 

The OP8350 Series operates on a single +5 V power 
supply. Outputs and inputs are TTL compatible. 

Features 
• Internal crystal controlled dot rate oscillator 

• External dot rate clock input 

• Buffered dot rate clock output 

• Timing pulses for character generation 

• Character memory address outputs (12 bits) 

• Internal cursor address register 

• I nternal row starting address register 

• Top-of-page address register (for scrolling) 

• Programmable horizontal and vertical sync outputs 

• Programmable cursor enable output 

• Programmable vertical blanking output 

• 50/60 Hz refresh rate 

• Programmable characters/row (5 to 110) 

• Programmable character field size (up to 16 dots x 16 
scan line field size) 

• Programmable character rows/frame (1 to 64) 

• Single +5 V power supply 

• Inputs and outputs TTL compatible 

• Ease of system design/application 

38 -- ~~~bSTER 

31 - f:~8~~ORESS 

,,-AD 

35-A, 

34-A, 

JJ-AJ 

31-A, 

31- A5 

3D-A, 

"-A, 
28-A, 

21-A, 

26-A'D 

25-A" 

RAM ADDRESS 
COUNTER 
OUTPUTS/ 
REGISTER 
INPUTS 

24 - ~~~i~~~~~!~1ERRESS 
SHIF\O~rG~~~~~ - 18 23 - g~Jc~ATE 

Ne ~ NO CONNECTION ~~~1~~":"" 19 22 - XI I CRYSTAL EXTERNAL 

GNO-I,;';;,.D .:.....-___ ..;.';.J'-X2 I rNS;~~~ATORORCLOCKINPUTS 
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Memory. Support Circuits 

OS1628/0S3628 Octal TRI·STATE® MOS Driver 
General Description 
The DS1628/DS3628 are octal Schottky memory drivers 
with TRI-STATE® outputs designed to drive high 
capacitive loads associated with MOS memory systems. 
The drivers' output (VOH) is specified at 3.4 V to 
provide' additional noise immunity required by MOS 
inputs. A PNP input structure is employed to minimize 
input currents. The circuit employs Schottky-clamped 
transistors for high speed. A NOR gate .of two inputs, 
DISl and DIS2, controls the TRI-STATE mode_ 

Schematic and Connection Diagrams 

EaUlvALENT INPUT EaUIVALENT aUTPUT 
r--------.--~--_1>--OVCC 

Features 
• High speed capabilities 

- typ 5 ns driving 50 pF & 8 ns driving 500 pF 

• TRI-STATE outputs 

• High VOH (3.4 V min) 

• High density 
- eight drivers and two disable controls for TRI­

STATE in a 20-pin package 

• PNP inputs reduce DC loading on bus lines 

• Glitch-free power up/down 

DIS 1 

IN 1 

OUT 2 

IN J 

OUT 4 

Dual-In-Line Package 

vee 
0lS2 

'-----+---4 ><>----11-- OUT 1 

~~----~-IN2 

'----~---I '><:>-----11-- OUTJ 

OUTPUT 
IN 5 ~~----~-IN4 

INPUT 

Truth Table 

Disable Input 

DIS 1 

H 

H 

X 

L 

L 

H = high level 
L = low level 
X = don't care 

DIS 2 

H 

X 

H 

L 

L 

Z = high impedance (off) 

(ONE INVERTER SHOWN ONL Y) 

Input Output 

X Z 

X Z 

X Z 

H L 

L H 

OUT 6 '------t--I ><>-----11-- OUT 5 

IN 1 ~-+------+-- IN 6 

OUT 8 '------t---1 ><>-----11-- DUll 

GNO I--------+-- IN B 

GND 
TOP VIEW 

Typical Application 

r----..., 
I 

)I~DDRESS ... -t++-~ LINES 

'-+-~I+--.l 

t::1a:1a:1:fl~ r~ MM5290 ~ 6k DYNAMIC 
RAM 
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Memory 5upport Circuits 

051631/053631, 051632/053632, 051633/053633, 
051634/053634 CM05 Oual Peripheral Orivers 
General Description 
The DS1631 series of dual peripheral drivers was 
designed to be a universal set of interface components 
for CMOS circuits. 

Each circuit has CMOS compatible inputs with thresholds 
that track as a function of Vee (approximately 112 Veel. 
The inputs are PNPs providing the high impedance 
necessary for interfacing with CMOS. 

Outputs have high voltage capability, minimum break­
down voltage is 56V at 250pA. 

The outputs are Darlington connected transistors. This 
allows high current operation (300 mA max) at low 
internal Vee current levels since base drive for the 
output transistor is obtained from the load in propor­
tion to the required loading conditions. This is essential 
in order to minimize loading on the CMOS logic supply. 

Typical Vee = 5V power is 28 mW with both outputs 
ON. Vee operating range is 4.5V to 15V. 

