








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TMS 4000 JC, TMS 4000 NC
HIGH-SPEED CONTENT-ADDRESSABLE MEMORY

CONTENT-ADDRESSABLE MEMORY CELL

! Bo Vbbb VGG Bq
Q Q 9 ?

I[ a3 as]l

- onl

w1

CONTENT-ADDRESSABLE MEMORY ORGANIZATION

Bp

s

VGG VpD GND Vi
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TMS 4000 JC, TMS 4000 NC
HIGH-SPEED CONTENT-ADDRESSABLE MEMORY

logic definition

Negative logic is assumed
a) Logic 1 = most negative voltage

‘b)  Logic 0 = most positive voltage

INPUT VOLTAGE
OPERATION OUTPUT SIGNALS

1 w Bo Bq
Write 0 V] 1 1 0
Write 1 0 1 0 1
Masked Write 0 1 1 1
Read -0 0 1 1 1 Current in B (200 uA minimum)
Read 1 0 1 1 1 Current in Bg (200 A minimum)
Interrogate 0 1 (/] 1 0 Current in W indicates mismatch (200 gA
Interrogate 1 1 0 (V] 1 minimum)

. Masked Interrogate 1 0 0 0 No current in W from this bit

Standby - 0 1] X X (See Note 1)

NOTE 1: X =1 or 0 (don‘t care)

electrical characteristics (under nominal operating conditions at 25°C, unless otherwise noted)

R =100 2 (See CAM operational requirements)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Logic O stored in Bo -10
Read-mode sense current abit cell B1 —200 —400 BA
Logic 1 stored in Bo —200 —400
a bit cell B4 ‘ —-10
Matched -10
Interrogate-mode sense current One bit mismatched —200 —400 uA
All bits (8) mismatched —2000 |—3000
Ig Bit-line leakage current - 16 in parallel @ —12 V 10 MA
w Word-line leakage current 16 in parallel @ —12 V 10 uA
ly Interrogate line leakage current At—-12V 100 BA
[15)>) Drain supply current 3.0 5.0 mA
' Interrogation supply current per One bit mismatched -0.2 —-0.4
" word All bits (8) mismatched —20 | -30 mA
Standby 40 60
Total power dissipation Read or Write 100 mW
Interrogation ) 200
Cg Bit-line capacitance vg=0V, f=1MHz 13 pF
Cw Word-line capacitance vw=0V, f=1MHz 12 pF
Cy Interrogate-line capacitance V=0V, f=1MHz 40 ) pF
switching characteristics (under nominal operating conditions at 25°C, unless otherwise noted)
m PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
tg Settling time . 50 ns
tai Interrogate access time 50 80 ns
L tar Read access time 30 60 ns
10234 TEXAS INSTRUMENTS
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TMS 4000 JC, TMS 4000 NC
HIGH-SPEED CONTENT-ADDRESSABLE MEMORY

content-addressable memory operational requirements

INTERROGATE

INTERROGATE

OQUTPUT 1

OUTPUT 2

A

WRITE 0

MASKED WRITE

READ
INTERRQG
STANDBY

WRITE 1

INTERROGATE 1

MASKED

INTERROGATE

ATE O

SELECT W1

FOR READ
OR WRITE

|
INTERROGATE 5 |
OR STANDBY 0A |
|

-12V

L

READ OUTPUT
BIT A
Boa B1a BoH BiH
|
|
B1a BoH | Bin
|
w16 -
(A= [
BITA BITH

WRITE 1
MASKED WRITE
READ
INTERROGATE 1
STANDBY

WRITE 0

INTERROGATE 0

MASKED
INTERROGATE

IR
N
<

JLVOCHYIALNI

READ
WRITE,
OR
STANDBY
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TMS 4000 JC, TMS 4000 NC
HIGH-SPEED CONTENT-ADDRESSABLE MEMORY

typical switching waveforms (read and write)

y_

r@——————{guNEW CYCLE

i
/"-90%
\
\
LOGICALO ——— — — a0%
___f L
LOGICAL 1

WRITE-MODE VOLTAGE WAVEFORM

”

i
I
i
I
LOGICAL 0 | |
| |
LOGICAL1 — — == — Im% :
l‘ W _I

L

STORED DATA — LOGICAL O

TORED DATA — LOGICAL 1

| ¢ r———-—————STORED DATA — LOGICAL 1
"-———!f———"
-Féasr -

‘—————v——STOHED DATA — LOGICAL O
l AN

READ-MODE CURRENT WAVEFORM

SENSE CURRENT (B4)

SENSE CURRENT (Bp)

typical switching waveforms (interrogation)

I te >
1 tg i
i Fe#——3— g NEW CYCLE
!
LOGICAL 0
INTERROGATE
PULSE (1)
LOGICAL1 — — — —~
3
LOGICALOD = —— == —|

BIT LINE /
(8o OR Bq)

oFm A LOGICAL 1 :

!

|

SENSE CURRENT
MISMATCHED (W)

SENSE CURRENT tai 10 uA
MATCHED (W) [}
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TMS 4000 JC, TMS 4000 NC
HIGH-SPEED CONTENT-ADDRESSABLE MEMORY

Interrogation Current vs Number of Bits Mismatched,
And vs V| Supply Voltage

(R=100%, Vpp=—12V, Vgg = —12V, Logical 1=—12V, T, = 25°C)

2500
<=(l~ 2000
|
=
g 1500 s h{ 4
3 ®
g [ ]
c ®
P 1000
)
2 (-]
o
500
z
0
0 1 2 3 4 5 6 7 8
BITS MISMATCHED
500
<
| 400
[
Z
w
&
£ 300
(8]
2
6
£ 200
Q
[e)
o«
o
& 100
z
0
0 1.0 2.0 3.0 4.0 5.0
V“ SUPPLY VOLTAGE —~ V
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TMS 4000 JC, TMS 4000 NC
HIGH-SPEED CONTENT-ADDRESSABLE MEMORY

mechanical data and pin configuration

The device is available in both a 40-pin hermetically sealed ceramic dual-in-line package (TMS 4000 JC) and a 40-pin
dual-in-line plastic package (TMS 4000 NC). The packages are designed for insertion in mounting-hole rows on 0.600-

inch centers.

oo ofononnAnnn

40

»,

®q

TOP VIEW

21

PINNO.  FUNCTION
0

1 } Bs
y

11 %8

!
GND
Wig
Wig

W12
Wio

W W N OO s W N -

-
(=]

PIN NO. FUNCTION

11
12
13
14
15
16
17
18
19
20

Wg
Weg
Wg

20
bbb ouoood

PIN NO.
21
22
23
24
25
26
27
28
29
30

typical read/write interface for one-microsecond operation

FUNCTION PIN NO. FUNCTION
1 31 W
B3 9
0 32 Wiq1q
1 33 W13
By
0 34 Wis
Vpp 35 NC
NC 36 Vi
W1 37 0
B2
W3 38 1
Wg 39 0
Bg
Wy 40 1

+12 Vdc
1Mke 2
S 1kn 700 k2
D 4
S 10kO
£ 300 k2
>
<
-
<
3300 ke
v ==
“W"” LINE “Bg" LINE
NOTE: All gates = SN7400
. PRINTED IN US.A
Ti cannot assume ony responsibility for any circuits shown
14-238 TEXAS lNSTRUM ENTS or represent that they are free from patent infringement.
INCORPORATED

POST OFFICE BOX 5012

» DALLAS, TEXAS 75222

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



MO0S
LSI

TMS 4003 JR, TMS 4003 NC
256-BIT RANDOM-ACCESS MEMORY

FOR MEMORY APPLICATIONS REQUIRING
HIGH-SPEED READ/WRITE CAPABILITY

dascription

The TMS 4003 JR/NC is a high-speed random-access
memory consisting of 256 cross-coupled flip-flops organ-
ized as 256 one-bit words. The entire device is construct-
ed on a single monolithic chip using thick-oxide techni-
ques to produce MOS P-channel enhancement-type tran-
sistors. Active-element design permits nondestructive
readout, because addressing each bit tends to reinforce
its existing state. Digit lines can be wire-OR connected
to obtain memory planes greater than 256 words. Exter-
nal decoding circuitry can be used for additional planes
to achieve desired word length. Selection of a given bit
for reading or writing is accomplished by the coincident
addressing of one of 16 X lines and one of 16 Y lines.
These two lines are taken to Vpp while all other X and
Y lines are held at ground.

Memory writing is accomplished by externally
addressing the desired cell and bringing the appropriate
digit line to ground while holding the other digit line at
its nominal Vpp potential.

Reading an addressed cell requires sensing a differential
current between the two digit lines. Both digit lines
should be held near their nominal value of Vpp. This
causes addressing transistors Q1, Q2, Q3, and Q4 to act
as additional load resistors in parallel with standby load
resistors Q5 and Q6, (see Figure 1). Depending on the
flip-flop state, current will flow in one of the digit lines
and not the other.

Maximum speed of the circuit is limited by the
propagation delay of the Y address voltage through a
series of P-diffused tunnels. The write or read cycle time,
including this delay and the TTL address-decode delay,
will be under 200 nanoseconds (see Figure 2).

Static operation

Nondestructive readout

System access time under 200 ns

Low power dissipation

L‘ JQS

X

[}
©
—

__JJ L._TJL

&

L

s
o
i

!

GND (SUBSTRATE)
TO 15 OTHER CELLS

|

/}7—4—“ lQ2

DIGIT LINE
DO

Y ADDRESS
TO 15 OTHER CELLS
Q4J b—77
X ADDRESS

TO 255 OTHER
CELLS

A

DIGIT LINE
D1

CELL SCHEMATIC (1 OF 256 CELLS)

FIGURE 1

Power dissipation is typically 0.6 mW per bit when the memory is operated with an 18-volt dc power supply. Signifi-
cantly lower average power dissipation may be obtained without sacrifice of system performance by synchronously or
asynchronously pulsing the Vpp power supply. This feature is a result of the temporary data storage provided by the

gate capacitance of transistors Q7 and Q8.

— continued

146l ‘AdVNHE3d
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TMS 4003 JR, TMS 4003 NC
256-BIT RANDOM-ACCESS MEMORY

description (continued)

A unit mounted in a 40-pin hermetically sealed ceramic dual-in-line package is designated ‘“TMS 4003 JR"'. Mounted in
a 40-pin plastic dual-in-line package the device is numbered ““TMS 4003 NC"'.

logic

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Logic levels for this memory are defined in terms of standard NEGATIVE LOGIC where:

—16V to =20 V = LOGICAL 1
+0.3V to-2V=LOGICALO

OPERATING MODE

ADDRESS LINES OF
SELECTED CELL

DIGIT-LINE TERMINALS

X Y D1 DO
Read 1 1 1 1
Write a zero 1 1 1 0
Write a one 1 1 0 1

A selected cell has both its X and Y address lines at logical 1. During read and write operations, only one cell should be
selected at a time. An unselected cell is a cell which has at least one of its address lines at logical 0.

Voltage at any terminal relative to substrate (GND)
Operating free-air temperature range

Storage temperature range

recommended operating conditions

NOTE: 1.

+0.3Vito-22V

—55°C to 85°C

—55°C to 150°C

CHARACTERISTICS MIN NOM MAX UNIT
Supply voltage Vpp -16 —-18 —-20 \%
Write access time, ta,, (See Note 1 and Figure 3) 80 ns
Write pulse width, t,,, (See Figure 3) 30 ns

pulse. Premature application of the write pulse may cause undesired writing into cells other than the addressed cell.

operating characteristics (unless otherwise noted Ta = 25°C)

Write access time is the delay between the application ot address voltages at the X and Y inputs and the start of the write

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Vxn =Vym = Vin(D0) = Vin(D1) = VDD = 16V, |DO_ | —200  —400
Logical O stored in cell nm D1 —0.1 -10
Vxn =V¥m = Vin(DO) = Vin(D1) = VDD =16 V,| DO —01 —10
Logical 1 stored in cell nm D1 —200 —400

Read-mode sense current LA
Vxn = VyYm = Vin(D0O) = Vin(D1) = VDD = —18 V, | DO —300 —500
Logical O stored in cell nm D1 -0.1 —10
VXn = Vym = Vin(D0) = Vin(D1) = Vpp = —18 V, | DO 0.1 —-10
Logical 1 stored in cell nm D1 —300 —500

Address-line current VyxorVy=-20V, 10 A

(16 lines in parallel) Vin(D0) = Vin(D1) = VDD =0 V - H
One cell addressed, V =-18V

Total power dissipation = bb 5 150 300 mwW
One cell addressed, Vpp = —20 V, Tp = —55°C 500

14-240
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TMS 4003 JR, TMS 4003 NC
256-BIT RANDOM-ACCESS MEMORY

operating characteristics, continued (unless otherwise noted Vpp = —18 V, Tp = 25°C)

PARAMETER

Capacitance between
digit-line terminal
and substrate

TEST CONDITIONS MIN TYP MAX UNIT
Vin(D0O) = Vin(D1) =0V, f =140 kHz, 50
Vy =Vy = 0V (or one cell addressed), See Note 2
pF
Vin(DO) =Vin(D1) = —-18V, f=140kHz,
Vx =Vy =0V (or one cell addressed), See Note 2 30

Capacitance between digit-
line terminal and physicaily
adjacent address

terminal (DO-to-X2 or
D1-to-Y1, see Note 3)

Vin(DO) = Vin(x2) =0t —18 V,
Vin(D1) = Vin(y1) =0t0 —18 V, 8t pF
f =140 kHz, See Note 2

Capacitance between address

Vx=Vy=0to-18V, f=140kHz,

(see Note 4)

. 8t pF
terminal and substrate See Note 2
Capacitance between VDD VDD =Vyx=Vy=0to —18V, f= 140 kHz, .
p
terminal and substrate See Note 2 °or
Read access time, t, .
ar See Figure 3, R =561 Q 30 60 ns

NOTES: 2, All capacitances are measured with all other elements ac grounded.

3. Typical capacitance between digit-line terminals and all other address lines will be less than that shown for the adjacent

address lines.

4, Read access time is the delay between the application of address voltages at the X and Y inputs and the availability of

differential current between the digit lines.

TThese typical values are the average for the voltage range 0 to —18 V.

DATA SENSED BY 20
AMPLIFIER (READ MODE) 0 ns {(WRITE MODE)

NOTE: This timing diagram applies to a 2048-word-by-16-bit memory system
composed of 128 TMS 4003 JR/NC memories.

