



























































































































































100

DRAIN LEAKAGE VS DRAIN VOLTAGE

-

2

Vo5 OV

5

Togs (nA)
®

WY

.oe

.06

.02

.ol

1000

30 a6
~Vps (VOLTS)

DRAIN RESISTANCE VS TEMPERATURE

(Vys Variable)

Vo

Ip -

=-20v
~100pA

@
3
3

~
a
3

Ux
0,
3

Rp ON (OHMS)

M
°
s

P
%
3
NG

0 75
TEMPERATURE  °C

100

SOURCE LEAKAGE VS SOURCE VOLTAGE

TYPICAL ELECTRICAL CHARACTERISTICS

T
1
1
1
1

Isps (nA)

200 P S
-
('&V
100
- LD, —
40
e
P
5
Q.
&

1000
900
Ip =-I00pA
Ty =+25°C
800 \ \
700 \
600
3 \\
=
i
8
=z
3
o
&
400
LN
o,
Vo1 20,
& v
\ 5
300
° 10 o

Vps < Vgg* OV

DRAIN RESISTANCE VS GATE VOLTAGE

20 30
~Vsp (VOLTS)

(V) Variabte)

26 6
~Vgs  (VOLTS)

GATE LEAKAGE VS GATE VOLTAGE

100 ¥
1
8 1
I
Vos = OV P
1*“?‘
20
8
3 i
4 g
H
=
2
-
2 =
4 = NS
&
o
04
o o 0 30 50 60
-Vgs (VOLTS)
DRAIN RESISTANCE VS TEMPERATURE
(Vs Variable)
1800 £
1600
Vas =0V
Ip =-100fA
o
2 e
z
e
w
2 1000
5
@
g L
L0 /
60 ]
30V
L e
a0V L
4 L Tes” @f.//
// [Nes—=
E—
et S
2055 25 25 50 00 [

TEMPERATURE  °C

Printed in U.S.A.

T-6048



GENERAL

INSTRUMENT

ADVANCE
DECEMBER, 1967

DESCRIPTION

The MEM 3005SP is a 5-bit static shift register constructed on a single monolithic chip utilizing
MIOS (Metal-Thick-Oxide-Silicon) P-channel enhancement mode transistors. With two clock inputs
(¢l and ¢2) supplied, the unit can operate from d.c. to 1 MHz in serial mode.

In serial operation, data present on the serial data input line is shifted into the register at ¢1 time,
and similarly, the data previously stored in the first stage is shifted into the second stage, second
to third, third to fourth and fourth to fifth.

The shifted data appears on the outputs in time sequence with the negative edge of ¢2 clock pulse.
Thus the true outputs of each stage are available at ¢2 time. Each bit of delay has a cross-coupled
flip-flop in order that data might be stored indefinitely between clock pulses. For long term storage,
it is necessary for ¢2 to be a logic “1” and ¢l a logic “0". Note that it is important that ¢1 and ¢2
are not at a logic “1” simultaneously, otherwise all stages shall assume the same state as the serial
data input (Pin 5).

MAXIMUM RATINGS
Power Supplies (Voo & Ves) . ... —30 Volts to +0.3 Volts
Clock and Data input Voltage.. ....—30 Volts to +0.3 Volts
Storage TeMPEratUre ............cocooooiiiiieiei et —55°C to +150°C
Operating Temperature RaNge...............ocooioiiiee —55°C to +-85°C
ELECTRICAL CHARACTERISTICS (SEE FIGURE 1)
A. Standard Conditions (unless otherwise specified)

Voo = —13 Volts == 1 Volt Load = 1.0 M@ and 10pF

Voo = —27 Volts = 1 Volt Ta= —55°C to +85°C

ELECTRICAL CHARACTERISTICS MIN TYP MAX | UNITS CONDITIONS
CLOCKS
Repetition Rate d.c. — 1.0 MHz
Pulse Widths
¢l 0.2 —_ 10 uS
2 0.4 — —_— uS
Delay (¢d) 0.01 — 10 uS
Rise and Fall Time,t,, t: — — 5.0 uS
(10% to 90%)
Logic Levels
Logic “0” — — —2.0 | Volts
Logic “1” —26 —_ —28 | Volts
Input Capacitance
ol — 2.0 40 pF ¢l = ¢2 =0 Volts
@2 — 40 6.0 pF | ¢l = ¢2 =0 Voits
Input Impedance
¢l 250 — — | K ohms
¢2 60 250 — | Kohms
DATA INPUT
Pulse Width (D.) 0.2 — — uS | 90% Points
Capacitance — 2.0 3.0 pF Vin =0 Volts
Logic Levels
Logic “0” —_— — —2.0 | Volts
Logic “1” —10 — —_ Volts
Leakage Current — — 1.0 wh 1 Vin = —20 Volts
Noise Immunity 1.0 2.0 — Volts | Nominal Power Supply
Voltages
OUTPUTS
Logic Levels
Logic “0” — —05 | —1.0| Volt
Logic “1” —11 | =12 — Volts ‘
Impedance to Ground — 2.0 3.0 | Kohms| Output a Logic “0”
Drive Capability —10 | —11 — Voits | R = 27K to Ground
Drive Capability —5.0 — —_ Voits | R = 4K to Ground
Short Circuit Current 5.0 — 10 mA Output a Logic “1”
to Ground
POWER SUPPLY CURRENT DRAIN
Voo —_ —_ 2.0 mA Voo = —13 Volts
Vee — —_ 1.0 mA | Ves = —27 Volts

TO-87

055 INDEX POINT

T+— | 4 _"

2 —o

3 2= L2
010 4
4 - —— -t = ==
5

6

7

»

3l

L 105
095

| 155

.145

.070|_ __-275 .o7o|__
MIN{T 240 MIN. ™ i
-

006 seating 939

503 00
PLANE 005 o

030

Note: All dimensions in inches.

TERMINALS

P/N FUNCTION
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FUNCTIONAL DIAGRAM
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TYPICAL TIMING DIAGRAM FOR NORMAL DEVICE OPERATION
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OUTPUT 2 -j2v l~2 BIT DELAY—] [ l | I
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ADVANCE
GENERAL MARCH, 1967

INSTRUMENT

DESCRIPTION 16 Lead Flatpack
The MEM 3012SP is a 12-Bit d.c. serial input paraliel output shift register constructed
on a single monolithic chip with MTOS P-channel enhancement mode transistors. This | je—. 050"
unit will operate from d.c. to 100 kHz. T
MAXIMUM RATINGS i370
in.

Drain Voltage (—Vgg).....coooviiiimiiiii i —30V to +.3V
Clock and Input Voltages.................ccovvveiie e —30V to +.3V
Storage Temperature........................... —55°C to +150°C 615 14 13 12 1110 9
Operating Temperature Range..................c..ooooii i —55°C to +85°C 275

1240
ELECTRICAL CHARACTERISTICS : 4 2 34567
STANDARD CONDITIONS (unless otherwise specified): /
V44 = —27 Volts +1 Volt, Load = 10MQ and 10pF. INDEX
Ta= —55°C to +85°C. POINT

CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
je— 410 -————‘ -~
360 o0 ]

Clock Repetition Rate dc —_ 100 kHz .030
Clock Pulse Width (¢p.) 0.4 — 30 | wsec. | SEE FIG. 1 Note: All dimensions in inches.
Clock Pulse Rise

and Fall Time —_— — 10 usec.

(10% to 90%)

ERMINA|
Clock & Data Input T NALS

Logic Levels .

Logic “0” S —_— —2.0 | Voits P/N  Function

Logic 1" -10 | — — | Volts 1 Ground
Clock Fan-In _ —_ 3 2 Output 6

i = . 3 Output 5

DaztaD In)put Pulse Width 0.3 . . usec. $ow = 0.4 psec p
pw: SEE FIG. 1 4 0utput 4
Data Fan-In — —_ 1 5 Output 3
Input Leakage Current —_ —_— 1.0 rA V,, = —20 Volts 6 Output 2
Output Logic Levels 7  Output1l

Logic “0"” —_ —0.5 —1.0 Volt d.c. to 100 kHz

Logic ““1” —11 | —12 | — | Volts 8  Data Input
P tion Del o Va

ropagation Delay

Plus Fall Time (q,) - — 5.0 | psec. | SEE FIG. 1 10 Clock ()

. - 11 Output 12
Propagation Delay . _

Plus Rise Time ({pdz) 2.0 usec. SEE FIG. 1 12 Output 11
Fan-Out —_— —_ 5 13 Output 10
Output Impedance 14 Output 9

to Ground — —_ 3000 | Ohms 15 Output 8

(Output a Logic “0™) utpu

16 Output 7
Supply Current Drain —_ —_— 6.0 mA




LOGIC DIAGRAM

12th Bit

1st Bit
? Output
4 o T _|
Data o st T/ _ _ _ _ _ ] 12th
Input Bit Bit

j Output

TYPICAL TIMING DIAGRAM

-2V
¢ v L LU Lrum
Data =-2V.
Input -lOV—-l_I
-1V,
Out 1 v | l
-1V
Out 2 v ] [
-1V
Out 3 -1V l |
-1V
Out 12 v | l
FIGURE 1
| |
ja— gpW —»%
2.0V | | I o
4,0V i i
CLOCK : i
-10v : }
l—Dpw -’: I
2.0V } , :
-4,0V ] |
DATA INPUT : :
-10V 1 I
|
—a{tpd} :4— _'—"tpdz 'r‘-—
I
-1. 0V [ I I
|
OUTPUT |
I

-11v
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ADVANCE
GENERAL : " . MARCH, 1967

INSTRUMENT

DESCRIPTION i LOW PROFILE 10 LEAD
The MEM 3021 is a 1, 4 and 16 bit static LOGIC DIAGRAM 074

shift register constructed on a single mono- 370

lithic chip utilizing MTOS P-channel en- 33
hancement mode transistors. Each bit of 335

delay has a cross-coupled flip-flop, in order T¢ T‘VDD Vo = 305 4‘

that data might be stored indefinitely be- .

tween clock pulses. Only a single phase
clock pulse () has to be supplied; the ‘"PUT°_—'_'—°°‘"PUT
additional 180° out of phase clock pulse
{¢) is generated in the chip. INPUT °_—'_‘°°”TP”T

The outputs will change on the positive INPUT o_____-.ooun:ur

edge of the clock pulse. The supply voltage
(—Vy) for the output stages can have any _.L
value between ground and —28 volts. By =
letting —V,, be just a few volts it is possible

to have the shift register drive other types

of low voltage NPN transistor logic.

MAXIMUM RATINGS

Drain Voltage ... . —30 Volts to +.3 Volt
Clock and input Voltages ............................. . ... —30 Voits to +.3 Volt
Storage Temperature ... .. e et e et e —55°C to +150°C .
Bottom view
Operating Temperature Range ............................................. —55°C to +85°C NOTE: All dimensions in inches
ELECTRICAL CHARACTERISTICS
Standard Conditions (unless otherwise specified)
Vy4q= Vo =27 Volts =1 Volt, Load = 10M2 and 10pF. T, = —55°C to +85°C TERMINALS
CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
Clock Repetition Rate de — 500 kHz P/N  Function
Clock Pulse Width (¢pw) 1.0 —_ 10 usec SEE FIG. 1 1 Input (16 Bit)
Clock Pulse Rise and Fall Time
(10% to 90%) i D e s 2 Clock (p)
Clock Input Capacitance o — — 6.0 pF |V, =0 Volts
Clock & Data Input Logic Levels 3 Output Supply Voltage (_VO)
Logic “0"” — — —2.0 Volts
Logic ““1” —10 - - Volts 4 Output (16 Bit)"
' , SEE FIG. 1
Data Input Pulse Width (D_,) 1.0 —_ -— usec | ¢, = 1.0 psec 5 Ground
Data Fan-In —_— — 1.0 0 @B
- - 6 utput (4 Bit)
Clock & Data Input _ _ o
Leakage Current 10 wA Ve 20 Volts 7 .
Output Logic Levels Output (1 Bit)
Logic 0" - —_ ~05 | —1.0 Volt | ¢ = dc to 250 kHz
Logic ““1" —11 | —12 — Volts 8  Input (1 Bit)
Fan-Out — — 5.0 9 nout .
Output Impedance to Ground — — 5.0 KQ (output A Logic ‘0"") nput (4 Bit)
Output Drive Capability | —10 -11 — | Volts |R = 17K Ohms ‘ 10 Drain Voltage (—V,)
Output Drive Capability 1. 5.0 = —_ Volts "~RL =4K Ohms - L Sl
Supply Current Drain - — — 5.4 mA




FIGURE 1

~2.0V | q)pw

-40V

CLOCK (¢) /
-0V

-2.0V

-40V ——51; |
DATA INPUT /
-IOV 1

-l.ov
OUTPUT
=iV

TYPICAL TIMING DIAGRAM

CLOCK (¢) |ov
ot S e A s 1 s Y e O I
_v :
e oy T L L e
OUTPUT -IV
_ I J I ] 1
48 Hv l-—4 BIT DELAY —]
oUTPUT —IV ———————— === ===~ LT 1

16 BIT =V
I6 BIT DELAY —!

APPLICATIONS

The shift pulse can be supplied from a clock gen-
erator as shown below. The shift pulse amplitude
requirement is the same as the logic swing required.

-2V O

500

5K
__o¢

___I

20K
|o-2<|)cl>o pF

i

The shift register may be interfaced with low level
NPN transistor logic, if desired, by using the circuit

below.
-23
o
®
RI
— OUTPUT TO
@ @ O LOW LEVEL
P! I
BT NPN LOGIC
DATA 124;% R2
LOW LEVEL MEM 3021
NPN LOGIC
0- LEAD DESIGNATION
[}
+3v
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GENERAL

INSTRUMENT

ADVANCE
MARCH, 1967

MEM 30218

DESCRIPTION

The MEM 3021B is a 1, 4 and 16 bit static
shift register constructed on a single mono-
lithic chip utilizing MTOS P-channel en-
hancement mode transistors. Each bit of
delay has a cross-coupled flip-flop, in order
that data might be stored indefinitely be-
tween clock pulses. Only a single phase
clock pulse (¢) has to be supplied; the
additional 180° out of phase clock pulse

LOGIC DIAGRAM

T ¢ T"VDD Vo

INPUT O——ri 16 BITS ———0 OUTPUT

pahal I .

(¢) is generated in the chip. INPUT © L4857 | O ouTPUT
The outputs will change on ‘the positive INPUT O |' 1BIT II 0 OUTPUT
edge of the clock pulse. The supply voltage

(—V,) for the output stages can have any _L

value between ground and —28 volts. By - =

letting —V, be just a few volts it is possible

to have the shift register drive other types

of low voltage NPN transistor logic.

