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INTRODUCTION

MOS .. ...... an innovative technology

Many types of equipment previously not suitable for electronic control can now take full advantage of the latest elec-
tronics technology. Equipment costs can be kept low, and equipment size can be reduced easily. MOS (Metal Oxide Semi-
conductor) circuits are ideal for digital applications including timers and counters, data transmission and switching equipment,
recorders, calculators, controls and computer equipment. MOS is also suitable for analog applications such as telemetry and
test equipment.

MOS technology can be applied to hundreds of equipment types at costs usually lower than for other technologies with
significant improvements in reliability.

The introduction of MOS/L.SI into new classes of equipments is possible because the basic MOS device combines the
best attributes of the pentode vacuum tube with all the advantages of the transistor. MOS devices have high-input impedance,
they are small, simple to fabricate, and consume little power; consequently they offer the highest complexity of large-scale-
integrated circuits.

BIPOLAR

\ p —7 ] 7 MOS

COMPARISON OF TRANSISTOR CROSS SECTIONS

WHAT IS MOS?

MGOS ICs require only one-third of the process steps needed for the standard double-diffused bipolar IC. But the most
significant feature is the large number of semiconductor circuit elements that can be put on a small chip. This high circuit
density means large-scale integration, and permits Tl to put up to 5000 devices on a silicon chip only 150- x 1560-mils square.
Each transistor in the MOS/LSI array requires as little as 1 square mil of chip area — a great reduction over the bipolar tran-
sistors requiring 49 to 50 square mils.

Inherent advantages of MOS/LS! include:

. increased circuit complexitv per package
L] lower cost per circuit function
(4 fewer subsystems to test

° fewer parts to assemble and inspect

L] lower power-drain per function

° a choice of standard or custom products
i i i i
From the design standpoint, MOS/LS! is a two-dimensional layout rather than three dimensional. Mathematically its

operation can be predicted, and mathematical models lend themselves to Computer-Aided Design analysis. Therefore the cir-
cuit can be laid out and its operation checked before it is built.
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MOS/LSI NUMBERING SYSTEM

14-6

TEXAS INSTRUMENTS MOS/LSI DEVICE NUMBERING SYSTEM

Electrical characteristics presented in this catalog, unless otherwise noted, apply for circuit type(s) listed in the page
heading, regardless of package. Factory orders for circuits described should include the complete part-type numbers listed on

each page.
MOS NUMBERING SYSTEM
TMS 3003 LR
T AA
2.
- 3.
4,
NOTE A Temperature Range NOTEC
C —25°C to +85°C (commercial)
M  —55°C to +125°C (military)
R —55°C to +85°C (reduced military)
S Special range (as designated by customer)
NOTEB  Package NOTE D
F Flat package
J Ceramic dual-in-line
N Plastic dual-in-line
L Plug-in package
U Unencapsulated {beam lead, etc.)

1. Temperature range (Note A)

Package (Note B)

Product identification number {Note C}
Product status (Note D)

5.  TI MOS Prefix

Product identification Number

Part number unique to each device type

Product Status .

S

X
C
T

Standard devices
Prototype or experimental
Custom design

High reliability




MOS/LSI PACKAGING

Because of the high complexity of MOS/LSI, Tl has had to innovate in the packaging area. The packages selected by
TI are standards of the industry. Accessories for these packages are readily available.

All standard MOS/L.SI devices supplied in ceramic dual-in-line packages and most of those mounted in plug-in-type
packages are now available in plastic.

1)  Dual-in-line package
a)  Pin-to-pin spacing

A pin-to-pin spacing of 100 mils has been setected for all dual-in-line packages.

b)  Row-to-row spacing

Two spacings are used for mounting-hole rows — 300 mils and 600 mils

c) Ceramic package types

T1 uses several hermetically sealed ceramic dual-in-line packages, which consist of a ceramic base, gold-plated cap
and gold-plated leads.

The following packages are presently in use:

16 PIN 24 PIN 26 PIN 40 PIN
300 MILS BETWEEN ROWS X
600 MILS BETWEEN ROWS X X X X

16 PIN 24 PIN 28 PIN 40 PIN

14-7



148

MOS/LSI PACKAGING

16-pin package (300-mil row spacing)

0.830 MAX
o 1 [m -] » 13 1?
. 1 0.070
\@ NOTE € NOM
4 0.29 I
" | MAX
INDEX TMS J)::‘X)()( DATE “ I 1
por CODE —1
\N XXXX "/— 1 _/
[ [ 55 U I i S Sy s Qi ) I
(ORONONONONONONO!
_u] o 000
0045
1] 0.300
00 rr n ] o170 I‘-—NOM
0.020 1 MAX
mN S H ]
0,014 MIN ono
0.023 MAX MIN
PIN SPACING
(SEE NOTE A)
A. The true-position pin spacing is 0.100 between centertines. Each pin centerline is
focated within $0.010 of its true longitudinal position relative to pins 1 and 16.
B. All dimensions are in inches.
C. LEADS MAY BE BRAZED TO SIDES OR BOTTOM OF PACKAGE

16-pin package (600-mil row spacing)

-

.|
7|
>

INDEX DOT

0.500 TYP
0.011 MAX
0.600 TYP

)

'4
l

& 0.130
MAX INCLUDING
T 0.010 LID
1 0.190
0.020 TYP

M'N_.”<_o.oz1MAx —»I ’4—-0.100TYP

NOTES: A. The true-position pin spacing is 0.100 b centerlines. Each pin
centerline is located with £0.010 of its true longitudinal position re-
lative to pins 1 and 16.

B. Al dimensions are in inches.




MOS/LSI PACKAGING

24-pin package

| 9 ” 5
N -
-9
Fl e @ x =
gl 8 < 5
3 9 TMSXXXX JC s 8
ol X DATE - &
o XXX CODE g_ ©
2|1 12 S
_y
le 1.400 TYP |
i oy ZO.BOMAX
INCLUDING
T 0.010 LID
0.190 TYP
0.020
MIN

—»]{ |«—0.021 max —»| |Je—o100Tve

NOTES: A. The true-position pin spacing is 0.100 between centerlines. Each pin centerline is
located within £0.010 of its true longitudinal position relative to pins 1 and 24.

B. All dimensions are in inches.

28-pin package

»!

28

0.011 MAX
0.600 TYP

0.500 TYP
|
r INDEX DOT rl

1.200 TYP _ » 2
0.130

MAX INCLUDING
0.010LID
0.180 TYP
0.020
MIN
0.021 MAX —»”4— —>| |<—o.1oo TYP

NOTES: A. The true-position pin spacing is 0.100 b centerlines. Each pin centerline is
located within £0.010 of its true longitudinal position relative to pins 1 and 28.
B. All dimensions are in inches.
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MOS/LSI PACKAGING

40-pin package

J
-

40

INDEX DOT

W

L 0.500 TYP

Q - 21
TMSXXXXJC DATE CODE

20

e e e I e g O o W T T
g EpEpEySnSpEnEENnininlslglgligigigl;

Mmoo e e e e

2.000 TYP —> Z
0.130 MAX

B. All dimensions are in inches.

RS

0.021 MAX ——>“<— —»I }4— 0.100 TYP

NOTES: A. A true-position pin spacing is 0.100 between centerlines. Each pin centerline is located
within £0.010 of its true longitudinal position relative to pins 1 and 40.

0.600 TYP
—

‘01E—-— 0.011 MAX
fe—

INCLUDING 0.010
Lin

0.190 TYP

d)  Plastic packages

Over the last two years Tl has developed methods of plastic encapsulation specially adapted to MOS/LSI circuits.
A proprietary plastic compound and proprietary methods are employed to ensure a level of reliability comparable
to that of hermetically sealed packages and at substantial cost savings. A reliability report available from T!
(Bulletin CB-132) describes the results obtained after several million plastic-packaged-device hours of life test.

The following plastic packages are presently in use:

16 PIN 18 PIN 24 PIN

300 MILS BETWEEN ROWS X X
600 MILS BETWEEN ROWS X X

28 PIN 40 PIN

X X

The spacing between leads and between rows as well as the physical dimensions of the packages are identical to those of
the ceramic packages. The pin configuration in plastic and in ceramic is always the same. The users who have designed

in TI's standard devices over the years can now take advantage of the considerable cost savings provided by plastic
without having to modify their systems.
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MOS/LSI PACKAGING

16-pin package (300-mil row spacing)

0.010
NOM

SEATING
PLANE

o
.oni—>\<—

L e

0.035 £0.025

0.003

NOTES: A. The true position pin spacing is 0.100 between centerlines. Each pin centerline is located
within £0.010 of its true longitudinal position relative to pins 1 and 16.

0.300i_0_.010
0.25010.010 @

0.870 MAX

e

O

I M M. . MM

®©

Te
23

MAX

2

gy

.140  0.200

B. Al dimensions in inches unless otherwise noted.

—»|  |=«— PINSPACING

(SEE NOTE A)

A’t 0.036 MIN

0.018 TYP

>16-pin package (600-mil row spacing)

°£;‘:ﬁ oo oo d
0.550 NOM 0.020 @ »(8
x3 M
? 0.200 MAX
o SEATING PLANE
105 f 0.125 MIN
90° _
+ 0.033 MIN
0.625 % 0.025 00112 0018 —»fle
0.003 TYP 0.095 MAX
Lindiet it It i i
\ /
\V4

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

0.800 MAX

(9

0 0 e T I

D

PIN SPACING (SEE NOTE A)

true longitudinal position relative to pins 1 and 24.
B. All dimensions are in inches unless otherwise noted.
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MOS/LSI PACKAGING

18-pin package

0.915

1 M . 1 3 Mot e

)

0.250

0.025 T T 0 3 T 1J

P -
REF ® @

i A

égﬂHHHﬁHﬁHHﬁﬁfi

o.z90 mini_ | U’_lm
—»-//1— 0.010 0.100—>] 0.020

€ 15°MAX

NOTES: A. The true-position pin spacmg is 0. 100 between centerlines. Each pin centerline is Jocated within
+0.010 of its true longitudi relative to pins 1 and 18.
B. All dimensions in inches unless othenmse noted.

24-pin package

1.310 MAXIMUM

@- ®

O[O nonn

B,

guoOooouoooouooU
0.550 (NOMINAL) 0.010 NOMINAL)  0.020 %
- > | MIN >

3
—gATING PRANE T‘E\—H

' —Pr—' 0.0110.003
b g it e It g i It

—/
PIN SPACING (SEE NOTE A)

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

longitudinal position relative to pin@and
B. All dimensions are in inches uniess otherwiss noted.
—
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MOS/LSI PACKAGING

28-pin package

1.200 TYP

e
ninlninEalslnlinlslalslnls!

B

0.550 NOM I_JLJLJI_ILJLJUULJLJULJI_ILJ
NOM

4| | o
e LT

! h0.125
50° PLANE _y M
— e 0011t Sa20 0.033 MIN
0.625+0.025 0.003 o ’ 0.095 MAX
b g i e Y,
0.018 TYP “V
PIN SPACING (SEE NOTE A)

INOTES: A. The true position pin spacing is 0.100 b centerlines. Each pin centerline is located within £0.010 of its true longitudinal

position relative to pins 1 and 28.
B. All dimensions are in inches unless otherwise noted.

40-pin package

2.000 TYP

&0,

nininininininininininEnininSuininininln

D

0.010 U0 OooUooUoUooOoooooOoyg

o NOM 0.020 -
l 0:550 NOM ¢ it N ® »>(20)
—— - =)
=
SEATING F
10s° PLANE ‘ I
90°
0.0110.003 _, 0.018 TYP 0.033 MIN
0.625 0.025
PIN SPACING (SEE NOTE A)

NOTES: A. The true-position pin spacing is 0.100 betwsen centerlines. Each pin centerline is located within £0.010 of its true longitudinal
position relative to pins 1 and 40.
B. All dimensions are in inches unless otherwise noted.
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MOS/LSI PACKAGING

3)  Plug-in-type packages

For devices such as shift registers requiring few inputs and outputs, Ti uses two plug-in type packages.

8-PIN PLUG-IN PACKAGE

L 0 0017 o
[~ oies T A
)
[ ﬁ/= ‘ 3 Same as JEDEC TO-99 and
:_s‘i om :«Tv; - MO-OOZAK except for
Y o diameter of standoff
1._ I l
Iy
B3 e o500 N ——s]

ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED

10-PIN PLUG-IN PACKAGE

p—ginm nuwm ol
&é" 02T 0.160 MAX DIA
l 1 Same as JEDEC TO-100 and
w5, N MO-006AD except for
l diameter of standoff
9,
o B
N

ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED

4)  Manufacturing information
a) Alloying

Alloying is performed under inert atmosphere. A silicon gold eutectic is formed during the alloying operation.

b)  Bonding

Thermal compression bonding is used. Typical bond strength is 5 grams. Bond strength is monitored on a lot-to-
lot basis. Any bond strength of less than 2% grams causes rejection of the entire lot of devices.

1414




MOS/LSI PACKAGING

c)  Sealing
Ti uses a fow temperature goid-tin brazing to seai ceramic packages.
Plug-in-type packages are welded.
Glass leaks are eliminated by using an etheylene glycol solution heated to +150°C.
Fine-leak elimination is performed through mass spectrometer techniques.
All MOS/LSI devices produced by T1 are capable of withstanding 5 x 10~7 ppm fine-leak inspection, and may be
screened to 5 x 10_8 ppm fine leak if desired by the customer for special applications.
d)  Shock and Vibration
All packages are capable of withstanding a shock of 3,000 Gs.
All devices are capable of passing a 20,000-G acceleration (centrifuge) test in the Y axis.

Pin strength is measured by a pin-shearing test. All pins are able to withstand the application of a force of 6 pounds at
45° in the peel-off direction.

14-15



MOS/LSI SYSTEM COMPATIBILITY

MOS/LSI SYSTEM COMPATIBILITY

MOS/LSI circuits have proven conclusively in the past few years their value to system designers. Most designs presently
under consideration use both MOS/LSI and bipolar technologies in order to take full advantage of the low cost and high pack-
aging density of MOS/LSI, as well as the flexibility of bipolar techniques for low complexity functions. With present MOS/
LS! devices the task of the designer has been greatly simplifier. The devices do not require separate interface circuits between
MOS and MOS circuits nor between bipolar and MOS circuits. MOS/MOS and MOS/bipolar compatibility is demonstrated in
each of the data sheets included in this catalog. The following information is general and applicable to all Tt MOS/LS! devices.

1) POWER SUPPLIES

Two manufacturing technologies are common in MOS/LSI and common throughout the industry: High-threshold MOS
and Low-threshold MOS. The power supply requirements generally are:

Vss Vop Ve
High Threshold 0 -12V —-24V
Low Threshold 0 -5V -17V

Where

Vgg is the substrate supply
Vpp is the drain supply
VGG is the gate supply

The drain supply will draw most of the current. Some circuits are designed to use only one power supply (saturated logic).
Vpp and V@@ are then common.

To use MOS in a system it is often convenient to translate all the power supply voltages by a certain voltage. The com-
mon arrangement is:

Vss VbD VGG
High Threshold +12V ov —12v
Low Threshold +5V ov -12vVv

NOTE: Some high-threshold devices are specified at Vgg = —28 V and Vpp = —14 V.

2) COMPATIBILITY

Referencing all voltages to Vsg, the input swing on most MOS circuits is as follows:

High Level Low level
High Threshold Oto -3V -9Vto-24V
Low Threshold Oto-15V —42Vto—-17V

14-16




MOS/LSI SYSTEM COMPATIBILITY

Relating to the translated power supplies as above this becomes:

High Threshold Low Threshold
Vss +12V +5V
VpD ov ov
VGG 12V 12V
High level +t9Vio+12V +35Vto+5V
Low level +3Vto—-12V 08Vio-12V

In all cases the input of the MOS circuit-will look like a very high impedance. The input compatibility is easily achieved.