Ons ———— TTL ADDRESS

30ns ~—T1T FIRST-LEVEL TTL DECODE

SECOND-LEVEL TTL DECODEA
60 ns —4 —— BEGIN CHARGING R
DELAY ON MOS CHIP

150 ns —— CELL ADDRESS COMPLETED

Y rummba— N

DATA WRITTEN

FIGURE 2 — TYPICAL SYSTEM CYCLE TIME
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TMS 4003 JR, TMS 4003 NC
256-BIT RANDOM-ACCESS MEMORY

PARAMETER MEASUREMENT INFORMATION

v
DD \WRITE-MODE VOLTAGE WAVEFORM L 2v
i

LOGICAL 0
ADDRESS LINES
INPUT
10 %
LOGICAL1 - — — — — = I
I
| - tw ke
.| ]
0 — — — — ol —_t
Pa S ——
WRITE PULSE ! aw
(DIGIT LINE DO OR D1) | 4

I tar -

| |

| 90 %
SENSE CURRENT (DO) |

|

le— tar » ——

| /7 90%
SENSE CURRENT (D1) /

/

Stored Data = Logical 0

Stored Data = Logical 1

Stored Data = Logical 1

Stored Data = Logical 0

READ-MODE CURRENT WAVEFORMS

FIGURE 3 — TYPICAL SWITCHING WAVEFORMS

TYPICAL CHARACTERISTICS

TOTAL POWER DISSIPATION READ-MODE DIFFERENTIAL SENSE CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
600 800
<.
700
500 fi N
Vpp=-18V H \ One Cell Addressed
£ One Cell Addressed 5 600 ™S I
n re
| 400 3 Ny N l
13
2 'g Vpp =-18V
§ 500
g 300 g Vpp=-16V
o 5 \
= L 5 400 a
2 \ £ N
£ 200 \‘ a
°
- \~ _s
100 ¥ 200
-75 -50 -25 (1] 25 50 75 100 -75 -50 -25 o 25 50 75
Ta—Free-Air Temperature—°C Ta—Free-Air Temperature—°C

100

FIGURE 4

FIGURE 5
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TMS 4003 JR, TMS 4003 NC
256-BIT RANDOM-ACCESS MEMORY

mechanical data and pin configuration

The device is available in both a 40-pin hermeticatly sealed ceramic dual-in-line package (TMS 4003 JR) and a 40-pin
plastic dual-in-line package (TMS 4003 NC). These packages are designed for insertion in mounting-hole rows on 0.600-
inch centers. (See MOS/LS! packaging section.)

¥ ADDRESS X ADDRESS Y ADDRESS
/__.__.../\_.____\ /——-———-/\———_«____\
Yg Yq1 Yq3 Y45 NC DO Xy X4 Xg Xg Xqg Xqp Xq4 X4 NC Vpp Yqg Yq4 Y42 Yoo

olelololololelelelolelololalolelRlclela)
SOOI

D TOP VIEW

INDEX DOT—~_|

oy,
(YRt aVavavavatavataratalatatatatatalal
COOOOOOOEOVOPOOO®O ®®®

Y7 Ys Y3 Y1 DI NC Xy Xz X5 X7 Xg Xq3 Xq3 X45 GND NC Yy v, Yg Vg
\ J

Y ADDRESS X ADDRESS Y ADDRESS

NC—No internal connection.

TYPICAL APPLICATION DATA

An actual negative supply for Vpp is not neces- X Abones
sary. The Vpp terminal can be returned to system 12 a8
ground with a positive potential equal in magni-
tude to the voltage specified for Vpp applied to
device ground (pin 15). This simplifies external cir- l wats
cuitry, particularly when using bipolar systems
such as TTL. The MOS device ground Vgg, is nom-
inally +18 V while the Vpp terminal is at system
ground. Addressing occurs when one X-address
line and one Y-address line are pulled to ground.
Unselected address lines shouid remain at Vgs.

TMS 4003
MOS RAM

DEVICE
o GROUND [~

>
> “

FIGURE 6 — DECODING AND DRIVING THE TMS 4003 JR/NR
BY USE OF THE SN74154

4

BINARY Y-ADDRESS
8
1

1
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- TMS 4003 JR, TMS 4003 NC
~ 256-BIT RANDOM-ACCESS MEMORY

TYPICAL APPLICATION DATA (Continued)

TMS 4003 JR/NC TMS 4003 JR/NC
MEMORIES WITH MEMORIES WITH
PARALLEL CONNECTED PARALLEL CONNECTED
DIGIT LINES DIGIT LINES
TMS 4003
DEVICE GROUND
Do (+V) o, ONE TO FOUR TMS 4003's
S5 DEVICE GROUND
+
—0+18V ss)
$ s
b3 pd
01 L L 02
P B
R12 s ? SR1 SENSE AMPLIFIER
< <
1 READ SN72710
$ Q ® OUTPUT
R2g M % %l READ
;Iﬂl’f e OUTPUT
® TIV30S ¥ § 490" od®s  yrivaos
L ‘
’ <
T 3 39pF 39pF
THREE WRITE
GATES ARE ENABLE _ ENABLE
B4/74 TTL I

WRITE ENABLE

DATA

A 1

CIRCUIT COMPONENTS INFORMATION

Q1 and Q2: 2N3629
Q3and Q4: 2N3014

FIGURE 7 -- BASIC READ/WRITE CIRCUIT
LIMITED TO LOW-SPEED OPERATION

CIRCUIT COMPONENTS INFORMATION

Liand L2: 21/2T, No. 30 wire on

Ferrite Bead (Allen-Bradiey

No. TO 135G144A or equivalent)
Q1, Q2, @5, and Q6: 2N3014
Q3and Q4: 2N3829

180 Q@

- R1and R2: -
No. of TMS 4003 JR memories

FIGURE 8 — HIGH-SPEED READ/WRITE CIRCUIT
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MOS TMS 4020 NC
LS! 2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

m

features §

L] Low power dissipation $

. Full decode ?

L] Access time — 320 nsec max §

® Cycle time — 640 nsec max

® High output-current capability (2 mA typ)

[ Low-threshold technology

o 24-pin plastic package

description

The TMS 4020 NC is a 1024-word by 2-bit random-access memory, constructed on a single chip, with MOS P-channel
enhancement-mode transistors. The device has two 1024-bit storage arrays with a 10-bit address decode common to
both. There are four input chip selects — two for each array.

The address decode as well as the memory arrays are implemented with dynamic circuitry, thus enabling low power dis-
sipation. Data stored in memory is nondestructively read. Refreshing of stored data is required every two miiliseconds
and refreshing the entire 2048 bits is accomplished with 16 Read cycles.

The outputs of the device are open ended, allowing several circuits to be wired-OR. The information read from the array
is opposite in polarity to the write input.

The TMS 4020 NC is fabricated with a thick-oxide, low-threshold, self-aligned gate process.

logic definition
Positive logic is assumed.
a) LOGICAL 1 = most positive voltage
b)  LOGICAL 0 = most negative voltage

operation

The Precharge Cycle ¢ 1 is used to set up the dynamic decode logic for address selection, which occurs during Generate
Time ¢9.

During the Generate Time ¢, the address decode is propagated and the memory arrays are precharged. With the return
of ¢5 to the most positive voltage, the propagation of selected X-rows (1 of 16) of both arrays is initiated. The informa-
tion in the two bits selected by the Y decode is then available at the output in 100 nsec.

If a Read cycle is required, the data can be sampled at this time. An additional 100 nsec is required in the cycle to assure
the completion of the refresh cycle. 1f a Write cycle is required, the Write strobe should be initiated 130 nsec after the
termination of the Generate ¢ signal concurrent with the new information being written. The remaining positions in

the X-row (not being written into) will complete the refresh cycle. “

All X-rows not read during a 2:msec period should be refreshed via Read cycle to assure the integrity of the data.

PRELIMINARY DATA SHEET:

Suppiementary data wil b TEXAS INSTRUMENTS 1025
upplementary data will be INCORPORATED

PUb"Shed at a Iater dat‘ POST OFFICE BOX 5012 o DALLAS, TEXAS 75222



TMS 4020 NC

2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

functional block diagram and pin configuration

1-0f-16 ROW

‘ 1024 x 1
MEMORY
CELL

TOLINE 1-0f-64 coLUMN|_____|
ADDRESS ADDRESS
DECODE

1024 x 1

MEMORY
‘ CELL

CHIP
SELECT /s,
DECODE
ouT,
READ/ o IN,
WRITE
LOGIC
®——— W/R
READ/
WRITE
Logic [#—— N,
ouT,
CHIP
SELECT <3 c/sy
DECODE

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage Vpp and Vgg range
Clock input voitage range (See Note
Data input voltage range (See Note 1
Operating free-air temperature range
Storage temperature range .

(See Note 1)
1)
).

NOTE 1: These voitage values are with respect to Vgyg (substrate).

. =24V 1003V
. —24V10 03V
. =24V 1003V
. —25°C to 70°C

—25°C to 150°C
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TMS 4020 NC
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

recommended operating conditions (see note 2)

PARAMETER MIN NOM MAX UNITS
Operating Voltage
Substrate Voltage Vsyug 1.5 2.0 2.5 \
Drain supply Vpp —17 —16 —15 \
Logic Levels
Input HIGH level V|4 -1.5 0 +0.3 \
Input LOW level V| —17 —-16 -15 \
Clock Voltage Levels
Clock HIGH level VeH -1.0 0 +0.3 v
Clock LOW level VoL —-17 -16 -15 \
Pulse Timing
Pulse transition tr, ty 1000 ns
Clock pulse width of g1 PW4 20 ns
Clock pulse width  ¢9 PW9 170 ns
Clock delay from ¢1 to ¢ Pg1 0 ns
Clock delay from ¢g to ¢1 Pyo (Read and Refresh) 200 ns
Clock delay from ¢ to ¢p1 Pgo (Write) 310 ns
Address set-up time Pag 0 ns
Address hold time PaH 0 ns
¢o-to-write pulse delay time Pgw 130 ns
Write pulse width Pyw 150 ns
Pulse Spacing
Data set-up time Ppg 10 ns
Data hold time Ppy 10 ns
Chip select set-up time Pcg 0 ns
Chip select hold time Pcy 0 ns
Cycle time (Read and Refresh) 530 ns
Cycle time (Write) 640 ns
Strobe data width Pg 100 ns
Refreshing Time PRgfr 2 ms

NOTE 2: These voltage values are with respect to Vgg.

static electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Output High Current

los(H) Sense Load = 100 © 1.2 2.0 mA
Output Leakage Current || (oyt) VouT =-16V 1 MA
Input (Load) Current Iy (jn) VIN=-16V 1 uA
Substrate Leakage Current Igyg Vsug =+2V 100 HA
Supply Current Ipp

During PW¢ 15 20 mA

During PWo 26 34 mA

During P42 ' 1.5 2 mA
Average Supply Current Ipp(AV) 13 18 mA

TEXASI lNSTRUDM ENTS
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TMS 4020 NC

2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

dynamic electrical characteristics (under nominal operating conditions from 0°C to +70°C unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
End of ¢7 to output delay Pgg LOAD =100 70 100 ns
Address to output access time Pacct 10S(HIGH) = 0.8 MA min 290 320 ns
¢1 to output access time Paocc2 los(Low) = 0.2 mA min 410 440 ns
Address Capacitance

A through Az 8 11 pF

Ag through Ag F =1 MHz at 25°C, 6 8 pF

Ag VAF = Vss 4 6 pF
Clock Capacitance

1 F =1 MHz, 18 22 pF

¢2 Vg = Vsg at 25°C 30 38 pF
Read/Write Capacitance

Chips selected F =1 MHz, 27 33 pF

Chips not selected VR/w = Vsg at 25°C 15 20 pF
Data Input Capacitance

Chips selected F =1 MHz, 20 25 pF

Chips not selected Vin = Vgg at 25°C 5 7 pF
Data Output Capacitance

Chips selected F =1 MHz, 8 12 pF

Chips not selected Vout = Vgsg at 25°C 3 5 pF

TTL interface
+16 V
b
Vsus
Vss
. S:T::ELR DATAIN lrussozonc| PATAOUT t> S
Voo SN75107
SN75108
TEXAS INSTRUMENTS
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TMS 4020 NC
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing diagram and voltage waveforms
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TMS 4020 NC
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

mechanical data

The TMS 4020 NC is mounted in a 24-pin plastic dual-in-line package, designed for insertion in mounting-hole rows on
0.600-inch centers. (See MOS/LSI packaging section.)

pin configuration

PIN NO. FUNCTION PIN NO. FUNCTION
1 Ag 13 Aq
2 Ag 14 Ag
24 13 3 A4 15 b2
oo nan 4 N7 16 C/sy
5 ouT) 17 C/s2
D) TOP VIEW 6 c/sy 18 RIW
° 7 C/Sq 19 ouT2
guogoguduuguuutll 8 ?1 20 N2
12
9 A3 21 Ag
10 A2 22 Ag
11 Vsus 23 A7
12 VpD 24 Vss

PRINTED IN U.S.A.
Ti cannot assume any responsibility for any circuits shown
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MOS TMS 4023
LSl 1024-BIT RANDOM-ACCESS MEMO

NC
RY

features
[ Low power dissipation
. Access time — 650 nsec (maximum)
L] Cycle time — 900 ns (maximum
®  Refresh Period — 2 ms for 0°C—70°C
. Fully decoded
L] Wired-OR capability
° Inputs fully protected
L] 24-lead plastic package

description

The TMS 4023 NC is a 1024-bit RAM, organized as 1024 one-bit words, using P-channel enhancement-mode transistors.
A fully decoded monolithic array, the device is available in a low-cost, standard, 24-pin dual-in-line plastic package. The
dynamic memory has nondestructive readout and refreshes all 1024 bits in 32 read cycles (or 32 microseconds). The
TMS 4023 NC is designed as a low-cost main-frame memory for large-storage high-performance operations.

logic definition

Negative fogic is assumed.
a) LOGICAL 1 = most negative voltage
b)  LOGICAL 0O = most positive voltage
operation (refer to functional block diagram and timing diagram)
A 10-bit address code selecté any one of the 1024 bits for either Read or Write operation. A Read or Write operation
may be performed with the application of a logic 1 on the chip-enable line. The memory is inhibited with the applica-
tion of a logic 0 to the chip-select line. This renders the data Input/Output line open and ineffective, which allows

wired-OR operation. The address decode is not inhibited however.

Application of a logic O to the Read/Write line will result in a Read operation. This may be presented simultaneously
with or before application of the address code. Read-out is nondestructive.

A logic 1 applied to the Read/Write and chip enable will result in a Write operation. Duration of the Write command
must be at least 560 nanoseconds to ensure that the data is written into memory.

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)

Supply voltages Vpp and Vsg range (SeeNote 1) . . . . . . . . . . . . . . . . . .=24Vto03V
Clock input voltage range (SeeNote 1) . . . . . . . . . . . . . . . . . . . . .=24Vto03V
Data input voltage range (SeeNote 1) . . . . . . . . . . . . . . . . . . . . . .—=-24Vto03V
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . .. ... —25°C to 70°C

L6l AHVYNHE3d

Storage temperaturerange . . . . . . . . .. ... a e oo —55°Cto15000“

NOTE 1: These voltage values are with respect to Vgyp (substrate).