MAXIMUM RATINGS

Drain Voltage ... —30 Volts to +.3 Volt
Clock and Input Voltages ... —30 Volts to +.3 Volt
Storage Temperature ... —55°C to +150°C
Operating Temperature Range .............................................. —55°C to +85°C

ELECTRICAL CHARACTERISTICS

Standard Conditio‘ns (unless otherwise specified)
V44 = Vo =27 Volts +1 Volt, Load = 10MQ and 10pF. T, = —55°C to +85°C

CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS

Clock Repetition Rate dc — 250 kHz
Clock Pulse Width (¢pw) I 1'.0 — 10 pusec SEE FIG. 1
Clo(cllB;l)ﬂf: gcr)soz;‘md Fal! Time _ _ 4.0 asec
Clock Input Capacjtance v — —_ 6.0 pF V;, = 0 Volts
Clock & Data Input Logic Levels

Logic ‘0"’ — — —2.0 Volts

Logic “1" —10 — — Volts

SEE FIG. 1

Data Input Pulse Width (D) 1.0 —_ —_ psec | ¢, = 1.0 psec
Data Fan-In _ —_ 1.0
Leakage Current — | = | 1] s [Ve——20vets
Outpu.t L‘?g'i'c Levels Volt

o ! T |29 ] e | e -z
Fan-Out —_ —_ 5.0
Output Impedance to Ground —_ — 5.0 KQ (output A Logic *‘0"")
Output Drive Capability -10 ~11 — Volts | R, = 17K Ohms
Output Drive Capability 5.0 - — Volts | R = 4K Ohms
Supply Current Drain - — 5.4 mA

LOW PROFILE 10 LEAD
T0-74

MAX. g0

1*4050 .180

Bottom view
NOTE: All dimensions in inches

P/N

10

TERMINALS

Function

Input (16 Bit)

Clock Q:)

Qutput Supply Voitage (—Vo)
Output (16 Bit)

Ground

Output (4 Bit)

Output (1 Bit)

Input (1 Bit)

Input (4 Bit)

Drain Voltage (—V,)




pr
FIGURE 1 20V —

-40V
CLOCK (¢) - /L
-0V
-2.0V l.ﬁopw—ﬂ
-40V 50;
DATA INPUT /
-0V

-0V

OUTPUT \ /
-1V :

TYPICAL TIMING DIAGRAM

cLOCK (¢) 2

IOV

LS I s N N

-1V
oLV I e S e A e I

ouUTPUT -1V
4BIT v I 7 1 1
l——4 BIT DELAY —=]

OUTPUT —IV

6 BIT -V ! 1
L—_IG BIT DELAY o

APPLICATIONS

The shift pulse can be supplied from a clock gen- The shift register may be interfaced with low level
erator as shown below. The shift pulse amplitude NPN transistor logic, if desired, by using the circuit
requirement is the same as the logic swing required. below.
-23
-2V o —- 9 - 1
500 ;" ®
5K 5K ¢ p:
Ol & 3R
6 BT NPN LOGIC
DATA Iygg}" R2
_'I LOW LEVEL MEM 3021B
NPN LOGIC
20K ’ ©
IO'Z??O ot 0~ LEAD DESIGNATION
1" o

Printed in U.S.A.
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GENERAL

INSTRUMENT

ADVANCE
NOVEMBER, 1967

DESCRIPTION

The MEM 3032 consists of six separate and distinct
static shift registers, constructed on a single mono-
lithic chip utilizing MTOS (Metal-Thick-Oxide-Silicon)
P-Channel enhancement mode transistors. Each of the
six registers have separate external inputs and outputs
and may be used independently (refer to the Func-
tional Block Diagram). Their lengths are binary
weighted. By interconnecting the registers, any time
delay between 1 and 32 bits may be achieved (ex-
amples: output of 1 bit to input of 4 bit = 5 bit delay;
output of 8 bit to input of 2 bit = 10 bit delay, etc.).

FEATURES

¢ Binary Weighted Shift Registers For Any Count Fre-
quency Division

¢ 1 MHz Shift Register Operation

¢ Monolithic Construction

¢ Zener Network Protection On All Circuits
¢ High Noise Immunity (1 volt minimum)

The externally applied shift pulse (¢) will advance
the information in all six registers by one complete bit
for every complete period. New data will be accepted
at any input during the time interval when the shift
pulse (¢) is at the negative level (logic ‘‘1”’). Data
transitions will occur at the outputs only after the trail-
ing edge of the shift pulse returns to a logic ‘“O’'. Each
register will hold its current data until another shift
pulse is applied. Shift pulses may be applied at repeti-
tion rates from D.C. to 1 Megahertz.

Low Power Consumption (175mW)
16 Lead Flat Package

Compatible With General Instrument Logic Family
and Multiplexer System

e Six Separate Shift Registers

16-LEAD FLAT PACK

~| |-, 050"

il

? 161514 13 12 1110 9

‘ 2 3456 78

Note: All dimensions in inches

TERMINALS
E/N FUNCTION
1 Vss—Power Supply (Normally Ground)
2 16 BIT S.R. Input
3 (First) 1 BIT S.R. Output
4 (First) 1 BIT S.R. Input
5 16 BIT S.R. Output
6 Shift Pulse Input (¢)
7 Voo Power Supply (Normally —13V)
8 Ves Power Supply (Normally —27V)
9 8 BIT S.R. Input
10 (Second) 1 BIT S.R. Output
11 (Second) 1 BIT S.R. Input
12 2 BIT S.R. Qutput
13 2 BIT S.R. Input
14 4 BIT SR. Output
15 4 BIT S.R. Input
16 8 BIT S.R. Output




MAXIMUM RATINGS

Drain Voltage (Moo) ... —30 Volts to +0.5 Volts
Gate Voltage (Vee). ... —30 Volits to +0.5 Volts

Shift Pulse & Data Input Voltage

.—30 Volts to +0.5 Volts

Storage Temperature. ... —55°C to +150°C

Operating Temperature Range

ELECTRICAL CHARACTERISTICS
Standard Conditions (Unless otherwise stated)

Voo = —13 Volts = 1 Volt, Ve = —27 Volits == 1 Volt
Load = 1.0M@Q and 10pF, T, = —55°C to + 85°C

............................................................ —~55°C to +85°C

Electrical Characteristics Min Typ Max | Units Conditions
Shift Pulse (SEE FIGURE 1)
Repetition Rate
Lower Limit d.c¥ — —_ Hz |@ Pw = .25 usec.
Upper Limit 1.0* 1.5 20 | MHz |{@ Pw = .25 usec.
Pulse Width
Lower Limit 0.2 25% — S |@ 1 MHz
(shortest possible
time interval)
Upper Limit 10%* 1000 5000 wS | @ 50 kHz Square Wave
(longest permissible
time interval)
Logic Levels
Logic ‘0" +0.5 0.0 —2.0*%| Volts
Logic ‘1" -5.0 | —9.0%* —27 | Volts | (90% points)
Input Capacitance _ —_ 6.0 pF |Vi,= 0 Volts
Rise and Fall Times — — 5.0% &S |50 kHz sine wave
t &t;) shift pulse input
Input Data (SEE FIGURE 1)
Pulse Width .05 1.0* —_ 1S [(90% points)
Logic Levels
Logic ‘0" +0.5 0.0 —2.0*%| Volts
Logic ‘1" —-5.0 | —9.0* —27 | Volts | (90% points)
Input Capacitance — 2.0 3.0 pF
Leakage Current —_ — 0.5 wA |V, = —12 Volts
Noise Immunity 1.0% 2.0 — | Volts | Nominal Power
Supply Voltages
Outputs (SEE FIGURE 1) }
Logic Levels
Logic “0” (Vss) —-0.5 —1.0% Volt
Logic ‘1" —11%* -12 (Vo) | Volts
Impedance to Vs
Output At Logic ‘0" 1.0 2.0 3.0% kQ
Short Circuit Current
To Ground
Output At Logic “1” 5.0% 10 — mA | Nominal Power
Supply Voltages
Drive Capability
Output At Logic 1" —10* —11 (Voo) | Volts| R, = 27ka to
Ground
Output At Logic ‘1" -5.0%| -7.0 (Von) | Volts| R, = 4k to
Ground
Power Supply Current Drain
oD — 6.0 10% mA | Vpp = —13 Volts
Vee — 2.0 4.0%| .mA | Voo = —27 Volts

*Indicates the level of performance each device must meet prior to being accepted for shipping.

2



FIGURE 1

P-—ffvbl

DATA INPUT

nl (] 90°/o

SHIFT PULSE

DATA OUTPUT

e 90%

TYPICAL TIMING DIAGRAM

1BIT
et 1/2 BIT TIME
siFT | lTimE =
PULSE
I 2 3 4 5 6 7 8 9 10 U 12 13 14 15 16 IT 18
DATA | L1 T L1 |
|
-1 BIT
1BIT S/R(~TBT = | L 1 L] L1
I BIT S/R @) BIT L[ L [ I I S
2BIT S/R  ——{2BIT DELAY f= | L [ 1 ) L1 1
4BIT SR [——a8IT DELY — =] | 1 [ ] g |
8 BIT S/R l.___s BIT DELAY ] | 11 1 l |
16BIT S/R = 16 BIT DELAY -
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OUTPUT CURRENT VS TEMPERATURE
(OUTPUT VOLTAGE CONSTANT)

6
X [ TRV OUTPUT = LOGIC "0"
S\Q\ WY DoV | =—oV ~-lav Voo = -3V
= S == Vi = =27V
4 §\§§ / v__ . 0
~ T — —_—— = ]
2 T
| \\
E— -V
(0]
| -12V
;E? ) -1V
~ _// —|0V
S 3 I s sl
m //___.——-—‘
S 5 / // , i
= " "]
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7 I 5% —
-aN "
/ -2V —_‘_____,..-——
"
/ - el
/ "
. / 1//4/ oV | "
12 /// //
/ / / OUTPUT = LOGIC "I"
13 // Vpp = - I3V
// Vgg = —27V
)
-55° -35° -15° 5° 25° 45° 65° 85°

TEMPERATURE (DEGREES CENTIGRADE)
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OUTPUT‘CURRENT VS OUTPUT VOLTAGE
(TEMPERATURE CONSTANT)
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ELECTRONICALLY VARIABLE 1 TO 32-BIT DELAY CIRCUIT

'_MEM_so—sz—:

230——4>—D0

|
|
|
|
|
|
|
|
|
[
|
|
|
|
|
|
| __Do—{ﬂﬂ:—
Ny
|
1) > '
BINARY | ,2 i
INPUTS | 2 |
\ 1
|
|
|
|
|
|
|
|
]
| @,
|
|
|
|
pa—|

2'o——d

2°0-——4’--Do L ——

Data presented to the “Data Input” jack of this circuit is electronically gated to any, or all of
the six binary weighted registers of the MEM 3032. The gating is determined by a 5 bit binary
word at the circuits “‘Binary Input’’ jacks. A fixed one bit delay is present at all times, adding a
one bit delay to whatever the binary weight of the input word is.

For example: Binary input word = 0101 = 5 =5 bits of delay + one ‘fixed’’ bit of delay = 6
bits of delay at the output jack. The gating may be accomplished with standard
G! logic family devices or by using the GI MEM 550 dual MTOS transistors and
10 KQ carbon resistors connected to the Voo power supply.

(6



10-BIT BINARY COUNTER

TMEM3032 |
| |
| |
9
—{16 mr'l —02
! |
| |
' s BiT ': 028
i |
i |
|
' —(4aBT : —027
| |
| ,
| 028
{
|
: —o23
024
;023
— 022
o2
02°
CE
cP o——4e
CE+CP
CLOCK
6
COUNT

ENABLE DATA IN

In this application, two (2) MEM 3032s are employed to form a 10 bit binary counter. A minimum
of 16 external clock pulses are required at the ‘‘clock’ jack to clear the counter between count
cycles. During the count cycle, which is initiated by a negative (‘logic 1”’) level applied to the
‘“‘count enable’ jack, the counter will count negative pulses applied to the ‘“data in’’ jack. The 2
input NOR GATES could be GI MEM 1013s which are “QUAD 2-INPUT NOR GATE MTOS integrated
circuits.” The 2 input AND GATES could be MEM 1014s which are “QUAD 2-INPUT AND GATE
MTOS integrated circuits.”

O



FUNCTIONAL BLOCK DIAGRAM

SHIFT PULSE >4

‘ 16 BIT
INPUT-16 BIT I ST 2ND 3 RD atH | __ 16 TH SHIFT
SHIFT REGISTER ] BIT 8IT BIT 8IT BIT REGISTER
v OUTPUT
M v v M NS

INPUT-4 BIT > |
SHIFT REGISTER BIT

INPUT-8 BIT | IS8T 2ND
SHIFT REGISTER BIT BIT

INPUT-2 BIT
SHIFT REGISTER

IST

BIT

INPUT~| BIT 1ST
e SHIFT [REGISTER

BIT
INPUT-| BIT
—0 SHIFT REGISTER
SHIFT REGISTER BIT OUTPUT

TYPICAL INTERFACE CIRCUITS

+Vce
SHIFT

I © PULSE
R3
ity |
POSITIVE DATA

|
1 OUTPUT
|
!
I

+ DATA INPUT

-
Rl |
’ |
[
|
1

With this type of interfacing, the MEM 3032 will accept positive input data and deliver positive
output data. The resistor values depend on the voltage levels used. When transistor Q1 is forward
biased, the D.C. voltage at the junction of R1 and R2 should be O to —2 volts.

R1 protects the shift register from a positive voltage on the input which would occur if Q1 were
to be shorted.

Do——o T0 -5 VOLTS

Vee GND

0T0-5 VOLTS{

|
|
—_

-13v -27v

POWER
SUPPLIES

This type of arrangement réquires no additional interface, and may also pe used with TTL cir-
cuits. The DTulL circuit accepts negative data input and delivers negative output data.

Printed in U.S.A. T-6043



GENERAL

INSTRUMENT

ADVANCE
MARCH, 1967

DESCRIPTION

The MEM 3050 is a dual 25-Bit dynamic shift register constructed on a single mono-
lithic chip utilizing MTOS P-channel enhancement mode transistors.

MAXIMUM RATINGS

Clock Voltages (@1 and ¢2) ...t —30V to +.3V
Data Input Voltage. ... —30V to +.3V
Supply Voltage (V). —30V to +.3V
Storage Temperature..................coooiiiiiiii e —55°C to +150°C
Operating Temperature ... —55°C to +85°C

ELECTRICAL CHARACTERISTICS

STANDARD CONDITIONS (unless otherwise specified):

Load = 10MQ and 10pF.

V, = —27 Volts =1 Volt, ¢1 and ¢2 = —27 Volts =1 Volt.
R1 = 20K, TA» = —55°C to +85°C.

CHARACTERISTIC MIN | TYP MAX UNITS CONDITIONS
Clock Repetition Rate 10 — — kHz ¢1,,= 45 psec.
$2,,,,= 45 psec.
Clock Repetition Rate _ —_ 500 kHz ¢1,,= 0.4 psec.

$2,,,= 0.4 psec.
Clock Pulse Width

(#1,, and ¢2,,) 400 — — nsec. | SEE FIG. 1
Clock Delay (¢d) 400 -— —_ nsec. SEE FIG. 1
Clock Logic Levels

Logic “0” ] — —0.5 Volts

Logic “1” —26 — -—28 Volts
Clock Pulse Rise _— — 100 nsec. ¢1,,= 0.4 psec.

and Fall Time
(10% to 90%)

Data input Logic Levels

$2,,= 0.4 usec.