The circuit also features output transistor protection if 
the Vee supply is lost by forcing the output into the 

high impedance OFF state with the same breakdown 
levels as when Vee was applied. 

Pin-outs are the same as the respective logic functions 
found in the following popular series of circuits: 
DS75451, DS75461, DS3611. This feature allows direct 
conversion of present systems to the MM74C CMOS 
family and DS1631 series circuits with great power 
savings. 

The DS1631 series is also TTLlDTL compatible at 
Vee = 5V. 

Features 
• CMOS compatible inputs 

• TTLlDTL compatible inputs 

• High impedance inputs PNP's 

• High output voltage breakdown 56V min 

• High output current capability 300 mA max 

• Same pin-outs and logic functions as DS75451, 
DS75461 and DS3611 series circuits 

• Low Vee power dissipation (28 mW both outputs 
"ON" at 5V) 

Connection Diagrams (Dual-In-Line and Metal Can Packages) 

Vee B2 A2 X2 Vee 82 A2 X2 A2 X2 Vee B2 A2 X2 

Al Bl Xl GND Al Bl XI GND Al Bl XI GND Al Bl Xl GND 

TDPVIEW TDPVIEW TDPV1EW TOPVIEW 

Vee Vee Vee Vee 

GND GND GND GND 

TOP VIEW TOPVIEW TDPVIEW TOPVIEW 

(P104 iselectmally connected tothe case.) (PI04iserectricaltyconn~tedtothecase.l (P104 iselectncally connected to the case.) (PIO 4 IS electmally connected to the case.) 
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~ National Memory Support Circuits 
D Semiconductor 
OS16441053644, OS167 410S367 4 
Quad TTL-MOS Clock Orivers 
General Description 
The 051644/053644 and 051674/053674 are quad 
bipolar·to·M05 clock drivers with TTL/OTL compatible 
inputs. They are designed to provide high output current 
and voltage capabilities necessary for optimum driving 
of high capacitance N·channel M05 memory systems. 

The device features two common enable inputs, a 
refresh input, and a clock control input for simplified 
system designs. The circuit was designed for driving 
highly capacitive ,loads at high speeds and uses 5chottky· 
clamped transistors. PNP transistors are used on all 
inputs thereby minimizing input loading. 

The circuit may be connected to provide a 12V clock 
output amplitude as required by 4k RAMs or a 5V clock 
output amplitude as required by 16k RAMs. 

The 051644/053644 contains a 10[2 resistor in series 
with each output to dampen the transients caused by 
the fast·switching output, while the 051674/053674 

Schematic and Connection Diagrams 

EQUIVALENT INPUT 

INPUT 

I 
I 
I 
I 
I 
I 
I 

INTERNAL 
LQGIC 

CIRCUITRY 

L ___ _ 

has a direct, low impedance output for use with or 
without an external damping resistor. 

Features 
• TTL/OTL compatible inputs 

• 12V clock or 5V clock driver 

• Operates from standard bipolar and M05 supplies 

• PNP inputs minimize loading 

• High voltage/current outputs 

• Input and output clamping diodes 

• Control logic optimized for use with M05 memory 
systems 

• Pin and function compatible with MC3460 and 

3235 

• Built·in damping resistors (051644/053644) 

VCC3 
EQUIVALENT QUTPUT 

'----.-.... J\I\i'\r-O OUTPUT 

'---.------------~~------.... ----------_.----_oGNO 

* D51644/D53644 only 

Dual·1 n·Line Package 

VCCI OUT 0 SEL 0 EN I EN 2 SEL C OUT C VCC3 

VCC2 OUT A SEL A CLK RFSH SEL BOUT B GNO 
IN IN 

TOP VIEW 
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081645/083645,081675/083675 
Hex TRI·STATE® TTL·MOS Latches/Orivers 
General Description 

The OS1645/0S3645 and OS1675/0S3675 are hex 
MOS latches/drivers with outputs designed to drive large 
capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are used to 
reduce input currents, allowing the large fan-out to 
these drivers needed in memory systems. The circuit 
has Schottky-clamped transistor logic for minimum 
propagation delay, and TR I·ST ATE® outputs which 
allow bus operation. 

The OS1645/0S3645 has a 15 n resistor in series 
with the outputs to dampen transilmts caused by the 
fast switching output circuit. The OS1675/0S3675 
has a direct, low impedance output for use with or 
without an external resistor. 

Logic and Connection Diagrams 

DATA A O-~~----------f--"""l 

The circuit employs a fall-through·latch which captures 
the data in parallel with the output, thereby eliminating 
the delay normally encountered in other latch circuits. 
The OS1645/0S3645 and OS1675/DS3675 may be 
used for input address lines or input/output data lines 
of a MOS memory systern. 