Q+12v 0 +5V
s [ vss
R" R"
HIGH Low
o THRESHOLD O THRESHOLD
MOS MOS
SN7426 SN7400

OR OTHER OPEN Vgg _J_YDD OR OTHER TOTEM éVGG _]_VDD
COLLECTOR TTL = POLE TTL GATE —

GATE -12v -12vVv

* The value of the R resistor varies depending on speed-power requirements. In many cases this resistor is diffused on the MOS
chip. For low-threshold MOS the resistor assures that the worst-case TTL output is pulled up to at least 3.5 V for proper MOS
circuit operation.

3) OUTPUT COMPATIBILITY

Three types of buffers are commonly used on MOS devices:

[ Single-ended open-drain
[ Double-ended

. Push-pull

a)  Single-ended open-drain and double-ended

The buffer is simply a current switch. In the “off” state the impedance of the buffer is extremely large, while in the
“on” state it is typically under 1 kS2. A discrete resistor or an MOS transistor may be used as a load with a single-ended open-
drain buffer. This resistor or the transistor may be internal to the MOS circuit. When the load transistor is internal to the
MOS circuit, the buffer is called a double-ended buffer.

14-17



MOS/LS!I SYSTEM COMPATIBILITY

OUTPUT Vae Ve
DATA— OUTPUT OUTPUT
DATA—{ DATA —f
Vss
SINGLE-ENDED DOUBLE-ENDED DOUBLE-ENDED
OPEN-DRAIN BUFFER GPEN-DRAIN BUFFER OPEN.DRAIN BUFFER
WITH LOAD RESISTOR WITH MOS LOAD TRANSISTOR

In every case compatibility with MOS is easily achieved. For instance, a single-ended buffer with high-threshold MOS;:

SN7400

R2 provides the necessary cur-ent sink for the TTL input; R1 limits the positive excursion to +5 V. If used for low-threshold
MOS, Vsg is translated up to +5 V instead of +12 V and R1 can be eliminated. if R2 is on the chip, no external components

are necessary.
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MOS/LSI SYSTEM COMPATIBILITY

b)  Push-pull buffer

Two types are common: .

VGe Vpp
DATA —f DATA —
OUTPUT OUTPUT
DATA — DATA —i
Vss Vss
SATURATED PUSH-PULL BUFFER  UNSATURATED PUSH-PULL BUFFER

The unsaturated push-pull buffer is the most commonly used for low-threshold circuits. It permits direct TTL compatibility
without external components. It will also drive directly other low-threshold MOS circuits. This buffer type is used on most
of the new MOS/LSI circuits produced by TI.

4) CLOCKS

Depending on the circuit type, there are different clock requirements:
No clocks — Static RAMs, ROMs, etc.
1 clock — with other clocks generated internally
2 clocks — most shift registers

4 clocks — very high-speed low-power-dissipation shift registers
a}l  One external clock

An internal circuit generates the clocks from a single outside clock signal. The outside clock signal has the same swing as
the data input signal and the compatibility is identical (see preceeding paragraph 3).

Single-clock low-threshold MOS circuits will accept a TTL clock without adding components.

b)  Two or four clocks
The clock signals must swing between Vgg and VGG. To go from a single-TTL-level clock to a multiple-MOS-level clock,

two circuits are required: 1) a clock generator to generate the necessary clock pulses, and 2) a clock driver to bring the clock
levels to the required values. In most cases only one clock circuit is needed for an entire MOS/LSI system.

1419



SHIFT REGISTERS

in all digital equipment there is a need to temporarily store and transfer data. MOS shift registers are
ideally suited for these applications, because they can store economically very large amounts of
information.

1) Basic Configuration

MOS shift registers can be supplied in the following configurations:
Seriai-in/Seriai-out
Parallel-in/Serial-out

Serial-in/Parallel-out
The serial-in/serial-out configuration is by far the most popular,

An MOS shift register will be able to store N bits. Each bit is stored on a basic cell consisting of two
MOS inverters and timing devices.

i ®1 l¢2 ®1 L_J

T DD

2) Static or Dynamic

Dynamic shift registers use two independent inverters (not cross-coupled). The data is temporarily
stored on a capacitor inherent to an MOS device. The device can not be operated below a certain clock
frequency, or the data storage will be lost.

A static shift register operates the same way a dynamic shift register does, as long as the frequency is
high. The two inverters used in a static shift register are the static type (unclocked loads). When the
frequency falls below a certain level, a third phase is generated internally and this signal is used to close a
feedback loop between the output of the second inverter and the input of the first one.

_L¢1 _|_¢z

alin 1 Paaniinn Poe o

.
Tes
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SHIFT REGISTERS

Dynamic shift registers are faster than static registers and dissipate less power. They are not as flexible
to use in a system.

a)  Static Shift Registers
A static shift register uses two static MOS inverters. Three phases {clocks) are necessary for operation.

The third-phase clock is always generated internally. The third phase times the feedback loop. The
second-clock phase is often generated internally.

Vpp Vbp Vae Vb

VR -
a

o—I—-l _1 2 U
T T o
L]

\
Te FEEDBACK LOOP Timing diagram for a
Basic cell of static shift register static shift register

A and B are storage nodes. The device operates dynamically except when ¢ is On. ¢4 is On when
99 =0 and 9o = 1 for more than 10 microseconds. ¢3 is delayed o9 generated by an inverter. Load devices
are On all the time. The third phase is generated whenever ¢ ¢ stays at a logic 0 and ¢ at a logic 1 for more
than 10 microseconds.

VGG ¢2

L?r
E

Static shift registers operate in the 0- to 2.5-MHz clock range. They are extremely flexible and data

can be held indefinitely, as long as power is supplied.

¢3 Generation
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SHIFT REGISTERS

b)

Dynamic Shift Registers

Dynamic shift registers use either two or four phases (clocks). These phases can be generated on the
chip or be supplied externally. Two-phase shift registers can be classified as ratio and ratioless circuits.

The two-phase ratio-type shift register consists of two simple dynamic inverters and of timing devices.

INPUT

1

Q4

2

—O Vpp

OuUTPUT
c2

-|H

o1

92

LI

L

Basic cell for a dynamic shift register

Timing diagram for a 2 phase dynamic shift register

When ¢4 is at a logic level 1 (low) the capacitance Cq charges at the inverse of the data input. Data is
transferred out when ¢4 goes to 1.

The two-phase ratioless dynamic shift register has been designed to decrease the power dissipation and
the chip area. In a ratio-type circuit, current fiows through the inverter when the clock and data input are
simultaneously at a logic 1. There must be a certain minimum ratio between the size of the two MOS
transistors in the inverters (typically>5:1). This will require more chip area than in a ratioless shift register,
in which the MOS devices used are usually identical in size.

BASIC
CELL

o1

92

Q3 J-——I—b-—l Q6
Cc3 OUTPUT

@1

02

Ll

[

TIMING DIAGRAM

Two-phase ratioless dynamic shift register

The two-phase ratioless dynamic shift register uses identical transistors throughout and can therefore
work at higher clock rates because the precharging paths are of lower impedance than those in the ratio
circuit. When ¢4 goes to ‘1" Co charges to ‘1’ via Q3, and C charges to the data input level via Q4. When ¢4
returns to ‘Q’, transistor 02 turn On if the Input level was a ‘1’ and discharges C,. For a ‘0" input, Q, stays

Off and C2 is not discharged. Now ¢2 goes to a ‘1" and turns on Q4 so that C2 shares any charge it has with
C4. C3 is used to compensate for the loss of potential across C2 by introducing a small extra charge on the
negative edge of ¢2. It does not introduce enough to destroy a logic ‘0" on C2. When ¢2 returns to a ‘0’, the
charge on C4 transfers the data-input level to the Output.
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SHIFT REGISTERS

Four-phase shift registers are used for very high density circuits operated at very high speed.

o1 $3
L,% N U
ir a1
Q6 02
OUTPUT ’
$2 o—y| Q2 o4 0—i| 05 fox] 4] LT

INFUTO—[ a3 ¢— i s

Four-phase shift register basic cell and timing diagram

In the basic four-phase dynamic shift register, C is precharged via Q1 during ¢ 4. After ¢4, 99 holds Qy
On, so C takes a level which is the inverse of the input. The process is repeated by the Slave section
Qg4 — Qg so that the Input level is transferred to the Output after 93 and during ¢ 4. The stage uses similar
transistors throughout, giving high package density. Power dissipation is low, speed can be high, but a
relatively complex clock drive circuit is required.

3} MOS Shift Registers from T

CLOCK LOGIC POWER SUPPLY. FREQUENCY NUMBER OF BITS
TMS 3000 LR 2 Static +14V, 14V 0-1MHz 2X25
TMS 3001 LR 2 Static +14V,-14V 0—-1MHz 2X32
TMS 3002 LR 2 Static +14V,-14V 0—1MHz 2 X 50
TMS 3003 LR 2 Static +14V,-14V 0—1MHz 2X 100
TMS 3012 JR/NC 1 Static +14V,-14V 0—-1MHz 2 X 128 {Accumulator)
TMS 3016 LR 2 Static +14V,—-14V 0—1MHz 2X16
TMS 3028 LR 1 Static +14V,—-14V 0—1MHz 2X 128
TMS 3101 LC/NC 2 Static BV, -12V 0—25MHz 2 X 100
TMS 3102 LC/NC 2 Static +5V,—-12V 025 MHz 2 X80
TMS 3103 LC/NC 2 Static +HBV,-12V "0~25MHz 2X64°
TMS 3112 JC/NC 1 Static +HV,-12V 0—1MHz 6 X 32
TMS 3113 JC/NC Static +5V,-12V 0-2.0MHz 2X 133
TMS 3114 JC/NC Static BV, -12V 0— 7.0 MHz 2X128
TMS 3304 LR 2 Dynamic +14V,-14V 10kHz — 5 MHz 3X66
TMS 3305 LR 2 Dynamic +14 'V, -14V 10 kHz — 5 MHz 3X64
TMS 3309 LR 4 Dynamic +12V,-12V 10 kHz — 10 MHz 2X512
TMS 3314 JR 2 Dynamic +14V,-14V 10 kHz — 2 MHz 3(60 + 4)
TMS 3401 LC 2 Dynamic BV, -12V 20 kHz — 5 MHz 1X512
TMS 3402 L.C 2 Dynamic 5V, -12V 20 kHz — 5 MHz 1 X 500
TMS 3404 LC/NC 2 Dynamic BV, -12V 2X512
TMS 3409 JC/NC 1 Dynamic BV, -12V 10 kHz — 25 MHz 4 X80
TMS 3412 JC/NC 2 Dynamic 5 V,-5V 10 kHz — 6 MHz 4 X 256
TMS 3413 LC/NC 2 Dynamic thV,-5V 10 kHz — 6 MHz 2X512
TMS 3414 LC/NC 2 Dynamic t5V,-5V 10 kHz — 6 MHz 1X 1024
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SHIFT REGISTERS

4) Application

MOS shift registers have met a very wide market acceptance. They have become extremely price
competitive and are widely used for memories as well as to replace magneto-stricture and glass-delay lines.

Typical Applications are:

Data handling
Refresh memories
Buffer memories
Scratch-pad memories
Delay line

Desk-top calculators
Display systems
Peripherals

Radar systems

The advantages of MOS shift registers over conventional delay lines and core storage are:

Price

Modularity

Speed

Physical size
Physical integrity
Temperature range

In data handling applications, MOS shift registers can be used either in digit-serial/bit-serial mode or in
digit-serial/bit-parallel mode. The latter offers the highest speed of operation but increases the cost of
hardware.

Iin the digit-serial/bit-parallel mode it is convenient to store one digit in a small separate register for
operations such as carry correction, loop equalization, and shift. This is achieved in devices such as the
TMS 3314 JR triple-60 plus triple-4 shift register.

Any N-bit shift register can be used as a refresh memory by returning outputs to inputs as shown. A
particular bit of information is available at the output every

N

—————— seconds.
clock frequency

This is particularly useful for renewing fading displays such as CRT character-generator systems. New data
is written in via a 2-way input gate circuit.
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SHIFT REGISTERS

WRITE/RECIRCULATE CONTROL

Y
A N BIT SR
I e I
<
m — DATA OUT TO CHARACTER
A N BIT SR
NEW DATA GENERATOR, ETC.

<
N BIT SR

&= CLOCK :
USE LONGER SHIFT '
REGISTERS FOR

ADD 1 SHIFT REGISTER
MORE WORDS

PER BIT OF WORD LENGTH

Shift registers used as refresh memory

By adding an address counter and comparator in the refresh memory, it becomes a “scratch pad"’

memory. Data can be written into and read out of any point specified by the input address code. An output

register is necessary to store the required output data and to provide a 1-bit delay so that the Read address
is the same as the Write address because there is a 1-bit delay between output and input.

P
TSR ok
!

<4
GATEH REGISTER
DATA IN i

N Bl
1
< 11 DATA OUTPUT
o/p
GATE N BIT SR EGISTER|
| 44

!
CLOCK INPUT

L GATE WRITE
READ

N BIT COUNTER

INBITCOMPARATOR
AlTTITTITITA

N BIT ADDRESS

Shift registers used as scratch pad memory
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SHIFT REGISTERS

5) Clocking the Shift Registers

Most of the new shift registers designed by Texas Instruments feature total TTL compatibility. A
clock driver is included on the chip and the clock line is driven directly by TTL. For examples of this
configuration, see the specifications for the TMS 3314 JC/NC and the TMS 3409 JC/NC.

NG D o

] —ov

—{D— TMS3314JC/NC :)—

Older circuits use two clock lines with a Vg swing. The user must:
e  Generate the clocks

. Level shift the clocks
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SHIFT REGISTERS

Generating the two nonoverlapping clocks is a simple matter, easily accomplished through a Dtype flip-flop.

ﬂ C7 f ‘
0
TTL CLOCK |
SN7474 SN7401

OPEN COLLECTOR
(SEE CLOCK DRIVER)

o!

This arrangement is favorable because Q and Q will be of opposite polarities when the TTL clock is
stopped and this allows static storage in static shift registers.

Should four phases be generated, the user would connect two D-type flip-flops as a Johnson counter.

Once the clocks are generated, the voltage level must be shifted to the appropriate value.
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SHIFT REGISTERS

This can be achieved easily as shown in the illustration below. The clock driver circuit is used to drive
a capacitive load (clock lines capacitance) between +V and —-V.

anl
I

FROM CLOCK
GENERATOR 3R1
+5 1
I ! 1kQ
0
r———- TO MOS CIRCUITS
——t—— | ° T
| ZENER INPUT | R2 |
| for+v=s12V | |
or+V=+14V
L o=y | v /)
||
— je—-v
R1=1kQRat5V,47kQ at +12V =
CLOCK SWING
VOLTAGE SWING PEAK CURRENT = C » — e TIME

2" "PEAK CURRENT
C = CLOCK CAPACITY

Typical clock driver circuits
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MOS TMS 3000 LR-DUAL 25-BIT STATIC SHIFT REGISTER
LSI TMS 3001 LR-DUAL 32-BIT STATIC SHIFT REGISTER

features
mn
L] Static logic ®
)
o DC to 1 MHz operation g
L] Low power dissipation 2
L] Push-pull output buffers §
L] TTL compatible
description
The TMS 3000 LR and TMS 3001 LR are dual static shift registers. Each device contains two dc-to-1-MHz shift regis-
ters with independent input and output terminals and common clocks and power. MOS thick-oxide technology is used
to fabricate cross-coupled flip-flops for each register bit so that data can be stored indefinitely. Transistors in the
device are P-channel enhancement-mode type. All input leads have zener network protection and all outputs contain
low-output-impedance, non-inverting push-pull output buffers.
Two power supply levels and two clocks are required for operation with a third clock generated internally. Data is tran-
sferred into the register when the ¢1 clock is pulsed to logic 1. Data is shifted when the ¢ clock is returned to logic 0
and the ¢ clock is pulsed to logic 1. Output data appears on the logic O to logic 1 transition of the ¢2 clock. For long
term storage, the ¢1 clock must be held at logic 0 and the ¢2 clock at logic 1.
mechanical data and pin configuration
The TMS 3000 LR and TMS 3001 LR are mounted in TO-100 packages. (See MOS/LSI packaging section.)
@ PIN NO. FUNCTION PIN NO. FUNCTION
o o 1 tnput 1 6 Clock ¢2
(® ©, 2 Output 1 7 \elc
o e 3 VDD 8 Output 2
o o 4 Clock ¢1 9 Input 2
(S 5 GND (Vsg) 10 No connection
BOTTOM VIEW
logic definition
Negative logic is assumed
a) Logic 1 = most negative voltage
b)  Logic O = most positive voltage.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage Vpp range (SeeNote 1) . . . . . . . . . . . . . . . . . . . . . -30Vto03V
Supply voltage VGG range (SeeNote 1) . . . . . . . . . . . . . . . . . . . . . -3Vto03V
Phase one clock input voltage Vp{ range (SeeNote 1) . . . . . . . . . . . . . . . . -30Vto03V
Phase two clock input voltage V¢2 range (SeeNote1} . . . . . . . . . . . . . . . . =30Vto03V
Data input voltage Vi range (SeeNote 1) . . . . . . . . . . . . . . . . . . . . . —-30Vto03V
Powerdissipation.............................A.450mW
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . . . . -55°Cto85°C
Storage temperaturerange . . . . . . . . . . . . . . . . . . . . . . . .. —B5Cto150°C

NOTE 1: These voitage values are with respect to network ground terminal, Vss.