Logic 0" 0 —_ —2.0 Volts ¢1pw= 0.4 usec.
Logic ‘1" —11 — —_ Volts $2,,= 0.4 usec.
Data Pulse Width (D,,) 200 — —_ nsec. ¢d = 0.4 usec.
SEE FIG. 1
Output Logic Levels
Logic “Q0"’ —_ — —1.0 Volt #1,,= 0.4 usec.
Logic ‘1" —14 —_— —_ Volts ¢2,,= 0.4 psec.
Output Fall time (;;) —_ - 550 | nsec. ¢1,,= 0.4 psec.
¢$2,,= 0.4 psec.
SEE FIG. 1
Fan-In —_ —_ 1.0
Fan-Out — — 5.0
Output Pulse Width ©,.) 1.0 —_— —_ usec. #1,,= 0.4 psec.
$2,,,= 0.4 psec.
SEE FIG. 1
Output Impedance to Ground —_ —_ 1000 | Ohms | Output a Logic “0”
Clock Input Leakage Current — —_— 100 1A Vi, = —26 Volts
Data Input Capacitance —_ 4.0 —_ pF V;, = 0 Volts

Clock Input Capacitance _— 10.0 —_ pF V;, = 0 Volts

LOW PROFILE 10 LEAD
10-74

Bottom view
NOTE: All dimensions in inches

TERMINALS

P/N  Function
1 Data Input 1
2 Output 1A

3 Output 1B

4 Clock ¢2
5 Ground
6 Clock ¢1

7 Output 2B
8 Output 2A
9 Data Input 2

10 No Connection




LOGIC DIAGRAM

Vg

g2 0

gl o T l % R,
Data l's ] 25th | Output 1A
Input Bit |~~~ ]Bit Output 1B

|

NOTE: The output transistor requires an exter-
nal resistor and a —12 to —27 volt power
supply. When connected as shown in the
logic diagram, the output of the 25th

Ri stage will be inverted with respect to its
Data Input. When a non-inverted output

'
<
n

]
=8
o
-—o
?
-_—

1st 25th | Output 2A is required, Output 1A (or 2A) can be
Input 2 O————o Bit - — — - —— Bit Py connected to —Vs, and R: connected be-
! 1 Output 2B tween Output 1B (or 2B) and ground.

Al

The output stage will then operate as a
non-inverting source follower.

ov
TYPICAL TIMING )
TYPICAL otens I e Y ey T s T s T e I s

ov

92 v L] L L L] L] LT

(=
<

-1V

Data Input

|
Output | Delayed

: 4 A
| 25 Bit Times True True

| Output Output
Data Data

FIGURE 1
=0.5V

=27 £ 1V

-0.5V

ad ——-—:<— 42
-
|
|
-4.0V

|
|
|

27 £ 1V 4
|

|
2.0V —i Dpw e
-4.0V

DATA INPUT
-1V

Opw
-1, 0V
-4.0V

=3
)

OUTPUT OF 50th BIT |
-14Vv
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, ADVANCE
GENERAL ; : I E¢ DECEMBER, 1967

Lo © MEM 3064

DESCRIPTION
The 64-Bit Serial Accumulator consists of a 64-bit dynamic shift register plus logic for loading or
recirculating information within the circuit. The device is constructed on a single monolithic chip utiliz-
ing MTOS (Metal-Thick-Oxide-Silicon) P-channel enhancement mode transistors.
The accumulator operates at frequencies from 10 kHz to 5 MHz. Each individual stage of the register
dissipates 400 p watts during 5 MHz operation. The power dissipation of each of these stages de-
creases proportionally with frequency. Both data and data outputs are available, each of these output
stages dissipates 24 mW at 5 MHz into a 12 picofarad load.
One accumulator circuit can drive directly into another without the addition of any external components.
e 64 BITS |
STORE
REGISTER OUTPUT 2
OUTPUT |
INPUT
LOGIC DIAGRAM
TERMINALS
TERMINALS
LOW PROFILE 10 LEAD TO.
1074 ‘ o-87 P/N  FUNCTION
a0 P/N FUNCTION 55 1 Ground
338 [ Tas
338 1 Ground 'jslo_!: 2 3
.305 095
‘]_ 2 #3 _,g%g /-mnzx POINT 3 ol
[ 3 ¢l [ N Y it | 4 Store
===3 |2::_[°£ .
4 Store B DO S 4o 5 No Connection
5 — =P
5 No Connection =16 Ig=- 6 No Connection
7 8F——
6 $2 s o 7 No Connection
| 055 MAX. MAX
7 Output 2 (Data) _A|05‘°45 8 No Connection
095
8 ¢4 _% 9 No Connection
9  Input ] ﬁ-—;é—lﬁ; ﬁ}-_l_t 10 ¢2
10 Output 1 (Data) ['%' A?Eﬂ'&“ %gﬁ 11 Output 2 (Data)
030 12 ¢4
Bottom view 13 Input
NOTE: All dimensions in inches Note: All dimensions in inches.
14 Output 1 (Data)




MAXIMUM RATINGS

Clock Voltages (¢, ¢2, &, &), ... —30V to +0.3V
Data Input & Store Voltages........................ ... .. —30V to +0.3V
Storage Temperature.......................................... —55°C to +150°C
Operating Temperature Range............................. ...—55°C to +85°C

ELECTRICAL CHARACTERISTICS
Standard Conditions (unless otherwise specified)
Load = 10MQ and 12pF, T, = —55°C to +85°C

Characteristic Min Typ Max | Units Conditions
Clock Repetition Rate .01 — 5.0 MHz
Clock Pulse Width (¢ & #) 35 | — | — | ns |@ 24Vols
Clock Pulse Width (¢: & ¢:) 85 | — | — | ns |@ 20N,
Clock Logic Levels
Logic ‘0" +0.3 —_ —1.0 | Volt
Logic *'1"” —-24 —_ —27 | Volts
Data & Store Input Logic Levels
Logic ‘1" -10 — —24 | Volts
Logic ‘0"’ 0 — —2.0 | Volts
<1 S
Logic “0” 0 | — |-40 | voits| %5 FRRE 1
le During t.,
Data Input Pulse Width 35 | — | — | ns |30PkouREE
table During t.
Store Pulse Width 85 | — | — | ns |aePeouRee
Clock Input Capacity
¢, ¢3, D4 —_ —_— 10 pF
¢2 — — 10 pF | Plus Output Capacitive Load
Data & Store Input Capacity — — 2.0 pF '
Input Leakage To Ground _
(Clock Input Terminals) - - 100 pA | Vin = =27V

Input Leakage To Ground
(Data & Store Terminals) - - 5.0 pA | Vin = —20V

Output Logic Levels*
Stable During t.,, For

Logic 0" 0 — | —2.0 | Volts|{ "> 100 nS
Logic 0" 0 | — |40 | Voits| prable Buring t, For
Logic ‘1" ” —11 | — | —24 | Volts

*A resistive foad to ground will have the effect of discharging the output level (Logic ‘‘1"") to ground with a
time constant equivalent to the RC time constant of the external load.




FIGURE 1.

B

@2

23

Ba
MINIMUM CLOCK REQUIREMENTS

MINIMUM DATA INPUT

CHARACTERISTIC SYMBOL  VALUE (nS)
¢ Pulse Width tcd 35
¢; Pulse Width tim 35
¢, Puise Width tgh 85
¢ Pulse Width trs 85, 1 4S (Max)
Sampling Width 1 tbh 35 STORE INPUT
Sampling Width 2 tks 35
¢«—¢1 Overlap tpa 0
¢:—¢3 Overlap tfj 4]
#:—g: Overlap tfn 0, 1 4§ (Max) OUTPUTS
¢.—¢2 Overlap tpe 0
¢: Precharge Time trm 35
¢ Precharge Time tgd 35

T\
ij&_____f nlf\l——lzp_
-,

|

m p

Designations ¢, ¢, ¢;, ¢« on this data sheet are arbitrary and may be rearranged to correspond with

designations on other MTOS data sheets. The relative timing however must be maintained as shown.

TYPICAL MEM 3064 INTERCONNECTION DIAGRAM

STORE | T
INPUT SINPUT 2
DATA ATA
[ DATA .
MEM 3064 |—— MEM 3064 | ——
INPUT—> [DATA | DATA o,
-
TYPICAL INTERFACE CIRCUIT
. TTL/OTL
Mo .
STORE —> DATA : | Jl TTL e+T—}
MEM 3064 | —
INPUT —>) DATA | T}
| | <Rz
8.2K
Lo
| MEM |
| 550 | -24 TO -27VOLTS
| I
| I

TTL/DTL

LT ij_‘}

—_ %
RI
8.2K

-24 TO -27VOLTS

:I;_

r




SCHEMATIC DIAGRAM MEM 3064

2 GATE

-

@2

OUTPUT
INPUT I

g2

PRECHARGE TIME @2
SAMPLING TIME @2

4 GATE

OUTPUT

PRECHARGE TIME ¢4
SAMPLING TIME @4

| GATE

OUTPUT
O
g2
o—|
INPUT INPUT
o o

PRECHARGE TIME @1
SAMPLING TIME @2 @)

I OUTPUT |
L DRIVERS |

3 GATE

mEy

| #3 l
OUTPUT
——oO

@4

o—|

@3

PRECHARGE TIME @3
SAMPLING TIME @4 23
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_ PRELIMINARY
GENERAL o 0SS INT = CIRCLUIN AUGUST, 1967
INSTRUMENT
DESCRIPTION ] o ) LOW PROFILE 10 LEAD
The MEM 3100 is a dual 50-bit dynamic shift register constructed on a single mono- 1074
lithic chip utilizing MTOS P-channel enhancement mode transistors. The unit in- g
corporates two store controls to provide the permanent and independent storage of
data in each 50-bit register. The outputs are DC stable and are capable of delivering 370 _
current from either device of the push-pull output. 335
MAXIMUM RATINGS 335
Clock VOlages (¢1 @Nd @2)..........co.coovvvivoivereieeeieeieesses s —30V to +-0.3V r -308 “]
Data Input Voltage ... —30V to +0.3V i
Supply Voltage (Voo) . —30V to 0.3V }
Storage Temperature . —55°C to 4150°C 040 050 180
Operating TEMPerature. ............c..cccocovcovovmevieemesoerereeen e —55°C to +85°C MAX. {MAI' “160
ELECTRICAL CHARATERISTICS T—L 1] Jf
Standard Conditions (unless otherwise specified) =l —”;””—T 250 500
Vpp = —13 Volts + 1 Volt, ¢ and ¢, = —26 Volts + 2 Voits Q19 _N_N_n_t T MIN.
LOAD = 1.0 M2 and 10 pF, TA = —55°C to +85°C .c;ls I] U ﬂn 1
021
ELECTRICAL
CHARACTERISTICS MIN TYP MAX | UNITS CONDITIONS
SHIFT PULSES (See Fig. 1)
Repetition Rate .
Lower Limit — 10* —_ kHz @ ¢dlow = ¢2,0 =
¢d = 25usec.
Upper Limit —_ 1.0* — MHz @ ol = P2p0 =
¢d = .25usec.
Pulse Widths
Lower Limit
olow & 920 0.2 0.25% —_ usS @ 1.0 MHz
Upper Limit
3 1.0 25% 30 usS @ 10 kHz
Popw 1.0 25% 50 us @ 10 kHz
Clock Delay (¢d)
Lower Limit 0.2 0.25* 0.3 us @ 1 MHz Bottom view
Upper Limit 1.0 25% us @ 10 kHz NOTE: All dimensions in inches
Logic Levels
Logic “‘0" +0.3 0.0 —2.0* | Volts
Logic “1” —24* —26 | —28%* | Volts
Input Capacitance _ 25 —_— pF Vin = O Volts
Rise and Fall Times (tr &tf)| — —_ 50 ns @ 1.0 MHz
INPUT DATA (See Figure 1)
Pulse Width od —_ —
Logic Levels
Logic Q" +0.3 0.0 —2.0% | Volts TERMINALS
Logic “1"” -7.0 [-10.0¥{ —27 | Volts
Input Capacitance 1.0 2.0 3.0 pF Vi, = 0 Volts
Leakage Current — 0.1 0.5 uA Vo = —12 Volts
Noise Immunity 1.0* 2.0 —_— Volts | Nominal power P/N Function
supply voltages
STORE COMMAND
Logic 0" 403 | 00 |—2.0%| Volts | Enables data 1 Store Command (50B)
input
Logic ““1” —7.0 |—10.0%¥ | —27.0 | Volts | Stores data 2 Voo
in register
OUTPUTS (See Figure 1) 3 ¢
Logic ‘0" (Vss) —0.5 | —1.0* | Volt
Logic “1" —10 —11* Voo Volts
Fall Time —_ 100 — nS (10% )to 90% 4  Data Output (50B)
0ints;
Rise Time —_— 100 —_ nS (107 to 90%
pom%) ° 5  Ground
Impedance —_ —_ 3K* OHMS | Output a
) - Logic “0” 6 Data Output (50A)
Drive Capability
Output at N
Logic Level *‘1" —10.0%] —11.0 | (Vo) Volts | R. = 25K to 7 ¢
Output at ground
Logic Level “1" —5.0% —7.0 (Voo) Volts R. = 4K to 8 Store Command (SOA)
CORRENT DRAT sround
RAIN
Voo — 1.0 2.0% mA 9 Data Input (50A)
Correct device operation assured for the following two frequencies @ final test: 1
10 kHz, 1.0 MHx 0  Data input (50B)
*Indicates the level of performance each device must meet prior to being accepted
for shipping.




LOGIC DIAGRAM

L

STORE "A"
REGISTER |———O OUTPUT "A"
| 50 BITS =

INPUT DATA "A"O————————

STORE "8"
REGISTER ———O OUTPUT "B"
INPUT DATA "B'O———= -] 50 BITS |=
TYPICAL TIMING DIAGRAM
ov
< U0 U u U Uyl
-26V
ov
U0 uU U u U
-26V
pata inpur OV
~1ov

I
I
OUTPUT H———DELAYEDM
i 50 BIT TIMES
|

FIGURE 1

50TH

|
-lov———————— |

DATA INPUT
-1ov d

ov [ |

-40v
g2 |
I
-26t2v I

oV

oV

| !
-1
outeut oF " \L |
BIT /
-1ov

Printed in U.S.A.

1-6055




ADVANCE
GENERAL ; NOVEMBER, 1967

INSTRUMENT

DESCRIPTION

The S-C-100 is an Analog-to-Digital Converter System containing an MEM 5014
(A/D MTOS Integrated Circuit), a precision ladder network, a voltage comparator,
and several discrete components. All components are incorporated on a printed
circuit plug-in board with a 29 pin connector.

The system features 8, 9 or 10 bit operation over the range 0°C to 4+ 70°C and can
deliver a serial or paralle! binary output at 100 kHz bit rate. Power, clock, and refer-
ence voltage must be supplied to the basic unit, but can be included as optionai
features.