PRELIMINARY DATA SHEET:
Supplementary data will be TEXAS lN STRUMENTS 14-251
published at a later date. INCORPORATED
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TMS 4023 NC

1024-BIT RANDOM-ACCESS MEMORY

functional block diagram and pin configuration

Vsup VDD Vss ¢1 %2 ¢3 ¢4

bvvd b

As Ag A7 Ag Ag

99y

10F 32
COLUMN
DECODER
READ
~®4 AMPLIFIER ‘—L—“
Ao MEMORY
AT—® q0F32 MATRIX ™1 aw —>
Ay —— ROW —® 32 ROWS REFRESH COLUMN 1o
Az ——@ DECODER 32 COLUMNS AMPLIFIER @ GATING
Ay —— (1024 BITS)
| | wreTe ‘
AMPLIFIER
R/W Cc/s
recommended operating conditions
PARAMETER MIN NOM MAX UNITS
Operating Voltage (See Note 1)
Substrate Supply Vsug +1.5 +2.0 +2.5 v
Vss 0 \%
VpD -19 ~20 =21 \
Logic Levels (See Note 1)
Input HIGH level V| ~1.5 +0.3 v
Input LOW level Vi -19 —20 -21 \
Clock Voltage Levels (See Note 1)
Clock HIGH level VaH -1.5 +0.3 v
Clock LOW level Vg —19 -20 —21 \"
Pulse Timing
Pulse widths
Clock pulse width 1 PW¢1 120 ns
Clock pulse width 2 PWg2 130 ns
Clock pulse width 3 PWy3 380 ns
Clock pulse width 4 PW¢4 110 ns
Pulse Spacing
Clock delay tgg1, tdp2. tdp3. tde4d 0 ns
NOTE 1: These voltage values are with respect to Vgg.
— continued
TEXAS INSTRUMENTS
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TMS 4023 NC
1024-BIT RANDOM-ACCESS MEMORY

recommended operating conditions (continued)

PARAMETER MIN NOM MAX UNITS
Pulse Spacing (continued)
Address setup tas 10 ns
Address hold taoH 10 ns
Chip-select setup time tcg 0 ns
Chip-select hold time tch 0 ns
R/W overlap C/S twg and tyH 10 ns
Data setup tpg ) 10 ns
Data hold tpH 10 ns
Refreshing time TRep 2 ms

static electrical characteristics (under recommended operating conditions and for T4 = 0°C to 70°C)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Leakage Current ’

Substrate 100 MA

Address Input 1 uA

Clock Input 1 uA

C/s Chip Select 1 MA

R/W Read/Write 1 uA

I/0 Input/Qutput 1 HA
Output High Current

los Sense RLOAD = 200 Q 1.1 mA
Supply Current Drain

'pp Drain Supply 1.0 mA

dynamic electrical characteristics {under recommended operating conditions and for Tp = 0°C to 70°C)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Cycle Time CLOAD = 100pF, 900 ns
RL_OAD =200 22,
0D Output Delay VRef = 180 mV 350 ns
taCC  Access time (Note 2) CLOAD = 100 pF, 650 ns
RLoOAD = 200 Q2.
tAD Available data on output VREF = 180 mV 50 ns
Capacitance
CiN Address Input 5 8 pF
€01:Co2 g1k 17 20 pF
Co3. Coa
Cc/s Chip Select 9 " pF
R/W Read/Write 8 10 pF
1/0 Input/Qutput
Chip Selected 24 27 pF
Chip Not Selected 7 9 pF

NOTE 2: Access time is given for rise and fall times of input signals of no more than 15 ns.

TEXAS INSTRUMENTS

INCORPORATED -
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TMS 4023 NC
1024-BIT RANDOM-ACCESS MEMORY

timing diagram and voltage waveforms
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TMS 4023 NC
1024-BIT RANDOM-ACCESS MEMORY

TTL interface

? Vss
VREF
Q Vsus ADJUST.
DATA INPUT
£
LEVEL
> SHIFT- |LogicINpuTs |  TMS 4023 NC R >___ m s
ERS DATA I >
ouTPUT
STROBE

6 Vpp

mechanical data and pin configuration

The TMS 4023 NC is mounted in a 24-pin dual-in-line plastic package, designed for insertion in mounting-hole rows on
0.600-inch centers. (See MOS/LSI packaging section.)

PINNO. FUNCTION PIN NO. FUNCTION
1 - 13 -
24 " 2 Ag 14 1/0
3 Ag 15 c/s
a0 M[nn 3 A7 16 RW
5 Vss 17 A1
D) TOP VIEW 6 Ag 18 Ao
7 As 19 #3
° 8 Ag 20 VDD
oo gonog 9 A3 21 04
1 12 10 A2 22 #1
11 - 23 ¢2
12 - 24 Vsus
PRINTED IN U.S.A.
Ti cannot ibility f ny circuits sh
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MOs TMS 4025 NC
LSI 2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

features
L] Low power dissipation
Full decode
Access time — 280 nsec max
Cycle time — 640 nsec max
High output-current capability (2 mA typ)
Low-threshold technology

24-pin plastic package

description

The TMS 4025 NC is a 1024-word by 2-bit random-access memory, constructed on a single chip, with MOS P-channel
enhancement-mode transistors. The device has two 1024-bit storage arrays with a 10-bit address decode common to
both. There are two input chip selects — one for each array.

The address decode as weli as the memory arrays are implemented with dynamic circuitry, thus enabling low power dis-
sipation. Data stored in memory is nondestructively read. Refreshing of stored data is required every two milliseconds

and refreshing the entire 2048 bits is accomplished with 16 Read cycles.

The outputs of the device are open ended, allowing several circuits to be wired-OR. The information read from the ar-
ray is opposite in polarity to the write input.

The TMS 4025 NC is fabricated with a thick -oxide, low-threshold, self-aligned gate process.

logic definition

Positive logic is assumed.
a)  LOGICAL 1 = most positive voltage
b)  LOGICAL O = most negative voltage

operation

The Precharge Cycle ¢1 is used to set up the dynamic decode logic for address selection, which occurs during Generate
Time ¢2.

During the Generate Time ¢2 the address decode is propagated and the memory arrays are precharged. With the return
of ¢7 to the most positive voltage, the propagation of selected X-rows (1 of 16) of both arrays is initiated. During the
Read/Write time ¢3 the information in the two bits selected by the Y decode is then available at the output in 60 nsec.

If a Read cycle is required, the data can be sampled at this time. An additional 180 nsec is required in the cycle to as-
sure the completion of the refresh cycle. If a Write cycle is required, the Write strobe should be initiated 90 nsec after
the $3 signal concurrent with the new information being written. The remaining positions in the X-row (not being
written into) will complete the refresh cycle.

All X-rows not read during a 2-msec period should be refreshed via Read cycle to assure the integrity of the data.

PRELIMINARY DATA SHEET:
Supplementary data will be TEXAS ]N STRUMENTS
published at a later date. INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TMS 4025 NC
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

functional block diagram and pin configuration
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DECODE
- READ/WRITE
»| LOGIC Ny
1024 x 1 < -
MEMORY CELL
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CHIP

SELECT [«—— C/fS,

DECODE
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TMS 4025 NC
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage Vpp and Vsg range (See Note 1) . . . . .
Clock input voltage range (See Note 1) ..

Data input voltage range (See Note 1) .

Operating free-air temperature range

Storage temperature range .

NOTE 1: These voltage values are with respect to Vgyg (Substrate).

. —24Vt003V
. —24Vt003V

. =24V 1003V
. —25°C 10 70°C
—25°C to 150°C

14-258
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TMS 4025 NC
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

recommended operating conditions (see note 2)

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

PARAMETER MIN NOM MAX UNITS
Operating Voltage
Substrate Voltage Vgyg 1.5 2.0 25 \
Drain supply Vpp -17 —-16 —-15 \Y
Logic Levels
Input HIGH level VY -1.5 0 +0.3 \
Input LOW level Vi -17 -16 —15 \Y
Clock Voltage Levels
Clock HIGH level Vg -1.0 0o +0.3 \
Clock LOW level V| -17 —16 -15 \Y
Pulse Timing
Pulse transition tr, ty 1000 ns
Clock pulse width of ¢4 PW4 90 ns
Clock pulse width of ¢ PW5 170 ns
Clock pulse width of 3 PW3
(READ and REF) 220 ns
(WRITE) 280 ns
Clock delay from ¢ to ¢ Pgq 0 ns
Clock delay from ¢ to ¢3 P42 0 ne
Clock delay from ¢3 to ¢q Py3 0 ns
Address set-up time Pag 0 ns
Address hold time Pay 0 ns
¢3-to-write pulse delay time Pgyy 90 ns
Write pulse width Pww 150 ns
Pulse Spacing
Data set-up time Ppg 10 ns
Data hold time Ppy 10 ns
Chip select set-up time Pcg 0 ns
Chip select hold time PcH 0 ns
Cycle time (Read and Refresh) 580 ns
Cycle time (Write) 640 ns
Strobe data width Pg 150 ns
Refreshing Time °Ref 2 msec
NOTE 2: These voltage values are with respect to Vss.
static electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Output High Current
Sense 10g(H) Load = 100 © 1.2 2.0 mA
Output Leakage Current 1| (QUT) VouTt =—-16V 1 uA
Input (Load) Current 1_(1N) ViN=—16V 1 MA
Substraie Leakage Current Igyp VsuB =+2V 100 BA
Supply Current Ipp
during PW1 3 5 mA
during PWy 6 9 mA
during PW3 2.5 4 mA
Average Supply Current Ipp(AV) 3.5 6 mA
INSTRUMENTS 14.259
NCORPORATED



TMS 4025 NC ‘
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

dynamic electrical characteristics (under nominal operating conditions from 0°C to 70°C unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
End of ¢7 to output delay Pgp Load = 100 @ 45 60 ns
Address-to-output access time Paocct 10S(HIGH) = 0.8 MA min, 265 280 ns
¢1-to-output access time Pace2 'OS(LOW} =0.2mA min 385 400 ns
Address Capacitarnce

Ag through A3 F =1 MHz at 25°C, 8 11 pF

A4 through Ag Va =Vss 6 8 pF

Ag 4 6 pF
Clock capacitance ¢4 18 22 pF
Clock capacitance ¢ F =1 MHz, Vy = Vgg at 25°C 30 38 pF
Clock capacitance ¢3 35 42 pF
Read/Write Capacitance

Chips selected F=1MHz, 27 33 pF

Chips not selected VR/w = Vgg at 26°C 15 20 pF
Data Input Capacitance

Chips selected F=1MHz, 20 25 pF

Chips not selected Vin = Vgg at 25°C 5 7 pF
Data Output Capacitance

Chips selected F =1MHz, 8 12 pF

Chips not selected Vout = Vsg at 25°C 3 5 pF

TTL interface
+16V
Vsus
T Vss
<
— s:f:TEeLn DATAIN | 4026 NC DATA OUT _> P T

SN75107
SN75108
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TMS 4025 NC
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing diagram and voltage waveforms
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mechanical data

The TMS 4025 NC is mounted in a 24-pin plastic dual-in-line package, designed for insertion in mounting-hole rows on

0.600-inch centers. (See MOS/LSI packaging section.)
— continued
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TMS 4025 NC

2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

mechanical data (continued)
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PIN NO. FUNCTION

13 Aq

14 Ag

15 62

16 NC
17 C/S2
18 R/W
19 ouT2
20 N7
21 Ag
22 Ag
23 A7
24 Vss
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SPECIAL-PURPOSE DEVICES

This section presents special-purpose devices produced by TI.

1)  Analog Switches

The MOS transistor takes its place among the many techniques available to the designer for analog
switching, which include:

o  Mechanical choppers
e  Bipolar transistors
e FETs
e  Photoelectrical devices
It has several definite advantages over other techniques:

a) If there is no activating signal, the resistance between drain and source is extremely large
and all inputs are insulated.

b) The MOS transistor is completely symmetrical with respect to its source and drain (the more
positive terminal is called the source). Depending on the voltage applied, either side of the
transistor can act as source or drain.

c) The gate of the transistor is completely insulated and does not draw current.

Tl presently manufactures the following devices.

TMS 6000 JC/NC 10-channel common-source analog switch
TMS 6002 JC/NC 6-channel common-drain analog switch

TMS 6005 JC/NC 6-channel common-source analog switch
TMS 6009 JC/NC 6-channel common-source analog switch

2) Digital-Storage Buffers

The TMS 4006 JC is a first-in first-out store, particularly useful in communication applications. It
allows the user to buffer digital information coming from a transmission line.

T EXAS INSTRU MENTS 14-263
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MOS TMS 4006 JC, TMS 4006 NC
LSI : DIGITAL STORAGE BUFFER

features

o Asynchronous input and output clocks
Serial or parallel input capability

No minimum clock rate (long-term storage)
Low output impedance

Doubie-ended buffer

28-pin CDIP or dual-in-line plastic package
Memory expansion by cascading units

description

The TMS 4006 JC/NC is a data storage register with a capacity of 11 or 13 words of 6 bits each. It performs storage on
a first-in first-out basis. The device employs 2 method of storage commonly referred to as ‘‘silo’”” mode.

Input and output of the digital storage buffer operate entirely independently. A word is transferred into the TMS 4006
JC/NC on the positive-going edge of the data input clock (DIC). A word is transferred out of the register on the positive
going edge of the data output clock (DOC).

The input and output clocks are completely independent of each other. There is no minimum clock rate. Logic used in
the TMS 4006 JC/NC is purely static and the device has long-term retention.

Once a character is entered it will be stored temporarily in the first available register. A control logic associated with
the next register will indicate whether or not that register already contains a valid word. If the next register is full,
the input word will stay in the first register. If the next register is empty the word will fall down in parallel and be
transferred. This operation will be repeated time after time until a full register is met. The operation is completely
independent of the input, output clocks, and of all terminals.

The input word can be loaded either in serial or in parallel.

To load the device in parallel, the serial parallel (S/P) control must be at a logic 1.

To load in serial, the S/P control must be at a logical 0. A marker bit will be loaded concurrently with the first shift
pulse (data input clock). This marker bit will be a logical 0. In serial mode the input word will then be 7 bits (1 marker
bit and 6 data bits). Parallel inputs should be held at less than —10 volts or left floating. In parallel operation, the

serial input should be held greater than —1.5 volts or left floating.

The TMS 4006 JC/NC can store 11 words when operating in the serial mode and 13 words when operating in the
parallel mode.

When in serial mode a word cannot be “all zero”’; at least one of the data bits must be a 1.
Several outputs will allow the user to find out how much data is stored in the TMS 4006 JC/NC:

A Flag 1 output will indicate whether the first (first-in word) register is full.
A Flag 10 output will indicate whether the 10th register is full.

A Flag 13 output will indicate whether the 13th register is full.
Flag outputs may be used to generate a readout command when a certain number of registers are full.

An ADIS (any data-in storage) output allows the user to detect lock-up, which may occur if power supplies are discon-
nected. Different outputs on ADIS and Flag 1 indicate lock-up. The register must then be cleared.

14-264
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TMS 4006 JC, TMS 4006 NC
DIGITAL STORAGE BUFFER

description (continued)
A Clear input will allow the user to clear all the registers of the TMS 4006 JC/NC simultaneously.

TMS 4006 JC/NC can be connected in cascade or in parallel to extend system storage capacity in increments of six digits
and/or 13 characters. To extend the character positions, two controls are provided: a next-register input clock (NRC),
which provides the input clock signal to the next register in a cascaded string, and a previous-register output clock (PRC)
which provides the output clock signal to the previous register in a cascaded string.