Features 
• TTL/OTL compatible inputs 

• PNP inputs minimize loading 

• Capacitance-driving outputs 

• TRI-STATE outputs 

• Built-in damping resistor (OS1645/DS3645) 

Dual·ln-Line Package 

Vee DDs~~ DATA F OF DATA E DE DATA 0 aD 

DATA9o-C======= 

DATAe o-C = = = = = = = 
DATADo-C======= 

DATAE o-C = = = = = = = 

DATAF o-C = == = == = 

= = = = ::::J-o fie 

= = = = ::::J-o liD = = = = ::J-o DE 

====::::J----<>fiF 

IN DATA A OA 
ENBl 

DATA 9 OB DATA e fie GND 

TOPVIEW 

~~!:~~ O------L~O-------------I 

Truth Table 

INPUT OUTPUT 
DATA OUTPUT OPERATION 

ENABLE DISABLE 

1 0 1 0 Data Feed-Through 

1 0 0 1 Data Feed-Through 

0 0 X Q Latched to Data Present 

when Enable Went Low 

X 1 X Hi-Z High Impedance Output 

X = Don·t care 
Hi-Z = TRI-STATE mode 
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~National Memory 8upport Circuits 
~ Semiconductor 
081647/083647,081677/083677, 
0816147/0836147, 0816177/0836177 
Quad TRI·8TATE® M08 Memory 1/0 Registers 
General Description 
The 051647/053647 series are 4-bit I/O buffer registers 
intended for use in M05 memory systems. The circuits 
employ a fall-through latch for data storage. This method 
of latching captures the data in parallel with the output, 
thus eliminating the delays encountered in other designs. 
The circuits use 5chottky-clamped transistor logic for 
minimum propagation delay and employ PNP input 
transistors-so that input currents are low, allowing large 
fan-out' to' these circuits needed in a memory system. 

051647/053647 and 051677/053677 they are TRI-
5TATE_ The "8" port outputs are also designed for use 
in bus organized data transmission systems and can sink 
80 mA and source -5.2 mAo The "A" port outputs in 
all four types are TRI-5TATE. 

Two pins per bit are provided, and data transfer is bi­
directional so that the register can handle both input and 
output data. The direction of data flow is controlled 
through the input enables. The latch control, when 
taken low, will cause the register to hold the data present 
at that time and display it at the outputs. Oata can be 
latched into the register independent of the output 
disables or EXPAN510N input. Either or both of the 
outputs may be taken to the high-impedance state with 
the output disables. The EXPAN510N pin disables both 
outputs to facilitate multiplexing with other I/O regis­
ters on the same data lines. 

Oata going from port" A" to port "8" is inverted in the 
051647/053647 and 0516147/0536147 and is not 
inverted in the 051677 /053677 and 0516177/0536177. 
Oata going from port "8" to port "Au is inverted in 
all four types. 

Features 
• PNP inputs minimize loading 

• Fall-through latch design 

• Propagation delay of only 15 ns 

• TRI-5TATE outputs 

• EXPAN510N control 

• 8i-directional data flow 

• TTL!OTL compatible The '!8"port outputs in the 0516147/0536147 and 
0516177/0536177 are open collectors, and in the • Transmission line driver output 

Logic and Connection Diagrams 

AI 

r---------------------, 
I I 
I 
I 
I 
I 
I 
I 

L ____ _ 

B 
MULTIPLEX 

_____ .J 

Bl 

A2o-[== = == 
AJo-[===== 
A4o-[===== 

=====}-oB2 
=== ==}-oBJ 
=====}-oB4 

r-----
I 
I 
I 
I 
L ____ _ 

INPUT 
ENABLES 

-----, 
I 
I 
I 
I 

_ __ .J 

A__________.._ B 
OUTPUT EXPANSION 

DISABLES 

*Inverting 051647/053647 and OS16147/0536147 only 
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Dual-In-Line Package 

Bl 

Al 

{

A 
INPUT 

ENABLE B 
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Memory Support Circuits 

081648/083648,081678/083678 
TRI-8TATE® M08 Multiplexers/Orivers 
General Description 
The OS1648/0S3648 and OS1678/0S3678 are quad 
2-input multiplexers with TRI-STATE outputs designed 
to drive the large capacitive loads (up to 500 pF) 
associated with MOS memory systems_ A PNP input 
structure is employed to minimize input currents so that 
driver loading in large memory systems is reduced_ The 
circuit employs Schottky-clamped transistors for high 
speed and TR I-STATE outputs for bus operation_ 

The OS1648/0S3648 has a 15 n resistor in series with 
the outputs to dampen transients caused by the fast­
switching output_ The OS1678/0S3678 has a direct, 