FEATURES

Up to 10 Bit Operation

100 kHz Bit Rate

Low Power Consumption (less than 300 mW total)
Miniature Size

Serial and Parallel Outputs

r""""—"""""""=""="”"7""""—"7 |
| |
I |
| LADDER NETWORK |
| |
VOLTAGE . PARALLEL
I COMPARATOR |~ OUTPUTS
| |
I | SERIAL
l MEM 5014 — output
l |
| |
| |
\ R R IO A AN P
ANALOG START DC REFERENCE CLOCK
INPUT POWER VOLTAGE INPUT

SIMPLIFIED BLOCK DIAGRAM
A/D CONVERTER SYSTEM




ELECTRICAL — (Temperature Range 0°C to 4+ 70°C)

+15V = 2V @ 5mA Reg;,';m”
—15V = 2V @ 5 mA °

Veer = —5.5V 10 —8.8V @ 1mA

Input Logic Levels:. ... ... Logic Zero = 0 to —2V
Logic One = —10V to —28V

Output Logic Levels (except parallel data):....................... ... Logic Zero = 0 to —1V
Logic One = —11V to —15V
Parallel Data Qutput:. ... ... . Logic Zero = OV
Logic One = V.,

NOTE: Maximum permissable load on parallel outputs is 2.0 MQ and 100 pF.

Power Requirements:............................. ... —27V =1V @ 6 mA]f

Clock Requirements:.................. —11 volt pulses, 2 to 10 S wide and at the desired bit rate
Maximum Speed (Complete 10 Bit Conversion): ... 10 kHz
Analog Input Range:............ ... ... 0 to 0.91 Vi for above range of Ve
Effective Input Resistance:. ... .. 250 KQ
Number of Bits:. ... . 8,9, or 10
A CUNACY . + 1LSB
Input Signals:.................... .. ... Analog Input, 8 or 10 Bit Control Line, Start Pulse
Output Signals:.............. ... End of Conversion, Serial Output, Parallel Output

Iz 3"x3%" x %"
CONNEC 0T 29 Pin
Sockets provided for all LC.'s. ... ... (Optional)
Wi gt 3 oz

SNOCK: . 50 g
TemMPeratUre: e 0° to 70°C
HUMIAI Y 959%

AVAILABLE OPTIONS:

Digital-to-Analog Mode Operation

Low Impedance Parallel Outputs

Other Input Signal Ranges (including bi-polar)

Sample-&-Hold and Multiplexer Front Ends

Military Temperature Range

Alternate Packaging Configuration (including miniature encapsulated modules)
Clock Generator

Reference Regulator

Power Supplies




PACKAGE — 29 PIN PLUG-IN

PRECISION LADDER
/ NETWORK

3
3 -
4 —— ZERO
ADJUST
MsB — = 1
AD (o
W N [o—0 ce—0 lj’
. o—30
GI O 9 Qo || —VOLTAGE
MEM 5014 — g O COMPARATOR
g
3
o
L3 8 -
(o}
SOCKET — °© ©
'l ELCO 7022 |[I
CONNECTOR i :
| TElCo T T T 7008
RECEPTACLE——/
MAXIMUM HEIGHT WITH IC SOCKET: 5/8"
» MAXIMUM HEIGHT WITHOUT IC SOCKET: 716"
TERMINALS
PIN#  SIGNAL PIN#  SIGNAL
1 Analog Input 16 2' Output
2 Input Ground 17 2°' Output
3 + 15V 18 Data Reset
4 — 15v 19 —27V
5 Time Register Input 20 Serial Output
6 - 2°Output 21 Digital Ground
7 2% Qutput 22 Ninth Stage Output
8 27 Qutput 23 Transfer
9 2¢ Qutput 24 Time Output
10 Power Ground 25 8/10 Control Line
11 25 Qutput 26 AC Start
12 24 Qutput 27 End of Cycle
13 Reference Voltage 28 DC Start
14 2* Qutput 29 Clock

15 2? OQutput




TYPICAL CONNECTIONS

S-C-100

I 2 5 1018 21 3 4 |19 23 13 29 24 26 28 25 22 20 27
) ] ] -
=)
LTy :
- =
z = ] é 3| 2y
z © Y = wl 5[ 8
w [= 2 ®| o] ©
© ® 3 8 pi u
S >| x © n| Jd|o
> > > ol O w o =
z 212 & o 9| = S| ElE 2
< + 1 1 1| o] + ) o| o] w
J - v v Vv
s
o (10 BITS)
z
-15VOoO— |
I
TYPICAL WAVEFORMS
CLOCK ?
D.C. START* ? |
o}
9TH STAGE OUTPUT | | I
[¢]
|

TIME OUTPUT

END OF CYCLE || ” I | l

MSB LSB
SERIAL OUTPUT 0 | (o] 0 | | | 0 ] |

#Converter will run continuously if DC START is held at ground and will always determine
the MSB output on the first clock cycle after a positive transition of DC START.
For single conversion operation on external command, remove the jumper between
pins 24 & 26, apply command to DC START, and ground pin 26.

Printed in U.S.A.
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ADVANCE
DECEMBER, 1967

GENERAL

INSTRUMENT

DESCRIPTION

The MEM 5015 is a Monolithic MTOS Large Scale In- The Current Shunt Inhibit contro! line permits the
tegrated Circuit containing 223 P-channel enhance- selection of Current Mode or Voltage Mode multiplex-
ment mode transistors operating as a 16-channel ing, while the Differential Control allows the switches
randomly addressable multiplexer. The unit consists to operate as eight ganged pairs. The Matrix Enable
of four address holding flip-flops, a ‘‘four-in sixteen- line allows muitiple MEM 5015’s to be connected to
out’” decoding matrix, 16 single-pole double-throw form larger multipiexing arrays.

switches, and auxiliary logic for increased versatility.

FEATURES

e Extremely High Off-Resistance e High Noise Immunity on Logic Inputs
® Zener Network Protection on All Inputs ® Low Power Consumption (80 mW)

® |ow Crosstalk ® 40 Lead Plug-In Package

® Zero Offset Switches

CHANONEL CHANNEL CHAlfg_,NEL

I$“‘““

e CURRENT

BUS # 2 €— | &—— SHUNT

BUS # 3 &— INHIBIT

DIFFERENTIAL _
MODE 4 X 16 DECODING MATRIX e MRX
CONTROL
PARA L Gab—>] [4_BIT_ADDRESS REGISTER |
[ | I
7
2 2! 22 23

T
ADDRESS INPUTS
PARALLEL LOADW/

INPUT— FL|él.J[):(|'_op —>O0uTPUT

MEM 5015 RANDOM ACCESS MULTIPLEXER BLOCK DIAGRAM




MAXIMUM RATINGS

Input Voltages ... —30V

Drain Voltage (Vo) .. ..oo. oo —30V

Bus Voltages (Bus 1, Bus 2, Bus 3)............ ... ... ... —30V

Storage Temperature ... —55°C to +150°C
Operating Temperature ... .. —55°C to }-85°C

NOTE: A voltage which is more positive than 0.3 volts with respect to the ground terminal
should not be applied to any pin. When it is necessary to operate with positive
inputs, the ground terminal should be raised to the highest positive potential, and
the Voo supply reduced by the same amount. )

ELECTRICAL CHARACTERISTICS

Vop = —27V = 1V, R, = 1.0MQ, C, = 10 pF, T, = —55°C to +85°C
(unless otherwise specified)

Parameter Min Typ Max Units Test Conditions
Logic Inputs
Logic 0" 0 — —2.0| Volts
Logic “‘1" —10 | —12 |—30 | Volts
Current Shunt Inhibit —26 —_— —30 | Volts
Parallel Load ,
Amplitude —10 | —12 | —30 | Volts
Width 2.0 — nsec
Frequency d.c. 100 kHz
Aux. F/F Output
Logic ‘0" 0 |—0.5 —1.0| Volt
Logic “‘1”’ —11 | —12 — Volts
Ron — Series Switch 800 |1100 (1500 |Ohms |lps =45 A
(Current Mode) Bus 2 = Bus 3 = 0 Volts
Ta = 25°C
Ron — Series Switch 1000 | 1200 (2000 |Ohms |Vn= —5V, R = 300 ka
(Voltage Mode) Tr = 25°C
Ron — Shunt Switch 1500 |2500 |Ohms |ly =45 A
(Current Mode Only) Bus 1 = 0 Volts
Ta = 25°C
Rore — All Switches 1000 MQ |Ta = 25°C
Analog Input Capacitance 15 30 pF |f=1.0 MHz
(per channel)
Ro-ony Temperature Coefficient 0.3 %/°C
Input Leakage ,
Analog Inputs 1.0 20| nA |Van= —IOVl
Bus 2, 3 3.0, 10.0| nA |Vw= —10V} Ta = +25°C
Bus 1 6.0/ 150| nA |Vn=—10V]
Turn On Time (Ton) 2.0 25| uS |From —10 Volt Point on
Parallel Load to 90%
Point on Output Waveform
Power Dissipation 80 mW | Vpp = —27V
Supply Current Drain 3.0 mA | Vpp = —27V

@



PACKAGE — 40 LEAD PLUG-IN

INCHES
SYMBOL
MIN. MAX.

A .880 .895
B .685 .695
[+ .812 .820
D .609 620
E .365 .385
F 175 .195
G .125 .160
H .264 REF.

J .031 075
K .018 022
L 0475 0525
L] 095 .105
N .195 .205
P 295 305

=N
fs— - ——{ M =
3F Py
= B i —
T R RCRCRT B
r RO "% % ™ “{}
A o E - '?5 '?2' N '?3'5'?|s [ { '
4 l 05 % Ve 7 -[L
| _—L K - ci)s ;%-6 } ] -?3-7_?‘-8
f '?5 ’?2%'?4’(4' '3 '?ie' :|§
1 L \ & %4 -%'31]’92' "% '2%2 /
SEATING - INDEX POINT—/ —F = |
PLANE [ =
8
BOTTOM VIEW
TERMINALS
P/N  FUNCTION P/N  FUNCTION
1 Ground 21 21 Input
2  Differential Mode Control 22 23 Input
3 Bus #3 23 Matrix Enable
4 Channel 9 24 Auxiliary Flip-Flop Input
5  Channel 10 25 No Connection
6 Channel 12 26  No Connection
7 Channel 13 27 Channel 8
8  No Connection 28  Channel 11
9  Channel 15 29 No Connection
10  Current Shunt Inhibit 30  Channel 14
11  Bus #1 31 Vp
12 Channel 6 32  Channel 7
13 No Connection 33  Channel 5
14 No Connection 34  No Connection
15  Channel 4 35 Channel 3
16  Channel 2 36  Channel O
17 Channel 1 37 No Connection
18 Bug #2 38 20 |nput
19  Parallel Load 39 22 |nput
20 No Connection 40

Auxiliary Flip-Flop Output

3




LOGIC DIAGRAM
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TYPICAL CONNECTIONS, VOLTAGE MODE

ANALOG INPUTS
-t

CHANNEL or\l/ ! VoL dd }‘-,/ y i”-l,/ J ‘l/‘CHANNEL 5

3617 16 3515 33 123227 4 5 28 30
20 —>138

ADDRESS INPUT 2! 2l
22 {39
2533 MEM 5015

PARALLEL LOAD—{I19

23 31 3 18 102 1

Vpp(-27V) OUTPUT

VOLTAGE MODE OPERATION

To multiplex in the voltage mode, pin 10 is connected to ground. A four bit address is placed on the Address
Input lines and the Parallel Load is pulsed. The MTOSFET switch corresponding to the binary address will close
connecting the signal on that channel to the common bus (Bus #2 or Bus #3). See Logic Diagram for the
arrangement of buses. Bus #2 and Bus #3 may be connected together forming one common output terminal.
The address will remain stored and the switch will remain closed until a new address is strobed into the address
register.

CURRENT MODE OPERATION

To multiplex in the current mode, pin 10 is connected to Voo. Operation is similar to Voltage Mode Multiplexing
with the exception that all 15 unselected input channels are connected to Bus #1, which can be used as a cur-
rent return.

DIFFERENTIAL MODE OPERATION

By connecting pin number 2 (DIFFERENTIAL MODE CONTROL) to the logic “1” level, the MEM 5015 can be
made to operate in the Differential Mode. In this mode, the contribution of the 2% input is removed from the
decoding matrix, so that pairs of channels (1 and 9, 2 and 10, 3 and 11, etc.) are activated simultaneously. The
Differential Mode may be used in either Current Mode, or Voltage Mode operation. Note that each pair consists
of a Bus #2 switch and a Bus #3 switch permitting isolation of the two signals when both switches are closed.

(6



FIGURE 1: INTERCONNECTION FOR 32-CHANNEL OPERATION

CHANNEL CHANNEL

15 LOAD #

— — — ——— a— —— — ——

36 9
19 <
1
MEM 5015 8
3
38 21 39 22 24 40 23

L4

CHANNEL CHANNEL
lE 34
36 9
19

18 MEM 5015

38 21 39 22 24

] L

\20‘2I %z 23 24,
5-BIT ADDRESS

AUXILIARY FLIP-FLOP

The Auxiliary Flip-Flop stores the data presented to it at pin number 24, the Auxiliary Flip-Flop Input. Loading
of information is under the control of the Parallel Load command, pin number 19. The output of the Auxiliary
Flip-Flop (pin number 40) is the inverse of the data entered. The Auxiliary Flip-Flop is used to store additional
address bits when several MEM 5015’s are used in systems with more than 16 channels.

MATRIX ENABLE AND EXPANDED MODE OPERATION

The decoding matrix in the MEM 5015 is activated by connecting the MATRIX ENABLE line, pin number 23, to
a logic 1", It is, therefore, possible to expand the operation to 32 channels by using two MEM 5015’s and
activating one MATRIX ENABLE line at a time. Figure 1 shows how the two units are interconnected for this

purpose.

Any number of MEM 5015’s can be operated in parallel when the correct MATRIX ENABLE input signals are

provided for each module,

)]




A SIXTEEN CHANNEL SEQUENTIAL SCAN MULTIPLEXER AND ANALOG-
TO-DIGITAL CONVERTER SYSTEM USING MTOS COMPONENTS.

!
r_Z__e‘
]
1
ANALOG MEM 5015 -c-
,g:%_,; : MULTIPLEXER | _MULTIPLEXED A/Dsc% N'\(l)gRTER glg'lr;ﬁ‘i'
I ouTPUT SYSTEM TO COMPUTER
]
]
LTEN START
~
1 S- RC-10I
séSM’;? MEM 1050 REGULATOR AND
COMMAND 4-BIT COUNTER CLOCK MODULE
BLOCK DIAGRAM
i6 ANALOG INPUT CHANNELS 10-BIT
(0 TO -5V SIGNAL RANGE) PARALLEL DATA OUTPUT

ELLTE T

3617 16351533123227 4 528 6 6 78 9111214151617
10-BIT
o>
3—e I - 28
MEM 5015 j S-C-100 25%
A/D CONVERTER :
~>119 18 —>{ 26 8
| 21024 2331 38 21 39 22 3294 132110 2 1923
g g | .
“TL -2rv 2
— < -27VOLTS
+15 VOLTS
13 12 1110 ‘ 3294 132010219
- 16
! MEMI0O50 S-RC-10I
2 5 REGULATOR AND CLOCK
' 14 3 l
STEP AND -arv i
CONVERT >
COMMAND

INTERCONNECTION DIAGRAM
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INDEX POINT
105 _ r.055
095 045 027
24 LEAD FLAT PACK 185 _ “o2rs o8 I INDEX FOINT
145 .0225
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245 r 32 11!242322 ol9
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095 .045 .0275 .0275
070 0225 0225 06
030} 003}
e —— =
1.035
005 " 275 .200
: .240 TYP

Note: All dimensions in inches.