““TMS 4006 JC” is the part number for a unit mounted in a 28-pin ceramic dual-in-line package. In a 28-pin plastic
package the device is numbered ‘“TMS 4006 NC"'.

operation

Transferring data into the device occurs on the positive-going edge of DIC. Output data appears on the positive-going
edge of the DOC and resets to one on the negative-going edge of the DOC.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage Vpp range* e U AA X I AY)
Supply voltage Vg range™ . . e e . . . . . . . . . . . . . . . ... .-30Vto03v
Clock and data input voltageranges® . . . . . . . . . . . . . . . . . . . . . .-30Vt05V
Operating free-air temperatureranges . . . . . . . . . . . . . . . . . . . . . . —25°Cto85°C
Storage temperaturerange . . . . . . . . . . . . . +« « . . . . . . . . .. -bB5°Cto150°C

* These voltages are with respect to network ground terminal.

recommended operating conditions

CHARACTERISTICS MIN NOM MAX UNIT

Supply voltage VGG —23 —24 —28 \"
Supply voltage Vpp —-13 —-14 —18 \
Data input voltage

Vin(0) logical 0 0 —-2.0 -3.0 \%

Vin(1) 'ogical 1 -1 -12 —16 \
Clock input voltage

V(0) logical O 0 -2.0 -3.0 Vv

V(1) logical 1 -1 —-12 -16 \%
S/P input

Serial mode -0.3 0 -1.5 A\

Paraliel mode -23 —24 —28 \
Clear command

Logical 0 +0.3 0 —15 \Y

Logical 1 —23 —24 —28 \Y
Marker bit for serial input V] -2.0 -3.0 \
Width of data pulse tp(data)t 10 usec
Rise-time of clock pulses, tr(clock) T 2 usec
Fall-time of clock pulses, t¢({ciock)t 2 usec
Clock repetition rateT 0 250 kHz
Width of clock pulses, tp(clock) T 5 usec
Overlap of data to clock, toyt 0 1.0 usec

t See Timing Diagram-
NOTE: Maximum speed of operation will be obtained when operating at the nominal values. The design of the unit permits a broad range of
operation that allows the user to take advantage of readily available power supplies.
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TMS 4006

JC, TMS 4006 NC

DIGITAL STORAGE BUFFER

electrical characteristics (under nominal operating conditions at 25°C unless otherwise specified)

PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
Vout(1) Logical 1 output voltage =11 —16 \Y
Vout(0) Logical 0 output voltage -2.0 -2.5 -3.0 v
Zout Output impedance Vout=0to 3V 700 1000 Q
All flag outputs* R < 50 k£ to GND 45 uA
: Ry_=>500 k2 to GND
PRC (1) Previous register clock logical 1 level -8 -10 -12 Vv
VIOUS regis Cl g CL<20pF
R|_=>500 k2 to GND,
PRC (0) Previous register clock logical O level -2.0 -25 -3.0 \%
( revious regi ck log CL<20pF
R =500 kS2 to GND
NRC (1) Next register clock logical 1 level -8 -10 —-12 \Y
( xtred 9 cL <20pF
R 2500 kS2 to GND
NRC (0) Next register clock logical O level -2.0 —2.5 -3.0 \%
xtreg 9 cL<20pF
Vihn=—15V, Vpp=0V,
lj Logical 1 level input leakage current 6.0 A
in(1) gi p 9 VGG =0V M
Logical 1 level input leakage current V{n =-20V, Vpp=0V,
lintl)g : > 100 | A
into the clock input Vgg =0V
Vin=0V, Ta =25°C,
Cin Capacitance of data input n A 3.0 5.0 pF
F(clock) = 25 kHz
Vin=0V, Ta =25°C,
Cing Capacitance of clock inputs n A 3.0 5.0 pF
F(clock) = 25 kHz
DD Supply current into Vpp terminal Vpp=-14V, Vgg=-24V 20 30 mA
IGG Supply current into Vg terminal Vpp=-14V, VgGg=-24V 4 10 mA
Power dissipation 250 mwW
* Includes SYNC, 1st Fiag, 10th Flag, 13th Flag and ADIS.
switching characteristics
PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
Propagation delay time to logical 1
level f DIC to a nce of data
tpd1 evel from ° ppe:ara © . (See Timing Diagram) 5 7 usec
at output of empty register (13 regis-
ter levels of delay)
Propagation delay time to logical 0
level fi DIC t f dat;
tpdO vel trom °© appt{arance ° da. a (See Timing Diagram) 5 7 usec
at output of empty register (13 regis-
ter levels of delay)
Propagation delay time to Flag 10 turn-
tpda on from DIC to appearance of data at (See Timing Diagram) 1 2 usec
level 10 (4 register levels of delay).
Propagation delay time to Flag 10 turn-
tpdb off from DOC to disappearance of data (See Timing Diagram) 3 5 usec
at level 10 (10 register levels of delay)
Propagation delay time to Flag 13 turn-
tphdc off from DOC to disappearance of data (See Timing Diagram) 5 7 usec
at level 13 (13 register levels of delay).
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TMS 4006 JC, TMS 4006 NC
DIGITAL STORAGE BUFFER

functional block diagram

13TH SYNC SOATA PARALLEL
PRC FLAGOUT OUTPUT DIC INPUT DATA INPUTS
t _— L ‘ l 6 s la |3 |2 |1
R
r L
¢ ¥ e K’
. SERIAL. _r—" CONTROL-13 Lo p
o] s | 3 IR IR IRIR!
TROL CONTROL-12 | > [ O I T
3 TT T ¢ 4§ ]
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FLAG | l
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TMS 4006 JC, TMS 4006 NC
DIGITAL STORAGE BUFFER

timing diagram and waveforms
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TMS 4006 JC, TMS 4006 NC

DIGITAL STORAGE BUFFER
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TMS 4006 JC, TMS 4006 NC
DIGITAL STORAGE BUFFER

mechanical data
The digital storage buffer is available in both a 28-pin hermetically sealed dual-in-iine package (TMS 4006 JC) and a

28-pin dual-in-line plastic package (TMS 4006 NC). The package is designed for insertion in mounting-hole rows on
0.600-inch centers. (See MOS/LSI packaging section.) .

pin configuration

SERIAL PARALLEL DATA IN
Pnc S/P CLEAR mc N
SYNC REGISTER NO. 13 ——’ FLAG 13
ADIS REGISTER NO. 12
REGISTER NO. 11
CONTROL REGISTER NO. 10 ‘—‘@ FLAG 10
LoGIC
! SECTION i '
[ ! i
| t |
REGISTER NO. 2
REGISTER NO. 1 ———@) FLAG 1
NRC DOC VGG Vop Vss
PARALLEL DATA out
PRC - PREVIOUS-REGISTER CLOCK
NRC - NEXT-REGISTER CLOCK
28 15
AOIS ~  ANY DATA IN STORAGE
oononnonnooonnn
s/ - SERIAL/PARALLEL CONTROL
pIC —  DATAJINPUT CLOCK D TOP VIEW
ooc - DATA-OUTPUT CLOCK o
Vss - SUBSTRATE UULJULJULJLJLJUUUUH
Voo ~  DRAIN POWER SUPPLY !
Vo ~  GATE POWER SUPPLY
TEXAS INSTRUMENTS
14'210 INCORPORATED
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TMS 4006 JC, TMS 4006 NC
DIGITAL STORAGE BUFFER

memory expansion

DSBs can be connected in cascade or in parallel to extend system storage capacity in increments of six digits and/or 13

characters. To extend the character positions, two controls are provided: an NRC which provides the input clock
signal to the next register in a cascaded string, and a PRC which provides the output clock signal to the previous register

in a cascaded string. There is no limit, in terms of performance, to the number of registers in a cascaded string. To ex-
tend the digit positions, the input and output control signals of a number of registers are tied in parallel. N registers
tied in this fashion to store 6N digit characters can only accept characters serially in 6-bit sub-characters with the re-

striction that a marker pulse must proceed each 6-bit sub-character. There are no restrictions on input character format

in the parallel mode.

a) Cascading
10V 0V +14V
INPUT CLO:Kl l l j ] l
—{ DIC Vgg Vpp Vss NRC > pic
[}
8
—— > 9
5 T
5J > > — |3
2 TMS 4006 JC/NC TMS 4006 JC/NC U‘
= | > — >
< 4
o >
| > | 2
]
- ¢
-
poc g PRC ooc [/
OUTPUT CLOCK
Digital storage buffers can be cascaded very simply to provide extra capacity since all the control clocks and gating are
generated internally permitting direct connection of one DSB to the next.
b) Paralleling
INPUT WORD
~ ™~
—— FLAG 13
DIC
—— FLAG 10
F—— FLAG1
DOC —@—
—/
OUTPUT WORD

PRINTED IN US.A
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MOS
LSI

TMS 6000 JR, TMS 6000 NC
COMMON-SOURCE 10-CHANNEL ANALOG SWITCH

DESIGNED FOR HIGH-SPEED MULTIPLEXING APPLICATIONS

description

[ Dual-in-line package
®  RDS(ON) =200 Q

The TMS 6000 JR/NC analog switch is a P-channel enhancement-mode MOS monolithic integrated circuit, designed for
high-speed multiplexing applications. It consists of ten MOS transistors having all ten sources interconnected.

A gate input impedance greater than 1010 ohms coupled with low-source-cutoff current, zero inherent offset voltage,
and low on-state resistance ideally suits these switches for time-division multiplexing of analog and digital signals.

‘“TMS 6000 JR" designates a unit mounted in a 24-pin hermetically sealed ceramic dual-in-line package, and “TMS 6000
NC’ is the part number for a unit mounted in a 24-pin dual-in-line plastic package.

schematic and pin configuration

TOP VIEW

s Gy Gy Gg G, Gg G Gy Gy G, Gy NC

24 23} J22 |42 20 19 18— 17— 16 }— 15 }— 14} 413

ﬁl - } T . i r . r T

1 [ 2 3 4a 15 6 7 8 9 w1112

Dy Dy Dg D, Dg Dg D, D; D, D4 vgg NC
D = Drain G = Gate S = Source Vgg = Substrate NC = No Connection

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Drain-source voltage . . =30V
Gate-source voltage . . =30V
Gate-drain voltage . =30V
Drain current . Coe .o —-50 mA
Operating free-air temperature range —55°C to 85°C

Storage temperature range .

—55°C to 150°C
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TMS 6000 JR, TMS 6000 NC
COMMON-SOURCE 10-CHANNEL ANALOG SWITCH

electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

V(BR)DSS Drain-source breakdown voltage |Ip = —10 uA, Vgs=0V -30 \

V(BR)GSS Gate-source breakdown voltage [IGg=—10uA, Vps=0V -30 \
Source-drain breakdown

V(BR)SDS Ig=—10 kA, Vgp=0V -30 A\
voltage

IGSSF Gate-terminal forward current  [Vgs=—-20V, Vps=0V —0.05 -1 nA
Zero-gate-voltage drain

Ipss Vps=-20V, Vgs =0V -3 nA
current

Zero-gate-voltage source
Isps Vgp=-20V, Vgp=0 —6 nA
current

Gate-source threshold

VGsi(th) Vps=0V, Ip=—-10uA -25 —4 -6 v
voltage
Static-drain-source on-state

'DS(on) Vgs=-20V, Ip = —100 pA 140 200 Q
resistance
Small-signal common-source Vps=-10V, Vgs=-10V,

Yl 3 mmho
forward transadmittance f=1kHz

C(in) Input capacitance (See Note 1) |Vps=-5V, Vgs=0V 4 7 pF

Vgp=-5V, Vgs=-5V,

Clout) Output capacitance (See Note 2) =1 MH: 13 20 pF
Gate-source capacitance Vps=0V, Vgs=0V,

Cgs 3 45 pF
(See Note 3) f=1MHz
Gate-drain capacitance Vps=0V, Vgs =0V

Cgd 2 3 pF
(See Note 3) f=1MHz

td(on) Turn on delay time See Switching Circuit 22 33 ns

NOTES: 1. C(jn) is the capacitance between the drain terminal and all other terminals of the transistor under test.

N

. C(out) is the capacitance between the source terminal and all other terminals of the transistor under test.
3. Cgsand ng measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The drain and substrate,
respectively, are connected to the guard terminal of the bridge.

mechanical data

This device is available in both a 24-pin hermetically sealed ceramic dual-in-line package (TMS 6000 JR) and a 24-pin
plastic package (TMS 6000 NC). The packages are designed for insertion in mounting-hole rows on 0.600-inch centers.
(See MOS/LSI packaging section.)
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TMS 6000 JR, TMS 6000 NC
COMMON-SOURCE 10-CHANNEL ANALOG SWITCH

switching characteristics

PARAMETER MEASUREMENT INFORMATION

INPUT oV 10%
SWITCH UNDER TEST h
INPUT |
-5vo—I T-—< outpur TV -TTT

160ks2 :' (SEE NOTE B) i to
C_ =18 pF
t I

>———~:r . 1

=

90%

TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 1

NOTES: A. The input waveform is supplied by a generator with the following characteristics: t, <10 ns, Zout = 50 Q2.
B. Waveforms are monitored on an oscilloscope with the following characteristics: t <10 ns, Rjp 210 ML, C_ includes oscilloscope
input capacitance plus stray capacitance.

TYPICAL CHARACTERISTICS

STATIC DRAIN-SOURCE STATIC DRAIN-SOURCE
ON-STATE RESISTANCE ON-STATE RESISTANCE
vs
vs
FREE-AIR TEMPERATURE ~ GATE-SOURCE VOLTAGE
o 200 é 1000
Vgg = —-20V Ip =-100 uA
§ 10 | VoS 5 oo ° g
k- Ip = —100 uA 3 Ta=°C
160 € g8oo
« s -4
Py s
§ 140 % 700
& 13
2 o
5 120 = g 600
8 5
5 100 13 500
3 £
£ g
s 80 5 400
] 2
g 60 s 300
i a
3 4 - 200
5 2 —
E 20 g 100 —
-4
@ 0 0
-7 -50 -25 o 25 50 75 100 0 -5 -10 —-15 -20 25 -30
T — Free-Air Temperature — °C VGs — Gate-Source Voltage — V
FIGURE 2 FIGURE 3

typical applications data

in the following circuit, each input is sequentially connected through an MOS switch to an output circuit represented by
load resistance R. A Series 54/74 TTL counter and decimal decoder are used to obtain sequential driving from a-single
clock.

An interface circuit using a PNP transistor translates TTL output voltage levels to those required by the MOS switch. In
this cjrcuit, +5 volts is used to turn the switch off, —20 volts is used to turn it on. Because the transistor saturates, a
storage time exists which delays turn-off. This delay (about 150 to 300 ns) is used in the interface circuit shown to
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TMS 6000 JR, TMS 6000 NC
COMMON-SOURCE 10-CHANNEL ANALOG SWITCH

typical applications data (continued)

allow the previous MOS switch to turn off completely before the next one turns on. Clock frequency, telock, is limited
by interfoce circuit storage and fall times to about 250 kHz before these times become an appreciable fraction of a clock
cycle.

The substrate is bic =d at +12 V to allow the drains and sources of the MOS switches to go positive without forward-
biasing the drair-substrate and source-substrate diffused diodes. Only leakage current flows into the substrate, so the

simple RC filter . hown is sufficient to prevent noise from the +12 volt supply from interfering with switch operation.

DIRECT-COUPLED MULTIPLEXER ADDRESSE™ FROM SERIES 54/74 TTL

MAXIMUM INPUT VOLTAGE

INPUTS  EXCURSION = 5V

5V 0—¢

-
e o & g
w
BORURNRY g
l; 2
Y

O T S P A S

o - ] JiS

A TOTAL OF 10 INTERFACE CIRCUITS
IDENTICAL TO THE ONE AT THE LEFT

S A EEEEEEES

SN5442/SN7442 (BCD TO- DEClMAL DECODER)
C D

1

L

«

120 pF f,
/‘[\ <

A B [+ D
cLOCK £ < N SN5490/SN7490
L -
250 kidz A DECADE COUNTER
BD Ro(1) 39(2)
Ro(2) = Ro(1)
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mos | TMS 6002 JR, TMS 6002 NC
LSi SIX-CHANNEL ANALOG SWITCHES

DESIGNED FOR HIGH-SPEED MULTIPLEXING APPLICATIONS
® Dual-in-line ceramic or plastic package
® Rps(on) - .- 2008 ma;(imum

description

The TMS 6002 JR/NC analog switch is a P-channel enhancement-mode MOS monolithic integrated circuit, utilizing thick-
oxide technology. This general-purpose device consists of six MOS transistors having all six gates interconnected. The
common gate is protected by a diode circuit and must be switched by an external driver. The analog switch is packaged

in 16-pin dual-in-line ceramic package.
A gate input impedance greater than 1010 ohms coupled with low source-cutoff current, zero inherent offset voltage,
and low on-state resistance ideally suits this switch for time-division multiplexing.

schematic and pin configuration

This device is available in both a 16-pin hermetically sealed ceramic dual-in-line package {TMS 6000 JR) and a 16-pin
plastic package (TMS 6002 NC).- The packages are designed for insertion in mounting-hole rows on 0.300-inch centers.

