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MAPS 

microprogrammable arithmetic processor system 

general description 

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

The basic system is comprised of five MOS/LSI 
SUb-system elements: 

• MM5700 Arithmetic Un,t 

DATA MEMORY 
(ACCUMULATOR) 

• MM5701 Register Unit 

• MM5702 Timing and Control Unit 

• MM5704 Keyboard Interface Unit 

• MM5705 Control Read Only Memory 

Additional elements for system expansion are: 

• MM5703 Control Read Only Memory 

• MM5706 Static Data Monitor 

CONTROL LOGIC 
(TIMING) 

1a. General Computer Organization 

REGISTER ELEMENTS (MODULAR) 
FOR DATA MEMORY RU 

CONTROL READ ONLY MEMORY 

1b. MAPS Organization 

CONTROL LOGIC 
T&C 

FIGURE 1. General Purpose Computer Organization Compared to MAPS 

. 1 
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absolute maximum ratings 
Voltage at Any Pin 
Bulk Reference (substrate) 
Package Power Dissipation at 70°C 

Vss + 0.3V to Vss - 20.0V 
Vss 

500mW 

electrical characteristics 

Operating Temperature Range 
Storage Temperature Range 

TA = 25°C; Vss = +5V, VGG = -12V; or Vss = OV, VGG = -17V; all supplies ±5%, unless otherwise noted 

PARAMETER CONDITIONS MIN TYP 

Clocks (¢IN ¢OUT) 
Repetition Rate (¢I) Min. ¢pw 0.02 
Pulse Width (¢pw) 

1 Min (90%) Min·¢1 0.3 0.5 
o Min (10%) 0.4 0.6 

Amplitude 
Logic Level "0" With Respect to V ss 0 
Logic Level" 1" -16 -17 

Delay Times 

¢d Min. ¢I and 0.35 

¢d Min. ¢pw 0.35 
Input Capacitance 

¢IN VIN = O.OV 125 

¢OUT f=1.0MHz 125 
Leakage Current 

¢IN @25°C 0.1 

¢OUT V IN =-18V 0.1 
Data Inputs 

Amplitude 

Logic Level "0" With Respect to Vss 0 -0.7 
Logic Level "1" -6 -8 

Setup Time (tds) 50 100 
Hold Time (tdh ) 25 
Capacitance VIN = 0.0 V 15 

f = 1.0 MHz 
Leakage Current VIN = -18V @ 25°C 0.1 

All pins are grounded except 
data input pin under test. 

Data Outputs With Respect to Vss 
Amplitude MOS Load 

Logic Level "0" (1.0Mr2 and50pF) 0 -1.0 
Logic Level "1" III and Alarm -7 -10 

Transition Times MOS Load 

Tpdo (1.0 Mr2 and 150 

Tpdl 50 pF) 150 
(Measured from ¢IN "one to zero" transition) 

Amplitude TTL Load@ 
(Alarm Outputs) VGG = -12V; Vss = +5V 
TTL IL=0.5mA 
Logic Level" 1" IL = 1.6 mA 
Logic Level "0" Ambient Temp. 25°C 

Transition Times TTL Load @ 

T pdO IL = 1.6 mA 

Tpdl IL = 0.5 mA 
Power Consumption 

DC Supply Current Drain 

IGG Average cu rrent at 

¢I = 0.75 MHz 

VGG = -20V 

¢IN ¢OUT = 20V 
Key Matrix Lines 

Ro through R7 Lines 
Amplitude 

Log ic Level "0" With Respect to Vss 
Logic Level" 1" 

T 1 through T s Lines 
Amplitude 

Logic Level "0" With Respect to Vss 
Logic Level "1" 

PROGRAMMABLE FEATURES 

Key Bounce Delay E counter programmed for 
modulus = 6 (Note 1) 

Key Matrix Capacitance Delay D counter programmed for 
modulus = 4 (Note 2) 

Character Code ASCII 8th bit odd parity 
Control Features 

Keyboard Clear Switches T4 R7 & T 1R7; T4 Rs Note 3 
Key Rollover Programmed for two 

key rollover 
Idle Key Reset Capacitor CR External Capacitor tied from 

Pin 9 (Note 4) 
Static Switch Form Normally Open (No) (Note 5) 

Static Transmit Bit Interval Bit Time 5 (Note 6) 
Static Key Form Normally Closed (NC) (Note 5) 

Note 1: Key bounce delay is total delay defined as D counter programmed modulus = 4 driven from 
cycle marker {(in and E counter programmed modulus = 6. See programming section and typical 
application. 
Note 2: Key matrix capaci_tance is the total lead capacitance from the "T" and "R" lines excluding 
keyboard package capacitance. This is the total capacitance that must be charged before scanning 
starts. 0 counter is programmed for this delay. 

Note 3: Three keys on the keyboard have been programmed to clear on "alarm" condition if present. 
These are (T 4R7), & (Tl R7) and (T 4RS) keys. This programming does not affect normal key operation. 

Note 4: Idle Key Reset is programmable by an external capacitor CR. This reset is applied only 
during the idle mode to enable control logic for first key detection. 

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

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

0.4 

150 
150 

15 

Vss 
-8 

Vss 
-7 -10 

I 
See code pattern 

MAX 

0.75 

-1.5 
-19 

175 
175 

2.0 
2.0 

2.0 

-1.5 

350 
350 

2.4 

350 
350 

20 

-1.5 

-2.0 

O°C to +70°C 
-55°C to +125°C 

UNITS 

MHz 

V 
V 

Ils 

pF 

v 
V 

ns 
ns 
pF 

V 
V 

ns 

V 

V 

ns 

mA 

V 
V 

V 
V 

ms 

pF 

pF 









8 

programming of MM5704 (con't) 

D counter is programmed to charge key matrix 
capacitance 

D counter delay 
1 21 

d = 4 x - = 4 x = 420 p.s 
<P5 200 X 103 

There are 84 clock pulses <PIN during this 420 p.s 
interval. The output on the "T" lines is charged 
only during <Ppw ' The total charging time is 42 p.s. 
Using linear approximation 

Q i xt 
C = - =-V V 
average charging current of T lines 
0.5mA 

defi nition of terms 

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

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

Alarm Set: Sets KIC alarm. 

V voltage swing 10V across liT" lines for 
logic "1" 

C 
0.5 X 10-3 x 42 X 10-6 

10 

Idle Key Reset 

Value of CR is 

i1 X tc 
CR =-­V1 

6+2 
1 x 10-3 X ----

200 X 103 

3 

2100 pF 

0.013 p.F 

Alarm Reset: Resets alarm on keyboard. 

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

Keyboard Alarm: I ndication on p.1 at bit time 12 
that alarm is on. 











absolute maximum 
Data and Clock Input Voltages 
and Supply Voltages with 
Respect to V 55 

Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

ratings 

+ 0.3V to -20V 
600 mW at T A = 25°C 

-25°C to +70°C 
-65°C to +160°C 

300°C 

eleetriea I eha raeteristies 
T A = -25°C to +70°C, VSS = 5V ±5%, V DD = -5V ±5% or -9V ±5%, unless otherwise specified. 