DESCRIPTION

The MEM 5021 is a Digital Differential Analyzer Adder Element constructed on a
single monolithic chip utilizing MTOS P-channel enhancement mode transistors. This
element when used in conjunction with a dual shift register forms a complete
Digital Differential Analyzer Integrator (DDA) of ternary type. Th_e DDA is designed
to be used in parallel operation and performs rectangular integration. The DDA
integrator can be used in a variety of control system applications or to solve any
differential equation.

The function diagram shows the adder element connected to a dual shift
register in the standard configuration. The overflow and underflow outputs (Az+
and Az—) and internal carry are stored in d.c. flip flops so that the unit may be
operated to d.c. For d.c. operation, ¢, must be a Logic “’0"" (ground) and ¢, must be
a Logic “1” (negative). The timing diagram shows the relative timing of the clocks
to the outputs. Note that ¢, and ¢, must not be negative at the same time. The

numbers in the shift registers are serial, least significant bit (LSB) first, sign bit

last; negative numbers are in 2's complement form. The scaling is accomplished for

each integrator by inserting a single ““one’ into the scale input at the time of the
LSB of that number. For detailed information about scaling, inserting initial condi-
tions, and biased and unbiased roundoff error consult the General Instrument appli-
cation note entitled “MTOS Integrated Digital Differential Analyzer’.

TERMINALS

P/N FUNCTION

1 YAx Input
2 Y Adder Output (Y_,)
3 Ground
4 Initial Conditions Input (Y )
5 Initial Conditions Load Input
6 Y Adder Input (Y;)
7  Scale Input
8 Y Adder Subtract Input (Ay—)
9 Y Adder Add Input (Ay+)
10 Sign Bit Clock
11 Overflow Qutput (Az+)
12 No Connection
13 No Connection
14 Clock ()
15 Clock (o)
16  Underflow Output (Az—)
17  Initial Conditions Input (R)
18  Biased R Adder Output R )
19  Unbiased R Adder Output (R_,,)
20 No Connection
21  Drain Voltage (—Vpp)
22 R Adder Input (R.)
23 R Adder Subtract Input (Ax—)
24 R Adder Add Input (Ax+)




FUNCTION DIAGRAM

N

BX-  O&X+ A= &Y+  BzZ-  Bz+
O—| scaLe INPUT SIGN BIT CLK [—0O
O——{ LOAD INPUT UNBIASED Rgyr —O
o—1v MEM 502 yoox b
RN BIASED Rgyr
P YN Yout {»4
Ro
CLK 910 (L O6ro
CLK 920 —OVpp
l —OVge
L1 ouTpuT, DATA INj ¢
MEM 3016-2
OUTPUT, (NOTE 1) DATA IN ¢

NOTE 1: The MEM 3016-2 is a dual 16 bit, d.c. to 1 Mc, shift register.

FEATURES

Arbitrary scaling

Initial conditions easily inserted

Biased or unbiased R remainder

Adders are separate and can be used independently
ZAy is possible using additional elements

Inputs protected against static damage

MAXIMUM RATINGS

Clock Voltages (¢, and @,) ...
Input Voltages ... ...
Drain Voltage (Vpp) ...
Storage Temperature ... ... .
Operating Temperature ... ...

Parallel, ternary integrator usable with any length shift register

............... —30V to +0.3V
............... —30V to +0.3V
............... —20V to +0.3V




ELECTRICAL CHARACTERISTICS

Standard Conditions (unless otherwise specified)
Load = 1.0MQ and 10pF, ¢, = ¢, = —27 Volts +1 Volt

Vpp = —13 Volts *=1 Volt, T, = —55°C to +85°C
Characteristic Min Typ Max | Units Conditions
Clock Repetition Rate dc — 500 | kHz
Clock Pulse Widths
Powl 0.9 — 10 | uS SEEFIG. 1
Pow2 0.9 — — uS SEE FIG. 1
Clock Delay (¢4) 0.1 —_ —_ uS SEEFIG. 1
Clock Pulse Rise and Fall Time
(10% to 90%) - — 0.1 1S
Clock Pulse Logic Levels (¢, and ¢,)
Logic ‘0" — — —2.0 v
Logic “1” —26 — —28 \"
Clock Pulse Input Capacitance — 20 — pF ¢, = ¢, =0V
Clock Input Current (¢,) — —_ 100 | uA ¢, =0V, ¢, = —26V
Clock Input Current (¢,) — 18| 25 | mA | ¢, = —26V,¢,=0V
Input Logic Levels
Logic ‘0" — — —2.0 v
Logic ‘1" —10 — — \'
Input Pulse Width 0.9 — — 1S
Input Capacitance — 30 | — pF | v, =0V
Input Leakage Current —_ —_ 1.0 A V,, = —20V
Output Logic Levels
Logic ‘0" — -05 | -1.0 \'
Logic “1"” —11 | -12 — \'}
Propagation Delay plus
Rise & Fall Time
T
p:”;l See Note 2 — 500 | 750 nsS SEE FIG. 1
pdyr
T
par1 | See Note 3 — 250 | 400 nS | SEEFIG. 1
TpdyZS
Noise Immunity 1.0 —_ —_ v dc to 500 kHz
Output impedance to Ground
(Output at Logic ““0"") - — 3500 Ohms
Output Drive Capability
(Output at Logic “1") —-10 | -11 | — v R_= 20 K Ohms
Output Drive Capability
(Output at Logic ““1’") —-5.0 - - v R = 10 KOhms
Supply Current Drain —_ — 6.0 mA f — 500 kHz

NOTE 2: Toayrr @nd Tog ., represent the total propagation delay plus rise and fall times
through the R Adder (biased output which is the worst case) and the Y Adder
in series. :

NOTE 3: T4, and T,
Y Adder only.

, represent the propagation delay plus rise and fall times of the




TYPICAL TIMING DIAGRAM

Clock ¢¢y, & Clock ¢,,

ov
A —arvl] Ll | LJ [ U LJ :
| ov
Clock ¢gr, & Clock ¢,, o LJ LI L] L L] L] :w
SR Output plus Y & R,y Inputs |(;:// | l | | | | ' |

|

Scale Input -.3\\’/ i i

Ax— & Ay— Inputs (SEE NOTE 4) ov 1 l |
-13V. | }

Ax+ & Ay+ Inputs (SEE NOTE 4) OV [ — |
-13v [

Y Adder Output and R Adder YAx Input -.23 — 1 | 1 r_‘__|!
Biased R Adder Output (Rgy;) ~-i3v I |

NOTE 4: The Ax and Ay input waveforms are shown changing state on the negative going
edge of the DDA clock ¢,,. These same waveforms are also representative of when
the overflow (Az) and underflow (Az—) outputs of the DDA change state.

DEFINITIONS:
¢sp; — Clock ¢, Of Shift Register ¢, — Clock ¢, Of Adder Element
¢sp, — Clock ¢, Of Shift Register ¢4, — Clock ¢, Of Adder Element
FIGURE 1 =—pw | ﬁ-l
Clock ¢¢y, & Clock ¢y,

OV___
F N S V4 N

ovV—,
Clock ¢sz, & Clock ¢, VA — \ j \__/__—
-27rv

-TRIGGERS OFF
THE NEGATIVE
SR Output plus Y, & R,y Inputs oV GOING EDGE

oF Psme———/"
~-13V

Scale Input oV
-13v

Ax— & Ay— Inputs ov

Ax+ & Ay+ Inputs

AN
/

le—et-Tpdy | Tpdy2—

Y Adder Output (Yo,r) -SY
and R Adder YAx Input _jgv

—Tpdyr 2 Tpdyr | —

A
AN

Biased R Adder Output -9;¥ AN

%
\
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MEM 5031

DESCRIPTION

The MEM 5031 is a static logic element which serially examines a shift register
and determines whether the contents are greater than, equal to, or less than zero.
The unit is constructed on a single monolithic chip utilizing MTOS (Metal-Thick-Oxide-

Silicon) P-Channel enhancement mode transistors.

The information in the register should be organized least significant bit first, sign
bit last. There are two push-pull outputs, designated ‘‘positive’” and ‘‘negative.” With
the AX + input a logic “1" and the content of the register positive, the ‘‘positive’”
output shall indicate a logic ‘1"’ during the entire next word time. The ‘‘negative”
output shall indicate a logic ‘1" for a negative content. For a content of zero, both
outputs shall indicate a logic ““0.”” Two AX inputs control whether or not the input
number is examined at all. If AX 4 is a logic ‘1", a positive number shall indicate
positive. If AX — is a logical ‘“1"", a positive number shall indicate negative and a
negative number shall indicate positive. If both AX inputs are a logic ‘0", any num-
ber shall indicate zero (i.e., it is not examined). The unit is designed to be used in
conjunction with an MEM 5021 for solving differential equations.

In order to obtain d.c. stability at low frequencies, it is necessary that the ¢1 clock
be a logic “0"" and the ¢2 clock be a logic ‘‘1.”" Note that it is important that the
¢1 and ¢2 clocks are not at a logic ‘1" simultaneously.

TO-87

55 INDEX POINT [

|4:=_1

13—
T
2 010

N D N —

4

- || =

W

.275 070

==1"_ 240 TT|MIN. i;__i

Note: All dimensions in inches.

LOGIC DIAGRAM

REGISTER
INPUT 5
SIGN BIT n FF
POSITIVE
FF OUTPUT
g2 CLOCK
ax+
oXw CLOCK
EF NEGATIVE
OUTPUT

o
W 00 N O OB W N =~
=

e i
W N = O

TERMINALS

FUNCTION
Negative Output
VGG

VDD

Positive Output
Ground

AX—

Register Input
No Connection
Ground

No Connection
Sign bit

Clock o1

AX+

Clock ¢2




MAXIMUM RATINGS

Clock Voltages (¢l and ©2) . ... ... —30V to + 0.3V
INpPUL Vo ageS .. —30V to + 0.3V
Drain Voltage (— Vo0 ... .o —30V to 4+ 0.3V
Gate Volage (—Vee). ... . —30V to + 0.3V
Storage Temperature ...l ST PRPPO —55°C to + 150°C
Operating Temperature ... .. —55°C to + 85°C
ELECTRICAL CHARACTERISTICS
Standard Conditions (unless otherwise specified)
Voo = —13V =+ 1 Volt, Vee = —27V = 1 Volt, Load = 1.0 M2 and 10 pF, Ta = —55°C to + 85°C.
CHARACTERISTIC MIN TYP MAX UNITS | COND.
Clock Rep. Rate - d.c. _— 1.0 MHz
Clock Pulse Widths
ol pw 0.4 E— 10 uS SEE FIG. 1
2 pw 0.4 _— _— uS SEE FIG. 1
Clock Pulse, Rise & Fall time
10% - 90% —_— —_— 4.0 uS
Clock Pulse Logic levels
(01, 92)
Logic ‘“0” +0.3 —_ — 2.0 Volts
Logic “1"” — 26 _— — 28 Volts
Clock Pulse Input Capacitance
(¢1, ¢2) _— 2.0 3.0 pF
Data Input Capacitance —_— 2.0 3.0 pF Vin = 0 Volts
Data Input Logic Levels )
Logic “0"’ + 0.3 _— — 2.0 Volts
Logic ““1” — 10 Volts
Input Pulse Width 0.9 uS
Data Input Capacitance —_— 3.0 —_ pF Vin = 0 Volts
Input Leakage Current —_— —_— 1.0 uA Vin = —20 Volts
Output Logic Levels
Logic ‘0" — — 0.5 — 1.0 Volt
Logic “‘1”’ —11 —12 B Volts
Propagation Delay Plus
Rise and Fall Time
Tpd: _— 120 400 nS SEE NOTE 1
Tpd: —_— 120 400 nS SEE NOTE 2
Noise Immunity 1.0 — _ Volt d.c. to 1.0 MHz
Output Impedance to Grd. e _— 3.5 KQ at Logic ‘0"’
Output Drive Capability — 10 —11 E— Volts R. = 75 K@, Vop = —13V
(Logic ““1") —5 —_— — Volts R.= 10KQ, Vop = —13V
Supply Current Drain _ 1.5 2.0 mA f=1.0MHz

NOTE 1. Tpd; represents the total propagation delay plus rise time of both outputs.
NOTE 2. Tpd, represents the total propagation delay plus fall time of both outputs.




FUNCTION DIAGRAM

AX+ O—

AX—O—e
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CLOCK @0 ¢ -0 Vpp
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TYPICAL TIMING DIAGRAM
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|
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INSTRUMENT

DESCRIPTION FEATURES:

The MEM 5116 is a 16 Channel Random/Sequential e High ‘“‘off"” resistance

Access Multiplexer module containing a programmable ® Zener input protection

counter and decoder, and a 16 channel muitiplexer. ® Low leakage to summing junction

The device is constructed on a single monolithic chip ® |ow crosstalk

utilizing MTOS (metal-thick-oxide-silicon) P-channel en- ® Random sequential modes of addressing
hancement mode transistors. e Sync. output establishes channel 1 ref.

Due to the nature of the programmab'e counter and ® | ow power consumption

decoder, various combinations of the module can be ® 40 lead plug-in package

utilized to expand to any number of channels. ® low ‘“‘on” resistance

MAXIMUM RATINGS:

INPUE VOIS —30V to +0.3V
Drain VOIAge (Vo0) ..o —30V to 0.3V
SEOrage TeMIP. ... e .—55°C to 4+150°C
Operating TemD. ... —55°C to +85°C

NOTE: A voitage which is greater than 0.3 volts positive with respect to the ground terminal should not be applied to any pin. Where
it is necessary to operate with positive inputs, the ground terminal should be raised to the highest positive potential, and the
Vo supply reduced by the same amount.