Logic and Connection Diagrams 
OUTPUT 1151 

CONTROL 

Al~121~------------_;~ 

Bl~IJI------r-------~~ 

'A2 151 

B2 161 

AJ 1111 

1101 
8J~~----+-----~_;~ 

1141 
A4~~----+-----~_;~ 

84 ~I1J-,-1 -----+------Hr-"\ 

SELECT 

Schematic Diagram 
EOUIVALENT INPUT 

Yl 

Y2 

YJ 

Y4 

low impedance output for use with or without an 
external resistor_ 

Features 
• TRI-STATE outputs interface directly with system 

bus 

• Schottky-clamped for better ac performance 

• PNP inputs to minimize input loading 

• OTL and TTL compatible 

• High-speed capacitive load drivers 

• Built-in damping resistor (OS1648/0S3648 only) 

Dual-I n-Line Package 

INPUTS INPUTS 
OUTPUT __________ OUTPUT __________ OUTPUT 

VCC CONTROL A4 B4 Y4 AJ BJ YJ 

SELECT Al Bl Yl A2 B2 Y2 GNO 
~ OUTPUT ~ OUTPUT 

INPUTS INPUTS 

TOP VIEW 

EQUIVALENT OUTPUT 
r----------------.---------------.----~~----oVCC 

INPUT 
INTERNAL 

LOGIC 
CIRCUITRY 

OUTPUT 

--_.----------------~--------------~----_.----_oGND 

"D516481053648 only 
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~National Memory 8upport Circuits 
~ Semiconductor 
081649/083649,081679/083679 
Hex TRI·8TATE® TTL·M08 Drivers 
General Description 
The OS1649/0S3649 and OS1679/0S3679 are Hex 
TR I-STATE MOS drivers with outputs designed to drive 
large capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are.employed to 
reduce input currents allowing the large fan-out to these 
drivers needed in memory systems. The circuit has 
Schottky-clamped tran·sistor logic for minimum propaga­
tion delay, and TR I-STATE outputs for bus operation. 

The OS 1649/0S3649 has a 15 n resistor in series with the 
outputs to dampen transients caused by the fast-switch-

Schematic Diagram 

ing output. The OS1679/0S3679 has a direct low imped­
ance output for use with or without an external resistor. 

Features 
• High speed capabilities, 

• Typ 9 ns driving 50 pF 
• Typ 30 ns driving 500 pF 

• TRI-STATE outputs for data bussing 

• Built-in 15 n damping resistor (OS1649/0S3649) 

• Same pin-out as OM8096 and OM74366 

Truth Table 
EQUIVALENT INPUT EQUIVALENT OUTPUT VCC 

L 

*OS1649/0S3649 only 

Connection Diagram 

Dual-In-line Pack~ge 

vcc OIS2 IN6 OUT6 INS OUTS IN4 OUT4 

OISI INI OUTI IN2 OUT2 IN3 OUT3 GND 

TOP VIEW 

DISABLE INPUT 
INPUT OUTPUT 

DIS 1 DIS 2 

0 0 0 1 
IS' OUTPUT 0 0 1 0 

0 1 X Hi-Z 

1 0 X Hi-Z 

1 1 X Hi-Z 

x = Don't care 

Hi-Z = TRI-STATE mode 

GNO 

Typical Application 

6·BITRAM 
ADDRESS 

6·BITRAM 
ADDRESS 

ClOCK 

ADDRESS OR 
COUNT SElECT 
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OS3646 
OR 

DS3676 

MDS 
COUNTER 
DRIVER 

ENABLE 

r-----, ..-----..., 
t-------t ADDRESS 
t-------, LINES 

MMS270 
OR 

MMS280 
MDS RAM 
ARRAY 

HH-"---I REFRESH & 

HH-+-+-----, ~I~~~ESS 

L ___ _ 

"0" ADDRESS 
"I" COUNTER 
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Memory Support Circuits 

053643, 053673 Decoded Quad MOS Clock Drivers 

General Description 
The OS3643 and OS3673 are quad bipolar-to-MOS 
decoder/clock drivers with TTL/OTL compatible inputs. 
They are designed to provide high output current and 
voltage capabilities necessary for optimum driving of 
high capacitance N-channel MOS memory systems. 

The device features full decoding of input address lines 
from two inputs to one of four outputs. Also featured is 
the capability of expanding to three inputs to one of 
eight outputs with the use of the Expansion and 
Expansion inputs. Also included are clock and refresh 
inputs. 

The circuit was designed for driving large capacitive 
loads at high speeds and uses Schottky-clamped transis­
tors. PNP transistors are used on all inputs, thereby 
minimizing input loading. 

The OS3643 has a 10 S1 damping resistor in series with 
each output to dampen transients caused by the fast 

Logic and Connection Diagrams 
Al 

Truth Table 
INPUTS 

CLOCK REFRESH EXPANSION EXPANSION 

1 X X X 

a 1 X X 

a a , a 
a a 1 a 
a a 1 a 
a a 1 a 
a a 1 1 

a a a 1 

a a a a 

x = don't care state 
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switching output. while the OS3673 has a direct, low 
impedance output, for use with or without an external 
resistor. 