PARAMETER 

Data Input Levels 
Logical LOW Level (V 1L) 
Logical HIGH Level (V 1H ) 

Data Input Leakage Current 

Input Capacitance 

Clock Input Levels 

Logical LOW Level (V rt>d 
Logical HIGH Level (Vrt>H) 

Logical LOW Level (V rt>d 
Logical HIGH Level (Vrt>H) 

Clock Leakage Current 

Clock Capacitance 

Data Output Levels 

Logical LOW Level (VOL) 
Logical HIGH Level (VOH ) 

Logical LOW Level (Vod 
Logical HIGH Level (VOH ) 
Logical HIGH Level (VOH )' 
Logical HIGH Level (VOH) 

Power Supply Current (I DD ) 

Data Output Leakage Current 

Internal Resistor (MM5024A) 

Output Capacitance 

ae characteristics 

PARAMETER 

Clock Frequency (<Pf) 

Data Frequency 

Clock Pulse Width (<ppw) 

Clock Phase Delay Times (<Pd, ¢d) 

Clock Transition Times (<ptr, </>tf) 

Data Input Delay Time (tds) 

Data Input Hold Time (tdH ) 

Data Output Propagation Delay 

TA = -25°C to +70°C, Vss = 5V ± 5% 

Voo = -5V ± 5% 

MIN MAX 

Note 1 2.5 

5.0 

0.130 10 

10 Note 1 

1000 

30 

20 

90 

Note 1: Minimum clock frequency is a function of temperature and clock phase delay times, rt>d and 
¢d as shown by the rt>f versus temperature and rt>d, ¢d versus temperature curves. The lowest guaranteed 
clock frequency can be attained by making rt>d equal to <Pd- The minimum guaranteed clock frequency 
is: 

1 
rt>t(min) '" rt>d + <Pd for the condition (cjJtr = rt>tf « rt>PW « rt>d or ¢d), where the variables may not 

exceed the guaranteed maximums. 

Note 2: Capacitance is guaranteed by periodic testing. 

Voo = -9V ± 5% 

MIN MAX 

Note 1 1.5 

3.0 

0.170 10 

10 Note 1 

1000 

60 

20 

110 

Uf\,IlTS 

MHz 

MHz 

ps 

ns 

ns 

ns 

ns 

ns 

13 
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absolute maximum ratings 

Voltage at Any Pin 
Operating Temperature Range 

MM4010A/MM4001 A 
MM5010A/MM5001A 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

electrical characteristics 

Vss + 0.3V to Vss - 22V 

_55° C to +125°C 
-25°C to +70°C 
-65°C to +150°C 

300°C 

T A within operating temperature range, Vss = +5.0V ±5%, V GG = -12.0V ±1 0%, unless otherwise stated. 

PARAMETER 

Data I nput Levels 
Logical HIGH Level (V IH ) 

Logical LOW Level (Vld 

Data Input Leakage 

Data Input Capacitance 

Load Control Input Levels 
Logical HIGH Level (V LCH ) 

Logical LOW Level (V LCt! 

Load Control Input Leakage 

Load Control Input Capacitance 

Clock I nput Levels 
Logical HIGH Level (V<j>H) 
Logical LOW Level (V<j>L) 

Clock Input Leakage 

Clock Input Capacitance 

Data Output Levels 
Logical HIGH Level (VOH ) 
Logical LOW Level (Vod 

Power Supply Current 

IGG 

Clock Frequency (¢f) 

Clock Pulsewidth (¢pw) 

Clock Phase Delay Times (¢d'¢d) 

Clock Transition Times (¢t" ¢tf) 

Partial Bit Times (T) 

Input Partial Bit Time (TIN) 
Output Partial Bit Time (TOUT) 

Data Input Setup Time (td.) 

Data Input Hold Time (tdh) 

Load Control Input Setup Time 

(tLcs) 

Load Control Input Hold Time 
(tLCh) 

Data Output Propagation Delay 

From ¢OUT 
Delay to HIGH Level (tpdH ) 

Delay to LOW Level (tPdL) 

CONDITIONS 

V IN = -20V, T A = 25°C 
All Other Pins GND 

V IN = O.OV, f = 1 MHz, 

All Other Pins GND 
Note 2 

V IN = -20V, T A = 25°C 
All Other Pins GND 

V IN = O.OV, f = 1 MHz, 
All Other Pins GND 
Note 2 

V¢ = -20V, T A = 25°C, 
All Other Pins GND 

V¢ = O.OV, f = 1 MHz, 
All Other Pins GND 

MM4001A/MM5001A Note 2 
MM4010A/MM5010A 

ISOURCE = -0.5 mA 
ISINK = 1.6 mA 

TA = 25°C, VGG = -12V, 

¢pw = 150 ns, Vss = 5.0V, 
V¢L = -12V, Data=0-1-0-1 

0.01 MHz:S::: ¢f:S::: 0.1 MHz 
¢f = 1 MHz 
¢f = 2.5 MHz 

¢t, = ¢tf = 20 ns, Note 1 

¢t, + ¢pw + ¢t,:S::: 10.5 JlS 

Note 1 

¢tf + ¢pw + ¢t,:S::: 10.5 JlS 

Note 1 

See ac test circuit 

MIN 

Vss - 2.0 
Vss - 18.5 

Vss - 2.0 
Vss-18.5 

Vss - 1.5 
Vss - 18.5 

2.4 

0.01 

0.15 

10 

0.20 
0.20 

80 

20 

80 

20 

TYP MAX 

Vss + 0.3 
Vss - 4.2 

0.01 0.5 

3.0 5.0 

Vss + 0.3 
Vss - 4.2 

0.01 0.5 

3.0 5.0 

0.05 

17 
34 

2.0 
3.0 
5.0 

3.3 

30 

o 
30 

o 

150 
150 

Vss + 0.3 
Vss - 14.5 

1.0 

20 
40 

Vss 
0.4 

3.0 
4.5 
7.0 

2.5 

10 

100 
100 

200 

200 

Note 1: Minimum clock frequency is a function of temperature and partial bit times, TIN and TOUT, 
as shown by the <Pt versus temperature and TIN, TOUT versus temperature curves. The lowest guar­
anteed clock frequency for any temperature can be attained by making TIN equal to TOUT. The 
minimum guaranteed clock frequency is: 

1 
<Pt(min) = TIN + TOUT 

where TIN and TOUT may not exceed the guaranteed maximums. 

Note 2: Capacitance is guaranteed by lot sample testing. 

UNITS 

v 
V 

JlA 

pF 

V 
V 

JlA 

pF 

V 
V 

JlA 

pF 
pF 

V 
V 

mA 
mA 

mA 

MHz 

Jls 

ns 

Jls 

Jls 

JlS 

ns 

ns 

ns 

ns 

ns 
ns 





Dynamic Shift Registers 

MM4007/MMS007 dual 100-bit mask programmable shift register 
MM4019/MMS019 dual 2S6-bit mask programmable shift register 
MM4006A/MMS006A dual 100-bit shift register 

gener'al description 

The MM4007/MM5007 and MM4019/MM5019 are 
monolithic dual 100-bit and dual 256-bit,dynamic 
shift registers utilizing P-channel enhancement 
mode technology to achieve bipolar compatibility. 
The length of the registers may be varied at manu­
facture by the altering of the metal mask providing 
custom length of both registers. Additional connec­
tion between registers may be accomplished at the 
metal mask to provide single ,shift register lengths 
of up to 200 or 512-bits, with or without an 
appropriate tap provided at the juncture. The 
MM5006A is an MM5007 programmed as a dual 
100-bit shift register. 