ELECTRICAL CHARACTERISTICS

Standard Conditions (unless otherwise specified)
Voo = —27V =+ 1V, R. = 300K, C. = 10pF, Ta = —55°C to 4-85°C

Characteristics Min. Typ. Max. Units Test Conditions
Clock Repetition Rate d.c. —_ 500 kHz
Logic ‘0" 6] —_ —2.0 Volts
Logic “1" —10 —12 —28 Volts
Pulse Width 1.0 — 10 uS
Clock Input
Leakage Current _— — 5.0 A Vin = —20 Volts
Preset and Sync. Inputs
Logic Levels
Logic 0" 0 —_ —2.0 Volts
Logic “1"” —10 —12 —28 Volts
Sync. Pulse Width 2.0 — — uS
Input Leakage
Current —_ —_ 5.0 uh Vin= —20 Voits
Sync. Output
Logic ““0"” 0 —0.5 —1.0 Volt
Logic “1” —11 —12 — Volts
Output Impedance to Ground -— 3000 5000 Ohms Output a Logic 0"
Ro (on) 1000 1500 2000 Ohms Vin = —5.0V, RL = 300K
R off per switch —_ 1000 —_ Mo Vie= —5.0V, TAo = 4+-25°C
Analog input capacitance — 15 — pF Freq. = 1.0 MHz
(per channel)
Ro (on) temperature coefficient — 0.3 — %/°C
Analog input leakage —_ 800 — pA Vin = —5.0V, T = 425°C
Analog output leakage — 10 —_ nA Vour = —5.0V, Ta = +25°C
Turn on time (Ton) — 1 — uS from — 10V point on count pulse
(Sequential Mode) to 909% point on output waveform
Turn on time (Ton) _ 0.5 _ uS from — 10V point on parallel load
(Random Mode) pulse to 90% on output waveform
Power dissipation —_ 108 —_ mwW Vop = —27V
Supply current drain —_ 4 — mA Voo = —27V




FIGURE 1: BLOCK DIAGRAM FIGURE 2: TYPICAL CONNECTION FOR MEM 5116
16 CHANNEL RANDOM/ v
SEQUENTIAL ACCESS
MULTIPLEXER ()
ANALOG INPUTS
| 16
ANALOG ' ANALOG INPUTS
GATES p 1 —
CHANNEL | CHANNEL 16
g g ANALOG T
OUTPUT ~ N M= =®=mn==n
o o——1
21 —20
3gp—2!
DECODER SYNC OUTPUT—{26 MEM 5ll6 23}—22 PRESET INPUT
4023
22— {PARALLEL 'LoAD)
32 1 38 [
cLocK COUNTER | 1 T I
SYNC INPUTO——— Voo ANALOG cLOCK GND
{PARALLEL LOAD) l (-27v) ouTPUT @
%0 2! 22 23
PRESET COUNTER INPUT
FIGURE 3: INTERCONNECTION FOR 256 CHANNEL OPERATION 0
ANALOG INPUTS ANALOG INPUTS ANALOG INPUTS
S — 16 e e — — 6 N —— — — 16
20 20 20
MEM 5116 21 MEM 5116 21 MEM 5116 2l
GROUP 1 22 GROUP2  ,o| [GROUP3-I5_| GROUP 16 22
SYNC 23 22 28
out syne| syne| sYNe| -
|Nr_]_ IN IN
ouT (] = ouTt @ j ouT ] —'
fo
1 l
L ANALOG INPUTS — — — — — 4
I
6
MEM 5116 ouT——> 208G NNEE
GROUP SELECT
I SYNC IN
20 2! 2223

Expanded Mode Operation — The MEM 5116 can be connected to accommodate any number of channels.
By enabling Groups 2 through 16 from the Sync Output of Group 1 and tying all Preset lines to ground, all
Groups count synchronously. The output of each group is then coupled to the Analog Input of a Group

Select.




RANDOM ACCESS MODE OPERATION

SYNC INPUT o
(PARALLEL LOAD} ” II ” Il || H H ” II ” ” H II l ” ” ” H
-2

0

-2
CHANNEL

N—0OWR~NORDON —

13

15 Note: Clock (pin 38) must be
16 held at ground in order
to activate decoding matrix

SEQUENTIAL MODE OPERATION

c1_ocx_|2| H ” ” H H H H lm H ” H H _l II “ ”

——— U U -

© ® N O O hH W N

!

16 -

0
SYNC OUT_lz_l_l L]

NOTE: SAMPLE TIME IS DEFINED BY THE DUTY CYCLE OF THE CLOCK.

1
SAMPLE TIME *CLOCK FREQ CLOCK PULSE WIDTH.




PACKAGE — 40 LEAD PLUG-IN
fa- N -
~—H - M=
J"?F '-""{ s INCHES
l SYMBOL MIN. MAX.
:;—_—:} /':;)e‘ “;’5 ‘?a '?ﬁ -?I_Z '?«3 —’ A ‘880 898
— o S S O T ] e e
T -;6_ —?2- T°c;)§4‘?|5 L l{ { D 609 620 |
A c E- '?5 ‘?‘ . '?3‘5'?|5 i } E .365 .385
N R =
| _LK - ;S_o;z's —1 ~?37- 18 H .264 REF.
E '?z' “?z%'?ic' .5 '?ie"c:’né 3 031 075
NIRRT R R XD X 018 022
4 } Ar L 0475 0525
SEATING - INDEX POINT—/ =P | g e s
PLANE ~—D0 P 295 .305
B
BOTTOM VIEW
TERMINALS
P/N FUNCTION P/N FUNCTION P/N FUNCTION
1 Ground 14 No Connection 28 A
2 No Connection 15 A, 29 No Connection
3 A 16 A, 30  No Connection
4 A 17 A, 31 A
5 A 18 A, 32 Vi
6  No Connection 19  No Connection 33 Ap
7 No Connection 20 No Connection 34 No Connection
8  No Connection 21 Preset 2° 35 A,
9 A 22  Sync. Input 36 A
10 A 23  Preset 2? 37  No Connection
11 Analog Output 24 No Connection 38 Clock
12 A 25  No Connection 39  Preset 2
13 No Connection 26  Sync. Output 40  Preset 2°
27 A
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GENERAL DESCRIPTION: ‘.—k—w"“"
The GI MEM 5132 is a 32-bit random access memory cell designed for both large and small
memory system applications. The monolithic circuit contains 32 DC storage flip-flops and
address decoding for reading and writing. 1t is intended for use in medium and large arrays
as a scratch-pad memory and as a replacement for core memory systems. Upon application
of the correct binary address and strobe pulse, any one bit word may be updated or read out
on the corresponding data in or out terminals.
The word length may be expanded to any arbitrary number by adding additional MEM
5132's. The number of bits per word corresponds to the number of additional memory cells.
When the corresponding address and strobe wires are tied together and activated, an entire
word may be updated or read out in parallel.
FEATURES:
e Directly Interfaceable with TTL or DTL e High Noise Immunity
* Low Power e High Input Impedance
¢ High Speed ® Cell Expander Input
* Non-Destructive Readout e Full Temperature Range
e Small Size — 14 Lead Flatpack (—55°C to 4-85°C)
TYPICAL ELECTRICAL CHARACTERISTICS (—55°C to +85°C)
Supply Voltage. ... —12V and +5V
POWET . .. 60 mw
Cycle Time. . 500 nS
Logic Levels. ... Q" =0V
“1" =45V
Noise Immunity. ... 1V
“Q" Level Output Current Sink.............. ... .. 1.6mA
BLOCK DIAGRAM
ADDRESS
ENAfLE -lJz;v +j>/v
—> l<— OUTPUT STAGE POWER
9
ADDRESS
5 BITS| ™ MEM 5132
_9
—> —> DATA OUTPUT
T
WRITE READ DATA
STROBE STROBE IN

Printed in U.S.A. T-6053



ADVANCE
GENERAL OCTOBER, 1967

«on | MEM 3064 B

DESCRIPTION

The 64-Bit Serial Accumulator consists of a 64-bit dynamic shift register plus logic for loading or
recirculating information within the circuit. The device is constructed on a single monolithic chip utiliz-
ing MTOS (Metal-Thick-Oxide-Silicon) P-channel enhancement mode transistors.

The accumulator operates at frequencies from 10 kHz to 2 MHz. Each individual stage of the register
dissipates <200  watts during 2 MHz operation. The power dissipation of each of these stages de-
creases proportionally with frequency. Both data and data outputs are available, each of these output
stages dissipates <12 mW at 2 MHz into a 12 picofarad load.

One accumulator circuit can drive directly into another without the addition of any external components.

64 BITS

T
—1

STORE —|
OUTPUT 2
REGISTER UTPUT |
INPUT
LOGIC DIAGRAM
STANDARD OPTIONAL .
ACKAGE TERMINALS PACKAGE TERMINALS
LOW PROFILE 10 LEAD TO-87 P/N  FUNCTION
1074 P/N  FUNCTION 1 Ground
3 — 1 Ground r e 2 ¢3
338 - o8
l' 305 A] 2 $3 " T0%5  ~INDEX POINT 3 ¢l
045
‘ T 3 gl A - 4  Sstore
050 180 i —
PP | MO "o 4 Store I 4 l l.Z::_.:T%'% i 5 No Connection
4 —— || = P10
5 No Connection 5 r - 380 6 No Connection
b =16 ] )]
2 7 Sk= 7 No Connection
c | g g
7 QOutput 2 (Data) Loss : i 8 No Connection
8 4 't%% 9 No Connection
L sss.
9 Input 143 v 10 @2
o i "ia%? :g_:’i% _‘ll%?h l 1 o 2 (D )
10 utput 1 (Data = 1 utput ata
MO R o= i
om0 12 ¢4
13 Input
B j . . . .__
NOTE: Al g.trﬂs;':: in inches Note: All dimensions in inches. 14 Output 1 (Data)




MAXIMUM RATINGS

Clock Voltages (¢, #2, P30 Pa).. oo —30V to +0.3V
Data Input & Store Voltages............................................ —30V to +0.3V
Storage Temperature... ... —55°C to +150°C
Operating Temperature Range..................................... —55°C to +85°C

ELECTRICAL CHARACTERISTICS
Standard Conditions (unless otherwise specified)
Load = 10M@ and 12pF, T, = —55°C to +85°C

Characteristic Min | Typ | Max | Units Conditions

Clock Repetition Rate .01 —_— 2.0 MHz
Clock Pulse Width (¢, & #,) 100 | — | — | ns | @22Vt
Clock Pulse Width (¢, & ¢.) 200 | — | — | ns | @2Vl
Clock Logic Levels

Logic ‘0" +03 | — | —1.0 | Volt

Logic ““1” - =24 — —27 | Volts
Data & Store Input Levels

Logic ‘1" -10 | — —24 | Volts

Logic ‘0" 0 — | —2.0 | Volts
Data Input Pulse Width 100 | — — nS ggaé)ﬁgﬁgggltm"
Store Pulse Width 200 | — | — | ns | glbleDuring t:
Clock Input Capacity

1, b3, P4 — — 10 pF

@, —_ — 10 pF Plus Output Capacitive Load
Data & Store Input Capacity —_ — 2.0 pF

Input Leakage To Ground

(Clock Input Terminals) - — | 100 pA | V= =27V

Input Leakage To Ground

(Data & Store Terminals) — | — | 50| pA | Vin=-20V
Output Logic Levels*
Logic “0" 0| — | —2.0] Volts | Stable During tn,
Logic “1" 11 | — | —24 | Volts | Stable During ta,

*A resistive load to ground will have the effect of discharging the output level (Logic “1’’) to ground with a
time constant equivalent to the RC time constant of the external load.




FIGURE 1.

o : al Ib
¢| I \ !‘
-V,
| ¢l |d
0 : el It
P |
-V
| al |h
MINIMUM CLOCK REQUIREMENTS il K il [k
MINIMUM  MAXIMUM O
CHARACTERISTIC SYMBOL VALUE (nS) VALUE (uS) ¢3 |
¢ Pulse Width ) tcd 100 -Ve
¢ Pulse Width ~ tim 100 | ] im U fm
¢: Pulse Width tgh 200
¢ Pulse Width trs 200 1.0 0|n |P nl Ip
Sampling Width 1 tbh 100 Ba f
Sampling Width 2 tks 100 !
¢+ — ¢ Overlap tpa 0 Ve | Is rl 's
¢2 — ¢3 Overlap tfj 0 |
¢2 — ¢4 Overlap tfn 0 1.0 |
¢+ — ¢, Overlap tpe 0
¢: Precharge Time trm 100 DATA INPUT 1 ///////%
¢ Precharge Time tgd 100 | m P
|
I
STORE INPUT I
| S r
OUTPUTS |l

Designations ¢1, ¢2, ¢3, ¢4 On this data sheet are arbitrary and may be rearranged to correspond with
designations on other MTOS data sheets. The relative timing however must be maintained as shown.

TYPICAL MEM 3064 B INTERCONNECTION DIAGRAM

STORE | STORE 2
INPUT INOPUT
— DATA DATA
MEM 3064-B |57z MEM 3064-8 | ——
INPUT % DATA

TYPICAL INTERFACE CIRCUIT

TTL/DTL

HA e )—

L—J
RI
_ 8.2K

-24 TO -27VOLTS

U .
STORE —> DATA : ——l—-—TTL B+ Lo
MEM 3064-B | ——

INPUT —> DATA } | 2o

I : 8.2K

| MEM

| 550 | -24 To -27vOLTS

|

|




SCHEMATIC DIAGRAM MEM 3064 B

2 GATE

mED

g2

OUTPUT

INPUT
Sl

g2

PRECHARGE TIME @2
SAMPLING TIME @2

g1
g2

@3

ga _ T LT LT L

4 GATE

OUTPUT

PRECHARGE TIME ¢4
SAMPLING TIME @3

| GATE
@1
OUTPUT
@2
o—
INPUT INPUT
o—] o

PRECHARGE TIME @1
SAMPLING TIME @2 &7

OUTPUT |
L DRIVERS |

3 GATE

D

OUTPUT
O
94

o—

INPUT INPUT

o—

PRECHARGE TIME @3
SAMPLING TIME @4 @3

Printed in U.S.A.
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MEM 3064-28B

Note: Ali dimensions in inches.