Features 
• TTL/OTL compatible inputs 

• Operates from standard bipolar and MOS supplies 

• PNP inputs minimize input loading 

• Full logic decoding for either two inputs to one of 
four outputs or three inputs to one of eight outputs 

• High voltage/cu rrent outputs 

• Input and output clamping diodes 

• Control logic optimized for use with MOS memory 
systems 

• Built-in damping resistors (OS3643) 

Dual-I n-Line Package 

VCCI OUT 4 ClK RFSH EXPN OUT l VCCl 

VCC2 OUT 1 Al A2 ITi'N OUT 2 GNO 

TOP VIEW 

OUTPUTS 

A2 A, OUT 1 OUT 2 OUT 3 OUT4 

X X a a a a 
X X 1 1 1 1 

a a , a a 0 

a 1 a 1 a a 
1 a a a 1 a 
1 1 a a a 1 

X X a a a a 
X X a a a a 
X X a a a a 
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~ Semiconductor 

Memory 5upport Circuits 

0516149/0536149,0516179/0536179 
Hex M05 Orivers 
General Description 
The OS16149/0S36149 and OS16179/0S36179 are 
Hex MaS drivers with outputs designed to drive large 
capacitive loads up to 500 pF associated with MaS 
memory systems. PNP input transistors are employed to 
reduce input currents allowing the large fan-out to these 
drivers needed in memory systems. The circuit has 
Schottky-clamped transistor logic for minimum propaga­
tion delay, and a disable control that places the outputs 
in the logic "1" state (see truth table). This is especially 
useful in MaS RAM applications where a set of address 
lines has to be in the logic "1" state during refresh. 

The OS1649/0S3649 has a 15 n resistor in series with 
the outputs to dampen transients caused by the fast-

Schematic Diagram 

EQUIVALENT INPUT 

switching output. The OS1679/0S3679 has a direct low 
impedance output for use with or without an external 
resistor. 

Features 

• High speed capab,ilities 

• Typ 9 ns driving 50 pF 
• Typ 29 ns driving 500 pF 

• TR I-STATE outputs for data bussing 

• Built-in 15 n damping resistor (OS16149/0S36149) 

• Same pin-out as OM8096 and OM74366 

EaUIVALENT OUTPUT 

r-------------~~--.---....... --_oVee 

15* 
L---.... JVl.rv--o OUTPUT 

INPUT 

L _ __ _ 
~-+--------~------~~--~---oGND 

*OS16149/0S36149 only. 

Connection Diagram Truth Table 
Dual-In-Line Package 

Vee DIS 2 IN 6 OUT6 IN 5 OUTS IN 4 OUT4 

DISABLE INPUT 
INPUT OUTPUT 

DIS 1 DIS 2 

0 0 0 1 

0 0 1 0 

0 1 X 1 

1 0 X 1 

1 1 X 1 

x = Don't care 

DIS I IN lOUT I I,N 2 OUT 2 IN J OUT J GND 

TOPVIEW 
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DS75322 Dual TTL-MOS Driver 
OS3622 Dual Fail-Safe TTL-MOS Driver 
General Description 

The OS75322 is a dual TTL-MOS high speed driver. 
The input structure of the device is TTL and OTL 
compatible. A common strobe input is provided for 
gating the outputs to the low state. The outputs provide 
high current and high voltage levels ideal for driving 
MOS circuits. The OS75322 specifically meets the 
requirements for driving N-channel RAMs where low 
power dissipation is desirable when the driver is in the 
low state. 

The OS3622 provides output fail-safe protection. 
Powering down VCCl activates the fail-safe circuit, 
forcing the outputs to the low state. The fail-safe feature 
eliminates output glitches that may occur in systems 
that power down VCC1. Functionally, the OS3622 and 
the OS75322 are identical. 

The OS75322, OS3622 require 2 external PNP transistors 
per package. 

The OS75322, OS3622 are characterized for operation 
from DoC to +70°C. 

Connection Diagram 

The OS75322 and the 053622 are ideal for driving 
the UP04110, MM52BO and the MM5270 4k RAMs. 