For the MM4007/MM5007 N = 20 to 100 bits 

For the MM4019/MM5019 N = 40 to 256 bits 

STANDARD LENGTHS: 

MM4006A 
MM4007/AA 
MM4019 

CUSTOM LE;NGTHS: 

Dual 100-bit 
Dual 80-bit 
Dual 256-bit 

The programmed shift registers are assigned a letter 
code for each option. These are designated by a 
pair of letters after the number code but before 
the package designation such as 

MM5007/AA/H 

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

connection diagrams 

Dual-In-tine Package 

TOP VIEW 

Note: Pin4conneeted to case. 

TOP VIEW 

Note: Pin 7 connected to case. Standard Connection 

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

features 

• Bipolar compatibility 

• Mask programmable length 
MM4007/MM5007 
MM4019/MM5019 

• Low clock capacitance 
MM4007/MM5007 
MM4019/MM5019 

Standard +5V, -12V 
power supplies 

dual 20-100 bits 
dual 40-256 bits 

65 pF max 
125pFmax 

• Standard clock frequency 250 Hz min­
typical at 25°C 
2.5 MHz max­

guaranteed over temp 

• Full temperature range 
MM4007,MM4019 
MM5007,MM5019 

applications 

• Custom shift registers 

• CRT recirculate display 

Metal Can Packages 

-55°C to +125°C 
-25°C to +70°C 

OPTION A.OUTPUT B CONNECTED TO INPUT A OPTION B,OUTPUT A,CONNECTEO TO INPUT B 

VGG 

DATA OUT 1 6 TAPoUT TAPoUT 2 6 DATA OUT 
(OPTIONAL) (OPTIONAL) 

Vss Vss 

TOP VIEW TOPVIEW 

Note: Pin4 connected to case. Note: Pm4connected to case. 

Optional Connections 
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absolute maximum ratings 

Voltage at Any Pin 
Operating Temperature MM4012 

MM5012 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

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

-65°C to +150°C 
300°C 

electrical characteristics 
T A within operating temperature range, Vss = +5.0V ±5%, VGG = -12.0V ±10%, unless otherwise noted. 

PARAMETER 

Data I nput Levels 
Logical HIGH Level (V ,H ) 

Logical LOW Level (V ,L) 

Data I nput Leakage 

Data I nput Capacitance 

Control I nput Levels 
Logical HIGH Level (VCH ) 
Logical LOW Level (VCL) 

Control I nput Leakage 

Control I nput Capacitance 

Clock I nput Levels 
Logical HIGH Level (V<j>H) 
Logical LOW Level (V <j>L) 

Clock I nput Leakage 

Clock I nput Capacitance 

Data Output Levels 
Logical HIGH Level (VOH ) 

Logical LOW Level (Vod 

Data Bus Output Leakage 

Power Supply Current 

IGG 

Clock Frequency (<PI) 

Clock Pulsewidth (<Ppw) 

Clock Phase Delay Times (<Pd, 1)d) 

Clock Transition Times (<Pt" <Ptl) 

Partial Bit Times (T) 

Input Partial Bit Time (T'N) 
Output Partial Bit Time (TOUT) 

Data Input Setup Time (tds) 

Data Input Hold Time (tdh) 

Output Controls Setup Time (tocs) 

Output Controls Hold Time (tOCH) 

Data Output Propagation Delay 

from <POUT 
Delay to HIGH Level (tpdH ) 

Delay to LOW Level (tpdL) 

'Bus Output Propagation Delay 

from <POUT 
Delay to HIGH Impedance 
State from LOW Level (toH) 

from HIGH Level (t'HI 

Delay to HIGH Level (tpdH ) 

Delay to LOW Level (tpdd 

CONDITIONS 

Y'N '" -20.0V, TA = 25°C, 
All Other Pins GND 

Y'N = O.OV, f = 1 MHz, 
All Other Pins GND 
Note 2 

Y'N = -20.0V, T A = 25°C, 
All Other Pins GND 

Y'N = O.OV, f = T MHz, 
All Other Pins GND 
Note 2 

V<j> = -20V, TA = 25°C, 
All Other Pins GND 

V<j>=O.OV,f= 1 MHz, 
All Other Pins GND 

Note 2 

ISOURCE = -0.5 mA 
ISINK = 1.6 mA 

Vss - 5V:S: Bus VOUT:S: Vss 
Bus Output Disabled, T A = 2SoC 

TA = +25°C, VGG = -12V, 
<ppw = 150 ns, Vss = +5.0V, 

V¢L = -12V, Data = 0-1-0-1 

0.01 MHz :S: <PI:S: 0.1 MHz 
<PI = 1.0 MHz 
<PI = 2.5 MHz 

<pt, = <Ptt = 20 ns, Note 1 

<pt, = <Ptt = 20 ns 

Note 1 

Note 4 

Note 4 

Note 3 and 4 

Note 3 and 4 

Notel: Minimum clock frequency IS a function of temperature and partial bit times, TIN and TOUT, 
as shown by the "'f versus temperature and TIN, TOUT versus temperature curves. The lowest guar· 
anteed clock frequency for any temperature can be attained by making TIN equal to TOUT. The 
minimum guranteed clock frequency IS: 

<Pf(min) = TIN + TOUT' where TIN and TOUT may not exceed the guaranteed maxImums. 

Note 2: Capacitance is guaranteed by periodIc testing. 

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

Note 4: Data Input and Input Control Setup and Hold Times are referenced to the trailing edge of 
"'IN, whereas the Output Control Timing is referenced to the leading edge of <PIN. See timing diagram. 

MIN 

Vss - 2.0 

Vss - 2.0 

Vss - 1.5 
Vss - 18.5 

2.4 

0.01 

150 

10.0 

0.2 
0.2 

80 

20 

50 

20 

TYP 

0.01 

0.01 

7.0 

0.05 

110 

4.0 
7.5 

13.0 

30 

0 

20 

0 

180 
180 

150 
150 

180 

180 

MAX 

Vss + 0.3 

Vss - 4.2 

0.5 

5.0 

Vss + 0.3 
Vss - 4.2 

0.5 

10.0 

Vss + 0.3 
Vss - 14.5 

1.0 

125 

Vss 
0.4 

10 

5.0 
9.5 

16.0 

2.5 

10.0 

1.0 

100 
100 

250 
250 

200 
200 

250 
250 

UNITS 

V 
V 

p.A 

pF 

V 
V 

p.A 

pF 

V 
V 

p.A 

pF 

V 
V 

p.A 

mA 
mA 
mA 

MHz 

p.s 

p.s 
p.s 

ns 
ns 

ns 
ns 

ns 
ns 
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logic table (Notes 3, 4) 

MODE 

INPUT 

SELECTION 

OUTPUT 

SELECTION 

REGISTER 

SELECT 

CONTROL 

PIN 9 

PIN 3 

ENA/3 LE 

CONTROLS 

PIN 10 PIN 11 

PIN 4 PIN 13 

FUNCTION 

A Register to A input, B Register to B input 

A Register to A input, B Register to B input 

A Register to A input, B Register to B Input 

A Register to A Input, B Register to B Input 

A Register to A Input, B Register to B Input 

A Register to A input, B Register to B input 

B Register to Data Bus input, A Register to A Input 

A Register to Data Bus input, B Register to B input 

TRI-STATETM output in high Impedance state 

TRI-STATE output in high impedance state 

TRI-STATE output in high Impedance state 

TRI-STATE output in high impedance state 

TRI-STATE output in high impedance state 

TRI-STATE output in high impedance state 

TRI-STATE output connected to A Register 

TRI-STATE output connected to B Register 

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

Note 4: Data Input and Input Control Setup and Hold Times are referenced to the trailing edge of 
<PIN, whereas the Output Control Timing is referenced to the leading edge of <PIN. See timing diagram. 