(See MOS/LSI packaging section.)

TOP VIEW
sus 1D 2D 3D 4D 5D 6D NC
F_ 16 15 14 13 12 11 10 9 b

‘ -
l i
L] [
1 2 3 4 5 6 7 8
1S e 3s 48 88 6S CG NC
NC = No connection S = Source CG = Gate D = Drain
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TMS 6002 JR, TMS 6002 NC
SIX-CHANNEL ANALOG SWITCHES

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) T

Drain-sourcevoltage . . . . . . . . . . . . . . . . . . . . ... . . ... .. .. .-=30V
Forward gate-source voltage (See Note 1) . . . . . . . . . . . . . . . . . . . . . . . .=3V
Gatedrainvoltage . . . . . . . . . . . . . . . . . . . . . . . . ... ... .=30V
Draincurrent . . . . . . . . . . . . . . .. . . . . . . .. .. .. .... -50mA
Gate-terminal reverse current (forward direction for zener clamp) . . . . . . . . . . . . . . . 0.1 mA
Continuous dissipation at (or below) 25°C free-air temperature (see Note 2 . . . . . . . . . . . 50mw
Operating free-air temperature range (SeeNote3) . . . . . . . . . . . . _ . . . . . -55°Cto85°C
Storage temperaturerange . . . . . . . . . . . . . . . . . . . . .. . .. =55Ct0150°C

NOTES: 1. Forward gate-source voltage is of such polarity that an increase in its magnitude above a threshold level causes the channel resistance

to decrease.

2. Derate linearly to 85°C free-air temperature at the rate of 8.3 mW/°C.
3. Operating free-air temperature for TMS 6002 NC is —25°C to +85°C.

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONST MIN TYP MAX UNIT

V(BR)DSS Drain-source breakdown voltage | Ip = —10 uA, VGg=0 -30 \

V(BR)GSS Gate-source breakdown voltage | I = -10uA, Vpg=0 -30 \%

V(BR)SDS Source-drain breakdown voltage | Ig=—10 A, Vgp=0 —30 \
Gate-terminal forward current

IGssF Vgs=-20V, Vpsg=0 0.3 6.0 nA
6 gates

Ipss Zero-gate-voltage drain current | Vpg=—-20V, Vgg=0 3.0 nA
Zero-gate-voltage source

Isps b 9 Vgp=-20V, Vgg=0 6.0 nA
current

VGSs(th) Gate-source threshold voltage VpG =0, Ip=—10uA —2.5 -4 -6 \'
Static drain-source on-state

Rps(on) Vs =-20V, Ip=-100uA 140 200 Q
resistance
Small-signal common gate Vps=—10V, Vgs=—-10V,

bygs | an e s Gs 3 mmho
forward transfer admittance f=1kHz :
Input capacitance Vps=-5V, Vgs =0,

Clin) oS o8 4 7 pF
(See Note 3) f=1MHz
Output capacitance Vgp=-5V, Vgg=-5V,

Clout) so 68 4 7 pF
(See Note 4) =1 MHz
Gate-source capacitance Vps =0, Vgs =0,

Ces e oS Gs 3 45 pF
(See Note 5) f=1MHz
Gate-drain capacitance Vps =0, Vgs =0,

Coa pac DS Gs 2 3 oF

(See Note 5)

tdon Turn on delay time See Switching Circuit 50 75 ns

NOTES: 3. C(jn) is the capacitance between the drain terminal and all other terminals of the transistor under test.
4. C(out) is the capacitance between the source terminal and all other terminals of the transistor under test.
5. cgs and ng measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The drain
and substrate or the source and substrate, respectively, are connected to the guard terminal of the bridge.

T The body (substrate) terminal is grounded to the reference terminal uniess otherwise noted.
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TMS 6002 JR, TMS 6002 NC
SIX-CHANNEL ANALOG SWITCHES

switching characteristics

PARAMETER MEASUREMENT INFORMATION

INPUT
| SWITCH UNDER TEST
-5 Vo—j OUTPUT

160 kQ (SEE NOTE B)

CL=18pF

TEST CIRCUIT

ov 10%
INPUT ’l
~20 V===
le— ton =i
|
OUTPUT 0%
VOLTAGE WAVEFORMS

A. The input waveform is supplied by a generator with the following characteristics: t, < 10 ns, Zout =50 Q.

B. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 10 ns, Rjy > 10 M, C_ includes

TYPICAL CHARACTERISTICS

NOTES:
oscilloscope input capacitance plus stray capacitance.
STATIC DRAIN-SOURCE
ON-STATE RESISTANCE
vs

FREE-AIR TEMPERATURE

s 200

L VGS =-20V

g 180 |1 = —100 uA

2 160

D

o g

g 140 —]

& =

c 120 =

o

@

2 100

F]

3

¢ 80

B

[a]

L eo

=

s

u[: 40

s 2

3

[:4 0

-75 50 -25 0 25 50 75 100

TA—Free-Air Temperature—oc

RDS(on)—Stanc Drain-Source On-State Resistance—$2

STATIC DRAIN-SOURCE
ON-STATE RESISTANCE

vs
GATE-SOURCE VOLTAGE

1000

'D =—100 A
900 | =25°
TA 25C

800

700

600

500

400

300

200

100

0 -5 -10 -15 —-20 —-25 -30
VGS—Gate~Source Voltage—V

]
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MOS TMS 6005 JR, NC; TMS 6009 JR, NC
LSl SIX-CHANNEL ANALOG SWITCHES

DESIGNED FOR HIGH-SPEED MULTIPLEXING APPLICATIONS
L] Dual-in-line package

. rDS(on) - - - 200 § max

1461 ‘AHVNYE3d

description

The TMS 6005 JR/NC and TMS 6009 JR/NC ana-
log switches are P-channel enhancement-mode MOS
monolithic integrated circuits utilizing thick-oxide
technology. Each consists of six MOS transistors hav-

TOP VIEW

ing all six sources interconnected. The gate of each B gnggn 10 9
MOS device is protected by a diode circuit and must

be switched by an external driver. The analog switch- T ° ° o °

es are packaged in 16-pin dual-in-line ceramic pack- IA IA I“ IA A IA

ages or 16-pin plastic packages. 1 | 11 1 1

The TMS 6009 JR/NC is intended for applications
requiring extremely low leakage currents. The
TMS 6005 JR/NC is a general-purpose device. &1 * ® hd ® A

A gate input impedance greater than 1010 ohms
coupled with low source cutoff current, zero inherent
offset voltage, and low on-state resistance makes
these switches ideally suited for time-division multi- G — Gate S — Source D — Drain
plexing of analog and digital signals. NC — No Internal connection

mechanical data
Mounted in a 16-pin hermetically sealed ceramic dual-in-line package the analog switches are numbered TMS 6005 JR,

and TMS 6009 JR. In 16-pin plastic packages the devices are designated TMS 6005 NC and TMS 6009 NC. The pack-
ages are designed for insertion in mounting-hole rows on 0.300-inch centers. (See MOS/LSI packaging section.)

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Drain-source voltage . . . e VA
Forward gate-source voltage (see Note 1) ! AY]
Gatedrainvoltage . . . . . . . . . . . . . . . . . . .. ... ... ... =3V
Draincurrent . . . . e e e e e e e e e e e —50 mA
Gate-terminal reverse current (forward dvrectlon for zener clamp) OO 0 A 11 VA
Continuous dissipation at (or below) 25°C free-air temperature (seeNote2) . . . . . . . . . . . . . 500mW
Operating free-air temperature range (seeNote3) . . . . . . . . . . .. .. ... ... —-55°Ct0o85°C
Storage temperaturerange . . . . . . . . . . . . . . . 4 . . v 4 e . . ..... =bB5°Cto150°C

NOTES: 1. Forward gate-source voltage is of such polarity that an increase in its magnitude above a threshold level causes the channel
resistance to decrease.
2. Derate linearly to 85°C free-air temperature at the rate of 8.3 mW/°C.

3. Operating temperature range for TMS 6005 NC and TMS 6009 NC is —25 to +85°C.
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TMS 6005 JR, NC: TMS 6009 JR, NC
SIX-CHANNEL ANALOG SWITCHES

electrical characteristics at 25°C free-air temperature

TMS6005JR TMS6009JR
PARAMETER TEST CONDITIONS?
on MIN TYP MAX|MIN TYP MAX uNIT
V(BR)DSS Drain-source breakdown voltage Ip=—10pA, Vgs=0 -30 -30 \'
V(BR)GSS Gate-source breakdown voltage Ig=—10uA, Vpg=0 -30 -30 \
V(BR)SDS Source-drain breakdown voltage Ig=—10uA, Vgp=0 -30 -30 \
IGSSF Gate-terminal forward current VGgs=—-20V, Vpg=0 -5 -0.05 -1 nA
Ipss Zero-gate-voltage drain current Vps=—-20V, Vgg=0 -10 -3 nA
Zero-gate-voltage source current
I Vgp=—-20V, Vgp=0 —-30 -6 nA
SDS (total for six switches) s G
VGs(th) Gate-source threshold voltage VpGg =0, Ip=—10uA |-25 -4 -6 |—-25 -4 -6 v
rpS{on) Static drain-source on-state resistance | Vgg = —20V, Ip = —100 uA 140 200 140 200 9]
Small-signal common-source Vps=—-10V, Vgg=-10V,
Istl 9 m Y DS Gs 3 3 mmho
forward transfer admittance f=1kHz
Vps=-5V, VG=Vg=Vsg
Cyj Input it Note 4 7 4 7 F
(in) nput capacitance (see Note 3) =1 MHz p
Vgp=-5V, Vg=Vs=
C(out) Output capacitance (see Note 4) P ?E: MHz G=Vs=Vss 13 20 13 20 | pF
Vps =0, Vgs =0,
C Gat e itance (see Note 5 3 45 3 45 F
gs e-source capacitance (see Note 5) f=1MHz p
" |vps=0, VGs =0,
Cgd Gate-drain capacitance (see Note 5) DS Gs 2 3 2 3 pF
f=1MHz
ton Turn-on time See Figure 1 50 75 50 75 ns

NOTES:

NOTES: 3. C(jp) is the capacitance between the drain terminal and all other terminals of the transistor under test.

4. C(oyt) is the capacitance between the source terminal and all other terminais of the transistor under test.
5. Cgs and ng measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The drain and substrate or
the source and substrate, respectively, are connected to the guard terminal of the bridge.

tThe body (substrate) terminal is grounded to the reference terminal unless otherwise noted.

PARAMETER MEASUREMENT INFORMATION

switching characteristics

INPUT
l SWITCH UNDER TEST
.5 VJ -[_1 OUTPUT
160 kﬂ}[ l (SEE NOTE B)

>

j\CL=18pF

TEST CIRCUIT

ov 10%
INPUT : '
—-20V— | ‘
le— ton =
ov
i /

OUTPUT

_sv 90%

VOLTAGE WAVEFORMS

A. The input waveform is supplied by a generator with the following characteristics: t, < 10 ns, Zo,¢ = 50 .

B. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 10 ns, Rjp > 10 MQ. Ci includes

oscilloscope input capacitance plus stray capacitance.

FIGURE 1
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TMS 6005 JR, NC; TMS 6009 JR, NC
SIX-CHANNEL ANALOG SWITCHES

rDs(on)—Statnc Drain-Source On-State Resistance—Q

TYPICAL CHARACTERISTICS

STATIC DRAIN-SOURCE
ON-STATE RESISTANCE
vs

FREE-AIR TEMPERATURE

STATIC DRAIN-SOURCE
ON-STATE RESISTANCE

vs
GATE-SOURCE VOLTAGE

200 1000
. Vgg = —20V iﬁ Ip =—100 A
3 o
Ip=—100 4A g 900 [T, =25C

160 % 800
— [

140 — | g 700
| ] S

120 S % 600
o
©

100 g 500
]

80 £ 400
o
a

60 ° 300.
=
o3

40 » 200

20 5 100
172]

0 S

-75 50 25 0 25 50 75 100 0 -5 -10 -15 -—20 -—25 -30
T A——Free-Air Temperature——oc VGS—Gate-Source Voltage—V
FIGURE 2 FIGURE 3

TYPICAL APPLICATION DATA

In the following circuit, each input is sequentially connected through an MQS switch to an output circuit represented by
load resistance R_. A Series 54/74 TTL counter and decimal decoder are used to obtain sequential driving from a
single clock.

An interface circuit using a PNP transistor translates TTL output voltage levels to those required by the MOS switch. In
this circuit, +5 volts is used to turn the switch off, —20 volts is used to turn it on. Because the transistor saturates, a
storage time exists which delays turn-off. This delay (about 150 to 300 ns) is used in the interface circuit shown to allow
the previous MOS switch to turn off completely before the next one turns on. Clock frequency, fclock. is limited by
interface circuit storage and fall times.to about 250 kHz before these times become an appreciable fraction of a clock
cycle.

The substrate is biased at +5 voits to allow the drains and sources of the MOS switches to go positive without forward-
biasing the drain-substrate and source-substrate diffused diodes. Only leakage current flows into the substrate, there-
fore the simple RC filter shown is sufficient to prexent noise from the +5 volts supply from interfering with switch
operation.

TEXAS INSTRUMENTS
INCORPORATED

POST OFFICE BOX 5012 + DALLAS, TEXAS 75222
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TMS 6005 JR, NC;: TMS 6009 JR, NC
SIX-CHANNEL ANALOG SWITCHES

TYPICAL APPLICATION DATA

DIRECT-COUPLED MULTIPLEXER ADDRESSED FROM SERIES 54/74 TTL

INPUTS
N

\ MAXIMUM INPUT VOLTAGE
EXCURSION =+ 5V

0.01 uF r
T

10k
g

HBV

r 820 52
120 pF I‘E 3.9 ks

-20vV

EACH INVERTER IS 1/6
SN5404/SN7404

TMS 6005 JR/NC
OR
TMS 6009 JR/NC

2N5448
9 OR A TOTAL OF 6 INTERFACE CIRCUITS
2N2907 IDENTICAL TO THE ONE AT THE LEFT

A

SEEEE |,

SN5442/SN7442 (BCD-TO-DECIMAL DECODER)

[

)

A 8 c )
cLock IN SN5492/SN7492
1250 kHz A (DIVIDE BY SIX COUNTER)
BC  Ro)  Rog

14.282 TEXASINlcN STRUMENTS
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CUSTOM MOS/LSI

CUSTOM MOS/LSI

MOS/LS!I is very well suited for custom design:

. . X lower package count
High level of integration P g
lower cost

R . R easy simulation
Two dimensional design .
fast turnaround times

high reliability

Simple process
low cost

To respond to the large demand for MOS/LSI custom subsystems, T| has geared its operations to
handle hundreds of custom designs each year.