PRELIMINARY DATA SHEET:

Supplementary data will be TEXAS l NSTRUMENTS 14-29
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TMS 3000 LR-DUAL 25-BIT STATIC SHIFT REGISTER
TMS 3001 LR-DUAL 32-BIT STATIC SHIFT REGISTER

recommended operating conditions

CHARACTERISTICS MIN NOM MAX UNITS
Supply voltage Vpp -12 —14 —15 \4
Supply voltage VGG —24 -28 —29 \4
Logic 0 data input voltage Vj(g) (See Note 2) 0.3 (4] -2 \
Logic 1 data input voltage Vj(1) (See Note 2) -9.5 -14 -29 v
Width of data pulse, tp(data) (See voltage waveforms) 0.4t us
Data setup time, tsetup (See voltage waveforms and Note 3) 100 ns
Data hold time, thold (See voltage waveforms and Note 4) 20 ns
Logic O clock input voitage Va0(clock) (See Notes Z and 5) C.3 c 2 v
Logic 1 clock input voltage V1 (clock) (See Notes 2 and 5) —24 —28 -29 \
Rise time of clock pulse, t(ciock) (See voltage waveforms) 0 5 us
Fall time of clock pulse, tf(clock) {See voitage waveforms) 5 us
¢4 clock pulse width, tp(1) (See voltage waveforms) 0.3t 101 us
67 clock pulse width, 1p(p2) (See voltage waveforms) 0.4t oot us
Time interval from ¢4 clock to ¢2 clock input pulse, 12 (See waveforms and Note 5) 0.01 i0 us
Time interval from @7 clock to ¢1 clock input pulse, 121 {See waveforms and Note 5) 0.01 10 us
Clock repetition rate 0 1 MHz

NOTES: 2. These voltage values are with respect to network ground terminal, Vgg.
3. Setup time is the interval immediately preceeding the positive-going edge of the phase 1 clock during whichperiod the data to be
recognized must be maintained at the input to ensure its recognition.
4. Hold time is the interval immediately following the positive-going edge of the phase 1 clock during which:.period the data to be
recognized must be maintained at the input to ensure its recognition.

5. The two clock pulses must never be simultaneously more than 3 volts more negative than Vgg.

T These values are at Vpp = —14V, Vgg = 28V, and Ta = 25°C.

electrical characteristics over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONST MIN Tvpt MAX UNITS
L  Logic 1 input current into data input Vi=-20V, T° = 25°C 0.5 uA
Logic 1 input current into either clock Vi=-28V, Vgg=0V,
liL(g) | 50 uA
input To = 25°C
lo=0mA, Cp =20pF 0.3 -1 \
10=2mA, CL =20pF —2.6 -5 \Y
VoH Logic 0 output voltage ) L P
10=0mA, Vgd=—12V,
-0.5 -1 \
Vgg=—24V
Io=0, CL=20pF —12 [-135 —14 v
10 =0.5mA -105 |-—-125 -14 \
Io=0mA, Vgd=-12V,

VoL Logic 1 output voltage
Vgg = —24 vV, V¢,V¢|_=—24 v,

CL =20 pF, Vin(1) =—85V, -88 | 105 -2 v
Vin(o) = —2V
RoH Output resistance, logic 0 lo=—-20mA 15 25 kQ
RoL Output resistance, logic 1 o =0.56mA 1.5 7 k&
Ipp  Supply current from Vpp terminal* TMS 3000 LR, T°- 26° —14 —20 mA
TMS 3001 LR, T°=25°C —16 -24 mA
m Igg Supply current from Vg terminal® TMS 3000 LR, T° = 26°C =2 =35 mA
TMS 3001 LR, T°=25°C -2 -3.6 mA
frmax Maximum clock frequency 1 MHz

T Unless otherwise noted, voltages are as shown in the nominal column of the recommended operating conditions (nominal operating voltages).
¥ Ali typical values are at Ta = 25°C.
* Current into a terminal is a positive value.
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TMS 3000 LR-DUAL 25-BIT STATIC SHIFT REGISTER
TMS 3001 LR-DUAL 32-BIT STATIC SHIFT REGISTER

switching characteristics, Vpp = -14V, VGG =-28V, RL =10mQ, C =20pF, Tp= 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
i i igh level
tod0 Propagation delay time to high leve See voltage waveforms 325 475 ns
from ¢2 clock to data output
i i | level
tpd1 Propagation delay time to low leve See voltage waveforms 325 475 ns
from ¢2 clock to data output
V=0V,
5 X TMS 3000 LR 8 12 pF
Cin(p1) Capacitance of ¢1 clock input Vig2y =0V, TS 3001 LR ” 15 oF
f=1MHz
V=0V,
. o =0y TMS 3000 LR 15 20 pF
Cin(g2) Capacitance of ¢ clock input Vi1 =0V, ™S 3001 LR 20 2 oF
f=1MHz .
Cin Capacitance of data input V=0, f=1MHz 5 7 pF
* cin(q)2) includes the capacitance of the internal ¢2' clock.
voltage waveforms
oV %“ﬂﬂ
DATA INPUT_9 v ViH(data)
-1V - - -

ViL(data)
‘f(clock)——bi l<—>| lq——tr(ciock)
44 CLOCK ViH(clock)
1
l ViL(clock)
(¢2) 521 (1)
f{clock I‘—tr(clock)

[— -_— - - — = - ViH(clock)

2 CLOCK | |

tpd1 |
l tpdo |
ov -

0% — 2 2~ — — — — — — — e — — — —— = —_ = - V,
DATA OUTPUT o o T ]f_ou

—g §—- LINE IS CONSIDERED SOLID WHEN RELATED TO DATA INPUT, AND BROKEN BY 25/32 BIT TIME
INTERVAL WHEN RELATED TO DATA OUTPUT.
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TMS 3000 LR-DUAL 25-BIT STATIC SHIFT REGISTER
TMS 3001 LR-DUAL 32-BIT STATIC SHIFT REGISTER

typical characteristics

LOGIC 0 OUTPUT VOLTAGE
vs

3 LOAD CURRENT
E
- 5L Ta = +25°C
2
‘é Vpp=-15V Vpp=-14V
€ _4| Veg=-290V Vgg=-28V
o B /
© ~ 1///
) ™~
E -3l VBb=-12V
3 Vgg=—-24V
-
@
> 2L
w
by
T
o
T1r
!
5
= 0 1 1 o
(] -5 —10 -15
VoH — LOGIC 0 OUTPUT VOLTAGE — V
LOGIC 1 OUTPUT VOLTAGE
vs
LOAD CURRENT
< s Ta=+25°C
et Vpp=-12V Vpp=-14V Vpp=-15V
z Vgg=-24V Vgg=-28V Vgg=-29V
€ +4L
o«
D \
£ \ /
= +3
g T
-
2
)
o 2k
w
>
w
Zn
+1L
8
-l
|
al 0 1 1 )
= 0 -5 -10 -15

VoL — LOGIC 1 OUTPUT VOLTAGE — V

typical application data

1

MOS/TTL interface

VOH — HIGH-LEVEL OUTPUT VOLTAGE (V)

VoL — LOW-LEVEL OUTPUT VOLTAGE (V)

[}

LOGICO OUTPUT VOLTAGE
vs
FREE AIR TEMPERATURE

Vpp=-14V
| Vgg=-28V
lp=—-2mA
—— T ig=—1mA
1 1 1 1
—75 55 0 485  +125

Ta — FREE-AIR TEMPERATURE —°C

LOGIC 1 OUTPUT VOLTAGE
vs
FREE AIR TEMPERATURE

-15 |
io=+1mA
____\lo =+2 mA
—10 L lop=+4mA
-5 |
Vpp=-14V
Vgg=-28V
0 t 1 1 |
—75 -55 0 +85 +125

Ta — FREE-AIR TEMPERATURE — °C

With proper supply voltages, interfacing can be achieved with only three resistors. A typical MOS/TTL interface is shown

below.

An input pull-up resistor is required to provide the necessary input voltage swing. The value of this resistor (R) depends
on the actual circuit requirements — values as low as 1 k§2 can be used for high-speed operation, while values as high as
15 kS2 can be used when low power consumption is important rather than high-speed.
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TMS 3000 LR-DUAL 25-BIT STATIC SHIFT REGISTER
TMS 3001 LR-DUAL 32-BIT STATIC SHIFT REGISTER

typical application data (continued)

5V
N S N

1 @2 Vs
pata —H ) ! clock tLock  °°
INPUT [ TMS 3000 LR OR

N / TMS 3001 LR

DATA
L OuTPUT
= Tes VéG VpbD
SN7426 DATA
- INPUT l
-1av = OUTPUT =
—1av

At the output interface, the 9.1-k€2 resistor sinks the 1.6 mA of TTL gate current when 0 volts is required on the TTL
input. When 3 volts is required on the TTL input, the MOS output device supplies current from 14 volts, through the
3.9-k2 resistor and the 9.1-k2 resistor, to —14 volts. The 3.9-k2 resistor limits the voltage at the TTL gate input to

5 volts maximum.

2)  Two-phase clock generator

SN7400 SN7416

>_Da—a $2 CLOCK TO CLOCK DRIVER

MASTER CLOCK IN o0—@—4 CLOCK SN7473 (SEE NOTE A)
D)_Do__o $1 CLOCK TO CLOCK DRIVER
8N7400 s~741s

$2 CLOCK

#1 CLOCK I

NOTE A: THE J, K, AND CLEAR INPUTS ARE TIED TO Vcc THROUGH A 2 kQ RESISTOR.
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TMS 3000 LR-DUAL 25-BIT STATIC SHIFT REGISTER
TMS 3001 LR-DUAL 32-BIT STATIC SHIFT REGISTER

expansion to single 50- or 64-bit register

CLOCK
DRIVE®S

————14 6

=

¢1 CLOCK ¢2 CLOCK

v
s 2

DATA INPUT O—————1—

DATA INPUT 1

TMS 3000 LR OR TMS 3001 LR

DATA OUTPUT 2

l——9 DATA INPUT 2 DATA ouTPUT 2|8 0 DATA OUTPUT
\Y PN Y oy
g vV
‘L7 la
28V —14v

schematic (each register)

-3 FIRST BIT
I GENERATOR I

Vpp

A{c1]

I

BUFFER

l LAST BIT l l
|

— 8.

o—o—9
cLock

N
*
cLock 1

v =

v o

It 1
DATA o T
INPUT

L
.I.nd.l.nIO-‘_.l-Va

V — Vsg BUS
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Mos ‘TMS 3002 LR-DUAL 50-BIT SHIFT REGISTER
LSI TMS 3003 LR-DUAL 100-BIT SHIFT REGISTER

'>_
features g
e Static logic >
<
(] DC to 1 MHz operation "3
o Low power dissipation 3
L] Push-pull output buffers
[ TTL compatible
description
The TMS 3002 LR and TMS 3003 LR are dual static shift registers. Each device contains two dc-to-1-MHz shift regis-
ters with independent input and output terminals and common clocks and power. MOS thick-oxide technology is used
to fabricate cross-coupled flip-flops for each register bit so that data can be stored indefinitely. The transistors in the
device are the P-channel enhancement-mode type. All input leads have zener network protection and all outputs con-
tain low-output-impedance non-inverting push-pull output buffers.
Two power-supply levels and two clocks are required for operation, with a third clock generated internally. Data is
transferred into the register when the ¢1 clock is pulsed to logic 1. Data is shifted when the ¢1 clock is returned to logic
0 and the ¢ clock is pulsed to logic 1. Output data appears on the logic O to logic 1 transition of the ¢ clock. For
long-term storage, the ¢q clock must be held at logic 0 and the ¢ clock at logic 1.
mechanical data and pin configuration
The TMS 3002 LR and TMS 3003 LR are mounted in TO-100 packages. {See MOS/LSI packaging section.)
LEAD NO. FUNCTION LEAD NO. FUNCTION
(9 (19 (1) 1 Input 1 6 Clock ¢2
e o 2 Output 1 7 VGG
3 VbpD 8 Output 2
0 9 4 Clock ¢1 9 Input 2
(&) e (s) 5 GND (Vgg) 10 No connection
BOTTOM VIEW
logic definition
Negative logic is assumed.
a) Logic 1 = most negative voltage
b)  Logic 0 = most positive voltage
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage Vpp (SeeNote 1) . . . . . . . . . . . . . .. . . . . . . . . —=30Vto03V
Supply voltage VGG range (SeeNote 1) . . . . . . . . . . . . . . .. . . . . . -30Vto03V
Phase one clock input voltage V1 range (See Note 1) . . . . . . . . . . . . . . . . -30Vto03V
Phase two clock input voltage Vg2 range (SeeNote1) . . . . . . . . . . . . . . . . -30Vt03 \
Data input voltage V| range (SeeNote 1) . . . . . . . . . . . . . . . . . . . . . —-30Vto03V
Powerdissipation.............................‘.450mW
Operating free-air temperaturerange . . . . . . . . . . . . . ... ... —55°C t0 85°C
Storage temperaturerange . . . . . . . . . . . . . . . . . . .. .. ... -B5Cto150°C
NOTE 1: These voltage values are with respect to network ground terminal, Vgs.
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TMS 3002 LR-DUAL 50-BIT SHIFT REGISTER
TMS 3003 LR-DUAL 100-BIT SHIFT REGISTER

recommended operating conditions

CHARACTERISTICS MIN NOM MAX UNITS
Supply voltage Vpp —-12 —14 —15 v
Supply voltage VGG —24 —28 —-29 \
Logic 0 data input voltage V(o) (See Note 2) 0.3 0 -2 v
Logic 1 data input voltage V(1) (See Note 2) -9.5 -14 -29 \
Width of data pulse, tp(data) (See voltage waveforms) 0.4t us
Data setup time, tsequp (See voltage waveforms and Note 3) 100 ns
Data hold time, thg)d (See voltage waveforms and Note 4) 20 ns
Logic 0 clock input voltage V0(clock) (See Note 2 and 5) 03 0 -2 v
Logic 1 clock Input voltage Vg1 (clock) (See Note 2 and b} —24 ~28 ~29 v
Rise time of clock pulse, tr(clock) (See voltage waveforms) 0 5 us
Fall time of clock pulse, tf{clock) (See voltage waveforms) 5 us
¢1 clock pulse width, tp(p1) (See voltage waveforms) 0.3t 101 us
¢2 clock pulse width, t;,(¢2) (See voltage waveforms) 0.4t oot us
Time interval from ¢1 clock to ¢ clock input pulse, 112 (See waveforms and Note 5} 0.01 10 us
Time interval from ¢ clock to ¢4 clock input pulse, ty21 (See waveforms and Note 5) 0.01 10 us
Clock repetition rate 0 1 MHz

NOTES: 2. These voitage values are with respect to network ground terminal, Vgg.
3. Setup time is the interval immediately preceeding the positive-going edge of the phase 1 clock pulse during which interval the data
to be recognized must be maintained at the input to ensure its recognition.
4. Hold time is the interval immediately following the positive-going edge of the phase 1 clock pulse during which interval the data to
be recognized must be maintained at the input to ensure its recognition.
5. The two clock pulses must never be simultaneousty more than 3 volts more negative than Vgg.