Dynamic Shift Registers 

MM4016/MM5016 512-bit dynamic shift register 

general description 
The MM4016/MM5016 512-bit dynamic shift reg­
ister isa monolithic MOS integrated circuit utiliz­
ing P channel enhancement mode low threshold 
technology to achieve bipolar compatibility. An 
input tap provides the option of using the device 
as either a 500 or 512-bit register. 

features 
• Bipolar compatibility +5V, -12V operation 

No pull-up or pull-down 
resistors required. 

• Package option TO-l00 or choice of two 
Dual-I n-Line Packages 

• Fewer clock drivers required Clock line 
capacitance of 

100pFtyp 

• System flexibility 300 Hz guaranteed min. 
operati ng frequency at 25° C. 

500 or 512-bit register length. 

connection diagrams 

• Military and Commercial' Temperature Ranges 
MM4016 -55°C to +125°C 
MM5016 -25°C to +70°C 

• Low power dissipation 

applications 

< 0.17 mW/bit 
at 1 MHz max. 

< 30 J,lW/bit 
at 100 kHz typo 

• Glass and magnetostrictive delay line replace­
ment. 

• CRT refresh memory. 

• Radar delay line. 

• Drum memory storage (silicon store) 

• Long serial memory. 

Metal Can Package Dual-In-Line Package Dual-I n-Li ne Package 

Vss 
Note: Pin 5 connected to case. 

TOP VIEW 

typical application 

TT LIMOS Interface 

+5V 

Vss --------.., 
I 
I 
I 
I 

I I 

MM4016/MM5016 I 
L _____ - TV;G----,--...J 

-12V 

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

NC VGG 

OUTPUT 512·INPUT 

(l,N 500·INPUT 

Vss 90UT 

TOP VIEW 
, " 
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absolute maximum ratings 

Gate Voltage (V GG ) - 25 V to +O.3V 
Drain Voltage (V oo ) -25V to +O.3V 
Clock Input Voltage (V</y) - 25 V to +O.3V 
Data I nput Voltage (V IN) ..c 25V to +O.3V 
Storage Temperature -55°C to +125°C 
Operating Temperature -25°C to +70°C 
Output Stress (Parallel Output Lines) -100V (see stress test) 

electrical characteristics (-25°C to + 70°C) (Vss = OV) 

SYMBOL PARAMETER MIN MAX UNITS CONDITION 

VOH Parallel Output Voltage 5 V 

VGG = Voo Supply Voltage -20.0 -16.0 V 

IGG Supply Current 6.0 mA Voo = VGG 
= -20.0V register 
loaded all 
logical high 

Serial Input levels. Vss = GND 
V IH Logical HIGH Level Vss - 2.5 Vss V 
V IL Logical LOW Level VGG Vss - 7.0 V 

tds Data Setup Time 400 ns 

tdh Data Hold Time 50 ns 

Serial Output 
VOH Logical HIGH Level Vss - 1.5 Vss V 

VOL Logical LOW Level VGG Vss - 8.0 V 

Clock Amplitude 

V"'H Logical HIGH Level Vss - 1.5 Vss V 

V,;L Logical LOW Level Vss - 20 Vss - 16 V 

I L Clock Leakage Current 5 flA V<I>= -20.0V 

<Pt Clock Pulse Frequency 
All other pins 
GND. T A = 25°C 

For Serial Output dc 250 kHz 
For Parallel Output dc 50 kHz 

<Ppw Clock Pu Ise Width 2 10 fls 

",", '-'IV"" .. ' • I',)\' l'I'tG 

I 
<. 1-'> 

<ptt & Fall Time 2 flS 

Trigger Method of F.F. Trailing edge 

Propagation Delay 

tpd L Serial 2 flS 

tpd H Parallel 2 fls 

IlL Input Leakage Current 5.0 flA 

CIS Input Capacitance (Data) 7 pF 

Cise Input Capacitance (Clock) 18 pF 

Parallel Output Leakage 40 flA VL=-55V 

Current Vss = GND 

44 
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absolute maximum ratings 

Drain Voltage (V DO) 

Gate Voltage (V GG) 

Clock I nput (V ¢ 1 ) 

Data Inputs 
Power Dissipation (Note 1) 
Operating Temperature MM404, MM504 

MM405, MM505 
Storage Temperature 

+0.5V to -25V 
+0.5V to -25V 
+0.5V to -25V 
+0.5V to -25V 

300 mW 
-55°C to +125°C 
-25°e to + 70

0
e 

-65°e to +150
o
e 

electrical drive requirements (Note 1) 

PARAMETER 

Clock pulse Width 
ifJ, Clock,ifJ,pw 

Clock Pulse Risetime, tr<J> 

Falltime, tf<J> 

CONDITION 

1 MHz with ifJpw = 0.4 J.(S 

100 kHz with ifJpw = 2 J.(S 

10 kHz with ifJpw = 10 J.(S 

MIN 

0.4 

TYP MAX 

10 

0.05 

0.6 

2.0 

Vss -0.5 Vss -1.5 
Clock Input Level 

Logic "V<J>H" 
Logic "Vct>L" Vss-14.5 Vss -16.0 Vss -18.0 

Data Input Voltage Levels 
Logic "V'H" Vss -2.5 
Logic "V'L" 

Data Setup Time, tds 

Data Hold Time, tdh 

electrical characteristics (Note 2) 

PARAMETER CONDITION 

Clock Repetition Rate Fan·Out "1" 

Data Output Voltage Levels 
Logic "VOH" 
Logic "VOL" 

Udld "'!JUl \"d!JiI\;'ldll\;e , - I IVIM£ 

(EactllnpUt\ . V ,N = OV 

Clock Line Capacitance f = 1 MHz, -20V Bias' MM404, MM504 
MM405, MM505 

OV Bias MM404, MM504 
MM405, MM505 

Output Impedance Outputs at Logic "0" 

Output Impedance Pins 2 & 6 Outputs at Logic" 1" 

Impedance Pin 8 All Other' Pins at GND 

Breakdown Voltage 1.0 J.(A Test Current 
TA = 25°C 

On Pin 1 GND on Pins 2,3,4,5,6, 7 
-llVon Pin 8 

On Pin 7 ,GND on Pins 1,2,3,4,5,6 
-llV on Pin 8 

Leakage Current . T A = 25°C 
Pin 1 V.lN = -18V, Va = -llV 

, All Other Pins at GND 

Pin 7 V ,N = 18V, Va = -llV 
All Other Pins at GND 

Pin 8 V ,N = -8V 
All Other Pins at GND 

Power Supply Current Drain Outputs at Logic "0" 
(voo) 1 MHz 'Operation 

T A = 25°C 
MM404, MM504 
MM405, MM505 

Vss -7.0 

0.2 

0.03 

MIN 

dc 

Vss -8.0 

15 

7.5 

-25 

-25 

TYP 

I.:> 

9.5 
18 

15.0 
25 

0.5 

20 

10 

5.5 
10.0 

Note 1: For operating at .elevated temperatures, the device must be derated based on a 150°C maxi­
mum junction temperature and a thermal resistance of 150

o
C/W junction to ambient. The full rating 

applies for case temperatures to +125°C. 