Features 

• Oual positive-logic and TTL-MOS driver 

• TTL and OTL compatible inputs 

• High voltage/current outputs 

• Operates from standard bipolar and MOS supplies 

• High speed switching 

• Input and output clamping diodes 

• Separate driver address inputs with common strobe 

• VOH and VOL compatible with 4k RAMs and other 
popular MOS RAMs 

• No current (leakage only) when outputs are in low 
state (OS75322) 

• Outputs forced to low state with loss of VCCl 
(OS3622) 

. Dual-In-Line Package 

Positive Logic Y = AE 
Recommended PNP Transistors 

2N5910,2N5771 

VI 

12 

Al 

VCC2 V2 

11 10 

A2 NC GNo 

TOP VIEW 
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058T26A, DSST26AM, 058T28, DSST28M 
4-Bit Bidirectional Bus Transceivers 
General Description 
The DSBT26A, DSBT2B consists of 4 pairs of TR 1-
STATE® logic elements configured as quad bus drivers/ 
receivers along with separate buffered receiver enable 
and driver enable lines. This single IC quad transceiver 
design distinguishes the DSBT26A, DSBT2B from 
conventional multi-IC implementations. In addition, 
the DSBT26A, DSBT2B's ultra high speed while driving 
heavy bus capacitance (300 pF) makes these devices 
particularly suitable for memory systems and bidirec­
tional data buses. 

Both the driver and receiver gates have TRI-STATE 
outputs and low current PNP inputs. PNP inputs reduce 
input loading to 200 pA maximum. 

Logic and Connection Diagrams 

RIE 

DOUT 

DIN 0-----"'" 

DOUT 

Features 
• Inverting outputs in the DSBT26A 
• Non-inverting outputs in the DSBT2B 

• TRI-STATE outputs 
• Low current PNP inputs 
• Fast switching times (20 ns) 
• Advanced Schottky processing 

• Driver glitch free power up/down 
• Non-overlapping TRI-STATE 

. RIE 

ROUT 

DIN 0-----"'" 

RDUT 

DDUT 

RDUT 

..... ----QOIN 

Dual·ln·Line Package 

RIE 16 Vee 

15 
RDUT DIE 

14 
DDUT ROUT 

IN 

RDUT IN 

DDUT ROUT 

10 
IN DDUT 

GND IN 

TDPVIEW 
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Memory Support Circuits 
ADVANCE INFORMATION 

MM54C240/MM74C240 Inverting Outputs 
MM54C2441MM74C244 Non-Inverting Outputs 
Octal Buffers and Line Drivers with TRI-STATE® Outputs 
General Description 
These octal buffers and line drivers are monolithic com­
plementary MOS (CMOS) integrated circuits with TR 1-
ST ATE® outputs_ These outputs have been specially 
designed to drive highly capacitive loads such as bus­
oriented systems. These devices have a fan-out of 6 low 
power Schottky loads. A high logic level on th~ output 
disable control input G makes the outputs go into the 
high impedance state. 

Connection Diagrams 

Features 
• Wide supply voltage range - 3 V to 15 V 

• High noise immunity - 0.45 VCC typ 

• Low power consumption 

• High capacitive load 

• TRI-STATE® outputs 

• Input protection 

• TTL compatibility 

• 20-pin dual-in-line package 

(TOPVIEWI 

Vee 2G lYl 2A4 lY2 2A3 lY3 2A2 lY4 2Al 

10 

lG lAl 2Y4 lA2 2Y3 lA3 2Y2 lA4 2Y4 GNO 

MM74C240 

_ (TOPVIEWI 

Vee 2G lYl 2A4 lY2 2A3 lY3 2A2 lY4 2Al 

10 

fG' lAl 2Y4 lA2 2Y3 lA3 2Y2 lA4 2Y4 GNO 

MM74C244 
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MM54C373/MM74C373 TRI-STATE® Octal D-Type Latch 
MM54C3741MM74C374 TRI-STATE® Octal D-Type Flip-Flop 

General Description 
The MM54C373/MM74C373, MM54C374/MM74C374 
are integrated, complementary MaS (CMOS), 8-bit 
storage elements with TR I-ST ATE® outputs. These 
outputs have been specially designed to drive highly 
capacitive loads, such as one might find when driving 
a bus, and to have a fan-out of 1 when driving standard 
TTL. When a high logic level is applied to the OUTPUT 
DISABLE input, all outputs go to a high impedance 
state, regardless of what signals are present at the other 
inputs and the state of the storage elements. 

The MM54C373/MM74C373 is an 8·bit latch. When 
LATCH ENABLE is high the Q outputs will follow the 
D inputs. When LATCH ENABLE goes low, data at the 
D inputs, which meets the set-up and hold time require­
ments, will be retained at the outputs until LATCH 
ENABLE returns high again. 

The MM54C374/MM74C374 is an 8-bit, D·type, positive­
edge triggered flip-flop. Data at the D inputs, meeting 

Connection Diagrams 

MM54C373/MM74C373 
Dual-In-Line Package 

OUTPUT 
DISABLE 

01 

01-+--H 

02--+---+-4 

02 

03 

03-+--+-4 

04""';+---+-4 

04 

GNO 

VCC 

DB 

I-I---+-~ 07 

07 

06 

1-1---+-;;""06 

1-1---+-;"-'05 

05 

TOP VIEW 
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the set-up and hold time requirements, is transferred to 
the Q outputs on positive-going transitions of the 
CLOCK input. 