T These values are at Vpp = —14 V, Veg = —28V, and Ty = 25°C.

electrical characteristics over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONST MIN vl | max UNITS
liL  Logic 1 input current into data input Vi=-20V, T° = 25°C 0.5 uA
11L(¢) Logic 1 input current into either clock input ;_/l; ;5208CV, Vee =0V 50 A
Io=0mA, Cp=20pF 0.3 -1 \i
VoH Logic 0 output voltage lo=2mA, C, = 20pF —26 -5 v
lo=0mA, Vdd=—12V, —05 .
Vgg=-24V
g =0mA, CL =20pF —12.0 | —135 —14 \4
10 =0.5 mA —-10.5 | —125 —14 \
Io=0mA, Vdd=-12V,
i Vgg=—24V, Vg, Vg =24V,
VoL Logic 1 output voltage CL = 20 oF, Vin(1) = -85V —-8.8 —-10.5 —12 \"
Vin(g) = -2V
RpH Output resistance, logic 0 o =-20mA 1.5 2.5 kQ
RoL Output resistance, logic 1 10=05mA 1.5 7 kQ
Ipp  Supply current from Vpp terminal§ L L e -85 —15 mA
TMS 3003 LR, T°=25°C ~16 —~26 mA
i TMS 3002 LR, T°=25°C -2 -3 mA
IGG Supply current from VGG terminal§
14 TMS 3003 LR, T°=25°C -2 -3 mA
fmax Maximum clock frequency 1 MHz

T Unless otherwise noted, voltages are as shown in the nominal column of the recommended operating conditions {nominal operating voltages).
LT typical values are at Tp = 25°C.

§ Currentinto a termi nal is a positive value,
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TMS 3002 LR-DUAL 50-BIT SHIFT REGISTER
TMS 3003 LR-DUAL 100-BIT SHIFT REGISTER

switching characteristics, Vpp = -14V, VGG =-28V, RL =10 mQ, CL =20 pF, Tao= 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
i i igh level
tpd0 Propagation delay time to high leve See voltage waveforms 250 400 ns
from ¢9 clock to data output
P i lay time to low level
tpd1 ropagation delay time to low level See voltage waveforms 250 350 ns
from ¢ clock
V=0V
1oV, TMS 3002 LR 18 23 pF
Cin{p1) Capacitance of ¢4 clock input Vi(g2) =0V, TM™S 3003 LR %8 3 oF
f=1MHz
Vi=0V,
c Camaci oo ook imoutt v| oy LTMS3002LR 30 35 PF
in{p2) Capacitance of ¢7 clock inpu o) " ™ T™S 3003 LR 53 o0 oF
f=1MHz
Cin Capacitance of data input V=0, f=1MHz 5 7 pF
Cin{g2) includes the capacitance of the internal ¢2, clock.
voltage waveforms
tp(datal
ov pldata)
DATA INPUT ViH(data)
-9V
—WOV — = — — —— e e e e e e e e e e — ——
ViL(data)

i }
tsetup I"I thold (clock) —.l Iﬂ— tr(clock)
ov

_—-—— - —_— ViH(clock)
9 CLOCK
BV — — M [T T I e e
ViL(clook)
I‘p(wl I %21 l plp1)
.tf(clock)-.| l‘_ tr(clock)
ov
|— —-I _——— = - - ViH(clock)
¢4 CLOCK
2BV e — . — . T - - _—_ 4 —_
| ViL(clock)
tpd1
pd l 'de
ov £ ¢ I l
DATA OUTPUT 0 —2) — — — — \\— — — — — — — — — Vo
90% — ——m — — — — —
VoL
—% 3— LINE IS CONSIDERED SOLID WHEN RELATED TO DATA INPUT, AND BROKEN BY
50/100 BIT TIME INTERVAL WHEN RE LATED TO DATA OUTPUT.
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TMS 3002 LR-DUAL 50-BIT SHIFT REGISTER
TMS 3003 LR-DUAL 100-BIT SHIFT REGISTER

typical characteristics

LOGIC 0 OUTPUT VOLTAGE LOGIC 1 OUTPUT VOLTAGE
Vs vs
E: LOAD CURRENT T LOAD CURRENT
| 5} Tp = +25°C S 45 Tp = +25°C
=
= - - -
z Vpp=-15V Vpp = -14V z Vpp=-12V Vpp=-14V Vpp=-15V
£ .l veg=-29v VGG =-28V | VGG =-24V Vgg=-28V Vgg=-220V
]
3] / 3
=
2 3t Vpp=-12V S
5 Vgg=-24V e
=)
o
<}
g 2L S+42 |
e
g ; '\ \\
_‘J -
3 .
2} -1} gﬂ -
I -
i i
Io i } j 20 | 1 J
2% -5 -10 S5° o -5 -10 -15
VoH — LOGIC 0 OUTPUT VOLTAGE — V VoL ~ LOGIC 1 OUTPUT VOLTAGE — V
LOGIC 0 OUTPUT VOLTAGE LOGIC 1 OUTPUT VOLTAGE
vs vs

FREE AIR TEMPERATURE FREE AIR TEMPERATURE

> >
1 i
w
¢ ]
;| Vpp=-14V E -15 |
° Vgg=-28V 3 Io=+1maA
> >
5 5 —~—— lg=+2mA
E -1l 2-0f — ig-uma
5 )
° 1 4mA °
= —4m
g o 2 Vpp=-14V
2 -5 / o Sp Vgg= -8V
-l lo=-2mA -
I
4 _____,____————"-—'lo - —1mA %
-l
z A I . ol ! I
I -75-55 0 +85 +125 3 -15-55 0 +85 +125
> >

Ta — FREE-AIR TEMPERATURE — °C Ta — FREE-AIR TEMPERATURE — °C

SUPPLY CURRENT SUPPLY CURRENT
FROM Vpp SUPPLY FROM Vpp SUPPLY
vs vs
DRAIN POWER SUPPLY VOLTAGE FREE-AIR TEMPERATURE
g _25 (TMS 3003 LR) < _zsl_ (TMS 3003 LR)
| B I Vpp=-15V,
E 20 k20
2 - 2
u vVgg=-29V / 9‘1
< -15 L v, =_28V / £ —15}-
3 /GG =
[3] Vgg=-24V s 3]
: -10 |~ : —10p=
£ 5| g 5
7] w
] o 1 1 | 1 ] o1 l 1 |
9 0 -5 -10 -15  -20 8 -715-55 0 +85 +125
- Vpp — SUPPLY VOLTAGE — V - Ta — FREE-AIR TEMPERATURE — °C
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TMS 3002 LR-DUAL 50-BIT SHIFT REGISTER
TMS 3003 LR-DUAL 100-BIT SHIFT REGISTER

typical characteristics (continued)

SUPPLY CURRENT FROM Vgg SUPPLY . MINIMUM CLOCK PULSE WIDTH
v§s vs
FREE-AIR TEMPERATURE 2 FREE-AIR TEMPERATURE
< | 300
3 £ Vpp=-12V,Vgg=-24V
‘l 25 | Vpp=-14V,VGgg=-28V 2 250t~
-4 | =
E =r \ E g o
315 \ =2 150 P2
> &% !
E 1.0 [~ Vpp=-12V,Vgg = -24V §§ 1001~ VDD=-14V.VGe=-28V 1,
ai o5 L 3; 50l VDD:—12V,VGG:—24V /
o ol 1 | I g ol Joo-AVVeE=-BY
2 5-s5 0 +85  +125 Z _75-55 0 +85  +125
Ta — FREE-AIR TEMPERATURE — °C 2 Ta — FREE-AIR TEMPERATURE ~ °C

typical application data

With proper supply voltages, interfacing can be achieved with only three resistors. A typical MOS/TTL interface is shown
below. .

14V

CLOCK |
r— —f— - R |PRIVERI™ 1 |

o1 o2 Vss

CLOCK CLOCK
TMS 3002 LR OR DATA
TMS 3003 LR OUTPUT
Vee VpD
= ourreur =

An input pull-up resistor is required to provide the necessary input voltage swing. The value of this resistor (R) depends
on the actual circuit requirements — values as low as 1 k§2 can be used for high-speed operation while values as high as
15 kS2 can be used when low power consumption is important rather than high-speed.

At the output interface, the 9.1-kS2 resistor sinks the 1.6 mA of TTL-gate current when O volts is required on the TTL
input. When 3 volts is required on the TTL input, the MOS output device supplies current from 14 volts, through the
3.9k resistor and the 9.1-kS2 resistor to —14 volts. The 3.9-k2 resistor limits the voltage at the TTL gate input to 5

volts maximum. m
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TMS 3002 LR-DUAL 50-BIT SHIFT REGISTER
TMS 3003 LR-DUAL 100-BIT SHIFT REGISTER

two-phase clock generator

SN7400

SN7416

ECLOCK TO CLOCK DRIVER

MASTER CLOCK IN O—@—O

5

SN7473 (SEE NOTE A)

dT‘I_CLOCK TO.CLOCK DRIVER

L

$2 CLOCK

$1 CLOCK

NOTE A. THE J, K, AND CLEAR INPUTS ARE TIED TO Vcc THROUGH A 2 k2 RESISTOR.

expansion to single 100- or 200-bit register

cLocK
ORIVER

I

4 6

, |1 6roex ez crocx
DATA INPUT O—————{ DATA INPUT 1

Vss

DATA OUTPUT 1

TMS 3002 LR
OR
TMS 3003 LR
8
2 DATA INPUT 2 DATA OUTPUT 2 —Q DATA OUTPUT
Vee Voo
i7 3
-28V ~14 ¥
schematic (each register)
!‘ 2 1 FIRST 8IT _I L LASY BIT EFFﬂ
GENERATOR ‘ Vg \‘Irpln I v] l
0 Q
(]
cLock © -—--

10

k:
=

i - ——
el | ]
e J_&—; ! Fl
G O

1NdLiNO Viva

VYV —vssous
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MOS TMS 3012 JC, NC-DUAL 128-BIT ACCUMULATOR
LSI TMS 3028 LC-DUAL 128-BIT SHIFT REGISTER

n
features B
E]
e 256 bits of storage g
L4 Single clock phase ;:3
e  Static logic §
by
[} TTL compatible
) DC to 1 MHz operation
° Push-pull output buffers
° 16-pin dual-in-line package (TMS 3012 JC/NC)
° Recirculating control logic (TMS 3012 JC/NC)
description
The TMS 3012 JC/NC consists of two separate 128-bit static shift registers with independent input and output terminals
and logic, within the circuit, for loading and recirculating information. Two power supplies and one external clock are
required for operation. Three clocks are generated internally. Cross-coupled flip-flops are used to implement each bit
of delay and enable data to be stored indefinitely between two clock pulses. The entire device is constructed on a
single monolithic chip using thick-oxide techniques and MOS P-channel enhancement-mode transistors. A unit mounted
in a 16-pin hermetically sealed ceramic dual-in-line package is designated “'JC". “NC" is the designation for a unit
mounted in a 16-pin plastic package.
The TMS 3028 LC is identical to the TMS 3012 JC/NC except for the fact that recirculate logic is not included on the
chip and that the device is mounted in a TO-100 package instead of a dual-in-line package.
operation
Transferring data into the register and shifting the data in the register are accomplished when the ¢jN clock is at a
logic 1; for long-term data storage, the ¢|N clock must be held at logic 0. Output appears on the positive-going edge
of the ¢|N clock pulse.
logic definition
Negative logic is assumed.
a) Logic 1 = most negative voltage
b)  Logic 0 = most positive voltage
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage VDD range™ . . . . . . . . . . . e e e e e e -30Vto 03V
Supply voltage VGG range™ . . . . . . . . . . . . e —30Vto03V
Clock and data input voltage ranges™ . . . . . . . . . . . . . .o .o e e —-30Vto05V
Operating free-air temperaturerange . . . . . . . . . . . . . e .o e e —55°C 10 85°C
Storage tempPerature range . . . . . . . . . . . . e e e e e e —55°C to 150°C
* These voltage values are with respect to substrate terminal. N 14
TEXAS INSTRUMENTS 1441
INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TMS 3012 JC, NC- DUAL 128-BIT ACCUMULATOR
TMS 3028 LC-DUAL 128-BIT SHIFT REGISTER

functional diagram for TMS 3012 JC/NC

e e e e e e e e e e e - -
RECIRCULATE
INPUT A |
RECIRCULATE
CONTROL A | '
‘ | OUTPUTA
' REGISTER A {E)
| |

@JNPUT A 1

RECIRCULA'IJE
7\ INPUT B | .

o) RECIRCULATE |

73).CONTROL B
| | OuTPUTB
REGISTER B @
!

|
@ INPUT B i ]
1
I

l@;bo %’GG g}Vss d)cu.ock ®IN
9

® X DENOTES PIN NUMBER

I
1
|

-
i

|

|

i

L

recommended operating conditions

CHARACTERISTICS MIN NOM MAX UNITS
Supply volitage Vpp -13 —14 —-15 Y
Supply voitage Vgg —27 —28 —-29 \%
Width of data pulse, t(data) (See voltage waveforms) 0.4 10 us
Width of clock pulses: :;;:tz::z ;i See voltage waveforms g: : ::
Rise time of clock pulse, ty(clock) (See voltage waveforms) 5 us
Fall time of clock pulse, tf{clock) (See voltage waveforms) 1 us
Clock repetition rate 0 1 MHz
Vin{1)* Data/Recircutate Control Logic 1 voltage -9 -14 -15 \
Vin(0)* Data/Recirculate Control Logic 0 voltage 0 0 -2 \
Vin(1)¢* Logic 1 clock input voltage -9 -14 —15 \
Vin(0)¢* Logic 0 clock input voltage 0 0 -2 3
Data change time before clock change to 0 {tgp) 0.2 us
Data change time after clock change to 0 (tga) 0.2 us
Recirculate control change time before clock change to 0 {ty) {See Note 2) 0.3 us
Recirculate controf change time after clock change to O (t;5) (See Note 2) 03 us

NOTES: 1. Ali voltages are with respect to Vgg.
2. TMS 3012 JR only.