The level of complexity of MOS/LSI subsystems design is very high. Circuit designs are assisted by other
specialists. A typical team approach to multichip system design will consist of

e  Systems Engineers

e  Circuit Designers

®  Software Specialists

®  Test and Reliability Engineers ,
In order to optimize design and minimize cost, rﬁany computer programs have been developed. In a
typical MOS/LSI multichip design the following computer-aided design will be used to optimize the
design:

®  Subsystem simulation

e  Circuit analysis

e  Circuit simulation

e  Automatic placement and routing (mask design)

e  Manually assisted placement and routing (CRT implementation of mask design)

e  Computer drawing

®  Mask cutting

e  Test pattern generation and grading

Tl's involvement in custom MOS/LSI is complete. The Tl-customer interface is very flexible. Inputs may

range from general requirements (“’Black Box'’ specifications) to finished working glass photomasks. Ex-
perience has shown that the best interface point is with partitioned logic diagrams; however, T| can also

partition your logic diagrams or convert TTL/DTL implemented logic to MOS/LSI.

TEXAS INSTRUMENTS 14-283

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



CUSTOM MOS/LSI

CUSTOMER INPUT Ti OPERATIONS

——

UTOMATIC
PLACEMENT

-

!

i

—————d e

For more information on custom MOS/LSI design please contact the nearest T1 sales office .

14-284 ' TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 s DALLAS, TEXAS 75222



SEMICONDUCTOR MEMORIES

SEMICONDUCTOR MEMORY ARRAYS

Multichip memory arrays are an extension of the line of memory products presently available in both
MOS/LS! and bipolar technologies. Only Tl has the full range of semiconductor technologies,
including MOS/LSI, TTL and ECL, that permit selection of the right technologies to provide optimum
memory performance. .

Economy, high performance, low power requirements, high packaging density, and improved
reliability are among the obvious advantages of multichip memory arrays. The standard arrays use
beam leaded circuit chips thermo-compression bonded to thick film ceramic substrates for highest
reliability. Standard arrays use MOS/LSI random access memory chips with TTL chips performing the
decoding. MOS decoding is also available. Texas Instruments provides the total semiconductor
capability required to produce complex storage functions using the best combination of technologies
to meet system performance requirements.

TEXASI INSTRUMENTS 14-285

NCORPORATED
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PRELIMINARY
PRODUCT SPECIFICATION

SMA 1001
2048-BIT SEMICONDUCTOR MEMORY ARRAY

2048 - BIT

SEMICONDUGTOR RAM STORAGE ARPAY

FEATURES:

e  High density semiconductor storage

description

This specification defines the SMA 1001 256 x 8 MOS
Memory Array to be used as building blocks in a large
Active Element Memory. The 256 x 8 MOS Memory
Array is packaged as eight individual 256 x 1 MOS Mem-
ory Chips beam-leaded to a multilayer ceramic substrate.

organization

The Memory Array is organized as a 256-word by 8-bit
memory. The Array has four power connections, six-
teen X-address connections, sixteen Y-address connec-
tions, eight sense line connections, and sixteen digit line

connections.

operations

Read Mode —

The contents of 8 memory cells may be non-destructively
read from any of the 256 addressable cells on a single
‘memory cycle. The digit lines will be held to the most
negative level during a read operation.

Write Mode —

The contents of one to eight memory cells may be forced
to a ““1" or ""0" state by raising the corresponding bit digit-
1 or digit-0 line to the most positive voltage level. Placing
a high level on both digit-1 and digit-0 lines simultaneously
will not cause damage to the array. A high level on the
digit-1 line corresponds to a sense current (I5(1)) at the

sense output during a read.

Adaptable to a wide variety of memory sy:: ms
Isolated sense line

Minimum of 200 microamperes of sense current
Static operation — no refresh requirements

12 V operation

Ceramic flat pack

SMA 1001 SEMICONDUCTOR MEMORY ARRAY

14-286

The material herein is believed to be
accurate and reliable; however, some
parameters specified are derived from
evaluation units and may change
slightly after full characterization.
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SMA 1001
2048-BIT SEMICONDUCTOR MEMORY ARRAY

operations (continued)
Addressing —
A single memory cell in each of the 8 bits will be addressed by driving one X line and one Y line to the most negative
voltage level. All other X and Y lines will be held at the most positive voltage level. A simultaneous address of up to
256 words by driving multiple X and/or Y lines to the most negative voltage level will not degrade data stored at any
location if all digit lines are held low.

recommended operating conditions

MIN TYP MAX UNITS
Vss 8 10 15 \Y
Operating temperature range with 700 FPM air flow Y 25 70 (°c)
static characteristics (Vgg =12V, T =0- 70°C)
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Ca Address line capacitance Vao=0V 95 pF
Cp Digit line capacitance Vp=0V 32 pF
Cp Digit line capacitance Vp = Vgs 60 pF
Cs Sense line capacitance Vg=0 35 pF
Address line voltage for unaddressed
Va(0) 1S(00) = 2.5 kA MAX 6-13*
state
VA(1)  Address line voltage for addressed state | Ig(1) = 200 A 0.4
Vp(g)  Digit line write voltage VAo =04V, 6-13* 8.5-15.5T
Vp(1) Digit line non-destructive read voitage | Va =0.4V, 0 1.0
Sense line current when addressed
lS(O) Va =04V, Rg=1K 2.5 A
cell contains a (0)
Sense line current when addressed
Is(1) Rg =1 Kor less, Vao=04V 200 KA
cell contains a (1)
IA(2) Address line leakage current vVa=0V 10 KA
Iss Power supply current Vgg =120V 5%, VA = Vssg 85
* The gate to source voltage must be 2 volts or less for any Vgg.
t This voltage must not be greater than Vgg + 0.5 V.
dynamic characteristics (VSS =12V, Tp= 25°C)
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Digit line pulse width for writing into
Tw VAo =04V, Vp =0.9 Vss 50 ns
an addressed cell
Time for sense line current to reach
Ta Va =02V 25 ns

90% of final value after addressing

mechanical data

This semiconductor memory array consists of 8 individual beam leaded MOS memory chips thermocompression bonded n

to a multi-level interconnect system and contained in a epoxy sealed ceramic package.

The MOS chips are processed using low threshold nitride process. Beam leads and the internal interconnections are corro-
sion resistant and all contacts are gold to gold.
The package has a flat pack lead configuration with 60 leads on four sides on 50 mil centers.

The material herein is believed to be

accurate and reliable; however, some
parameters specified are derived from
evaluation units and may change

slightly after full characterization.

TEXAS INSTRUMENTS
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SMA 1001
2048-BIT SEMICONDUCTOR MEMORY ARRAY

mechanical data (continued)

L 1.25 TYP
I 46
[ — e ——————
[——— P
—_— e
e ° e
— =
[ — p—
[ e
16 31
125 1.10 sQ

OUTLINE DIMENSIONS

pin configuration

P|

N

-
[=]

© 0N A WN =

FUNCTION PIN FUNCTION

Yis 11 X7
Y1e 12 Xg
S 13 X5
Xg 14 Xq
D15 15 X3
VbD1 16 Se
Do-5 17 D16
S4 18 Vpp2
D1.4 19 X2
Do.4 - 20 X1

PIN
21
22
23
24
25
26
27

29

FUNCTION
Do.
Yg
Y7
Ye
Ys
Ya
Dosg
Di.g
Y3
Y2

PIN
31
32
33

35

88498

40

FUNCTION
Sg
Y1
Vss1
X9
X10
S2
D12
Dg2
Dg-7
Dq.7

PIN
41
42
43

45
46
47

49
50

S7

Vss2

X11
X12
$1

X13
X14
X15
X16
D19

FUNCTION

H

PIN
51
52
83
53
65
56
57
58
59

FUNCTION
Dg-1
Yo
Y10
Y11
Y12
Y13
S3
D13
Y14
Do-3

14-288

The material herein is believed to be
accurate and reliable; however, some
parameters specified are derived from
evaluation units and may. change
slightly after full characterization.

TEXAS INSTRUMENTS

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

INCORPORATED




SMA 2001
PRODUCT SPLCIFICATION 2048-BIT SEMICONDUCTOR MEMORY ARRAY

2048-BIT
HigH PERFORMANCE SEMICONDUCTOR RAM ARRAY

description

This specification defines a 2048-bit memory array to be used as a building block for organizing larger memory systems.
The memory array is a multi-chip array made up of beam leaded MOS storage chips and beam leaded bipolar decoding,
sense, write and control chips. This total array is packaged in a ceramic dual-in-line 28 pin package for the commercial
temperature range (0 — 70°C).

features
[ ] Fastread accesstime - . . . . . . . . . . . . . . . . . 12%5ns typical
[ Fastwritetime . . . . . . . . . . . . . . . . . . . 125nstypical
L] Fast cycle time . . . .« « « « .« .« « . . . . . . 150nstypical
[ Low memory power dlssnpatlon . e . . . . . . . . . . . . 0.65mW/bittypical
L] Open collector output for OR tie
L] Directly compatible with DTL and TTL logic circuits
o Easy memory expansion through 4 chip select inputs
o Read strobe control
o Standard TTL loading
L] +5V, GND, -5 V operation
[ DIP packaging

organization

The memory array is organized as a 2K x 1 fully decoded memory.

block diagram

N {" - —: Vss Vcc+q Vec+,
ARRAY SELECT \ _L L
+ e e e - - - — R _1_—_‘ GND
'Tw |
8 KH
Q +— Vec-
sl |
! MOS STORAGE
s |
o +—
ADDRESS — S
w D, |
=]
! |
! ] —
. w |
3l 5 READ ‘ SENSE 11
o | _READ i — -— DATA OUT
DATA IN w AMPLIFIER]| |
MTC ._9.1 WRITE CONTROL |
R/W ! A j |
READ STROBE Il .
L - - —_— = = I — |
The material herein is believed: to be
accurate and reliable; however, some X
parameters specified are derived from TEXASI NlcrﬁRSPOTR%lgIN ENTS 14 289
evaluation units and may change . POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

slightly after full characterization.



SMA 2001
2048-BIT SEMICONDUCTOR MEMORY ARRAY

operation

Read Mode — Binary levels are applied to address lines (TTL levels) and data appears at output at access time (125 ns)
when READ STROBE is LOW and R/W is HIGH in the READ MODE.

Write Mode —  Binary levels are applied to address lines (TTL levels). Data is present at DATA IN. R/W is LOW for
the WRITE mode. READ STROBE is HIGH. MTC is LOW until indicated time in WRITE cycle.

Array Select —  All four array selects must be LOW to have array selected. When array is not selected, array output is
HIGH and data cannot be written into the array.

Timing — Waveform timing is shown on attached timing diagram.

absolute maximum ratings (over operating temperature range unless otherwise noted)f

Vgg(SeeNote 7). . . . . . . . . . Lo e 7V
Vect(SeeNote7) . . . . L L L L L Lo Lo e e e e e 7V
Vee—(SeeNote7) . . . . . . . L L L . L L L .. e e e e e e e .. IV
Input voltage (See Note 8). . . e e e e . . .. ... . . ... . BbYV
Operating Ambient Temperature wnth 700 FPM of air flow e e e e e e e e e e 0to 70°C
Storage temperaturerange.. . . . . . . . . . . . . . + . . . . . . . .. . . —B5t0150°C
Outputsink current (Note 9) . . . . . . . . . . . . . . L . e 20 mA

T Maximum ratings are limits beyond which the life of individual devices may be impaired and are never to be exceeded in service or testing.

recommended operating conditions

MIN NOM MAX

VES -« -+ e e e e e e e e e e e 4.75 50 | 5.25

VCCH v v v o e e e e e e e e 4.75 50 | 5.25

vee— - - Coe e e e e e e e s —4.756 —5.0 |-5.256

Output sink current (See Note 9) .. e e e e 16 mA

Operating Ambient Temperature with 700 FPM of air ﬂow e e e e 0°c 70°C
NOTES: 1. All array selects must be LOW for array to be selected.

1

2. Unselected array data out at HIGH level.

3. Read strobe should be LOW for data out only during read cycle,

4. HIGH data in gives HIGH data out.

5. R/Wis HIGH for read, LOW for write.

6. MTC must be LOW at all times except at end of write cycle.

7. With respect to network ground terminal.

8. Input signals must be zero or positive with respect to network ground terminal.
9.

. Output 1 equals output 2.

14-290

The material herein is believed to be
accurate and reliable; however, some

parameters specified are derived from TEXAS l N ST RU M ENTS
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evaluation units and may change
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SMA 2001
2048-BIT SEMICONDUCTOR MEMORY ARRAY

electrical characteristics (over ambient temperature range unless otherwise noted)

PARAMETE3S TEST CONDITIONST MIN TYP" MAX UNITS
Inputs
WH All inputs ViH=24V, Veet = MAX 40 uA
L except ViL=04V, Vcet = MAX -1.6 mA
ViH R/W and Vet =MIN 2.0 Y
ViL Array Selects Vet = MIN 0.8 \Y
Inputs
hH R/W anu ViH=24V, Vet = MAX 80 uA
L Array Select ) V=04V, Vet = MAX -3.2 mA
ViH inputs ( Vet = MIN 2.0 \%
ViL only Vet = MIN 0.8 \
Outputs
VOoH Open Collector
VoL lsink = 16 mA, \\;gg::m"z‘ 0.4 v
IoH VOH =5.25V, xgg::m‘"\;‘ 250 A
Supply Currents
Icc+ (Includes Igg) 248
lcc— 20
Power Dissipation
Total 1340 mW
Per Bit 0.65 mW
Dynamic Ch. .cteristics (See Timing Diagram)
Read Accest 125 ns
50% input address line change to 50% data RouT =330 2 +5%
output with read strobe LOW and R/W
signal HIGH Court =30 pF
Write Cycle 150 ns
50% input address line change to start of
next cycle
-

* All typical values areat Vrn + = Vgg = —Vgoo—=+6Vaid Tp = 25°C.

T Vect=Vee, = Vee,

The material Yerein is believed to be
accurate and reliable; however, some
parameters specified are derived from
evaluation units and may change
slightly after full characterization.
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SMA 2001
2048-BIT SEMICONDUCTOR MEMORY ARRAY

timing diagram

150

N/
<

B

K

50

<

/

ADDRESS ><
READWRITE "\
_/

FUNCTION
SELECT

_/
o X

READ STROBE
WRITE CY!

DATA OUT

RE.

MTC‘(MEMOR:I-\

TIMING CONTROL) \

READ STROBE ) 4

ENDOF CYCLE

TIME (ns)
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The material herein is believed to be
accurate and reliable; however, some
parameters specified are derived from
evaluation units and may change
slightly after full characterization,
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SMA 2001
2048-BIT SEMICONDUCTOR MEMORY ARRAY

mechanical data

This semiconductor memory array consists of individual beam leaded MOS memory and bipolar interface chips thermo-
compression bonded to a multilevel interconnect system and contained in an epoxy sealed ceramic package.

The package has a dual-in-line configuration with 28 leads on 100 mil centers. This package is intended for insertion

in mounting-hole rows on 1.200 inch centers.

pin configuration

1. GND

2. A0

3. Ag

4. Ag

5. DATAIN1
6. MTC—TIMING CONTROL
7. READ STROBE

8. OUTPUT 1
. OUTPUT 2
10.R/W—READ/WRITE
11.-Vce

'|2.V|::(;2

13.Veey

14.Vgg

}See Note 9 Page 2

©

15.
16.
. AS4—ARRAY SEL
18.
.Ag
20.
21.
22.
. AS2—ARRAY SEL
24,
25,
26.
27.
28.