Note 2: These specifications apply over the specified temperature ranges for -11V <VOO <-9.5V, 
and -18V<VG G <-14.5V and clock repetition rate of 10 kHz with output measurement load of less 
than 1 O,pF",in parallel with 1 0 Mn to ground unless otherwise specified. 

MAX 

1.0 

Vss -1.5 

.i.v 

15 
30 

20 
40 

1.0 

25 

12.5 

0.5 

0.5 

0.5 

10.0 
15.0 

UNITS 

J.(s 

J.(s 

J.(s 

J.(s 

V 
V 

V 
V 

J.(s 

J.(s 

UNITS 

MHz 

V 
V 

pt-

pF 
pF 

pF 
pF 

kD 

kD 

kD 

V 

V 

J.(A 

J.(A 

J.(A 

rnA 
rnA 
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Static Shift Registers 

MM4040/MM5040 dual 16-bit static shift register 

general description 

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

features 

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

down resistors needed 

connection diagram 

• High frequency operation 2.2 MHz guaranteed 

• Single phase clock 

applications 

• Static data buffer 

• Serial memory storage 

• Printer memory 

• Telemetry systems and data sampling 

Metal Can Package 

typical application 

Vee -, 
I 1 

I 
I 7 

I I L_J;_J 
ANY DTlITTl DEVICE 

Voo 

Vss 

TOP VIEW 

+5V 

4 Vss 

16 ·BIT S.R. 

16 ·BIT S.R. 

-12V de ANY DTlITTl DEVICE 
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Static Shift Registers 

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

general description 
The MM4052/MM5052 dual aO-bit and MM4053/ 
MM5053 dual 1 DO-bit static shift registers are 
monolithic integrated circuits utilizing P channel 
enhancement mode low threshold technology to 
achieve direct bipolar compatibility on the inputs 
and outputs. The devices require only a single 
phase clock. 

features 
• Bipolar compatibility +5, -12V operation 

No pull-up or pull­
down resistors needed 

connection diagram 

• High frequency operation 1.6 MHz guarantee 

• Single phase clock 

• Improved drive capability push-pull outputs 

applications 

• Static data buffer 

• Serial memory storage 

• Printer memory 

• Telemetry systems and data sampling 

Metal Can Package 

typical application 

Vee r- -, 
I 1 

I 
I 9 

I I L_J_J 
ANY OTLITTL DEVICE 

Vss 

lOP VIEW 

+5V 

Vss 

N·BIT S.R. 

N·Bll S.R. 

-12V 

ANY DTLITTL DEVICE 









.-

absolute maximum ratings 

Voltage at AllY Pin Vss + 0.3V to Vss - 20.0V 
Operating Ambient Temperature Range -25°e to + 70

0
e 

Storage Temperature Range -65°e to +150
o

e 
Lead Temperature (Soldering, 10 sec) 300

0
e 

electrical characteristics 
TA within operating range, VGG = -12V ±10%, Voo = GND, Vss = 5V ±5%, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Data, Clock Control, and Clock Levels 
Logical High Level (V IH ) See Input Level vs VGG Curve Vss - 2.0 Vss + 0.3 V 

Logical Low Level (V I d Vss - 4.2 -V 

I nput Leakages V IN = -10V, T A = 25°C 0.5 J.1A 
All Other Pins GND 

Data I nput Capacitance V IN = O.OV, f = 1 MHz 4.5 6.0 pF 
All Other Pins GND (Note 1) 

Clock & Clock Control Capacitance V IN = O.OV, f = 1 MHz 6.0 8.0 pF 
(Note 1) 

Data Output Levels See Figure 1 
Logical High Level (VOH ) ISOURCE = -0.5 mA 2.4 Vss V 

Logical Low Level (Vod ISINK = 1.6 mA 0.15 0.4 V 

Power Supply Current rpf = 2.0 MHz, T A = 25°C 
( I G-G + 100 = Iss) IGG Vss = 5V, V OD = GND 7.0 10.0 mA 

100 VGG = -12V 5.0 8.0 mA 

Clock Frequency (rpf) See Operating Curves DC 3.0 2.2 MHz 

Clock Pulsewidth (rppw) See Operating Curves and 
Figure 1 

Clock Pulsewidth rpt r = rptf = 1 0 ns 0.25 10 J.1s 

Clock Transition Times 
Clock Risetime (rptr ) 500 ns 

Clock Falltime (rptf) 500 ns 

Clock Control Setup Time (tcs) See Figure 1, rpt r = rptf = 10 ns 0 ns 

Clock Control Hold Time (tch ) See Figure 1, rptr = rptf = 10 ns 0 ns 

Data Input Setup Time (tds) See Figure 1,rptr =rptf = 10ns 60 30 ns 

Data Input Hold Time (tdh) See Figure 1, rptr = rptf = 10 ns 40 20 ns 

Data Output Propagation Delay See Figures 1 & 2, 
From Clock rptr = rptf = 10 ns 

Delay to Output High Level (tpdH) 200 300 ns 

Delay to Output Low Level (tpdd 200 300 ns 

Note 1: Capacitance is guaranteed by periodic testing. 
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absolute maximum ratings 
All Input or Output Voltages with 
Respect to V BB 

Power Dissipation 
Operating Temperature Range MM4203 

MM5203 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

electrical characteristics 

+.3 to -20V 

1W 
-55°e to 85°e 
-25°e to 700 e 

-65°e to 125°e 
300

0 e 

TA within operating temperature range, Vss = +5V ±5%, Voo = V LL = 12V, ±5% unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP 

Input Current, ILl V 1N = OV 

Output Leakage, I LO V OUT = OV Output in 3rd State 

Power Supply Current, 1001 T A = 25°C 35 

MAX 

1 

1 

55 

Input LOW Voltage, V IL Vss -4.0 

Input HIGH Voltage, V 1H 

Output LOW Voltage, VOL 1.6 mA sink 

Output HIGH Voltage, V OH 100 /lA source 

Data Hold Time, T OH (Min Access Time) Figures 1 & 2 

Access Time, T ACC T A = 25°C Figures 1 & 2 

Chip Enable Time, T CE Figures 1 & 3 

Chip Disable Time, T CD Figures 1 & 3 

Allowable Chip Select Delay, tcs Figures 1 & 2 
Allowable delay in selecting chip 
after change of address without 
affecting access time. 

Input Capacitance, CIN VON =Vss } f= 1.0 MH, 
Guaranteed by 

Output Capacitance, COUT V OUT = Vss design (Note 2) 

i 
Ir.hi", rl"'c;"!,,,:,ter!) 

operating characteristics for programming operations 

TA = 25°C, Vss = OV, V BB = +12V ±10% unless otherwise noted 

PARAMETER CONDITIONS 

Address and Data Input Load V 1N = -40V 

Current, IL 12P 

Program V LL Load Current,I L 12P V 1N = -50V 

V BB Supply Load Current, I BB 

Vss - 2.0 

2.4 

i i 

MIN 

10 

10 

Peak 100 Supply Load Current, loop (Note 3) V LL = V DO = V program = -50V 

Input High Voltage, V ILP 

Pulsed Data Input Low Voltage, V 1H1P 

Address Input Low Voltage, V IH2P 

Pulsed Input Low Voltage: 

V LL, V DO, and Program, V IH3P 

-48 

-48 

-50 

.700 

8 

8 

i 

TYP 

750 

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

Note 2: Capacitances are not tested on a production basis but are periodically sampled. 