Both the MM54C373/MM74C373 and the MM54C374/ 
MM74C374 are being assembled in 20-pin dual-in-line 
packages with 0.300" pin centers. 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power consumption 

• TTL compatibility 

• Bus driving capability 

• TRI-STATE outputs 

3.0V to 15V 

0.45 VCC typ 

fan·out of 1 driving 
standard TTL 

• Eight storage elements in one package 

• Single CLOCK/LATCH ENABLE and OUTPUT 
DISABLE control inputs 

• 20-pin dual-in-line package with 0.300" centers takes 
half the board space of a 24-pin package 

MM54C374/MM74C374 
Dual-I n- Line Package 

OUTPUT 
DISABLE 

01 

01-+--H 

02--+---H 

02 

03 

OJ--+---H 

04-T--H 

04 

GNO 

TOPVIEW 

VCC 

DB 

H---+;;""OB 

1-1"";""--+"-- 01 

07 

06 

H---+"'-- 06 

I-f---+=-- 05 

05 

CLOCK 
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Physical Dimensions 

PACKAGES 

Dual-In-Line Packages 

(N) Devices ordered with "N" suffix are supplied in molded dual-in-line package. Molding material is EPOXY 82, a highly 
reliable compound suitable for military as well as commercial temperature range applications. Lead material is Alloy 42 
with a hot solder dipped surface to allow for ease of solderability. 

(J) Devices ordered with the "J" suffix are supplied in a ceramic dual-in-line package. The body and lid of the package are 
made of ceramic. Hermeticity is accomplished through a high temperature sealing glass. Lead material is tin-plated 
kovar. 

(0) Devices ordered with the "0" suffix are supplied in glass/metal dual-in-line package. The top and bottom of the package 
are gold-plated kovar. The side walls are glass, through which the leads extend forming a hermetic seal. The kovar leads 
may be either gold or tin~plated. 

(0) Devices ordered with the "Q" suffix are supplied in a glass/metal dual-in-line package with a round quartz window. 

Note: All dimensions expressed as inches 
(millimeters) 
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I- 0.590-0.620 ---I 

0.025 

(0.6351 
RAD 

0.025 

. (0.6351 
RAD 

0.025 

(0.6351 
RAD 

~ ~ 
0.I00io.olo 

(2.54oio.2541 
TYP 

NS Package J20B 
20-lead Cavity DIP (J) 

~ 
(5.9691 

)~0.020_O.010 :=it " ... ~."" 
~~

0.125 
(3.1151 

MIN 
0.011io.002 . 

(0.432'0.0511 

(~~I.~:1 MAX ------11 0.420 MAX 

:-L!!J....I.!.!J~:J....1!!U.!!.L..J.!.:J...J.!!JL....,L!;:.L....L::uI.!.!.L.J.!.!.L---I-f(10.6611 GLASS 

0.400 

(10.161 

L-~~~~~~~~~~~~~~~ 

NS Package J22A 
22-lead Cavity DIP (J) 

0.200 

(5.0801 

~':~~::~:' 
II (~::~:I r-1f- MIN 

0.018,0.003 

(0.451,0.0761 

I 
0.600 

(15.2401 
fMAX 

:-1!!.LJ.!!J~J...J..:;!.L.J.!!!.L...L!!J...J.!!JL....1.:;~::U.:.:J...J..:.:.L...L:.:.L......t1 GLASS 

0.515-0.525 

L-~~~~~~~~~TT~~~~~(13.011rI3.3351 

0.200 

fll', 95'i5' 0.001-0.012 J ... " "~,, .. , 
6.250 -G.015 0.060-0.100 

~-( +0.635)---1 (1.524-2.5401 f-- 0.100'0.010 ~ 
(2.540,0.2541 

I _11_ 0.018,0.002 

I- --11--(0.451 '0.0511 
86' 0.125 

94' (3.1151 
TYP MIN 15.875 -G.311 

NS Package J24A 
24-lead Cavity DIP (J) 

10-3 

c --
3 
CD 
::J 
t/) --o 
::J 
t/) 



U) 
C o .-
U) 
C 
CI) 

E .-c 
-
'" .9 
U) 
~ 
.c 
Q. 