17

GND
NC

AS3—ARRAY SEL

Aq
A2
A3

AS1—-ARRAY SEL
Ag
As
As
A7

SMA 2001

Serial No. XXXX

. 1,6 £ 0.020 e

0.105 x 0.020
1.150 080 TYP
NOM
[ ) 4
0.011 £ 0.003 T‘ l

NOTES: A. The true-position pin spacing is 0.100 between centerlines. Each pin centerline is located within + 0.010 of its true longitudinal

| k
! I
l._- 1.225 * 025 ——ol

0.020 MIN

position relative to pins @ and .

B. All dimensions in inches.

0.200 TYP
||#—— 0.018 + 0.003

— 0.100 TYPICAL (SEE NOTE A)

The material herein is believed to be
accurate and reliable; however, some
parameters specified are derived from
evaluation units and may change
slightly after full characterization.
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PRELIMINARY ) _ SMA 2002
PRODUCT SPECIFICATION 2048-BIT SEMICONDUCTOR MEMORY ARRAY

2048-BIT
HIEH PERFORMANGE SEMICONDUCTOR RAM AIIIIIY

description

This specification defines a 2048-bit memory array to be used as a building block for organizing larger memory systems.
The memory array is a multi-chip array made up of beam leaded MOS storage chips and beam leaded bipolar decoding,
sense, write and control chips. This total array is packaged in a ceramic dual-in-line 28 pin package for the commercial
temperature range (0 — 70°C).

features
(] Fastread accesstime . . . . . . . . . . . . . . . . . 125nstypical
° Fast writetime . . . . . . . . . . . . . . . . . . . 125nstypical
e Fast cycle time . . . . . . . .+ . . .+ .« . . . . . 150nstypical
° Low memory power dlssmat»on . e v« o« .« « . . . . . . 0.65mW/bit typical
L] Open collector output for OR tie
° Directly compatible with DTL and TTL logic circuits
L] Easy memory expansion through 4 chip select inputs
o Read strobe control
° Standard TTL loading
L] +5V, GND, -5V operation
L] DIP packaging

organization

The memory array is organized as a 1K x 2 fully decoded memory.

block diagram

—_— Vss Veet Vee+
— = 2
1
ARRAY SELECT + e e - — — S
{ T l_ ‘|’ 'l 1_ GND
e |
C—- —+— Vee—
T |
| MOS STORAGE :
4—7
ADDRESS -1 T C—‘ |
—+ A |
! I
' [
—+--1 |
ATA N ———LI - Rese | SEWSE T } Fol
B = ——— — — - - AMPLIFIER
14 MTC | > WRITE CONTROL T
RW } A * I
READ STROBE + [
U |

The material herein is believed to be
accurate and reliable; however, some
14-294 parameters specified are derived from TEXAS l N ST RU M EN TS
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SMA 2002
2048-BIT SEMICONDUCTOR MEMORY ARRAY

operation

Read Mode — Binary levels are applied to address lines (TTL levels) and data appears at output at access time (125 ns)
when READ STROBE is LOW and R/W is HIGH in the READ MODE.

Write Mode — Binary levels are applied to address lines (TTL levels). Data is present at DATA IN. R/W is LOW for
the WRITE mode. READ STROBE is HIGH. MTC is LOW until indicated time in WRITE cycle.

Array Select —  All four array selects must be LOW to have array selected. When array is not selected, array output is
HIGH and data cannot be written into the array.

Timing — Waveform timing is shown on attached timing diagram.

absolute maximum ratings (over operating temperature range unless otherwise notet:l)T

Vgs(SeeNote7) . . . . . . . . . . L oL L oo oo e e e e e e e 7V
Veet(SeeNote7) . . . . . . L o L L Lo e e e e e e e e e e e e e 7V
Vee—(SeeNote7) . . . . . . . L L L L L Lo e e e e e e e e e e T Y
Input voltage (See Note 8) . . e e e e e e e . .. . .. . . . . bbbV
Operating Ambient Temperature wnth 700 FPM of air flow e e e e e e e e e 0 to 70°C
Storage temperaturerange. . . . . . . . . . . .+ « + . + + 4 .+ . . . . . . . —65t0150°C
Outputsinkcurrent . . . . . . . . . . . . . . .« i e i e e e e e ... .. L20mA

' Maximum ratings are limits beyond which the life of individual devices may be impaired and are never to be exceeded in service or testing.

recommended operating conditions

MIN NOM MAX

VSS © v vt e e e e e e e e e e e e e s s s s s s LaTs 50 | 5.25

VCCH + v o e e e e e e e e e e e e e e e e e e 4.75 5.0 5.25

Vee— - - . B ] -5.0 | -525

Output sink current .o e e e e e e 16 mA

Operating Ambient Temperature wnth 700 FPM of air flow e e e e e e e 0°C 70°C
NOTES: 1. AIll array selects must be LOW for array to be selected.

1

2. Unselected array data out at HIGH level.

3. ‘Raad strobe should be LOW for data out only during read cycle.

4. HIGH data in gives HIGH data out.

5. R/W is HIGH for read, LOW for write.

6. MTC must be LOW at all times except at end of write cycle.

7. With respect to network ground terminal.

8. Input signals must be zero or positive with respect to network ground terminal.

The material herein is believed to be

accurate and reliable; however, some TEXAS lN S’r RU M ENTS 14295
parameters specified are derived from INCORPORATED
evaluation units and may change POST OFFICE BOX 5012 » DALLAS, TEXAS 75222

slightly after full characterization.



SMA 2002
2048-BIT SEMICONDUCTOR MEMORY ARRAY

electrical characteristics (over ambient temperature range unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP® | MAX UNITS
Inputs
WH All inputs VIH=24V, Vcct=MAX 40 uA
L except ViL=04V, Vgcet=MAX -1.6 mA
ViH R/W and Vet = MIN 2.0 v
ViL Array Selects Veet = MIN 0.8 v
Inputs
HH R/W and ViH =24V, Vcet=MAX 80 uA
[ITH Array Select ViL=04V, Vot =MAX -3.2 mA
ViH inputs Veet = MIN 20 \%
ViL only Voot = MIN 0.8 \
Outputs
VOH Open Collector
Vee— = MIN
\ lsink = 16 mA, 0.4 \
oL sink m Voot =MIN
Vce— = MIN
| VOH =5.25V, 250 A
OH OH Vet = MIN g

Supply Currents
Igct (Includes Igg) 248
lcc— 20

Power Dissipation
Total 1340 mwW
Per Bit 0.65 mw

Dynamic Characteristics (See Timing Diagram)
Read Access RouT =330 Q@ £5% 125 ns
50% input address line change to 50% CouT =30 pF )
data output with read strobe LOW

and R/W signal HIGH

Write Cycle
50% input address line change to start 150 ns
of next cycle

*

All typical values are at Vgt = Vgg = —Vgg— = +5 V and Tp = 25°C.

T veet = Vee, = Vee,

The material herein is believed to be
accurate and reliable; however, some

14-296 parameters specified are derived from TEXAS l NSTR UDN( ENTS

evaluation units and may change INCORPORATE
" . POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
slightly after full characterization. A



SMA 2002
2048-BIT SEMICONDUCTOR MEMORY ARRAY

timing diagram

L §
°
\/ \/ \/ g
-39
0w
/ - 0
Z2NPAN ~ AN g
®
8
-
\ E
w
2
-
8
\/ \/ / & | /\ r(g/ N\ °
CNENCO LN N
-
o w w S 2 ]
T a 5 0 S 8 4
8 =z a $5 x3 S 5 7 2 S0 7
= 4 < - 2 =]
5l g 8 < 4 23 a 28 g ow 2 o £ <
> z =] w o c 2 ‘ W < = g - = w
< c » < w 37 a zl © s - [
o2 Q| W
| S 2
The material herein is believed to be )
accurate and reliable; however, some
parameters specified are derived from TEXASWIC§RSP0TRBTQDL'1 ENTS 14-297

evaluation units and may change
slightly after full characterization.

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



SMA 2002

2048-BIT SEMICONDUCTOR MEMORY ARRAY

mechanical data

This semiconductor memory array consists of individual beam leaded MOS memory and bipolar interface chips thermo-
compression bonded to a multilevel interconnect system and contained in an epoxy sealed ceramic package.

The package has a dual-in-line lead configuration with 28 leads on 100 mil centers. This package is intended for insertion
in mounting-hole rows on 1.200 inch centers.

pin configuration

i]sﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

1.GND 15.GND

2.DATAIN 2 16.NC °

3.Ag 17. AS4-ARRAY SEL

4.Ag 18. AS3-ARRAY SEL

5. DATAIN 1 19. Ag

6. MTC—TIMING CONTROL  20. Ay

7. READ STROBE 21.A9 SMA 2002

8. OUTPUT 1 22. A3 .

9. OUTPUT 2 23. AS2-ARRAY SEL Sarial No. XXXX
10. R/W-READ/WRITE 24, AST-ARRAY SEL 1 "
11. -Vee 25. A4
12. Ve, 2. Ag UUUUUU[{UUUUUUU
13. Veey 27. Ag - 1610020 —
14. Vgg 28. Ay

150 £0.020
080 TYP
1.150 NOM  o0zomIN
I
0.011£0.003

NOTES: A. The true position pin spacing is 0. 100 between centerlines.
D@

positian relative to pins

m B. All dimensions in inches.

) T

0.100 TYP (SEE NOTE A)

Each pin centerline is located within +0.010 of its true longitudinal

12.298 TEXAS INSTRUMENTS

INCORPORATED
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HYBRID INTEGRATED CIRCUITS

Texas Instruments is pleased to present the following technical data for your use in evaluating and
specifying hybrid integrated circuits. These data sheets describe standard hybrid integrated circuits
that are now available. Additional standard circuits are planned for early release.

In addition to these standard components, Texas Instruments offers a total capability for design,
fabrication and testing of custom circuits to meet your special needs.

Texas Instruments has been engaged in the development and application of hybrid integrated circuit
techniques, both thick-film and thin-film, for more than ten years. These techniques include various
methods for thin-film metal deposition, thick-film printing and screening, photo-etching, component
and chip attachment, film resistor and capacitor fabrication, special packaging and beam-lead
component attachment,

A wide range of materials are available for thin film circuit applications. These include gold,
aluminum, nichrome, tantalum, tantalum nitride and cermets. Substrate materials include ceramic,
glass and silicon.

Reliability is given major consideration at Texas Instruments and each hybrid circuit is subjected to
pre-cap visual inspection, stabilization bake, temperature cycle, centrifuge, fine and gross leak and
functional electrical tests. Additional testing is performed if required by customer specifications.

Electrical testing is performed using a computer-controlled, automatic test system capable of testing
up to 40 active pins. Functional, dynamic and d-c tests can be performed with data logged by
teletype or on magnetic tape. The test head provides space for special interface circuitry necessary to
test a specific hybrid and permits testing at various temperature extremes.

A competent engineering staff, with both prototype and production fabrication facilities available,
will assist you in satisfying your hybrid integrated circuit needs.



TYPE HICO37
HYBRID MICROCIRCUIT CURRENT AMPLIFIER

e High Input Impedance—200 k& e High Output Voltage Swing §
c
e Low Output Impedance—6 Q ®  Operation from =5 V to +20 V Supply 2
<
e High Power Efficiency e Low Harmonic Distortion g

e D-C to 30 MHz Bandwidth

pin assignments

schematic veer

INPUT e P——‘ : ’ OUTPUT

20

5

BOTTOM VIEW

Component values
shown are nominal.

mechanical data

ALL LEADS INSULATED FROM CASE

%%55' 0.500 MIN ——3]
0238
|- 0.0a0 MAX 0725

PIN CIRCLE

E— i 0,160 MAX -®-
" [
L ¥

0.019
016
0.040 MAX
i DIA
8 LEADS

ALL DIMENSIONS ARE IN INCHES
UNLESS OTHERWISE SPECIFIED

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Supply voltages Vogi+and Vog2+ (SeeNote 1) . . . o o o o L o o oo s 2V
Supply voltages Vcci— and Vega— (SeeNote 1) . . . o . . o v o o oo oo e =22V
Input voltage (See Note 1) . . . . . S Y Ve oX
Steady-state output current . oo oo ... *E100mA
Pulsed output current (50 ms on, 1 sec off) e e e e e e . .. . 1400mMA
Continuous power dissipation at {or below) 25°C free-air temperature (See Note 2) . . . . . . .. . 600mW
Operating free-air temperature range . . . . . . . « « <+« . . ... . ... =55°Ct0125°C
Storage temMpPerature range . . . . . . . . . e . e e e e e e e e e e e —65°C to 150°C

NOTES: 1. All voltage values are with respect to the common zero-reference level of the supply voltages (ground).

2. Derate linearly to 1 25°C free-air termperature at the rate of 6 mw/°C.

PRELIMINARY DATA SHEET:
Supplementary data will be TEXAS INSTRUMENTS 153

published at a later date. INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TYPL HICO37
CURRENT AMPLIFIER

electrical characteristics (see note 3)

PARAMETER TEST CONDITIONS MIN T¥T MAX [UNIT

Fy 10kQ, RL =1k,

Ay Large-signal voltage amplification Vi=3Vpp, f=1kHz, 095 0.97
TA=-55°Cto 125°C

A Rg =200 k&2, Vi=1Vrms,

Zj Input impedance 180 200 kQ

f=1kH;:, R =1kQ
. Vi=1Vims, f=1kHz,

zo Qutput impedance 6 10
Ry =504, Rg = 10 kQ

Vopp  Maximum output voltage swing Ry =1kQ, f=1kHz +10 1
Rg = 10 kQ2, RL =1k,

v Input offset volta +40 +100 \Y

10 put otiset voltage TA = —55°C to 125°C m

Rg =10k, R =1kQ,

! Input offset t . +6 10 A

10 put ottset curren Tp = —55°C to 125°C o w

THD Total harmonic distortion Vi=5V rms, f=1kHz 0.1 %
Vi=1Vrms, R =50%,

BW  Bandwidth (3 dB) i L 30 50 MHz
f=1MHz

lce+ Positive supply current Rg =10 kR, RL=1kQ 6 10| mA

icc— Negative supply current Rg =10k, R =1k -6 —10| mA

NOTE 3: Specification applies for Tp = 25°C with +12 V on Pins 1 and 2; —12 V on Pins 6 and 7, ur:!: =5 otherwise specified.

T Al typical values are at T 5 = 25°C.

TYPICAL APPLICATION DATA

R1

RL
R1

SUPPLY =5V to 15V

HIGH-CURRENT OPERATIONAL AMPLIFIER

SELECT CAPACITOR TO ADJUST
TIME RESPONSE OF PULSE

50-2 CABLE

LINE DRIVER

154 TEXAS INSTRUMENTS

INCORPORATED
POST OFFIC: BOX 5012 « DALLAS, TEXAS 75222
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HYBRID MICROCIRCUIT

TYPE HIC106
POSITIVE VOLTAGE REGULATOR

e Output current to 1 ampere without external pass transistor

e No external compensation required

e Qutput voltage adjustable from 2 to 37.5 volts

e Optional output with internal current limiting

e Series or shunt operation

description

The HIC106 is a hybrid voltage regulator featuring internal compensation, an optional output with internal current
limiting, and regulated output currents up to 1-ampere. The HIC106 regulator requires only one external component

during normal operation.

Applications include logic card regulators, sub-system and system regulators, instrument power supplies and other

power supplies for linear and digital circuits.

mechanical data

002
max ™

0565
0w, 0565
20 g O

j-0.175-3
MAX

ALL LEADS INSULATED FROM CASE

All dimensions are in inches unless other-
wise noted.