To ensure correct data loading, the input should reach the desired level at least time tgp before the clock goes to Jogic 0, and should remain
at that level for a time tq, after the clock has changed to 0. Similarly, the recirculate control input should not change state for a period trp

m before and t, after the clock change from logic 1 to logic 0.
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TMS 3012 JC, NC-DUAL 128-BIT ACCUMULATOR

TMS 3028 LC-DUAL 128-BIT SHIFT REGISTER

electrical characteristics at nominal operating conditions and 25°C

PARAMETER TEST CONDITIONS T MIN TYPT | MAX | UNITS
Vout(1) Logic 1 output voltage Rp =10k to Vss —-11 -13 Y
Vout(0) Logic O output voltage R =10k to Vgg —-0.3 -1 \
tin(1) Data input, leakage current Vin=-20V -0.5 KA
lin(1)e Clock input, leakage current Ving = =20V, Vgg =0 0.5 HA
Zout Output impedance to ground Vout=0to -1V 0.7 1.5 k&
IDD Supply current into Vpp terminal | Vpp=-—-15V, Vg =-29V —-23 —30 mA
GG Supply current into VG terminal | Vpp =—=15V, Vgg=—-29V -3 —5.5 mA
T Unless otherwise noted, Ry = 10 k{2, and C_= 10 pF.
i All other pins are at Vgg
dynamic electrical characteristics, Vpp = -14V, VGG =—28V,Tp= 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Propagaiion delay time to logic 1
tpd1 Ry =10k& to ground, C{ =10 pF 500 700 ns
level from clock ¢ to data output
Propgation delay time to logic O
tpd0 R =10k to ground, C|_ = 10 pF 400 600 ns
level from clock ¢ to data output
Cin Capacitance of data input Vin =0,f=1MHz, Ta = 25°C 3 5 pF
Cimp Capacitance of clock input Vimp =0,f=1MHz, Tp = 25°C 5 7 pF
interface circuits
a) TTL/DTL
\ CLOCK
SN7426 SN7400
5.1kQ
DATA/CONTROL TMS 3012 JC/NC
__/ S INPUT OR
R* R* TMS 3028 LC 9.1kQ
Jvss Lvoo | Ves _1av
+14V =

* Select R for speed and power requirements.

b) MOS

No external components are required.
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TMS 3012 JC, NC- DUAL 128-BIT ACCUMULATOR
TMS 3028 LC-DUAL 128-BIT SHIFT REGISTER

voltage waveforms (TMS 3012 JC/NC only)

RECIRCUE;TE_O\" o I| i tra
CONTROL INPUT | | ‘/
1 [ | : l tp1 | | tp0 |
\ / | 1y
1 tdb ld——-b: |r1-—h: tda \——:;1 l‘-—‘dar —» l‘—'¢f
DATA INPUT 0 l (. | /

0

i | |
AN | /!
1 ! LN |

TIMES ARE MEASURED AT 10% AND 90% VALUES OF THE WORST CASE LOGIC 1 AND LOGIC 0 LEVELS.

DATA QUTPUT

mechanical data

The TMS 3012 is available in both a 16-pin hermetically sealed ceramic dual-in-line package {JC) and a 16-pin plastic
package {NC). The packages are designed for insertion in mounting-hole rows on 0.300-inch centers. (See MOS/LSI
packaging section.)

1D0U

[ 16 PINNO. FUNCTION PIN NO. FUNCTION
O H 1 No connection 9 Clock ¢
O ] 2 Input A 10 No connection
O TOP 4 3 Recirculate input A 11 VGG
O VIEW =) 4 Recirculate Control A 12 QOutput B
5 Output A 13 Recirculate Control B
L - 6 VDD 14 Recirculate Input B
g u 7 Vss 15 Input B
8 [ Mo 8 No connection 16 No connection
The TMS 3028 LC is mounted in a TO-100 package. (See MOS/LSI packaging section.)
@ LEAD NO. FUNCTION LEAD NO. FUNCTION
0 o 1 Input 1 6 Vss
(® @ 2 Output 1 7 VGG
(7) (3) 3 VbD 8 Output 2
(6) (a) 4 Clock ¢1 9 Input 2
e 5 Vss 10 No connection
BOTTOM VIEW
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MOsS TMS 3016 LR

LSI DUAL 16-BIT STATIC SHIFT REGISTER
features %"
[ Static logic %
DC to 1 MHz operation g

Low power dissipation
Push-pull output buffers
TTL compatible

description

The TMS 3016 LR is a dual static shift register. This device contains two dc-to-1-MHz shift registers with independent
input and output terminals and common clocks and power. MOS thick-oxide technology is used to fabricate cross-
coupled flip-flops for each register bit so that data can be stored indefinitely. The transistors in the device are the P-
channel enhancement-mode type. All input leads have zener network protection and all outputs contain low output
impedance, non-inverting push-pull output buffers.

Two power supply levels and two clocks are required for operation with a third clock generated internally. Data is
transferred into the register when the ¢1 clock is pulsed to logic 1. Data is shifted when the ¢1 clock is returned to

logic 0 and the ¢2 clock is pulsed to logic 1. Qutput data appears on the logic 0 to logic 1 transition of the ¢2 clock.
For long term storage, the ¢1 clock must be held at a logic 0 and the ¢2 clock at a logic 1.

mechanical data and pin configuration

The TMS 3016 LR is mounted in a TO-100 package. (See MOS/LSI packaging section.)

Q @ o LEADNO. FUNCTION LEAD NO. FUNCTION

1 No connection 6 VGG
(8 @ 2 Clock $2 7 Output 2
o o 3 Input 1 8 Clock ¢1
4 Input 2 9 Output 1

O, (5) ©) 5 .GND (Vss) 10 VDD

BOTTOM VIEW )
logic definition

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

b}  Logic 0 = most positive voltage

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

Supply voltage Vpp range (SeeNote 1) . . . . . . . . . . . . . . . . . . .. .=3 Vi 0.3V

Supply voltage VGG range (See Note 1) . . . . e e e e e . . .. .. . . . . .-30Vte03Vv

Phase one clock input voltage Vg1 range (See Note 1) e e . . . . . . .. .. . . .-3Vto03V

Phase two clock input voltage Vg2 range (SeeNote 1) . . . . . . . . . . . . .. . . —-30Vt03V

Data input voltage Vi range (SeeNote 1) . . . . . . . . . . . . . . . . . . . . .=-3Vto03V

Power dissipation . . . (- T0 X 1)
Operating free-air temperature range e e e e e e e e . ... . ... .....-BBCtoss’C ’
Storage temperaturerange . . . . . . . . . . . . . . . . . . . . . . .. . .-B5°Cto150°C

NOTE 1: These voltage values are with respect to network ground terminal, Vgs.

TEXAS INSTRUMENTS 1445

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TMS 3016 LR
DUAL 16-BIT STATIC SHIFT REGISTER

electrical characteristics over operating free-air temperature range (unless otherwise noted)

1

1 AN Hemal values are at. TA =

14-46

recommended operating conditions

CHARACTERISTICS MIN NOM MAX UNITS
Supply voftage Vpp —12 —-14 -15 Vv
Supply voltage VGG =24 —28 -29 \
Logic 0 data input voltage Vj(g) {See Note 2) 0.3 [\] -2 v
Logic 1 data input voltage Vj(1) {See Notes 2) -9.5 -14 —29 A
Width of data pulse, tp(data) (See voltage waveforms) 0.4t us
Data setup time, tseqyp (See voltage waveforms and Note 3) 100 ns
Data hold time, thold (See voltage waveforms and Note 4) 20 ns
Logic 0 clock input voltage Vs0(clock) (See Notes 2 and 5) -0.3 0 -2 \Y
Logic 1 clock input voltage Vg 1(clock) (See Notes 2 and 5) —24 —28 -29
Rise time of clock pulse, tr(ciock) (See voltage waveforms) 0 5 us
Faii time of ciock puise, t{clock) iS€e voitage waveforms} 8 us
@1 clock pulse width, tp(41) (See voltage waveforms) 0.37 10t us
¢2 clock pulse width, tp(42) {See voltage waveforms) 0.4t oot us "
Time intérval from ¢4 clock to ¢ clock input pulse, 1512 (See voltage waveforms) 0.01 10 us
Time interval from ¢2 clock to ¢ clock input puise, ty21 (See voltage waveforms) 0.01 10 us
Clock repetition rate 0 1 MHz

NOTES: 2. These voltage values are with respect to network ground terminal, Vgs.

Un

3. Setup time is the interval immediately preceeding the positive-going edge of the phase 1 clock pulse during which interval the data
to be recognized must be maintained at the input to ensure its recognition.
4. Hold time is the interval immediately following the positive-going edge of the phase 1 clock pulse during which interval the data to
be recognized must be maintained at the input to ensure its recognition.
5. The two clock pulses must never be simultanecusly more than 3 volts more negative than Vgs.

T These values are at Vpp = ~14 V, Vgg=—28 YV, and Ta = 25°C.

PARAMETER TEST CONDITIONST MIN TYPt MAX UNITS
Il  Logic 1 input current into data input | Vy=-20V, Te=25°C 0.5 HA
PN . . . Vy=-28V, Vgg =0V,
liL(g) Logic 1 input current into either clock input Tl - 259G GG 50 HA
10 =0mA, CL=20pF 0.3 -1 A
VoH Logic 0 output voltage lo=2mA, CL - 20pF —26 - v
I0=0mA, Vpp=—-12V,
VGG =—24V 05 - v
0 =0mA, CL=20pF —12.0 | —135 -14 \
lo=0.5mA —-105 | —125 -14 \
VoL Logic 1 output voitage '0=0mA, Vop =12V,
VGG =—24V, Vg, Vg2=-24V _8s | —105 12 v
CL=20pF, Vip(1)=-85V ’
Vin(g) = 2V
RoH Output resistance, logic 0 lo=—20mA 1.5 25 k&
RoL Output resistance, logic 1 10 =05mA 1.5 7 k&
Ipp  Supply current from Vpp terminal* -8 -12 mA
Igg Supply current from VGG terminal® -1.6 —2.5 mA
fmax Maximum clock frequency 1 MHz

less otherwise noted, volta%eg aée as shown in the nominat ca!umn of the recommended operating conditions {nominal operating voltages).
—

* Current into a termlnal is a positive value.
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TMS 3016 LR
DUAL 16-BIT STATIC SHIFT REGISTER

switching characteristics, Vpp=—-14V, Vgg=-28V, R =10mQ, C| =20pF, Tp=25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Propagation delay time to high level from
tpd0 See voltage waveforms 250 400 ns
@2 clock to data output

Propagation delay time to low level from
tpd1 pagat v See voltage waveforms 250 350 ns
2 clock to data output

Cinigi) Capacitance of g1 clock input vVi=ov, Vig2) =0V, 6 10 pF
inte f=1MHz
c Capacitance of ¢ clock input* Vi=0v, Vig1) =0V, 15 20 pF
in(¢2) £=1 MHz
Cin Capacitance of data input Vi=0, f=1MHz 2 14 pF
* Cin(¢2) includes the capacitance of the internal ¢5 clock.
voltage waveforms
tp(data)
ov s =
DATA INPUT 9 IH(data)

—10V — — — —
- ViL(data)

ViH{clock)
¢4 CLOCK

ViL(clock)

3 CLOCK

ov
DATA OUTPUT

10%

——% % LINE IS CONSIDERED SOLID WHEN RELATED TO DATA INPUT, AND BROKEN BY
50/100 BIT T{ME INTERVAL WHEN RELATED TO DATA OUTPUT.
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TMS 3016 LR
DUAL 16-BIT STATIC SHIFT REGISTER

typical characteristics

LOGIC 0 OUTPUT VOLTAGE LOGIC 1 OUTPUT VOLTAGE
vs vs
] LOAD CURRENT g LOAD CURRENT
| —5h Ta = +25°C = 15 | Tp = +25°C
. ]
z Vpp=-15V¥  Vpp=-14V 5 Vpp=-12V Vpp=-14V  Vpp=-15V
g—d i Vgg=-29V VGG=_28V E wal Vgg=—-24V Vgg=—28V VGG=—29V
o o
2 st Vpp=-12V Bk
E vgg=-24V =
3 )
© o
w -2 42 1
S w
i &
_‘I -
w1k 241 |
o
T S
] |
g G i . 1 S 0 1 1 ]
= 0 -5 -10 -15= 0 -5 -10 -15
Vou — LOGIC 0 OUTPUT VOLTAGE — V VoL — LOGIC 1 OUTPUT VOLTAGE — V

typical applications data
1)  MOS/TTL interface

With proper supply voltages, interfacing can be achieved with only three resistors. A typical MOS/TTL interface is

shown below.
11V
— 1 I
@2 Vss
cLock cLock
TMS 3016 LR DATA
OUTPUT
Vée  Vbp
= output =
—1av

An input pull-up resistor is required to provide the necessary input voltage swing. The value of this resistor (R) depends
on the actual circuit requirements — values as low as 1 k€2 can be used for high-speed operation while values as high as
m 15 kQ can be used when low power consumption is important rather than high-speed.
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TMS 3016 LR
DUAL 16-BIT STATIC SHIFT REGISTER

typical applications data (continued)

At the output interface, the 9.1-k&2 resistor sinks the 1.6 mA of TTL-gate current when 0 volts is required on the TTL
input. When 3 volts is required on the TTL input, the MOS output device supplies current from 14 volts, through the
3.9 k€2 resistor and the 9.1-k§2 resistor to —14 volts. The 3.9-k€2 resistor limits the voltage at the TTL gate input to 5

volts maximum.

2)  Two-phase clock generator

SN7400 SN7416

}-Do—o ¢2 CLOCK TO CLOCK DRIVER

Q
MASTER CLOCK IN O—@—O CLOCK | SN7473 (SEE NOTE A)

4 S
D)—-Do——o #1 CLOCK TO CLOCK DRIVER

SN7400 SN7416

$2 CLOCK l J_] J—‘

1 CLOCK
NOTE A. THE J, K, AND CLEAR INPUTS ARE TIED TO Vcc THROUGH A 2 k$2 RESISTOR.

expansion to single 32 register

cLOCK nE
DRIVER |——8 | 2 5] ~
$1 CLOCK ¢y CLOCK Vss
9
DATA INPUT O———2 DATA INPUT 1 DATA OUTPUT 1
TMS 3016 LR
4 7
DATA INPUT 2 DATA OUTPUT 2 ~O DATA OUTPUT
VGG Vpp
16 (Lw
—28V —14V
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TMS 3016 LR
DUAL 16-BIT STATIC SHIFT REGISTER

schematic (each register)

'
I o2 | FIRST BIT I ‘17 LAST BIT ?;JFFE:‘
GENERATOR I '-I '_l

Ve VpD
o

P
T
s
I
1
B

A i |
g 1

N

1Nd1No viva

<
)
g
el

'(

Vss
g — Vgg BUS
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TMS 3101 LC, NC-DUAL 100-BIT STATIC SHIFT REGISTER
MOS TMS 3102 LC, NC-DUAL 80-BIT STATIC SHIFT REGISTER
L5l TMS 3103 LC. NC-DUAL 64-BIT STATIC SHIFT REGISTER

features

DC to 2.5-hMiiz operation

Low power dissipation

Direct interface with DTL/TTL
Static operation

Push-pull output buffer
Low-threshold technology

description

The TMS 3101 LC/NC is a dual 100-bit static shift register; the TMS. 3102 LC/NC is a dual 80-bit static shift register;
and the TMS 3103 LC/NC is a dual 64-bit static shift register. These circuits are constructed on a single monolithic
chip using thick-oxide techniques and P-channel enhancement-mode transistors. Each register has independent input
and output terminals, common clocks and power, and can operate from dc to 2.5 MHz. The inputs, which are zener
protected, can be driven directly from DTL/TTL levels, and the register outputs can drive DTL/TTL circuits without
the addition of external components.

The TMS 3100 series is a family of static shift registers, the lengths of which are programmable from 4 to 100 bits,
through a single-mask-level change. The 100-, 80-, and 64-bit lengths are available from stock.

Units mounted in 10-lead TO-100 packages are designated “LC". Mounted in 16-pin dual-in-line plastic packages,
the devices are designated “NC"’.

logic definition

Positive logic is assumed.
a) Logic 1 = most positive (HIGH) voltage
b) Logic 0 = most negative (LOW) voltage

operation

Cross-coupled flip-flops are used to implement each register bit and permit data to be stored indefinitely between clock
pulses. Two external clock pulses are required for operation. Data is transferred into the register when the clock pulse
$1 is at a Low level. Data is shifted when clock pulse ¢1 is returned to a High level and clock pulse ¢2 is pulsed to a
Low level. Output data appears on the High-to-Low transition of clock pulse ¢2. For long-term storage, clock pulse
©1 must be held at a High level and clock pulse ¢2 at a Low level.

functional block diagram and pin configuration

INPUT 1 100-BIT REGISTER | BUFFER ___;@ OUTPUT 1

CLOCK "‘@7——4 1) Vss
1 Vpp
cu.o<:|(¢e@,>I 19 Ve

INPUT 2 @_4_ 100-BIT REGISTER | BUFFER —l-@ OUTPUT 2

1461 ‘AHVNNYF
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TMS 3101 LC, NC - DUAL 100-BIT STATIC SHIFT REGISTER
TMS 3102 LC, NC-DUAL 80-BIT STATIC SHIFT REGISTER

TMS 3103 LC, NC- DUAL 64-BIT STATIC SHIFT REGISTER

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

Supply voltage Vpp range (SeeNote1) . . . . . . . . . . .
Supply voltage VGG range (See Note 1) . . . . . .