Note 3: IDDP flows only during program period t¢PWp. Average power supply current IDDP is 
typically 15 mA at 2% duty cycle. 

Note 4: Maximum duty cycle of t¢pw should not be greater than 2% of cycle time so that power 
dissipation is minimized. To guarantee long term memory retention the program cycle should be re­
peated five times with t¢pw = 20 ms or the equivalent thereof, i.e. 10 cycles of t¢pw = 10 ms . 

.40 

100 

1 

500 

500 

100 

15 

15 

MAX 

100 

+.3 

-40 

-40 

-48 

UNITS 

pA 

pA 

mA 

V 

V 

V 

V 

ns 

ps 

ns 

ns 

ns 

pF 

pF 

i 

UNITS 

mA 

mA 

pA 

mA 

V 

V 

V 

V 
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absolute maximum ratings 

VGG Supply Voltage 
V DD Supply Voltage 
Input Voltage 
Storage Temperature 
Operating Temperature MM4220 

MM5220 

Vss-30V 
Vss -15V 

(Vss -20)V < VIN < (Vss +0.3)V 
-65°C to +150°C 
-55°C to +125°C 

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

electrical characteristics 
TA within operating temperature range, Vss = +12V ±5% and VGG = -12V ±5%, unless otherwise specified. 

PARAMETER CONDITION MIN TYP 

Output Voltage Levels 
MOSto MOS 

Logical "1" 
1 Mr2 to GND Load (Note 1) 

Logical "0" Vss -1.0 

MOSto TTL 

Logical "1" 6.8 kr2 to V GG Plus One 
Logical "0" Standard Series 54/74 Gate Input +2.4 

Input Voltage Levels 

Logical "1" 
Logical "0" Vss -2.0 

Power Supply Current T A = 25°C 

Vss 19 
Vr>,,,:, (Note 1\ 

I nput Leakage VIN = Vss -12V 

Input Capacitance f = 1.0 MHz VIN = OV 5 

Access Time (Notes 2, 3) T A = 25°C 

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

Output AND Connection 
MOS Load 
TTL Load 

Note 1: The V GG 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-l) (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. 

MAX UNITS 

Vss -9.0 V 

V 

+0.4 V 

V 

Vss -8.0 V 
V 

25 mA 
1 .uA 

1 J1A 

pF 

650 ns 

3 

8 
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absolute maximum ratings 

V GG Supply Voltage 
V DO Supply Voltage 
Input Voltage 
Storage Temperature 
Operating Temperature MM4221 

MM5221 
Lead Temperature (Soldering, 10 sec) 

Vss - 20V 
. Vss - 20V 

(Vss - 20)V < V 1N < (Vss +0.3)V 
-65°C to +150°C 
-55°C to +125°C 

-25°C to + 70°C 
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 Voltage Levels 
MOS to TTL 

Logical" 1" 6.8 kS1 ±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 = V DO = -12V 

I nput Leakage V 1N = Vss - 12V 

I nput Capacitance f = 1.0 MHz, V 1N = OV 5 
V GG Capacitance f = 1.0 MHz, V 1N = OV 15 

Address Time (Note 2) See Timing Diagram 

T ACCESS TA = 25°C, 700 
Vss = 5V 
VGG = Voo = -12V 

Output AND Connections 6.8 kS1 ±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 conne<;:tions. 

MAX UNITS 

+0.4 V 
V 

mA 

Vss - 4.2 V 
V 

12.0 mA 
1 IlA 

1 IlA 

pF 
25 pF 

950 ns 

8 







ROMs 

MM4230/MM5230 2048-bit read only memory 

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

features 
• Bipolar compatibility 

• High speed operation 500 ns typ 

block and connection di-agrams 

(LSB) A, 

A, B, 

A, 
B, 

B, 
MEMORV 
ADDRESS 
DECODER 

B, 

A, 

B, 

B, 

B. 

A, CHIP 
ENABLE 

typical application 
256 x 8 Bit ROM Showing TTL Interface 

t A, 
Vss 

t CHIP 
ENABLE 

t MODE B, 
CONTROL 

VGG .. 6.BK 

A, B, 

A, B. 

J»K 
.. B, 

A, 
20 B, 

A, 
B, 

OM.'10 22 A, 
TTL GATES 

A, 
v __ 

A, 

• Static operation no clocks required 

output wire AN 0 
capability 

• Common data busing 

• Chip enable output control. 

applications 

• Code conversion 

• Random logic synthesis 

• Table look-up 

• Character generators 

• Micro-programming. 

Dual-In-Line Package 

INPUTA3 

INPUT Az 

INPUT Al 

OUTPUT8 , 

OU1PU182 

OU1PU18 3 

QUTPUTB4 

OUTPUTS!; 

OUTPUTB6 

OUTPUTS 7 

OUTPUTBo 

Vss 

v __ 

INPUT", 

INPUT As 

INPUT .. 

INPUT A1 

INPUT As 

VGG 

MODE 
CONTROL 

CHIP 
ENABLE 

12 INPUT A9 

TOP VIEW 

Operating Modes 

256x8 ROM connection 
Mode Control - Logic "0" 
A9 - Logic "1" 

512x4 ROM connection 
Mode Control - Logic "1" 
A9 - Logic "0" Enables the odd 

(B" B3 ... B9 ) outputs 
- Logic "1" Enables the even 

(B 2 , B4 ... B8 ) outputs. 

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

The outputs are connected to V DO through an 
internal MaS resistor when "Disabled." 
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absolute maximum ratings 

VGG Supply Voltage 
V D D Supply Voltage 
Input Voltage 
Storage T emperatu re 
Operating Temperature MM4230 

MM5230 

Vss-30V 
Vss -15V 

(Vss -20)V < VIN < (Vss +0.3)V 
-65°C to +150°C 
-55°C to +125°C 

-25°C to +70°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 oth,erwise specified. 

PARAMETER CONDITION MIN TYP 
Output Voltage Levels 

MOSto MOS 

Logical "1" 
1 MS1 to GND Load (Note 1) 

Logical "0" Vss -1.0 

MOSto TTL 
Logical "1" 6.8 kS1 to V GG Plus One 
Logical "0" Standard Series 54/74 Gate Input +2.4 

Input Voltage Levels 

Logical "1" 
Logical "0" Vss -2.0 

Power Supply Current TA = 25°C 

Vss 24 

VGG (Note I) 

Input Leakage VIN = Vss -12V 

Input Capacitance f = 1.0 MHz VIN = OV 5 

Access Time (Notes 2, 3) T A = 25°C 

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

Output AND Connection 
MOS Load 

TTL Load 

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 A'CCESS = the 
specified time + (N-1) (50) ns where N = number of AND connections. The number of AND ties in 
the MOS load configuration can be increased at the expense of MOS "0" level. 