Leads are within 0.007 inch radius of
true position (TP) at gauge plane (seating
base) with maximum material condition.

pin connections (see equivalent circuit)

Pin 1 = Base of Limit Transistor
Pin2 =NC

Pin 3 = Limit Resistor

Pin 4 = Qutput (Current Limited)
Pin5 = Output

Pin 6 = Feedback Resistor

Pin 7 = Unregulated Input

EQUIVALENT CIRCUIT

NONINVERTING
INPUT

INVERTING
IN@T 15 k0

C 150 k2

Pin 8 = Inverting Input
Pin 9 = Noninverting Input

VOLTAGE
REFERENCE

Pin 10 = NC
Pin 11 = Ground
Pin 12 = Vyef

———'@ Vref

SRc=20
<

7

UNREGULATED
INPUT

REGULATED
OUTPUT

REGULATED
OuUTPUT
4

3150 ka2

(CURRENT
LIMITED)

GROUND

@

LL6L AHVANVTP

PRELIMINARY DATA SHEET:
Supplementary data will be
published at a later date.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222
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15-6

TYPE HIC106

POSITIVE VOLTAGE REGULATOR

absolute maximum ratings

Input Voltage (See Note 1)
Input-Output Voltage Differential
Maximum Output Current

Internal Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) .
Internal Power Dissipation at (or below) 25°C Case Temperature (See Note 3)

Operating Temperature Range
Storage Temperature Range

NOTES:

1. Ali voltages, unless otherwise noted, are with respect to device ground terminal.

2. Derate linearly above 25°C free-air temperature at the rate of 15.4 mw/°C.
3. Derate linearly above 25°C case temperature at the rate of 28.5 mw/°C.

electrical characteristics, see note 4

40V
40V
1A
27W
50W

—55°C to 125°C
—65°C to 150°C

PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
Input Voltage Range 9.5 40| Vv
Output Voltage Range 2 375 V
Input-Output Voltage Differential 2.5 40| V
AVo lo =1 mA to 300 mA,
Load Regulation —_— 0.2 %
* Voatio=1mA X100% | v —a0v, Vo =35V
AV V=40V t
Line Regulation £70 x 100% ! 020V, 0.15| %
AV Vo=15V
Cref = 0t f=120H 74
Ripple Rejection ref = 01, z dB
, Cref = 5 WFT, =120 Hz 86
Temperature Vg at 125°C — Vg at —55°C7 100% | Ta =—55"Cto 125°C, . o
. + s +0.02|%/°C
Coefficient Vg at 25°C 180°C | Vo =25V, lop=1mA
Standby Current Drain lp=0 4.3 6| mA
Short-Circuit Current Limit, g V=95V, Vo=0 350 mA
Reference Voltage, Vi ef 63 6.8 73] V

tCyef is connected between pin 12 and ground.

NOTE 4: Unless otherwise specified, Ta = 25°C, V| =30V,Vp=15V,Ilp =15 mA, V| is the unregulated input voltage, Vg is the
regulated output voltage, and |l is the output current.

TYPICAL CHARACTERISTICS

MAXIMUM LOAD CURRENT
AS A FUNCTION OF INPUT-OUTPUT
VOLTAGE DIFFERENTIAL

900 —
\ Tc=25°C
800 \.J Prmax = 5.0 W
T 700
A
§ 600
s
S 500
5
32 Ta=25°C
= 400 A
S \)\ Prmax = 2.7W
© 300 C
200 <
\ \\
100
—
o
. 0 5 10 15 20 25 30 35 40 45 50

V| —Vp—Voltage Differential—V
FIGURE 1

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TYPE HIC106
POSITIVE VOLTAGE REGULATOR

TYPICAL APPLICATION DATA

R2

Vo=2Vto7V
INTERNAL Ryc = 2 ¢

Vo
(CURRENT LIMITED)

10k Vi o
+
LOW-VOLTAGE REGULATOR FOLDBACK CURRENT-LIMITED
FIGURE 2 LOW-VOLTAGE REGULATOR
FIGURE 3

R2

Vo=7V10375V
INTERNAL Ry = 241

Vo
(CURRENT LIMITED)

HIGH-VOLTAGE REGULATOR
FIGURE 4

FOLDBACK CURRENT-LIMITED
HIGH-VOLTAGE REGULATOR

FIGURE 5
FOLDBACK CURRENT LIMITING
) (V1 4) (R1+R2)
os = r
Rgc (R2)
Vo R1 Vo I
lknee = —=——=>— *los los |
Rsc R2 | Tknee
|
Viq 4 (voltage between pins 1 and 4) is typically 0.6 V |
o

BOTTOM VIEWS SHOWN i “

PRINTED IN U.S.A.

Tl cannot assume any responsibility for any circuits shown
or represent that they are free from patent infringement. TEXAS lNSTRUM ENTS 15-7
INCORPORATED
AS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 s DALLAS, TEXAS 75222

JRDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



158

HYBRID MICROCIRCUIT

TYPE HIC107
NEGATIVE VOLTAGE REGULATOR

e Output current to 1 ampere without external pass transistor

e No external compensation required

e Output voltage adjustable from —2 to —37 volts

e Optional output with internal current limiting

e Series or shunt operation

description

LL6L AHVNNVF

The HIC107 is a hybrid voltage regulator featuring internal compensation, an optional output with internal current
limiting, and regulated output currents up to 1 ampere. The HIC107 regulator requires only one external component

during normal operation.

Applications include logic card regulators, sub-system and system regulators, instrument power supplies and other
power supplies for linear and digital circuits.

mechanical data

0.026
max

0615 ose
ose™A 05% 04

e-0.175-3)
MAX

ALL LEADS INSULATED FROM CASE

All dimensions are in inches unless other-
wise noted.

Leads are within 0.007 inch radius of
true position (TP) at gauge plane (seating
base) with maximum material condition.

pin connections (see equivalent circuit)

EQUIVALENT CIRCUIT

Pin 1 = Base of Limit Transistor - o
pi _ NONINVERTING —
in2 =NC INPUT NREGULATED
Pin 3 = Limit Resistor
Pin 4 = QOutput (Current Limited) INvGRTING
. - DA REGULATED
P!n 5 = Output . 8 V OUTPUT
Pin 6 = Feedback Resistor 150 k2
Pin 7 = Unregulated Input © YW
Pin8 = Inverting Input { ®
. . . - RE
Pin 9 = Noninverting Input VOLTAGE Vet $Rc=20  RECLEATED
. _ reFerence [0 a
P!n 10=NC ! (CURRENT
Pin 11 = Ground 310k LIMITED)
Pin 12 = Vyef GROUND
17
171

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TYPE HIC10/
NEGATIVE VNLTAGE REGULATOR

absolute maximum ratings

Input Voltage (See Note 1) —-40 Vv
nput-Output Voltage Differential —40V
Noximum Output Current . . . . . . . . . ... L -1A
Internal Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . 27 W
Internal Power Dissipation at {or below) 26°C Case Temperature (See Note 3) 50W

—R5°C to 125°C
—£5°C to 150°C

Operating Temperature Range
Storage Temperature Range

NOTES: 1. All voltages, unless otherwise noted, are with respect to device ground terminal,
2. Derate lineariy above 25°C free-air temperature at the rate of 15.4 mw/°C.
3. Derate linearly above 25°C -ase temperature at the rate of 28.5 mw/°C.

electrical characteristics, see note 4

PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
Input Voltage Range -9.5 —40| V
Output Voltage Range -2 =37( V
Input-Output Voltage Differential -3 —40| V
AV o =1 mA to 300 mA,
Load Regulation — = X 100% 02| %
Vpatig=1mA -Vy=-40V, Vo =-35V
AV —V|=-40V to —20 V
Line Regulation —A—VLIJ X 100% V0'= v ° : 0.15| %
Cref = 0T f=120 Hz 74
Ripple Rejection ref dB
Cref =5 uFt, f=120 Hz 86
- S g
Temperature 1["0 at 125°C — Vg at —55°c] 100% TA = —55°C to 125°C, +0.02|%re
Coefficient Vp at 25°C 180°C Vo=-25V, lo=—1mA
Standby Current Drain lo=0 —4.3 —6| mA
Short-Circuit Current Limit, Iog —Vy=-95V, Vo =0 —350 mA
Reference Voltage, Vyef —-63 —-68 -73| V

TCref is connected between pin 12 and ground.

NOTE 4: Unless otherwise specified, Ta = 25°C, V| = =30V, Vg = =15 V, |g = —15 mA. V| is the unregulated input voltage, VQ is the

regulated output voltage, and I is the output current.

TYPICAL CHARACTERISTICS

MAXIMUM LOAD CURRENT
AS A FUNCTION OF INPUT-OUTPUT
VOLTAGE DIFFERENTIAL

~1000 ] - ] ]
—900 1
Tc=25°C
800 Pmax = 5.0 W
< \ \/
g -700 \
& -600
3
=  —500
5
2 Ta=25°C
? —400 \ Pmax = 2.7 W
S _a00 AN
-200 AN
N I~
—100

o]
0 -5 -10 —-15-20 —26 —30 -35 —40 —45 -50

Vj—Vo—Voltage Differential—V
FIGURE 1

TExAS INSTRUMENTS
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TYPE HIC107
NEGATIVE VOLTAGE REGULATOR

TYPICAL APPLICATION DATA

LOW-VOLTAGE REGULATOR
FIGURE 2

HIGH-VOLTAGE REGULATOR
FIGURE 4

FOLDBACK CURRENT LIMITING

_ (Vq,4) (R1+R2)

Rgc (R2)
Vo R1
lknee = Forr T los
sC

\'Z 4 (voltage between pins 1 and 4) is typically —0.6 V

BOTTOM VIEWS SHOWN

10k
v

R2

Vo=-2Vto -7V
INTERNAL Rye = 252

+

Vo
(CURRENT LIMITED)

FOLDBACK CURRENT-LIMITED
LOW-VOLTAGE REGULATOR
FIGURE 3

R2

Vo= -7Vt =37V
INTERNAL Ree =292

Vo
(CURRENT LIMITED)

FOLDBACK CURRENT-LIMITED
HIGH-VOLTAGE REGULATOR

FIGURE 5
-Vo 1
los |
1 Iknee
|
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HYBRID POWER CIRCUIT TYPE TIH101
MICROCIRCUITS DUAL POWER LOGIC MODULE

e Pin Spacing Same as
Standard 14-Pin Dual-In-Line Package

terminal assignments (top view) gg
c
oyl
TRANSIENT DRIVE DRIVE TRANSIENT ﬂg
SUPPRESSION INPUT INPUT SUPPRESSION Z24
DIODE NC 1 vee 2 NC DIODE =<
) o
~m
ONONCRONONONO. 23
. . T
® Low Power Dissipation w3
N 3o
3
e Two Power Logic Functions per Package E
. . D w
e Inputs Compatible with Most -’ s
TTL and DTL Families o | 3
O c
>
x
<
-
©
2

ONONORORONONO.

OUT- OUTPUT INH LOGIC INH OUTPUT OUT-
PUT GND 1 GND 2 GND PUT
1 1 2 2

NC—No internal connection

description

The TIH101 is a hybrid circuit designed for applications where the drive requirements exceed the capabilities of
standard logic gates. The device contains two electrically independent circuits, each having both drive and inhibit inputs
for greater design flexibility. The inputs are compatible with most TTL and DTL families. Each output is capable of
sinking up to 6.5 amperes at a 5% duty cycle and pulse widths up to 1.25 milliseconds. A transient suppression diode is
included for driving inductive loads. These devices are commonly used as hammer drivers in high-speed printers.

mechanical data

The circuit is mounted on a ceramic substrate enclosed in a glass and ceramic dual-in-line package. The package is
intended for mounting-hole rows on 0.300-inch centers.

0390 0210 SEATING PLANE -
" . r‘ 0.037
.0:

0.021
0077 DIA 14 PINS T

o7 80
06 20
|
T 0,045 DIA NOM °s 100
0.770 MAX i 3 STANDOFFS 04 ()“o

f o3 120 0.100 TP

INDEX |
/™ oot 0.086 02 130 (see Note c)
0072} o
0 1
J 2 ¥
0.020 MIN

NOTES: a. All dimensionsare in inches.

o
S

.21
17

|

9
3

0.300 TP
(See Note ¢}

b. Terminal identification is provided by the index dot on the top of the package.
c. Leads are within 0.005 radius of true positicn (TP) at maximum material
condition.

TEXAS INSTRUMENTS 15-11
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CIRC

UIT TYPE TIH101

DUAL POWER LOGIC MODULE

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

S

upply voltage, Vcc (see Note 1)

Input voltage (see Note 1)

Applied output voltage (see Note 1)

Continuous output current: one output operating

both outputs operating
Peak output current (ty < 1.25 ms, duty cycle = 5%):

one output operating

both outputs operating
Voltage between logic ground and output ground . . . . .
Operating free-air temperature range
Storage temperature range

D

N A
... .. 5BV
60 V

.. .. 075A
.. ... 05A
. ... B65A

6.5A

2 BV

. . 0°Cto70°C
—55°C to 150°C

NOTE 1: Supply (V) and input voltages are with respect to the logic ground terminal; output voltage is with respect to the output ground

electrical characteristics over operating free-air temperature range, Ve =475V 10525V

terminal for that particular circuit.

PARAMETER TEST CONDITIONS MIN _TYPt MAX| UNIT
ViH High-level input voltage 2 \
VL Low-level input voltage 08 VvV
VOo(on) On-state output voltage 10(on) =6 A,  SeeNotes 2 and 3 16| V
10(off) Off-state output current VO(off) =60 W 10| wA
Iy Input current at maximum input voltage V=565V 11 mA
hH High-level input current V=24V 40( uA
e Low-level input current V=04V —1.6| mA
Icc(off) Off-state supply current See Note 4 8 15| mA
IcClon) On-state supply current (one circuit on) See Note 5 110  175( mA
TAll typical values are at Vec =5 V, To = 25°C.
electrical characteristics of transient suppression diode over operating free-air temperature range
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
IR Static reverse current VR =60V 100 MA
Vg Static forward voltage IE=6A, See Notes 2 and 3 2 v

NOTES:

abwN

remaining inputs grounded, then likewise for the other circuit.

This parameter must be measured using pulse techniques. t,, = 300 us, duty cycle < 2%.
. This parameter is measured with voltage-sensing contacts separate from the current-carrying contacts,
. lcc(off) is measured with the drive inpuits at 4.5 V and the inhibit inputs grounded.
. IcC(on) is measured by applying 4.5 V to the inhibit input of one circuit and the drive input of the other circuit with the

16-12
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CIRCUIT TYPE TIH101
DUAL POWER LOGIC MODULE

input voltage and output current relationships

H
DRIVE INPUT
VOLTAGE - L
H
INHIBIT INPUT
VOLTAGE
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CIRCUIT TYPE TIH101
DUAL POWER LOGIC MODULE

TYPICAL CHARACTERISTICS

ON-STATE OUTPUT CURRENT
vs
ON-STATE OUTPUT VOLTAGE

| Ta= 25°C
See Notes 2 and 3

10(on)—On-State Output Current—A
>

/

0 02 04 06 08 10 12 14 16 18 -20

VO (on)—On-State Output Voltage—V

NOTES: 2. This parameter must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%.
3. This parameter is measured with voltage-sensing contacts separate from the current-carrying contacts.
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