Clock input voltage range (See Note 1) .

Data input voltage range (SeeNote 1) . . . . . . .

Operating free-air temperaturerange . . . . . . . . . . . .
Storage temperature range . . .

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

recommended operating conditions

. —20V100.3V
. =20Vt 0.3V
. —20V1t00.3V
. 20Vt 03V

—25°C to0 85°C

. . -55°Cto150°C

CHARACTERISTICS MIN NOM MAX UNITS
Operating Voitage .
Substrate supply Vgg +4.75 +5 +5.25 \
Brain supply VDD 0 [+] O \
Gate supply VGg -13 -12 -1 A
Logic Levels (Note 2)
Input High level Vi +35 +5.25 v
input Low level V| -13 -12 0.8 A
Clock Voltage Leveis
Clock High level V¢H +3 +5.25 Vv
Clock Low level V¢L -13 -1 v
Pulse Timing
Clock pulse transition trg, tig 3 us
Clock pulse width 1 (See waveforms) PWg1 0.150 10 us
Clock pulse width 2 PWy2 0.150 Rl s
Pulse Spacing
Clock delay tpg12 10 us
Clock delay tpg21 10 us
Data setup tpg 150 ns
Data hold tpy 10 ns
Pulse Overlap
Clock (See Note 2)
Pulse Repetition Rate PRR
' Data (See Note 2) 0 2.5 MH2z
Clock (See Note 3) 0 25 MHz

NOTES: 2. Both clocks should not be simultaneousiy more than 2 V below Vgs.
3. Cp = 10pF, one TTL load.

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
he Input current V=0V, Vgg=+5V 500 HA
loL Clock current Vy=-12V, Vgg =45V 20 uA
Output Voltage Levels

VoL OQutput LOW level (See Note 4) 1 TTL load +0.4 v

VOH Output HIGH level {See Note 4) 1 TTL load +3.0 +3.5 v

VoL  Output LOW level (See Note 4} MOS load (3101) +0.4 v

VOH QOutput HIGH level (See Note 4) MOS load (3101) 3.6 \

NOTE 4:

For final test purposes, a worst-case TTL load is simulated by a load of 2.7 kS2 and 20 pF. A worst-case MOS load is simulated by a
load of 20 kf2 and 20 pF. All ioads are connected between output and Vgs-

14-52
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TMS 3101 LC, NC-DUAL 100-BIT STATIC SHIFT REGISTER
TMS 3102 LC, NC-DUAL 80-BIT STATIC SHIFT REGISTER
TMS 3103 LC. NC-DUAL 64-BIT STATIC SHIFT REGISTER

static electrical characteristics (continued)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Output Current

losc Short circuit 30 mA
Power Supply Current Drain

Iss  Substrate supply Vout = VOH (See Note 5) 16 20 mA

Ipp Drain supply See Note 6 0.5 mA

Igg Gate supply Vout = VoH (See Note 5) -16 —~20 mA

Pp  Power dissipation 270 360 mW

NOTES: 5. The device uses saturated logic. The current sourced by the 5-V power supply is sunk by the —12-V power supply.

6. Does not include output stage 1oad or transient current. In the MOS load mode, the current will consist of transients due to
capacitor discharge and/or leakage current. In the TTL load mode the current is the current sunk by the TTL (up to 1.6 mA).

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

PARAMETER TEST CONDITIONS MiN TYP MAX UNITS
Output Logic Delay
DLH4 Output LOW level CpL =10pF, TTL gate load 50 75 ns
tDHL, Qutput HIGH tlevel CL=10pF, TTL gate load 100 125 ns
DLH, Output HIGH level CL=10pF, MOS load 60 85 ns
tDHL, Output LOW level Cp =10pF, MOS load 120 150 ns
Capacitance
Cin Input V=0V, f=1MHz 9 12 pF
C¢ Clock Vi=0V, f=1MHz 48 55 pF
mechanical data and pin configuration
Units mounted in 10-lead TO-100 packages are designated “’LC"” (See MOS/LSI packaging section.)
@ LEAD NO. FUNCTION LEAD NO. FUNCTION
(9) (V) 1 Vss 6 Clock ¢2
0 e 2 Output 2 7 Clock ¢1
e 3 VbpD 8 Input 1
o o 4 Qutput 1 9 Input 2
e e 5 No connection 10 VGG

BOTTOM VIEW

Mounted in 16-pin dual-in-line plastic packages, the devices are designated *“NC’’ The package is designed for insertion
in mounting-hole rows on 0.300-inch centers. (See MOS/LS| packaging section.)

PIN NO. FUNCTION PIN NO. FUNCTION

1 $2 9 Vss
16 2 No connection 10 No connection
nnnnonnn 3 (2] 1 No connection

4 Input 1 12 Output 2

TOP VIEW 5 Input 2 13 VDD

o 6 No connection- 14 Output 1 14
[Tl guogoug |§I 7 No connection 15 No connection

8 VGG 16 No connection
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TMS 3101 LC, NC-DUAL 100-BIT STATIC SHIFT REGISTER
TMS 3102 LC, NC-DUAL 80-BIT STATIC SHIFT REGISTER
TMS 3103 LC, NC-DUAL 64-BIT STATIC SHIFT REGISTER

timing diagram and voltage waveforms

VIH
INPUT DATA
VIL g6~ " N__ -~

VoL g~ k== F|-————— — — \Ir_‘_-%/
PW¢1 tDp12 PW¢,2 et | _.'

vV,
H— ____[
CLOCK ¢2
Vg —=— — — — — — — e
90%
—Oltdu-h
Vo

OUTPUT (TTL LOAD)

w5V

Vou - lﬂ-— tdLHg

circuit diagram

SCHEMATIC DIAGRAM (ONE REGISTER}
FIRST BIT 9 Vss LAST BIT

BUFFER

INO

L
¢ O )-T

L

AL

¢i L

*—OOouUT

10

—T

oL

l O Vgg
B

(o] Vob
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TMS 3101 LC, NC-DUAL 100-BIT STATIC SHIFT REGISTER
TMS 3102 LC, NC-DUAL 80-BIT STATIC SHIFT REGISTER
TMS 3103 LC, NC-DUAL 64-BIT STATIC SHIFT REGISTER

interface circuits

a) MOS

EXPANSION TO SINGLE 200-BIT REGISTER

cLOCK
DRIVER |—— | =
01 %2 Vss
DATA IN O— Ny ouTq
TMS 3101 LC
IN OuT. O DATAOUT
2 vgg vpp 2
-7V -5V
b) TTL
+5V
_ 1 1o
| SN7400 | SN7400 1
[ ! Vss ! l
DATA IN O—1— INq ouT, I T DATA OUT
I 1 ! |
Lo J%7 O L—p—d
I o, TmszoiLc Ir
= 12 %2 =
o— — — —— —IN; ourz - — — — — — —0
\ VDD
I

-12vV

PRINTED IN U.S.A.
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MOS TMS 3112 JC, TMS 3112 NC
LSI HEX 32-BIT STATIC SHIFT REGISTER

features

Single clock (TTL levels)

DTL/TTL compatible

DC to 1 MHz

Static operation

Loading and recirculating control logic
Gated-output control logic
Dual-in-line package

Single-ended {(open drain) buffer
Low-threshold technology

L1261 ‘AHYNNYP

description

The TMS 3112 JC/NC contains six separate 32-kit static shift registers constructed on a single monolithic chip, using
thick-oxide techniques and P-channel enhancement-mode low-threshold MOS transistors.

A single clock is required for operation. The clock and all inputs can be driven directly from DTL/TTL logic levels and
each register output can drive DTL/TTL circuits. The device also contains common control logic for loading, recircula-
tion, and output enable.

“TMS 3112 JC” is the part number for a unit mounted in a 24-pin hermetically sealed dual-in-line package. Mounted in
a 24-pin plastic package the device is numbered “TMS 3112 NC"'.

logic definition

Positive logic is assumed.
a) Logic 1 = most positive {High) voltage

b)  Logic 0 = most negative (Low) voltage

operation

Cross-coupled flip-flops are used to implement each register bit and permit data to be stored indefinitely between inter-
nal clock pulses. A single external clock pulse is required for operation. Data is transferred into the register when the
clock pulse and recirculate control are at a Low level. Qutput data appears on the Low-to-High transition of the clock
pulse. Data can be read out when the output gate control is held at a Low level. Recirculating data occurs when the
recirculation control is at a High level.

The registers can drive DTL/TTL loads by using a 7.5-kS2 pull-down resistor connected between the output terminal and
the VGG supply.

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

Supply voltage VGG range (SeeNote} . . . . . . . . . . . . . . . .. . . . . .=20Vt003V
Clock input voltagerange (SeeNote) . . . . . . . . . . . ... . . . . . .. . .-20Vto03V
Data input voltage range (SeeNote} . . . . . . . . . . . . . .. . .. . . . .-=-20Vt003V
Operating free-air temperaturerange . . . . . . . . . « . + « « . . . . . . . . -258°Ct0o85°C
Storage temperaturerange. . . . . . . . . . . . . « « « + v . . . . .. . -55Cto150°C

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

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222



TMS 3112 JC, TMS 3112 NC
HEX 32-BIT STATIC SHIFT REGISTER

functional bleck diagra;'n and pin configuration

Vss

OQUTPUT GATE

32-BIT REGISTER

L

INg (23

32-BIT REGISTER

—@

32-BIT REGISTER

32-BIT REGISTER

ing (2

32-BIT REGISTER

INg @'

W/RECIRCULATE

32-BIT REGISTER

_________ -

e

1099.0%

L - - -

oUTq

ouT,

ouT3

OUTy

OUTg

oUTg
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TMS 3112 JC, TMS 3112 NC
HEX 32-BIT STATIC SHIFT REGISTER

recommended operating conditions

CHARACTERISTICS MIN NOM MAX UNITS
éubstrate supply Vg +4.75 +5 +5.25 A
Gate supply VGG —1it —-12 -13 \"
Input High level Viy +3.5 \
Input Low level V) +0.6 \'
Clock High level Vg +3.6 \Y
Clock Low level V| . +0.6 \
Clock pulse transition tro. thg 5000 ns
Clock High level PWyH 600 ns
Clock Low level PWg| ‘ 300 ns
Recirculate PWg . 600 ns
Output gate hold time tpGs 180 250 ns
Output gate release time tpGR 180 250 ns
Data setup tpg 300 ns
Data hold tpy 300 ns
Clock to store/recirculate tpcs 300 ns
Clock PRR 0 1 MHz

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
TR Input current VI =+H6V, Vgg =+5V 500 nA
oL Clock current Vp =106V, Vgg=+5V 500 nA
VoL Output Low level Ry - 7.5kQ to VGG, lsink — 1.6 m. +0.5 \Z
VOH Output High level R =75k to Vgg ' +4 \
Isg Substrate supply Vgg=+5V, vgg=-12V 15 20 mA
IgGg Gate supply Vgg=+5V, VGG =-12V 15 20 mA
Pp Power dissipation 255 340 mwW
tdLH Output Low fevel R =7.5kQ, CL =10 pF, TTL gate 350 450 600 ns
tdHL Output High tevel RL =75k, CL =10 pF, TTL gate 350 500 600 ns
CiN Input V=0V, f=1MHz 5 7 pF
Cy Clock V=0V, f=1MHz 6 7 pF

mechanical data and pin configuration
The device is available in both a 24-pin hermetically sealed ceramic dual-in-line package (TMS 3112 JC) and a 24-pin
plastic package (TMS 3112 NC). The packages are designed for insertion in mounting-hole rows on 0.600-inch centers.
(See MOS/LS| packaging section.)

— continued
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TMS 3112 JC, TMS 3112 NC
HEX 32-BIT STATIC SHIFT REGISTER

mechanical data and pin configuration (continued)

PIN NO. FUNCTION PIN NO. FUNCTION
1 Input 4 13 QOutput 3
2 Input 5 14 Qutput 2
24 13 3 Input 6 15 No connection
ininielnEnininEnEnEninls! . ) .
4 No connection 16 No connection
D TOP VIEW 5 W/Recirculate Cont. 17 Output 1
. 6 VGG 18 Qutput gate Cont.
o 7 Clock 19 No connection
ooy 8 Output 6 20 Vss
1 12 9 No connection 21 No connection
10 No connection 22 Input 1
1 Qutput 5 23 Input 2
12 Output 4 24 Input 3

1/PRR

CLOCK
INPUT

DATA
INPUT

RECIR- ViH
CULATE
CONTROL v, L

T —

I tdLH | taHL

DATA
OUTPUT

GATE
OUTPUT
CONTROL
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TMS 3112 JC, TMS 3112 NC
HEX 32-BIT STATIC SHIFT REGISTER

circuit diagram

OUTPUT GATE

LAST BIT OUTPUT LOGIC

INTERNAL BIT

INPUT LOGIC

CONTROL
Q

W/RECIRCULATE

1ndNI

o0 ¢1

—O ¢2

"'—"°¢3

INTERNAL

CLOCK
GENERATOR

CLOCK O

Ve
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TMS 3112 JC. TMS 3112 NC
HEX 32-BIT STATIC SHIFT REGISTER

interface circuits

a) MOS

I ~ Vsg

OV e 06— W/RECIRCULATE
l PU—
1y cLock

UTPUT GATE

F—h Oq
2 TMS 3112 JC 0,
I3 O3
14 04
I5 0g

> > »
7562275275075 275
k2 &k Tk Fkl kO

17V

—O0 OUTPUT

b} TTL

?+5v

—]OUTPUT GATE Vgg

—IW/RECIRCULATE

——CLOCK

I

—i, TMS 3112.JC 0, - —

—i3 03 —

—lg 04 -

—15 Og —_—

—g VGa Og - -
—12V
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MOsS TMS 3113 JC, NC- DUAL 133-BIT STATIC ACCUMULATOR
LSI TMS 3114 JC, NC - DUAL 128-BIT STATIC ACCUMULATOR

features
L] Single-clock TTL level
Loading and recirculate logic
DC to 2-MHz operation
Full TTL compatible (including clock)
Static logic
16-pin dual-in-line package
Low-threshold technology

description
The TMS 3113 JC/NC and TMS 3114 JC/NC are static accumulators, each consisting of two separate static shift registers
with independent input and output terminals and logic for loading or recirculating information. The two shift registers
in the TMS 3113 JC/NC are 133-bit devices. Two 128-bit shift registers compose the TMS 3114 JC/NC.
A single clock is required for operation. The clock and all inputs can be driven directly from DTL/TTL logic levels
and each register output can drive DTL/TTL circuits. Three clocks are generated internally. Cross-coupled flip-flops

are used to implement each bit of delay and enable data to be stored indefinitely between clock pulses.

The entire device is constructed on a single monolithic chip using thick-oxide techniques and low-threshold MOS P-
channel enhancement-mode transistors.

Units mounted in 16-pin hermetically sealed ceramic dual-in-line packages are designated “JC”. “NC” is the designa-
tion for units in 16-pin dual-in-line plastic packages.

logic definition

Positive logic is assumed.
a) LOGIC 1 = most positive voltage {high)
b}  LOGIC 0 = most negative voltage {low)

operation

Transferring data into the register is accomplished when the clock and recirculate control are at logic 0. For long-term
data storage the clock must be held at a logic 1.

Recirculate occurs when the recirculate control is at a fogic 1. Output data appears on the 0-to-1 transition of the clock
pulse.