MAX UNITS 

Vss -9.0 V 

V 

+0.4 V 
V 

Vss -8.0 V 
V 

40 mA 
j JJ.A 

1 fJ..A 

pF 

725 ns 

3 

8 







ROMs 

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

features 

• Bipolar compatibility 

• High speed operation 

+5V, -12V operation 

640 ns typo 

block and connection diagrams 

(LSB) A, 

A, 

A, 

A, 

tTheoutputsareconnected to Voo 
through an Inlernal MOS resistor 
whenOtsabled. 

A, 

typical application 
256 x 8 Bit ROM Showing TTL Interface 

tSee openttng mode notes. 

A, 

t CHIP 
ENABLE 

t MODE 
CONTROL 

A. 

A, 

A, 

A, 

A, 

VDD 

1 

OUTPUTSt 

8, 

8, 

8, 

8, 

8, 

8, 

CHIP 
ENABLE" 

"The output is Enabled by applVtng 
a logIc "1" to the ChIp Enable line. 

v" 

8, 

S.8K 
8, 

8, 

8, 

8, 

8, 

8, 

A, 

A, 

A, 

1 

• Static operation No clocks required 

• Common data busing Output wire AND 

• Chip enable output control 

applications 

• Code conversion 

• Random logic synthesis 

• Table look-up 

• Character generator 

• Micro-programming 

Dual-In-Line Package 

INPUTAl 

INPUTA2 

INPUTA, 

OUTPUTS, 

ourpurB2 

OUTPUTS3 

OUTPUTB4 

OUTPUT Dr, 

OUTPurss 

OUTPUTS7 

OUTPUTSs 

V" 

Operating Modes 

256x8 ROM connection (shown) 
Mode Control - Logic "0" 
Ag - Logic "1" 

512x4 ROM connection 
Mode Control - Logic" 1" 

INPUTA4 

INPUT As 

INPUT As 

INPUT A7 

INPUT As 

VGO 

MODE 
CONTROL 

CHIP 
ENABLE 

INPUT Ag 

Ag - Logic "0" Enables the odd 

(B 1 , B3 ... B9 ) outputs 

capability 

- 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 V DD 

(Logical "1") or Vss (Logical "0"). 

9l 















(Program a "1" or "0") 

2 Spaces 

Note 2 

98 

.'1M4?32 
CEI=O 
CE2=O 
AOOO 
AOOI 
.1\002 0 
A003 4 
AOO4 6 

1 Space 

AOOS 00011100 3 
AOO6 O()OOOOon 0 
AOO? 00111100 4 
AOOR 00000000 0 
ASII 01010101 4 
TBR 140 Note 4 
TB7 150 
TB6 250 

. TR5 40f) 
T84 010 
T83 100 
TB2 299 
TBI 197 

'-----------'-----i--1 Space 

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

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

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

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

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











ROMs 

MM4241/MM5241 3072-bit static read-only memory 

genera I description 

The MM4241/MM5241 3072-bit static read-only 
memory is a P-channel enhancement mode mono­
lithic MOS integrated circuit utilizing a low thresh­
old voltage technology to achieve bipolar compati­
bility. TRI-STATETM outputs provide wire ORed 
capability without loading common data' lines or 
reducing system access times. The ROM is organ­
ized in a 64 x 6 word by 8-bit memory organiza­
tion. Programmable Chip Enables (CE 1 and CE2 ) 

provide logic control of multiple packages without 
external logic. A separate output supply lead is 
provided to reduce internal power dissipation in 
the output stages. 

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

logic and connection diagrams 

A, 

As 

A, 

Lo 

L, 

L, 

CE,o--------I 

CE,o--------I 

typical applications 

ANY TTL/DTL 
DEVICE 

TTL/MOS Interface 
Vss 

CE,-----' 

CE,------' 

MEMORY 
ARRAY 

B, 

B, 

B, 

8, 

Bs 

B, 

8, 

8s 

features 

• Bipolar compatibility 

• Standard supplies 

• Bus ORable output 

• Static operation 

• Multiple ROM control 

applications 

• Character generator 

No external 
components required 

+5V, -12V 

TRI-STATE outpu.ts 

No clocks required 

Two programmable 
Chip Enable lines 

• Random logic synthesis 

• Micro-programming 

• Table look·up 

Dual-In-Line Package 

NC 1 24 VLL 

CE, 2 23 VGG 

CE, 3 22 8, 

NC 4 21 8, 

A, 5 20 8, 

A, 6 19 8s 

A, 7 18 8, 

A, 17 8, 

As 16 B, 

A, 10 15 8, 

Lo 11 14 L, 

Vss 12 13 L, 

TOPVIEW 

FIGURE 1. Power Saver for 
Small Memory Arrays 

FIGURE 2. Power Saver for 
Large Memory Arrays 

--, 
I 
I 
I 

I I 
L ___ -.J 

r----, 
I -= I 
I I 
I I 
I I 

VGG L ___ -.J 

ASSUME IIVLL :IMIN = 11-3V II 

VGG - VLL MIN = A (1.6 mA) (N) where N = 7 for 5 x 7 font. 
N= Sfor6 x 8 font. 

When CE 1 = 1, CE 2 = 1 the outputs are enabled when a logic LOW is applied to the chip enable line. The outputs are in the third 
state when disabled. The logic states of the chip enables are specified on the program tape. 
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absolute maximum ratings 

VGG Supply Voltage 
V LL Supply Voltage 
Input Voltage 
Storage Temperature Range 
Operating Temperature Range 

Vss - 20V 
Vss - 20V 

(Vss - 20) V < V IN < (Vss + .03)V 
-65°C to +150°C 

MM4241 
MM5241 

-55°C to +125°C 
-25°C to +70°C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics 

T A within operating temperature range, V ss = +5V ±5%, V GG = V DO = -12V ±5%, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP 

Output Voltage Levels 

Logical LOW IL = 1.6 rnA sink 
Logical HIGH IL = 100 J1A source 2.4 

Input Voltage Levels 
Logical LOW 
Logical HIGH Vss - 2.0 

Power Supply Current 
Iss (Note 4) Vss = 5, VGG = -12, VLL = -12, T A = 25°C 23 

Iss (Note 4) Vss = 5, VGG = -12, VLL = -3, TA = 125°C 

Input Leakage VIN = Vss - 10V 

Input Capacitance (Note 1) f = 1.0 MHz, VIN = OV 5 

Output Capacitance (Note 1) f = 1.0 MHz. VIN = OV 4 

Address Time (Note 2) TA = 25°C, Vss = 5 150 700 

TAccEss VGG = VLL = -12V 

Output AND Connections (Note 3) 

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

Note 2: Capacitances are measured periodically only. 

Note 3:. The address time follows the following equation: T ACCESS = The specified limit + (N-1) x 
25 ns where N = Number of AND connections. 
Note 4: Outputs open. 

MAX UNITS 

.4 V 
V 

Vss - 4.0 V 
V 

37 rnA 
20 rnA 

1 J1A 

10 pF 

10 pF 

900 ns 

20 















MM1103 1024-bit fully decoded 

dynamic random access read/write memory 

general description 

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

features 

• Fast access time 
• Fast cycle time 

connection diagram 

300 ns max 
480 ns read cycle 

580 ns write cycle 

• Refresh cycle 
• Fully decoded 
• Easy memory expansion 
• Device protection 

• "OR"ing output 
capability 

• Low power dissipation 
• Small package size 

applications 

• Mainframe memory 
• Large buffer memory 

Dual·1 n-Line Package 

A3 1- r--18 
READ! 
WRITE 

A2 2- r-- 17 Vss 

A, 3- r--16 
CHIP 
ENABLE 

Ao 4- r--15 A. 