DESCRIPTION -
The Dual 64-Bit Serial Accumulator consists of two
64-bit dynamic shift registers plus logic for loading e a
or recirculating information within each circuit. The SToRE A7
device is constructed on two monolithic chips utilizing REGISTER o 28
MTOS (Metal-Thick-Oxide-Silicon) P-channel enhance-
ment mode transistors. weuT Al
The dual accumulator operates at frequencies from o ors
10 kHz to 2 MHz. Each individual register stage dis- 1
sipates <200 uwatts during 2 MHz operation. The
power dissipation of each of these stages decreases STORE B
proportionally with frequency. Both data and data out- pr— ouTPUT 28
puts are available, each of these output stages dis- [ ouTPUT 18
sipates <12 mW at 2 MHz into a 12 picofarad load.
INPUT B—
One accumulator circuit can drive directly into another
without the addition of any external components.
LOGIC DIAGRAM
24 LEAD FLAT PACK TERMINALS
INDEX POINT
098] [ 08 P/N  FUNCTION P/N  FUNCTION
.095 .045 027
185 _ -8 o8 TI[7/ /TINGE “poiwT
145 0225 1 Ground 13 No Connection
285 —|— ] ﬁ s 2 No Connection 14 ¢ 2B
248 1+ |——|——72 |1’242f322 019 L. o t 2 (Data B
208 | - [—=—=° 2= [0 3 No Connection 15 utput 2 (Data B)
.-|_5 E —e———15 20— -
! ——s Y A— 4 $3A 16  ¢4B
T T eE=— 360 5 1A 17 InputB
.205 t— | ———8 17— . .
o8 195 —e———]9 l6p——— 6 Store A 18 Output 1 (Data B)
'2"5 }_J_ || —e———{1011_12; 13 1415}———my
245 O D | [r_F , 7 No Connection 19 ¢ 2A
485 | | | Lozs ' 8 ¢ 3B 20 Output 2 (Data A)
Jos | | 055 045 T || [T 045 9 ¢ 1B 21 ¢ 4A
095 .045 .0275 .0275
o710 0225 0225 006 10 Store B 22 Input A
0304 0033 11 No Connection 23 Output 1 (Data A)
‘%(3)—55- 275 200 L 12 No Connection 24 No Connection
’ 240 TYP




MAXIMUM RATINGS

Clock Voltages (¢, ¢5, 3, D4)... ... ... —30V to +0.3V
Data Input & Store Voltages..............................._. SUTRRTR —30V to +0.3V
Storage Temperature. ... ... —55°C to +150°C
Operating Temperature Range.................................. —55°C to +85°C

ELECTRICAL CHARACTERISTICS (Each Accumulator)
Standard Conditions (unless otherwise specified)
Load = 10M@ and 12pF, T, = —=55°C to +85°C

Characteristic Min | Typ Max | Units Conditions

Clock Repetition Rate .01 —_ 2.0 MHz
Clock Pulse Width (¢, & ¢5) 100 | — | — | ns | &LALURE
Clock Pulse Width (4, & #,) 200 | — | — | ns | @ ALYt
Clock Logic Levels

Logic “0” +03 | — —1.0 | Volt

Logic ‘1" —24 — —27 | Volts
Data & Store Input Levels

Logic 1" —10 — —24 | Volts

Logic ‘0" 0 — —2.0 | Volts
Data Input Pulse Width 100 —_— — nS g?gﬁgﬁgggﬁmp
Store Pulse Width 200 — — nS g?glagaggglt“
Clock Input Capacity

¢|y ¢37 ¢4 _ — 10 pF

#, — — 10 pF Plus Output Capacitive Load
Data & Store Input Capacity — — 2.0 pF

Input Leakage To Ground

(Clock Input Terminals) - — 100 pA | Viy= =27V

Input Leakage To Ground _
(Data & Store Terminals) - - 5.0 nA Vi = —20V
Output Logic Levels*
Logic ‘0" 0 —_ —2.0 | Volts | Stable During t.,
Logic ‘1" —11 — —24 | Volts | Stable During t.

*A resistive load to ground will have the effect of discharging the output level (Logic ““1”") to ground with a
time constant equivalent to the RC time constant of the external load.




FIGURE 1.

o : al Ib
¢| | \ '
-V,
| c| |d
0 || el ¢
#2 I \ /
=V,
°l ql |h
MINIMUM CLOCK REQUIREMENTS Il Ik il Ik
MINIMUM MAXIMUM 0‘
CHARACTERISTIC SYMBOL VALUE (nS) VALUE (uS) ¢3 ‘
¢ Pulse Width tcd 100 -Ve
¢ Pulse Width tim 100 | Im ( im
¢3 Pulse Width tgh 200
¢: Pulse Width trs 200 1.0 [0} 'n lp n ‘ Ip
Sampling Width 1 tbh 100 Ba f
Sampling Width 2 tks 100 |
¢+ — ¢ Overlap tpa 0 -Ve 1l s r\ (s
¢2 — ¢ Overlap tfj 0 l
¢ — ¢4 Overlap tfn 0 1.0 |
¢+ — ¢z Overlap tpe [0]
¢: Precharge Time trm 100 DATA INPUT l ///////%
¢ Precharge Time tgd 100 | m P
I
I
STORE INPUT |
| S r
OUTPUTS : [——-——— 64 BIT DELAY ‘—’t%///////

m P

Designations ¢, ¢z, ¢3, ¢+ on this data sheet are arbitrary and may be rearranged to correspond with
designations on other MTOS data sheets. The relative timing however must be maintained as shown.

TYPICAL MEM 3064-2B INTERCONNECTION DIAGRAM

STORE A
INPUT

STORE B
INPUT

DATA A DATA B
172 MEM 306;4-28 1”2 r?gmpz,oe)tt-za 5
CHIP A B DATA
NPUT A ¢ DATA AL DATA 8
TYPICAL INTERFACE CIRCUIT
— TTL/DTL
-
STORE —) DATA : ‘ TTL B+ 3—>
V2 MEM 3064-28| —— 1]

INPUT —]

R2

8.2K

-24 TO -27VOLTS

TTL/DOTL

r"L"TTL B+T—‘}

J %
Ri
8.2K

-24 TO -27VOLTS




SCHEMATIC DIAGRAM MEM 3064-2B (CHIP A OR B)

BITS

I—-BIT #27 |‘3 Tl-liRU SI-] ,—BIT #62-—l

81 OUTPUT |
L DRIVERS )
g2
g3
ga _ T L_ 1L L
2 GATE 4 GATE | GATE ‘ 3 GATE
g2 ga g1 g3
OUTPUT OUTPUT OUTPUT OUTPUT
5 —
INPUT INPUT g2 g4
g2 g4 INPUT INPUT INPUT INPUT
o o o o
@3
PRECHARGE TIME @2 PRECHARGE TIME @4 PRECHARGE TIME @1 PRECHARGE TIME @3
SAMPLING TIME @2 SAMPLING TIME 34 SAMPLING TIME @2 @1 SAMPLING TIME @4 33

Printed in U.S.A.
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MEM-5014

DESCRIPTION

The MEM 5014 is a Monolithic MTOS Integrated Circuit
containing 275 active components. It performs all the
logic and analog switching functions for 10-bit suc-
cessive approximation analog-to-digital conversion. In
addition, it operates in two other major modes — as
a 10-bit digital-to-analog converter or a 10-channel
analog multiplexer.

FEATURES

® Contains all logic and ladder drivers for 10-bit suc-
cessive approximation analog-to-digital conversion
mode

o 10-bit digital-to-analog converter mode

e 10-channel current multiplexer mode

® DC to 200 kHz serial bit rate

® Monolithic construction

As an analog-to-digital converter, the MEM 5014 is
used in conjunction with an external precision ladder
network and voltage comparator. This mode provides
both serial and parallel binary outputs.

The MEM 5014 is packaged in a 40 lead hermetically
sealed in-line package whch can be soldered to a
printed circuit board or used with a 40 pin socket.

@ Zener network protection on all inputs

® High noise immunity (1 Volt Minimum)

® Serial and Parallel data outputs

® Low power consumption (135 mW)

® 40 lead plug-in package

® Compatible with General Instrument logic family and
multiplexer systems

MEM 5014 SIMPLIFIED BLOCK DIAGRAM

PARALLEL OUTPUTS
1

‘mse LsB"
A
I A O e —
| I
| SPDT_MTOS SWITCHES < i REE |
| 2 O O O O N O O
seriaL | DATA HOLDING REGISTER |
SotPur <+ 0 0 0 Y RO
COMPARATOR | SET/RESET GATING LOGIC — TRANSFER *
RETURN | — O 2 O 0
TIME INPUT i TIMING REGISTER  }——> TIME OUTPUT
DC START — |
AC START — l }
2 RESET
¢T %Cé%%'( 9¢Trd'-l‘ SYNC CKT ——'—)‘ SYNC OuT
! !
.- - 2

% CONTENTS OF TIME TO DATA REGISTER




MAXIMUM RATINGS

Input Voltages ... ... —-30V

Drain Voltage (Vo). ... —30V

Reference Voltages (Vreel, VRer2) .. o —-30V

Storage Temperature ... —55°C to +150°C
Operating Temperature ... —55°C to +85°C

NOTE: A voltage which is more positive than .3 volts with respect to the ground terminal
should not be applied to any pin.

ELECTRICAL CHARACTERISTICS

Voo (Supply Voltage) = —27V = 1V, R, = 1.0 Mg, C_. = 10 pF, T, = —55°C to +85°C
(unless otherwise specified)

Characteristic Min Typ Max | Units Conditions

Logic Inputs '

Logic “‘0” 0 — —2.0 | Volts |Vpp = —27V

Logic ‘1" —-10 -12 |-30 Volts [Vpp = —27V
Clock

Amplitude —-10 -12 |[-30 Volts

Width 10 | — 10 uS

Frequency DC — 200 kHz
Input Leakage — —_— 5.0 pA [Vin = —20V

Logic Outputs
Except Parallel Data Outputs

Logic “0" 0 -0.5 | —1.0 | Volt
Logic ‘1" —-11 —-12 — Volts
Logic ‘1" -10 —_ — Volts | R, = 68KQ
Rise Ti
(;;ggiti\'/rg?ransition) — 1.0 — S |10% to 90%, C. =40 pF
Fall Time
(nega"tive transition) — 30| — pS |10% to 90%, C. = 40 pF
Parallel Data Logic Level
Logic ‘0" — Vieri — Volts [0 < Vgl < —10V
: R. =2 Mo
LOgiC A — Vrer _ Volts |0 < Vge2 £ —10V
R[_ = 2 MQ
Rise Time — 10| — uS |10% to 90%
C.=100pF
Fall Time — 30, — uS 110% to 90%
C.=100pF
Ladder Switches
MSB RD(ON] 450 560 600 Ohms VDD = "‘27\/, VREF = —5.,0V
T,\ == 2500
2nd MSB Rpon 500 | 1000 [1100 Ohms \T/DD =2g2(7:V, Vegr = —5.0V
A —_ (o]
3rd MSB thru LSB 800 | 1100 (1400 Ohms| Vo = —2(7:V, Vege = —5.0V
A= 250
Individual Switch Leakage — 0.1 5.0 nNA | Ve = —10V, T, = 25°C
Ref Line Leakage — 0.5 15 nA | Ve = —10V, T, =25°C
Roon) Temp. Coefficient — 03| — [|%/°C
Roiony Temp. Coefficient Tracking — 03 — |%/°C
Supply Current Drain — 50| — mA |Vpp = —27V
Network Dissipation — 135 —_ mW { Vpp = —27V

(2)




PACKAGE — 40 LEAD PLUG-IN

fa- N =
fr— H - M
J _:FQ.' L -.l ~ SYMBOL INCHES
| I -:f-:?-:l.o.:'_l_:m :'3 ‘17 B :685 :695
0 ?7 ?30 % %52 ?3'3'?14 i Irp S 2 o0
r _?6- ‘?Zj"_‘-?i‘f?ﬁ * M ? l D .609 .620
A c E '?' '?' . '?i{?m - E 365 385
Gl L EE ] e b e am
] -—LK -?-;%‘G T -:57- :'-8 H .264 REF.
—l-——' -?- _?- l’?ﬁ'?s '?3'3'3'9 3 031 075
r— NIRRT 'z%;H k| o | e
8 S— ’ L 0475 .0525
/ - F ’_J M 095 .105
SEP{I;‘I“(E;— INDEX POINT 0 ! N .195 .205
B P 295 .305
BOTTOM VIEW
TERMINALS
P/N  FUNCTION P/N  FUNCTION
1 No Connection 21 9th Stage Output
2 20 Switch 22  (Connect to Ground)
3 21 Switch 23  Serial Output
4 23 Switch 24  (Connect to Vip)
5 24 Switch 25  Vpp
6 26 Switch 26 Reference 1
7 27 Switch 27 22 Switch
8  No Connection 28 25 Switch
9  Reference 2 29 28 Switch
10 Data Preset 30 29 Switch
11 (Connect to Ground) 31 Data Reset
12  Time Input 32 (Connect to Pin 39)
13 No Connection 33  Time Preset
14  Comparator Return 34  Time Reset
15  @; (Time Clock) 35  AC Start
16 DC Start 36 No Connection
17 Sync. Output 37  8/10 Control
18  No Connection 38  Ground
19  Time Output 39  Transfer
20 No Connection 40 No Connection

(3




TYPICAL CONNECTIONS — A/D MODE

LADDER NETWORK

ANALOG 50K 50K 50K 100K
INPUT > —< P - AW - - - - L
%&é """ 00K - 100K
VOLTAGE
COMPARATOR MSB PARALLEL
i I e el il el il It _—“—>OUTPUTS

OO~ O O W g  N~NMAN
EXCURSION LIMITS—#= o N Y «~ 21 r———>9T“ STAGE OUTPUT
-30V TO GROUND 9 24—
15 25 > Vpp (-27V)
14 MEM 5014 32
19 _ 39 L_ 8 BIT OPERATION
TIME OUTPUTI
35 37| _;LIO BIT OPERATION
* _ — 23 -0 SERIAL OUTPUT
e~ RO YF MmNl
Ty
START ||, -
END OF
CONVERSION
TYPICAL WAVEFORMS — A/D MODE
i I 2 3 4 s 6 T 8 9 10 I 12 I3
crock |['] U U U U u Uy uuu
I
D.C. START** | I
[
END
conveamou —L+—Jl-—J L J
M.S.B. 2° SWITCH | -
e — | o
2% swiTeH | JI<T - T
| - . —_——
22 SWITCH | L T
|
2! switcH | 1
|
208WITCH | L_if
|
9TH STAGE | 1 [
|
TIME OUTPUT | L
| MSB LSB MSB
seriAL ouT |[ o ol[ol]o 1 t Jol o ol JolUol

| 29 28 27 26 25 24 23 22 ol R0
START

NOTE: ON EARLY UNITS, SERIAL OUTPUT MAY BE INVERTED FROM THAT SHOWN.

*Pin 16 should be pulsed negative to start A/D convertor and then held at ground.

**Converter will run continuously if DC START is held at ground and will always determine
. the MSB output on the first clock cycle after a positive transition of DC START.
For single conversion operation on external command, remove the jumper between
pins 19 & 35, apply command to DC START, and ground pin 35.