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

Supply voltage Vpp range (SeeNote 1) . . . . . . . . . . . . . . . .. . .. . —-BVio03V
Supply voltage VGG range (SeeNote1) . . . . . . . . . . . . . . . . . .. ..-20Vto03V
Clock input voltage range (SeeNote 1) . . . . . . . . . . . . . . . . . . . . .-1B5Vto03V
m Data input voltage range (SeeNote 1) . . . . . . . . . . . . . . . . . . . .. .-15Vt003V
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . .. =25°Cto+85°C
Storage temperaturerange. . . . . . . . . . . . . « . . . . . . . . . . . =bB5°Cto150°C

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

14.62 TEXAS INSTRUMENTS
D

INCORPORATE
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222



TMS 3113 JC, NC - DUAL 133-BIT STATIC ACCUMULATOR
TMS 3114 JC, NC - DUAL 128-BIT STATIC ACCUMULATOR

functional block diagram and pin configuration

RECINPUTA (O
REC CONTROL A (@—

| ‘ |

1 ,

I ' |
OUTPUT A

| ®—> REGISTER _|_@

| A

| .

|

|

]

M

INPUT A @—

REC INPUT B @, :
REC CONTROL B - 5

|
|
!
!
I
1
!

OUTPUTB
REGISTER | @
B

o« 1

1
|
I
|
INPUT B ®—
|
{
|

|
|
+ |
|
INTERNAL CLOCK |
GENERATOR |
T g—_—_g———‘—g——]
Vbp CLOCK ¢y Vss
recommended operating conditions
PARAMETER MIN NOM MAX UNITS
Operating Voltage
Substrate supply Vsg +4.75 +5 +5.25 \4
Drain Supply Vpp (Output supply only) 0 \
Gate supply VGG -1 —-12 -13 \
Logic Levels
Input High level VH +3.5 v
Input Low level VL +0.6 A
Clock Voltage Levels
Clock High fevel VgH +3.5 v
Clock Low level V| +0.6 \ 14

— continued
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TMS 3113 JC, NC- DUAL 133-BIT STATIC ACCUMULATOR
TMS 3114 JC, NC-DUAL 128-BIT STATIC ACCUMULATOR

recommended operating conditions (continued)

PARAMETER ' MIN NOM MAX UNITS
Pulse Timing

Clock pulse transition trg. tp 5 us

Clock pulse width PW¢ {Clock cycle time) 500 ns

Clock pulse width High level PWeH 330 ns

Clock pulse width Low level PW¢,L 130 ns

Recirculate PWR 250 ns
Pulse Spacing

Data setup tpg 100 ns

Data hold tpa . 100 ns

Clock to store/recirculate trg 100 ns

Clock to store/recirculate tra 150 ns
Pulse Repetition Rate PRR

Data [ 2.0 MHz

Clock a 2.0 MHz

static electrical characteristics (under nominal operating conditions at 256°C unless otherwise noted)

PARAMETER _ TEST CONDITIONS MIN TYP MAX UNITS
1L Input Current Vy=+0.6V 500 nA
lpt.  Clock Current V=106V 500 nA
Output Voltage Levels (See Note 2)

VoL Output LOW level ISINK = 1.6 mA +0.5 \

VOH Output HIGH level 1LoAD =0.20 mA +4.0 \Y
Power Supply Current Drain

Iss Substrate supply Vgg =15V, Vgg=-12V 15 mA

I'ele} Gate supply Vgg =15V, Vgg=—-12V 17 mA

Pp Power Dissipation Vgg=+5V, Vgg=-12V 280 mwW

NOTE 2: For final test purposes, a worst-case TTL load is simulated by a load of 2.7 kS and 20 PF. A worst-case MOS load is simulated by a
load of 20 k2 and 20 pF. All loads are connected between output and Vss.

dynamic electrical characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Output Logic Delay

oL Qutput Low level CL =10pF, TTL gate 300 350 ns

tDH Output High level Cp =10pF, TTL gate 300 350 ns
Capacitance

Cin Input Vi=0V, F=1.0MHz 8 12 pF

Co Clock Vi=o0v, F=1.0MHz 9 13 pF
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TMS 3113 JC, NC-DUAL 133-BIT STATIC ACCUMULATOR
TMS 3114 JC, NC-DUAL 128-BIT STATIC ACCUMULATOR

timing diagram and voltage waveforms

1/PRR Iqirﬂbi

VeH N R — _ - 90% b
CLOCK :
VoL — —— A _ ] 0% I !
| < A
!f¢—>1
i ; Pl ot e trgp
ViH
f
DATA :
ViL
|
|
VIH

RECIRCULATE
CONTROL

ViL

OUTPUT

mechanical data
The devices are available both in 16-pin hermetically sealed ceramic dual-in-line package (TMS 3113 JC, TMS 3114 JC)

and in 16-pin dual-in-line plastic packages (TMS 31 13 NC, TMS 3114 NC). The packages are designed for insertion in
mounting-hole rows on 0.300-inch centers. (See MOS/LSI packaging section.)

pin configuration

1] e M 16 PIN NO. . FUNCTION PINNO. FUNCTION

O m| 1 No connection 16 No connection

. | 2 Input A 15 Input B

O TOP N 3 Recirculate Input A 14 Recirculate Input B

VIEW 4. Recirculate Control A 13 Recirculate Control B

O | 5 Output A 12 Output B

O ul 6 VDD 1" VGG

O m| 7 Vss 10 No connection
8 O F] 9 8 No connection 9 Clock ¢IN
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TMS 3113 JC, NC- DUAL 133-BIT STATIC ACCUMULATOR
TMS 3114 JC, NC-DUAL 128-BIT STATIC ACCUMULATOR

interface circuits

a) MOS
= Vss
—»RINA
ov —»INPUT A —— OUTPUT A
—»RINA
——»icLOCK
—12v —>»{R CONT B

———»INPUT B L OUTPUTB

— RinB

v
b )
Vgg=-17V Vpp=-5V
b) TTL
BV 5y
I :
Y
RIN OUTPUTA |
AN
—™RpaTa IN
q
RinB '_j___
Bin =
R
DATAB OUTPUT B

cLocK )

| Lo

Vge=-12V - 5V

circuit diagram

SCHEMA ]

- jfi "l IJJ % %j-
1 PP LY

) Vss
RECIRCULATE *
DATA

INTERNAL —0 ¢1
CLOCK 0— CLOCK ——0 oo
GENERATOR o ¢3

¢ Vee
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MOS TMS 3304 LR-TRIPLE 66-BIT DYNAMIC SHIFT REGISTER

LSI TMS 3305 LR-TRIPLE 64-BIT DYNAMIC SHIFT REGISTER
features %’
L4 B-MHz operation ;
TTL compatibility ;

°
® Single-ended (open-drain) output buffers
e

Low power dissipation

description

The TMS 3304 LR {TMS 3305 LR} consists of three separate 66(64) bit dynamic shift registers with independent input
and output terminals and common ciocks, power and ground. The gate capacitance of an MOS transistor is used for
temporary storage of information between clock pulses. Each register has an unclocked singie-ended output buffer to
provide an output inverted from the input. The output level is determined by the external load resistor and load power
supply.

operation
Transfer of data into the register is accomplished when the ¢1 clock is at a togic 1. Data shifting occurs when the ¢

clock is momentarily pulsed to a logic 1, and the ¢1 clock to a logic 0. Output data appears on the negative going edge
of the ¢ clock pulse.

functional block diagram

. 9.
iNPUT 1 (3) 64(66} BITS J__| [
) OUTPUT 2

ineuT 2 (B) 64(66) BITS —E'—i I ®

3) OUTPUT 3
INPUT 3 @—————l 64(66) BITS J——-| ! ®

é) Vop ® Vss

(@ outpuT1

-

S

logic definition

Negative logic is assumed. “

a) Logic 1 = most negative voltage

b}  Logic 0 = most positive voltage
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TMS 3304 LR-TRIPLE 66-BIT DYNAMIC SHIFT REGISTER
TMS 3305 LR-TRIPLE 64-BIT DYNAMIC SHIFT REGISTER

mechanical data and pin configuration

The TMS 3304 LR and TMS 3305 LR are mounted in TO-100 packages. (See MOS/LSI packaging section.)

LEAD NO. FUNCTION LEAD NO. FUNCTION
1 Ciock ¢ 6 Outp
2 VbD 7 In3
3 Inq 8 Out3
4 QOutq 9 Vss
5 Ing 10 Clock ¢1

BOTTOM VIEW

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

Supply voltage Vpp range (SeeNote 1) . . . . . . . . . . . . . . . . . .. . .=3Vtwo3v

Supply voltage Vgrange (SeeNote 1) . . . . . . . . . . . . . . . . . . . .. .-30Vto03V

Clock and data input voltage range (SeeNote 1) . . . . , . . . . . . . . . . . . . -=-30Vto03V

Power dissipation . e e 350 mW at Ta = 25°C

Operating free-air temperaturerange . . . . . . ... . . . . . . . . .. . . . . —55°Ct085°C

Storage temperaturerange . . . . . . . . . . . . . . . . . . . . . . . . . -—55°Cto150°C

NOTE 1: These voltage values are with respect 10 network ground terminai.
recommen}gled operating conditians ;
CHARACTERISTICS MIN NOM MAX UNITS

Supply voltage Vpp -1 -14 -18 v
Supply voitage Vg -5 -14 —29 \%
Clock logic O voltage Vy(0) 0.3 0 -3 \"
Clock logic 1 voltage Vy(1) -20 —28 -29 v
Data logic 0 voltage Vin(0) 0.3 8] -3 v
Data logic 1 voltage Vin(1) ~8 -14 -29 v
Clock Overlap voltage (See Figure) -3 Vv
Clock pulse width, tp V¢1 =-24VVpp=-12V 0.1 50 us
Clock pulse width, t, Vi, = 28V, Vpp = —14 V 0.08 50 us
Data pulse width Pyy 0.15 us
Clock delay time, tg4 (See Voltage Waveforms) 200 us
Clock rise and fall times, t,, t¢ (See Voltage Waveforms) 5 us
Clock repetition ratet. . ) 0.002 2 5 MHz
Data lead time, ty, (See Voltage Waveforms} . 0.08 us
Data delay time, t, (See Voltage Waveforms) 0.01 us

1 Vpp = —14V, Vg(q) = —~28 V, normal or extended with TTL output interface.

Nominal values of power supply and clock swing will result in maximum speed of operation. The device has been design-
ed to operate over a broad range that allows the user to take advantage of readily available power supplies {e.g.. +12 V,
oV, —12V).
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TMS 3304 LR-TRIPLE 66-BIT DYNAMIC SHIFT REGISTER
TMS 3305 LR-TRIPLE 64-BIT DYNAMIC SHIFT REGISTER

electrical characteristics at 25°C and nominal operating conditions unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
v Output voltage level togic O Ve =14V Ry = 10kQ _o8 1.2 v
out (V4 between —20 V and —30 V) 0 ! L ’ )
v Qutput voltage level togic 1 Vo= —14V R =10k 5.0 v
n (See Note 1) 0 ' L )
i Vout=—14V, Vg=-28V 8 12 mA
lout{1) Qutput current logic 1 Vout= ~12V, Vp=-24V 5 10 mA
Vpp=—14V, Vyz=-28V
Db ¢ 6 12 mA
. 20% clock duty cycle
lad Power supply current drain Vi = —12V. V., = —26V
b C e 5 10 mA
20% clock duty cycle
loL Clock leakage current Vinq) =-28V 10 BA
lin Input leakage current Vin=—28V 0.5 HA
Power dissipation 100 350 mW

NOTE 1: For an output logic 1 the single ended MOS buffer transistor is “’off’’ and the output voltage is equal to this output voltage power
supply Vg

dynamic electrical characteristics

PARAMETER TEST CONDITIONS MIN TYR MAX UNITS

Output logic delay MOS interface ¢ R
1, Ry =10 kQ, CL= F 0 1
d0 (See voltage waveforms) L L=20p 8 50 ns

Output logic delay MOS interf
1 utput logic delay interface RL=10ka, Cp=20pF 120 250 ns

{See voitage waveforms)

Qutput logic delay TTL interface
1 Ry =10k&, CL =20pF 50 100 n
d0 (See voltage waveforms) L L=2rp s

tput logi lay TTL interf

ta1 Output logic delay interface RL=10kQ, Cp=20pF 0 120 ns

{See voltage waveforms)
Cy Data input capacitance Vi=0V 5 pF
Co Clock input capacitance Vd’ =0V 45 pF.

interface circuits
a) MOS
-14V .
10 k2
V. < <
TMS 3304 LR Ss | Vpp
Mos - Ih 04
— 2 0z
To demonstrate MOS interface the regi has been d as a 198-bit shift register.
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TMS 3304 LR-TRIPLE 66-BIT DYNAMIC SHIFT REGISTER
TMS 3305 LR-TRIPLE 64-BIT DYNAMIC SHIFT REGISTER

interface circuits (continued)

b} TTL
+12V
v. =
e S Vpp
SN7426 SN7400
3.3k
O TMS 3304 LR ——-vav——%——
* Select valus of R for system speed 68ka
and power requirements.
-12V
voltage waveforms
DATA P
ov\ L /
* * /
-9 -9V
Wink 7
CLOCK ¢1
Pwoq
90%
CLOCK ¢2 Pwo
90% E J-QO%
d1 ta0
DATA OUT MOS (a)
2V
-9V
DATA OUT TTL (b) -
+15V S\ +15V
clock overlap voltage
QV ey e e - o o a fc———— o - o o e e A
\ CLOCK
/ \
\ OVERLAP / \
\— VOLTAGE \
4} %2
PRINTED IN U.S.A
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Mos TMS 3309 JC
LSI TWIN 512-BIT DYNAMIC SHIFT REGISTER/ACCUMULATOR

features
[ Two independent registers/accumulators
10-MHz guaranteed operating frequency
Low power dissipation (typical 90 uW/bit at 1 MHz)
TTL/DTL compatible

Recirculate logic on the chip

1461 ‘AUVNNVT

description

The TMS 3309 JC is a twin 512-bit 4-phase dynamic shift register/accumulator, constructed on a monolithic chip, using
thick-oxide P-channel enhancement mode transistors. The device contains two separate register/accumulators with in-
dependent control logic for recirculating information, and separate clock fines. The register/accumulators operate at
pulse repetition rates from 10 kHz to 56 MHz. A 10-MHz speed of operation is obtained by multiplexing the two regis-
ters. Power dissipation is less than 100 uW/bit at 1 MHz.

logic definition
Negative logic is assumed.

a)  Logic 1 = most negative voltage
b}  Logic 0 = most positive voltage

operation
Four clocks are required for operation of the register/accumulators. Input data is transferred into the register after the
end of clock pulse ¢1 and before the end of clock pulse $2. True output data appears after the end of clock pulse ¢4

and before the start of the next ¢4 clock pulse. Recirculate control is functional when the store pulse overlaps the
trailing edge of clock pulse ¢3. i

The registers may be connected in cascade without external components. The circuit will interface with TTL/DTL and
other bipolar logic.

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

Clock input voltage range (SeeNote 1} . . . . . . . . . . . . . . « . . .« . .. —-30V1to03V
Data input voltage range (SeeNote 1) . . . . . . . . . . . . . . . ..o -30Vto03V
Operating free-air temperature range . . . . . .« . .« . e . . e e e oaa - —25°C t0 85°C
Storagetemperature range. . . . . . . . s . . e s e e e e e e e e e e —55°C to 1650°C

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

mechanical data

The TMS 3309 JC is mounted in a 16-pin hermetically sealed dual-in-line package consisting of a ceramic base, gold-
plated cap, and gold-plated leads. The package is designed for insertion in mounting-hole rows on 0.300-inch centers.