PRE- -
5- r--14 DATA 

CHARGE OUT 

A. 6- r--13 As 

A6 7- r--12 
DATA 
IN 

A5 B- r--ll Voo 

A7 9- r--10 Vee 

TOP VIEW 

,RAMs 

2 ms 

Chip enable input 
All I/O lines have 

protection against 
static charge 

250 mW 
18pinDIP 
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absolute maximum ratings 

All Input or Output Voltages With Respect 
to the Most Positive Supply Voltage Vss 
Supply Voltage VDD and Vss With 
Respect to V ss 
Power Dissipation at Room Temperature 
Operating Temper<!ture Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

+0.3V to -25V 

+0.3V to -25V 
500mW 

_25°e to +70oe 
-65°e to +160oe 

300
0
e 

dc operating characteristics 
TA within operating temperature range, Vss = 16 ± lV; (VBB -Vss) = 3V to 4V, Voo = OV unless otherwise specified 

PARAMETER 

Input Load Current (All 

Input Pins) (lL1) 

Output Leakage Current (I LO) 
V BB Supply Current (IBB ) 

Average Supply Current (1 00 AV) 

Standby Supply Current 

Input LOW Voltage (Vld 
Input HIGH Voltage (VIH ) 
Output HIGH Current (I OH ) 
Output HIGH Voltage (VOH ) 

CONDITIONS 

V OUT = OV 

Cycle Time = 580 ns precharge width 
= 240 ns, T A = 25°C 

Precharge = Vss, Chip Enable = Vss, 
TA = 25°C 

T A = 25°C RL = lOOn 

T A = 25°C RL = lOon 

MIN 

Vss - 17 

Vss - 1 
600 

60 

TYP MAX 

1 

1 

100 

20 

100 

Vss - 15 

Vss + 1 
4000 

400 

ac operating characteristics TA = o°c to 70°C, Vss = 16 ± 5%, (VBB - Vss ) = 3.0V to 4.0V, Voo = OV 

READ, WRITE, AND READ/WRITE CYCLE 

PARAMETER 

Time Between Refresh (tREF) 

Address to Cenable Set Up Time (tAeI Note 1 

Cenable to Address Hold Time (tCA) 

P,prh",'1P tn r.pn"hlp npl"v It",,) Nntp. 1 

Precharge & Cenable Overlap, LOW (tO VL ) 

Cenable to Precharge Delay (tcp ) 

Precharge & Cenable Overlap, HIGH (tOVH ) 

READ CYCLE 

PARAMETER 

Read Cycle (tRC ) Note 1 

Precharge to End of Cenable (tpov) 

End of Precharge to Output Delay (tpo) 

Address to Output Access (tACCI) Note 1 

Precharge to Output Access (tACC2) Note 1 

WRITE OR READ/WRITE CYCLE 

PARAMETER 

Write Cycle (twel Note 1 

Read/Write Cycle (tRWel Note 1 

Precharge to Read/Write Delay (tpw) 

Read/Write Pulse Width (twp) 

Read/Write Set Up Time (tw) 

Data Set Up Time (tow) 

Data Hold Time (t DH) 

End of Precharge to Output Delay (tpo) 

CONDITIONS 

CONDITIONS 

} tACmin + tOVLm.n tT = 20 ns 
+ tpomax + 2 tT CLOAO = 100 pF 

tPCmin + tOVLmin 
RLoAo = lOOn 
V REF = 40 mV 

+ tpomax + 2 tT 

CONDITIONS 

tT = 20 ns 

tT = 20 ns 

MIN TYP MAX 

2 

115 

20 

125 

25 75 

85 

140 

MIN TYP MAX 

480 

165 500 

120 

300 

310 

MIN TYP MAX 

580 

580 

165 500 

80 

80 

105 

10 

120 
E" '0:,:'"?",1ft·· ,'-.7_ 

CLOAO = 100 pF 

RLoAD = lOOn 

V REF = 40 mV 

112 

Time to Next Precharge (tp) 

Note 1: These times will degrade by 40 ns (worst case) if the maxImum values for VI L (for precharge, 
cenable and read/write inputs) go to VSS - .14.2V @ OU e and VSS - 14.5V @ lOoe. 

0 

UNITS 

IJ.A 

IJ.A 

IJ.A 
rnA 

IJ.A 

V 

V 

IJ.A 
mV 

UNITS 

ms 

ns 

ns 

ns 

ns 

ns 

UNITS 

ns 

ns 

ns 

ns 

ns 

UNITS 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 







absolute maximum ratings 
All Input or Output Voltages with 
Respect to Most Positive Supply Voltage Vss 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

dc operating characteristics 

+O.3V to -20V 
600mW 

-25°e to + 70
0
e 

-65°e to +150
o
e 

300
0
e 

T A within operating temperature range, V ss = +5V ±5%, V DD = -12V ±5%, unless otherwise noted. 

PARAMETER 

Input Voltage (Address input, 

chip enable and data input) 

Logic "0" (V IH ) 

Logic "1" (V IL) 

I nput voltage (Precharge and 
Read/Write) 

Logic "0" (V IH ) 

Logic "1" (Vld 

Output Voltage 

Data Output 

Logic "0;' (V OH ) 

Logic "1" (VOL) 

Average Supply Current (I DD ) 
t cycle = 450 ns and tpc = 300 ns 

CONDITIONS 

I L = 200 pA Source 

IL = 1.6 mA Sink 

ac operating cha racteristics 

MIN TYP MAX 

Vss - 2.0 

Vss - 4.0 

Vss -1.5 

Vss - 15 

2.4 

0.4 

20 

T A within operating temperature range, Vss = +5V ±5V%, VDD = -1'2V ±5%, unless otherwise noted. 

Read Cycle (T Rd 450 

600 I I Write Cycle (T wd 

Read/Write Cycle (T RWcl 

Access Time (T A) 

(600 + T D See Note 1) 

, Address to Chip Enable (T Acl Note 2 

Address to Precharge Delay (T APd Note 2 

Address to Write Pulse Delay (T AWD) 

Write Pulse Width (T wp) 

Precharge Off Time (T pp) 

Read Write to Precharge Delay (T WRP) 

Refresh Interval (T REF) 

Address to Precharge Trailing Edge (T APT) 

capacitance characteristics 

Address Capacitance (CA ) 

Chip Enable Capacitance (CeE ) 

Precharge Capacitance (Cpcl 

Read/Write Capacitance (CRW ) 

Data Input/Output Capacitance (CIN/OUT) 

IN - SS f = 1 MHz 
V -V ) V IN = Vss 

All unused 
V IN = Vss . 

Inputs are 
V IN = Vss 

at AC Ground 
V IN = Vss 

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

o 
o 

350 

250 

150 

50 

350 

350 

5 

5 

25 

10 

7 

Note 2: Characteristic max limits to achieve T A specifications. An increase in these times will cause T A 
to increase d i recti y . 

50 

50 

2 

UNITS 

V 

V 

V 

V 

V 

V 

mA 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ns 

pF 

pF 

pF 

pF 

pF 

115 

s: 
s: 
CJ1 
N 
en 
o 
















































































































































































































































































































