0.025 
10.6351 

RAD 

0.160 

f--- 0.590-0.620 §f14.0641 

(Ii ~u • ~m " "'H'.' 0.008-0.012 J 
0.685 -l1.060 0.060-0.100 

f---(11399 +0.635)---1· 11.524-2.5401 
. -1.524 

f-- 0.100'0.010 I I -4h:::~~ ::::~:I 
(2.540 ,0.2541-1 f--

NS Package J24CQ 
24-Lead UV Window Cavity DIP (J) 

0.200 
(5.0801 

10.508-1.71BI 1,m
i
,m 

0.125 
13.1751 
MIN 

1.490 I 
t----------131.8461 MAX ------~il0~~~~1 

MAX GLASS 

0.025 

10.6351 
RAD 

0.300-0.320 

~ 

0.200 

0.030 

10.1621 
MAX 

0.515-0.525 

~~~~~~~~~~TT~~~~~~~ """["'" 

h 
0.060-0.100 

11.524-2.5401 

-j h 
0.100'0.010 

12.540,0.2541 

NS Package J28A 
28-Lead Hermetic DIP (J) 

~h 
0.018'0.002 

10.451 '0.5081 

16.350'0.1211 

~:::;:::;:=;r:;:r:r.:;:::::;::::;:::::;:::;=;:::;:=;:;;:;:=1~ 

f-J 0.100 

(2.5401 
TVP 

0.040 

NS Package N16A 
16-Lead Molded DIP (N) 

10-4 

0.130'0.005 (5: 

0.048-0.055 



0.lOO-0.l20 

~ 

0.l25 +0.025 
-0.015 

(8255:~:~m 

0.092 

(2.ll7) 
olA NOM 

PIN NO. IIOENT 

O.OlO 

(0.762) 
MAX. 

(:::~:=::~~~). 1 
0.025,0.015 

(0.6n,0.l81) ~J 
0.100 

(2.540) 

0.092 

(2.ll7) 
olA NOM 

PIN No.lloENT 

TYP 

NS Package N1BA 
1B-Lead Molded DIP (N) 

-r 
D.250±0.005 

FDJ1BlITffR~rr.~~~~~d::JL·127) 

0.ll0±0.005 

~=r----------++-------- ~ 

I ' 
~(::~:~) -l 0.075 '0.005 

MAX (1.905'0.127) 

-+0.020 

I- 0.018 ±O.OOl II ~ (OM~~) 
(0.457 ,0.076) -11- (~1~5) 

0.062 
RAo (1.575) 

PIN NO.1 
loENT 

NS Package N20A 
20-Lead Molded DIP (N) 

~0.ll0±0.005 
~ ____________________ ~~ (l.l02,O.127) -r _0.020 

r-l 
0.100±0.010 

(2.540,0.254) 

NS Package N22A 
22-Lead Molded DIP (N) 

10-5 

--..1--.l. (0.508) 

JtMIN 

r-lt-... ~ 
O.OUtO.OOl (l.175) 

(0.457±0.076) MIN 

c --
3 
CD 
::l 
en cr 
::l 
en 



o 
c: 
o --U) 
c: 
(1) 

E --c 
-CO 
U --U) 
~ 
.c: c.. 

0.062 
(1.5751 

RAD 

1.270 
1--------(32.2581-----~-I1 

MAX 

1 
0.540.0.005 

br:=;=;r.;=ffi"i'fi""'r.'Fi':'FF.rffi"'F.'r=r.;;;=;;TffiF]""" 

0.030 

~ 0040 0.160,0005 

"~jm; 
0009-0 015 ~ .----t + 

(0.229-0.3811 , 0015 
0075,0015 0100 0018,0003 0125 iD3aiI 
(1905,03811 I-- -I 1--(25401 --H---(0457 ,00761 -(3 51 MIN 

0.063 

(1.6001 
RAD 

TYP .11 
MIN 

NS Package N24A 
24-Lead Molded DIP (N) 

1.270 I 1--------(32.2581-------1 

MAX 

I 
0.540 '0.005 

.. "~ 0.600-0.620 (1.9051 '(1:0161 0.160.0.005 

Ir"u"-"''''=:+r ~:=""' 
f I It' ~,::::, 

0'009-0'015~ --1 t MIN 
+0.025 ---

I--
0.625 -0 015 (0.229-0.3811 

. 0.100 0.018.0.003 0.125 
(15.875 ~:~m ~ 0.075 to.015 I ---j f-- (2.5401 ---j I-- (0.457 '0.0761 (3.1751 

0.030 

(1.905'0.3811 I-- TYP MIN 

NS Package N24B 
24-Lead Molded DIP (N) 

(0.7621 ~ 0.050 

".~"~" ---I ." "M" ~-= ... " 
rlr=~IDt~ ~""'; 0.009_0.015J t + 

0.625 +0.025 (0.229-0.3811 ----+ 0.020 

I---~----J 0.075'0.015 I I I 0.100 II 0.018.0.003 0.125(0.5081 

(15.875 ~:~m (1.905.0.3811 t- --j r-- (2.5401 --i r-- (0.457.0.0761 (3.1751 MIN 
TYP MIN 

NS Package N28A 
28-Lead Molded DIP (N) 

10·6 