(4)




TYPICAL CONNECTIONS — D/A CONVERTER MODE

LADDER NETWORK

ANALOG 100K
OUTPUT L
100K
MSB 'LSB PARALLEL
g i i i il e OUTPUTS
8 g ~ O 8 0 < (f:l N >
V REF —>9 4
Vpp (-27V)
SHIFT CLOCK —>{I5 zsk 0o
_TE—-—M MEM 50]4 32 j—é-TRANSFER
DATA RESET —>{ 3| 39
SERIAL INPUT—>12 MmN OO o ~
MA N - M M M

TYPICAL WAVEFORMS — D/A CONVERTER MODE

NEW WORD ——NEXT WORD
DATA AT ol LSB [ MSB LSB
P
SERIAL INPUT Ij M [‘7 1T 1]
' Td
SHIFT CLOCK owt-u——f F 1 1]
' .
DATA RESET O S
: U
[/
TRANSFER 0 -~
: u
OLD VALUE Sip
ANALOG OUTPUT - F
NEW_VALUE

Td =200nS (MIN)

(5




TYPICAL CONNECTIONS — CURRENT MODE MULTIPLEXER

INPUT CHANNELS

30 €—CHANNEL IT

MULTIPLEXED ' 14
OUTPUT €———{9 24
o

ADVANCE ——— {15 M EM 50'4 32 >Vpp (-27V)

39t
E%QCEEO_{ ;95 37 O 8 BIT OPERATION

£

START =

*Pin 16 should be pulsed negative to start the mulfiplexer and then held at ground.

| TYPICAL WAVEFORMS — MULTIPLEXER MODE

10 BIT OPERATION

ADVANCE © |'| |2[ 7/ |_9_] Tf_]
I
END OF CYCLE ? 1/ | -[_“—
MULTIPLEXED | CHANNEL | CHANNELS — cpaAnNEL | CHANNEL | CHANNEL
OUTPUT ==t u jeran

(6)




MEM 5014 LOGIC DIAGRAM

/ TO LADDER NETWORK \
(30)Tmse (zs)T (4)T (3»)1> (Z)TLSB
(26)REF 1 | anaLoG ANALOG | T T TTTTT ANALOG ANALOG ANALOG
(9) REF #20———9 SWITCH SWITCH | _ _ _ _ _ _ ___ SWITCH
(39) -
TRANSFERO4p————o | o
s T 5 FIVE | H s
IDENTICAL
I:g‘& o R_0© R STAGE 0 0 R 0
RESET
patA o1 ) r—a——————— e
PRESET © o
(10) ( ( (
r_ g
__________ - L ¢
(14) y
COMPARATOR VAL SERIAL o CONTROL
RETURN 51 OUTPUT 37)
¢T-1 (23)
T R_0 |
INPGT |
S 4
(2) s s M. TH s IH s
FOUR
>R 0 R (o] R 0 [|DENT|CAL] R (o] R (o] ’—)R o]
B3 T T smer | T LsTaces T T T
PRESET :D
] S — —
RESET :
(34) &t
9™ STAGE
OUTPUT
2N
(35) ——
AC START ‘
2
T L
¢T ¢T
{TIME CLOCK) #r DC START
115) )
$r TIME
QUTPUT

(7)

(19)




AREA HEADQUARTERS

General Instrument Corporation
P.0. Box

Hicksville, New York 11802
Tel: (516) 538-8520

TWX: 510-222-2388

General Instrument Corporation
Tel: (205) 536-9671-—TWX: 510-579-2227

General Instrument Corporat:on

2600 Virginia Avenue, N.W

Washington, D.C. 20037 Suite No. 510
Tel: (202) 965-3620

Todino Engineering Sales Co.

132 New Haven Avenue, Milford, Connecticut
Tel: (203) 874-6643

(Selenium Only)

2021 Clinton Avenue, W.. Huntsville, Alahama 35805

EASTERN AREA SALES OFFICES

General Instrument Corporation

608 Ferry Blvd., P.0. Box 353, Stratford, Conn. 06497

Tel: (203) 378-2992

Component Sales Inc.
7 Church Lane, Baltimore, Md. 21208
Tel: (301) 484-3647

General Corporation

321 Northlake Boulevard

North Palm Beach, Florida 33403
Tel: (305) 842.5259

Todino Engineering Sales Co.

50 Kearney Road, Needham Heights 94, Mass.
Tel: (617) 444-7925

TWX: 617-444-2609

(Selenium Only)

General Instrument Corporation
33 Southwest Park, Westwood, Mass. 02091
Tel: (617) 329-1480

Henry Reid Associates, Inc.
530 Main Street, Fort Lee, New Jersey 07024
Tel: (201) 944-9323 (212279-2273 N.Y.)

Leff Sales Associates

5900 Westfield Avenue, Pennsauken, N.J. 08110
Tel: (609) 663-4025

TWX: 662-0054

(Selenium Only)

Leff Sales

408 York Road

Towson, Maryland 21204
Tel: (301) 823-0774

- Harries-Kerhhaw

15 Canterbury Lane East Aurora, New York 14052
Tel: (716) 652-1221
TWX: 716-486-0909

C. H. Newson Associates, Inc.
627 Bethlehem Pike, Phlladelphxa Pa. 19118
Tel: (215) 248-3377 v

AREA HEADQUARTERS

General Instrument Corporation

6054 W. Touhy Avenue, Chicago, Illinois 60648
Tel: (312) 774-7800

TWX: 910-221-3125

General Instrument Corporation
10019 W. 55th Street

Merriam, Kansas 66203

Tel: (913) 432-6822

Hamilton, Grayden, Flemmer, Inc.
Hamilton Road, Hopkins, Minnesota
Tel: (612) 941-1120

TWX: 910-576-2861

Jerry Vrbik Company

2818 “A” Avenue, N E., Cedar Rapids, lowa 52402
Tel: (319) 365-046

TWX: 319-552- 7118

CENTRAL AREA SALES OFFICES

A. J. Warner Company

4927 34th Avenue South Minneapolis, Minn. 55417
Tel: (612) 729-7371

(Selenium Only)

G & H Sales )

P.0. Box 37416, Cincinnati, Ohio 45237
Tel: (513) 761-6185

TWX: 513-577-1239

G & H Sales
24001 Southfield Road, Southfield, Michigan 48075
Tel: (313) 358-1910

G & H Sales
100 W. Main St., Fort Wayne, Indiana
Tel: (219) 744-3072

G & H Sales .
137 Lakeview Drive, Dayton 59, Ohio
Tel: (513) 433-2511

G & H Sales
13690 Fox Hill Drive
Novelty, Ohio 44072
Tel: (216) 338-1122

Ammon & Champion

P.0. Box 35263

Blanton Tower 628, Dallas, Texas 75235
Tel: (214) 357-8441

TWX: 214-899-8306

Ammon & Champion
P.0. Box 35552, Houston, Texas 77035
Tel: (713) 729- 1233
TWX: 713-571-3133

Ammon & Champion
P.0. Box 12274, Oklahoma City, Oklahoma 73112
Tel: (405) 942-8222

Ammon & Champion

P.0. Box 4682 Tulsa, Oklahoma

5500 E. Skelly Drive, Suite 7, Tulsa, Oklahoma 74114
Tel: (913) 627-7670

AREA HEADQUARTERS

General Instrument Corporation

18455 Burbank Blvd., Tarzana, California 91356
Tel: (213) 873-6500

TWX: 910-493-1243

WESTERN SALES OFFICES

General Instrument Corporation
647 Veterans Bivd., Suite No. 1
Redwood City, California 94063
Tel: (415) 365-1920

Electronic Components Sales Inc.

2340 W. Main St., Littleton, Colorado 80120
Tel: (303) 798-8481

TWX: 303-798-8114

Bill Waddell Co.

10211 N.E. 31st Place Bellevue, Washington 98004
Tel: (206) 822-9629

TWX: 206-999-1875

AREA HEADQUARTERS

General Instrument International Corporation
600 W. John Street

Hicksville, New York 11802

Tel: (516) '681-8000

Cables: Transistor Hicksville New York

General Instrument Europe
Via Turati 28, MILANO (Italy)
Tel: 654475 654978

Cable: GINEUR—Milano
Telex: GINEUR 31454

INTERNATIONAL SALES OFFICES

General Instrument France

8 Rue de Montyon, PARIS 9 (France)
Tel: 8247121

Cables: BAYELET Paris

General Instrument (U.K.) Ltd.

Cromwell House

136 Cromwell Rd., London S.W. 7 England
Tel: 01-370-5133/4

Cable: GINEUR London

General Instrument Deutschland
Sonnenbergerstrasse 64

62 Wiesbaden, Germany

Tel: (06121) 3037-50

Telex: 4/186145

CANADIAN
SALES OFFICE

General Instrument of Canada, Ltd.
151 Weber Street

Waterloo, Ontario

Tel: (519) 744-8101

TWX: 610-365-3415
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INSTRUMENT

TO-87
DESCRIPTION
The MEM 5035 is a 2 input AY Adder constructed on a single monolithic chip utilizing
MTOS P-channel enhancement mode transistors. This element is designed to be used ::g
with the Digital Differential Analyzer Element (MEM 5021) to provide two additional _%
AY inputs, each with a scale input. These additional inputs, like the normal AY inputs 085 INDEX POINT
of the Digital Differential Analyzer Element are of the ternary type. 045
The Logic Diagram shows the internal logic blocks of the MEM 5035 2 input AY Adder d; "; A
element. The input flip-flops, one for each AY input, are set when a negative increment =3 12 ='Tj% 4l0
is detected. Carry flip-flop C,, is the less significant flip-flop, with Cx being the more ; -‘—:;: 36¢
significant flip-flop and flip-flop C.. generating a one bit delay. A partial sum of both =16 L=
incremental inputs and the Carry flip-flops is formed as shown. This partial addition _":ILO‘S :=|-—-——.(:|5
occurs one bit time before the actual addition to the Y in by the half adder. The half | 055 MAX MAX
adder then drives the output amplifier. .|os°45
The function diagram shows the connections between the MEM 5035 2 input AY adder, Al;:T”
the MEM 5021 digital differential analyzer, and the MEM 3016-2 a Dual 16 bit shift T
register. The timing diagram shows the relative timing of the various clocks to the out- | —-|3;’,? R P l:__l
put. Note, the occurance of the incremental addition is one bit time after the scale bit. T o8 7 035
The numbers in the shift registers are serial, least significant bit (LSB) first, sign bit 003 SEATING 5 oo
last negative numbers are in 2’s compliment form. For more information consult the 030

General Instrument application note entitled, “MTOS Integrated Digital Differential
Analyzer', and ‘‘Servo Adder’’.
Note: All dimensions in iriches

LOGIC BLOCK DIAGRAM OF THE MEM 5035 2-INPUT

INCREMENTED AY ADDER ELEMENT TERMINALS
SCALE NO.| ——— r rr P/N FUNCTION
avit | C20 Cab 1 #1Y Adder Add Input (A Y.+
+ CARRY [ 2 #1 Scale Input
av" z FF Losic 3 #1Y Adder Subtract Input (AY,—)
L___9 FEo| ] 4 #2 Scale Input
SIGN BIT (,:1{ 5 #2 Y Adder Subtract Input (A Y.—)
SCALE NO.2 [ 6  #2Y Adder Add Input (A Y.)
s 1‘:@- M 7 SignBit
PARTML 8  Drain Voltage (—V.)
R . S e y aReuT 9 Y Adder Output (You:)
e —R 10 Gate Voltage (—Vs)
11 Ground
m e oyreur | o vour 12 Y Adder Input (Y:)
13 Clock (¢
T>o i 14 Clock (¢)

% ONE BIT DELAY OCCURS THROUGH INPUT AND SUM CIRCUIT.




MAXIMUM RATINGS

Clock Voltages (¢ and ¢,) —30V to +0.3V
Input Voltages......................... .—30V to +0.3V
Drain Voltage (Voo).............. .—20V to +-0.3V
Storage Temperature .............. . —55°C to +150°C
Operating Temperature. ... —55°C to 4-85°C
ELECTRICAL CHARACTERISTICS
Standard Conditions (unless otherwise specified)
Load = 100M@ and 10 pF, ¢, = ¢, = —27 Volts =1 Voit
Vop = —13 Volts =1 Volt, Ta = —55°C to +85°C
Characteristic Min Typ Max Units Conditions
Clock Repetition Rate 10 — 500 kHz
Clock Pulse Widths
Bowi 0.40 — 10 S SEE FIG. 1
Bpuz 0.10 — — 4S SEE FIG. 1
Clock Delay (¢q) 0.30 —_— — uS SEE FIG. 1
Clock Pulse Rise and Fall Time
(10% to 90%) —_ — 0.1 uS
Clock Pulse Logic Levels (¢: and ¢:)
Logic ‘0" — —_ —2.0 v
Logic “‘1” —26 — —28 \
Clock Pulse Input Capacitance — 20 —_ pF ¢ = ¢ = OV
Clock Input Current (¢1) — —_ 100 A ¢ =0V, ¢, = —26V
Clock Input Current (¢2) — 1.8 2.5 mA ¢ = —26V, ¢, = OV
Input Logic Levels
Logic ‘0" — — —2.0 \'
Logic ‘1" —10 —_ — v
Input Pulse Width 0.9 _— —_ 1S
Input Capacitance —_— 3.0 — pF Vi, = OV
Input Leakage Current —_ — 1.0 uA Vin = —20V
Output Logic Levels
Logic ‘0" —_ —0.5 —-1.0 '
‘Logic “r —11 —12 —_ \'
Propagation Delay pius
Rise & Fall Time
T } See Note 2 - 100 250 nS | SEE FIG. 1
—_ _— — nS SEE FIG. 1
Noise Immunity 1.0 — —_— A dc to 500 kHz
Output Impedance to Ground
(Output at Logic “0”") —_ — 3500 Ohms
Output Drive Capability
(Output at Logic “1"") —10 —11 —_ \ R = 75K Ohms
Output Drive Capability
(Output at Logic “‘1’") —5.0 — —_ v R, = 10 K Ohms
Supply Current Drain — — 6.0 mA f = 500 kHz

NOTE 2: T, and T. represent the propagation delay plus rise and fall times of the MEM 5035 Element.




FUNCTION DIAGRAM

[

[ 1T

AX—- AX+ AY— AY+ AZ- AZ+
O——{SCALE INPUT SIGN BIT CLOCK}|—oO
O—— LOAD INPUT UNBIASED RoUT —O
o—{ Yo MEM 5021 Y-AX
RIN (NOTE 2)  giaseD RoUT
YIN YOouT
Ro @1 @2 Vpp GRD
CLOCK @ | O- +—
CLOCK @2 O T T
YouTr
o—ay,t @
O—ayY,~ g2
O——{ SCALE NO.I DD —9
+ MEM 5035
O—AY2 GRD ) |
Oo— Yy~ V6o —9
O—— SCALE NO.2
SIGN BIT YIN
g1 @2 Vpp GRD Vge
OUTPUT, DATA IN <J
' MEM 3016-2 '
OUTPUT 2 (NOTE 1) DATA IN

NOTE: 1: The MEM 3016-2 is a dual 16 bit, d.c. to 1 MC, shift register.
NOTE: 2: The MEM 5021 is the Digital Differential Analyzer Element.

GRD
Voo
Vee




TYPICAL TIMING DIAGRAM

ov el
CLOCK @1
9 =27V UI LI j.':
|
ov
L | [ T T T T T | Iy
SR OUTPUT AND OV
Ym TO MEM 5035 13V :’ !
av,f or av,t QY E |
|
SCALE NO.I oV :
L |
—

OR NO.2 -13v
YouT (TO YIN OF OV
MEM 5021) -13V

oV
SIGN BIT -y

NOTE: INCREMENTAL ADDITION OCCURS ONE BIT
TIME AFTER THE SCALE BIT.

FIGURE 1

T/
CLOCK &1 bd

-27v
CLOCK g2

-27v

SR OUTPUT ~4V

-3V J !
o] Tpd | L—--——Tpd 2

ay,t or av,t
-13v

0
-13v l

0
YOUT (TO YIN -4y ——
OF MEM 5021) ~13V -lovV—

SCALE NO.|
OR NO.2
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