(See MOS/L.SI packaging section.) -
14
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TMS 3309 JC

TWIN 512-BIT DYNAMIC SHIFT REGISTER/ACCUMULATOR

pin configuration

PIN NO. FUNCTION PIN NO. FUNCTION
16 8 1 #1A 9 1B
aonoOnnn 2 Vss 10 Vss
3 938 1 o3 A
TOP VIEW 4 ¢4 B 12 o4 A
° 5 INB 13 IN A
6 REC B 14 REC A
UoooOoTd
1 7 7 ¢2B 15 o2 A
8 ouUTB 16 OUTA
functional block diagram
1A 92a 934 %ap
‘Tm‘ %5)}(11)?{12;
r-—-——>~>~>"~>"~>"~>>"=>—7=—— — - - -7
| |
1 ] |
STORE A | : |
['o S
(14) | I
! | | ouTPUT A
| REGISTER l
) (16)
] |
| |
INPUTA |
o 1
(13) | |
Vss
L e e e L L L L e e e L L 4 o
I | @2&010
| I
| )\ |
SgEREB 1 I
{6) | _/ |
I | | outPuT B
| REGISTER
8)
! |
| |
INPUTE |
o |
(8) | |
L o e o e e o e o L J

K

_LQ) l;) 1(3) l(:-)

918 ¢2g %38 %ag
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TMS 3309 JC

TWIN 512-BIT DYNAMIC SHIFT REGISTER/ACCUMULATOR

recommended operating conditions

PARAMETER TEST CONDITIONS MIN NOM MAX UNITS
Logic Levels

Store and Input Logic 0 Vin(0) +0.3 0 -3.0 \Z

~ Store and Input Logic 1 V|n(1) -9 —-12 —26 \

Clock Voltage Levels

Clock Low Logic Level Vy(0) 0.3 0 -2 v

Clock High Logic Level V(1) —22 —~24 —-26 v
Pulse Timing

Clock pulse transition, try, tfg 10 us

Clock pulse width 1 PWyq Vp=-—-24V 25 ns

Clock pulse width 2 PWg2 Vgp=-24V 75 25000 ns

Clock pulse width 3 PWg3 Vp=—-24V 25° ns

Clock pulse width 4 PWgq V¢ =-24V 75 25000 ns

Store PWg 50 . ns
Pulse Spacing

Clock delay tpg23 Vp=—24V. 0 25 us

Clock delay D41 V¢= —24V, Cp =10pF 0 25 us

Data setup tpg 10 ns

Data hold tpH 10 ns

Store/recirculate setup tpcs 30 ns

Store recirculate hold tpcH 30 ns
Pulse Overlap {See Note 2)

Clock — Clock tpg12, tDe34 Vgp=-24V 60 10000 ns
Pulse Repetition Rate {See Note 3)

" Data PRR ’ Vg =—24V 0.01 5 MHz
Clock PRR V¢ =24V 0.01 5 MHz

NOTES: 2. Only clock pulse pairs ¢4, @2 or pairs ¢3, Pq may be simultanécusly more than 2 volts below Vss.

3. The maximum operating frequency pertains to each shift register operated independently. 1f multiplexing is used, double the max-

imum operating frequency.

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
I Input Current {Leakage) Vy=-20V : 500" nA
oL Clock Current {Leakage) ViN=—26V, Output Open 100 uA
Qutput Voltage Levels

VouT(o)  Output Level (0) Vsi0) = —1.5V, Vinig) = 35V 15 25 v

VouT(1) Output Level {1} Vo(1) = —22V, ViN(1) =9V -10 ~16 \
Power Dissipation/Bit - PRF=1MHz, Vy=—24V, 90 uW

CL=10pF

Output Logic Delay )

(1) Qutput Logicat 1 Level 0 ns

tD(0) Output Logical 0 Level 20 ns
Capacitance (See Note 4)

CIN Input V¢=OV 5 pF

Co Clock Cg1 = Cg3 Ve=0V 90 oF

Cs Clock Cyp = Cpa Vg=0V 40 pF

NOTE 4:

The capacitance pertains to each register,
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TMS 3309 JC _
TWIN 512-BIT DYNAMIC SHIFT REGISTER/ACCUMULATOR

timing diagram and voltage waveforms

[4]

=Vo1 -

PW2

Y

DATA
OUTPUT

_tDoa1
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TMS 3309 JC
TWIN 512-BIT DYNAMIC SHIFT REGISTER/ACCUMULATOR

interface circuits

a) MOS interface

STORE
(RECIRCULATE ENABLE)
0

B

Vss
@————ISTORE A’

DATA IN O~ INA

OUT A

TMS 3309 JC

0
-12V L_..I

ouTB —Q DATA OUT

INB
STORE B

NOTE: In this figure the register has been connected as a 1024-bit shift register.

b)  TTL interface

+12V
+HV
SN7426 R* Vss r SN7400%* 1
4 STORE A 27k 1 l
[IN A OuUT A
I
-
TMS 3309 JC
— — = — = 7 -9
+12V
. i
SN7426 R
ouTB
O———INB I |
TORE B
s L SN7400** 1
* Select R for speed and power requirements.
** If the gates are the input to a D-type flip-flop and are strobed with clock pulse ¢4 full cycle data
output is obtained.
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TMS 3309 JC

TWIN 512-BIT DYNAMIC SHIFT REGISTER/ACCUMULATOR

multiplexing of TMS 3309 JC 10-MHz operation

H2v 27k
% TMS 3308 JC
R" 41A ¢2A ¢3A ¢4A Vss
SN7426 78 | %snra02 % SN7402
o ;
O~ O O+ O O~ -12v
O— o1 | 92| 93 | %a ":,2 ‘
75
k0
¢38 %8 *18 428 Vss
2.7 kQ
% TMS 3309 JC .

Select value of R for system speed powsr requirement.

circuit diagram

BIT1 BIT2 BIT 3 THROUGH 511 BIT 512
| | | LI |
F====-===q
o1 b9 95 % o : % 05 ! o o ¢
|
| |
| | DATA
| ]
| - - — | I -} — | OUTPUT
DATA B B |
R — | ¢. |
INPUT 2 | g
¢ ¢z | | 2| 3
! 2 #3
@y ; |
?q 92 Lo d
02 - 4 t" =
%2
p.1
4
STORE “1
INPUT
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MGS 'TMS 3314 JC, TMS 3314 NC
LSI TRIPLE (60+4) DYNAMIC SHIFT REGISTER

m
features I
: E]
e 2-MHz operation g
. TTL compatibie ::<,
° Open-drain output buffers §
° Three 60-bit registers
& Three 4-bit registers
. Dual-in-line package
description
:Fhe TMS 3314 JC/NC contains three separate 60-bit, and three separate 4-bit dynamic shift registers constructed on a
single monolithic chip, using thick-oxide enhancement-mode P-channel MOS transistors.
Each register has independent input and output terminais and common clock and power lines. Each has an unlocked
open-drain output buffer to provide an output inverted from the input. The inputs and outputs terminals of the regis-
ters are oriented for optimum printed-circuit-board layout.
The TMS 3314 JC/NC is ideal for data-handling applications in desk calculators, terminals, and peripheral equipment.
““TMS 3314 JC is the part number for a unit"l’*houpfteo*i a 18-pin hermetically sealed ceramic dual-in-line package.
A unit mounted in a 16-pin plastic package is designated “TMS 3114 NC.”
logie definition
Negative logic is assumed:
a)  Logic 1 = most negative (LOW) voltage
b)  Logic O = most positive (HIGH) voltage
operation
Two clock puises are required for operation of ths registers. The pulses should not simultaneously be at Low levels.
Data is transferred into the registers when clock pulse ¢1 is puised to a Low ievel. Data shift occurs when clock pulse
¢7 is pulsed to a Low level. Output data appears on the High-to-Low transition of clock pulse ¢9.
The registers ean drive DTL/TTL gate loads by means of a pull-down resistor, cennected between the output terminal
and the Vpp supply.
absolute maximum ratings over operating free-air temperature range
Supply voltage Vpp range (SeeNote 1) . . . . . . . . . . . . . . . . . . . . . -30Vt03V
Supply voltage Vg range (SeeNote 1} . . . . . . . . . . . . . . . . . . . . . -30Vt03V
Clock input voltage range (See Note 1} . . . . . . . . . . . . . .. . . . . . =30Vt03V
Data input voitage range {SeeNote 1} . . . . . . . . . . . . . . . . . . . .. .-30Vt03V
o Qo
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . . . . —28Cto85¢C
o O
Storage temperaturerange . . . . . . . . . . . . . . . . . . . . . .. .. -B55Cto150°C
NOTE 1: These voltage values are with respect to Vgg (substrate).
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TMS 3314 JC, TMS 3314 NC
TRIPLE (60+4) DYNAMIC SHIFT REGISTER

circuit diagram

SCHEMATIC DIAGRAM (ONE REGISTER) INTERNAL BIT
FIRST BIT LAST BIT
IN E:]
o ———--
i ouT
-
r - 1

L
3
LI
I

1
p 4

RL

—_—— = -————— = (EX-
L e e — - _———— Al

S i B TERN

]

i

|

v &
Voo 2 92 ()

recommended operating conditions

CHARACTERISTICS MIN NOM MAX UNITS

Operating Voltage

Drain supply VpD -1 —-14 —16 Y

Output supply Vg -1 -14 —-16 v
Logic Levels

Input HIGH levei (logic 0} Vi -3 0 +0.3 \

Input LOW level (iogic 1) Vi -8 —-14 | —-290 A
Clock Veltage Levels

HIGH level (logic 0} Vg -3 ] +0.3 \

LOW leve! {iogic 1) Vg1 -22 —28 | —29.0 Vv
Pulse Timing

Clock pulse transition teg, tig 5 us

Clock pulse width 1 PWg 1 0.22 10 us

i Clock pulse width 2 PW¢2 0.22 10 us

Pulse Spacing

Clock delay tpg12 0.01 100 us

Clock delay tpg21 0.1 100 us

Data setup tpg 75 ns

Data hold tpH 75 ns
Clock Pulse Overlap (See Note 2) (NOTE 2) ns
Pulse Repetition Rate (Note 3) PRR

Data 0.01 2 MHz

Clock 0.01 2 MHz

NOCTES: 2. The two clock pulses should not be simultaneousiy more than 3 V below Vgs.

Maximum speed of operation will be obtained when operating at nominal conditions. The design of the unit permits a
broad range of operation that allows the user to take advantage of readily available power supplies (e.g., +12V, 0, =12 V).
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TMS 3314 JC, TMS 3314 NC
TRIPLE (60+4) DYNAMIC SHIFT REGISTER

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

PARAMETER

TEST CONDITIONS MIN TYP MAX UNITS
e Input Current (Leakage) Vi=-14V 500 nA
oL Clock Current (Leakage) Vi=-29Vv 100 kA
Output Voltage Levels
VoL  Output LOW level (logic 1) RL =13k to Vpp,Cy = 10 pF -9 —10 v
VoH Output HIGH level (logic 0) R =13kQ to Vpp C) = 10pF -25 \%
Output Current '
o Logic 0 —14 V applied to output 10 T HA
o Logic 1 —14 V applied to output 2 mA
Power Supply Current Drain
R =13k to Vpp,
Ipp. . Drain supply PWg1 = PWyo = 200 ns, 15, 20 mA
PRF =2 MHz N
Pp Power dissipation 210 280 mwW
Qutput Logic Delay
: . RL =13k, CL =10pF,
IDLH Qutput Low level (iogic 1) Vo= -2V 80 150 ns
" tpHL  Output High level (logic0) -~ | L~ 13K CL=10pF, 225 | 300 ns
Vp=-25V :
Capacitance
Cin Input Vg=0V, f=1MHz 3 5 pF
C¢ Clock Vp=0V, f=1MHz 55 65 pF

mechanical data and pin configuration

The deviée ié available in both a 16-pin hermetically sealed ceramic dual-in- Iiﬁe béckage (TMS 3314'JC) and a 16- -pin

dual-in-line plastic package (TMS 3314 NC). The packages are des:gned for insertion in mounting-hole rows on 0.300-

inch centers. (See MOS/LSI packaging section.)

16 9
nininEninEnNn

:) TOP VIEW

[ ]
Epugspupupsqs

PIN NO.

W N WN =

FUNCTION

IN1
OUT,
IN3

' OUTs

INg
OUTg

2

Vss

PIN NO.

9
10
1
12

13

14
15
16

FUNCTION

92
INg
OUTs
INg
OUT3
IN2
ouTq
VDD
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TMS 3314 JC, TMS 3314 NC
TRIPLE (60+4) DYNAMIC SHIFT REGISTER

timing diagram and voltage waveforms

ViH
INPUT DATA

viL %_

CLOCK ¢4

CLOCK ¢2

OUTPUT

interface circuits

a) MOS

a1

Vss
INPUT O— Ny ouUTy |
—ouT, o Ny |9
— N3 £ ouT3
ouT, § INg
INg ] ouTs
OUTPUT O OUTs g Ng )
P X-9 2 ia! >
; ; 192 Vob ; 9 03

5 S s

NOTE: IN THIS FIGURE THE REGISTER HAS BEEN CONNECTED AS A 192-BIT SHIFT REGISTER TO DEMONSTRATE

MOS INTERFACE.
14
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TMS 3314 JC, TMS 3314 NC
TRIPLE (60+4) DYNAMIC SHIFT REGISTER

interface circuits (continued)

b} TTL
+12V +B5V
+12Vv 1
SN7426 R T :;N7400 j

V. 3.9k
o—-T [IN ss ouTt I D)_:_o

6.8 k2

__|™™s33140cme | L"I -
+12 - ‘ [~
2T ot
+12 2
-12 L] 2

-12V

* SELECT R FOR SYSTEM REQUIREMENTS OF SPEED AND POWER DISSIPATION.

PRINTED IN U.S.A.
Tt cannot ossume ony responsibility for any circuits shown
or rtepresent that they are free from patent infringement. TEXASI INSTRUM ENTS

NCORPORATED 14-81
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MOS TMS 3401 LC, NC-512-BIT DYNAMIC SHIFT REGISTER
LSl TMS 3402 LC, NC- 500-BIT DYNAMIC SHIFT REGISTER

features

(4 Two-phase dynamic logic
5-MHz operation
Directly TTL compatible at input and output
No external resistors required
Low power dissipation — 0.2 mW/bit 1 MHz
Output delay — 50 ns
Low-threshold technology
Power supplies - +5 V, —12'V
Push-pull cutput buffer

description

The 512-bit TMS 3401 LC/NC and the 500-bit TMS 3402 LC/NC are high-speed dynamic shift registers. A raticless two-
phase design has been employed to minimize power consumption.

Because both input and output are TTL compatible without the use of external resistors, these registers can be strung
together directly and can interface directly with bipolar systems.

The circuits are constructed using MOS P-channel thick-oxide and low-threshold technologies to implement low-threshold
MOS devices. The design uses programmable techniques and the number of bits may be altered through single-level pro-
gramming for a nominal charge.

logic definition

Positive logic is assumed.
a) Logic 1 = most positive (HIGH) voltage

b)  Logic O = most negative (LOW) voltage

operation

Data is transferred into the register when the ¢1 clock is Low (—12 V). The data must be held steady for at least 30
nanoseconds before the clock goes to the High state {(+5 V). One of two internal resistors (1.5 k{2 or 6 k{2) can be con-
nected to assist in pulling up the logic 1 level provided by DTL or TTL.

Output delay time is defined as the period required for the output to reach the DTL or TTL changeover threshold after
the ¢2 clock reaches 90% of its Low voltage. This time is faster than 50 nanoseconds.

programming

The device has been so designed that by changing only one level of artwork the designer can obtain any bit length between
233 and 512 bits. The 512-bit length (TMS-3401 LC/NC) and the 500-bit length (TMS 3402 LC/NC) are available off

the shelf. Other bit lengths are obtained through use of computer-aided design methods, providing fast, accurate and
economical turnaround. The electrical characteristics and pin configuration are the same for the whole family of

devices.

TEXASl INSTRUMENTS
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TMS 3401 LC, NC-512-BIT DYNAMIC SHIFT REGISTER
TMS 3402 LC, NC- 500-BIT DYNAMIC SHIFT REGISTER

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

Supply voitage Vpp range {See Note 1)

Supply voltage VGG range {See Note 1)

Clock input voltage range {See Note 1)

Data input voltage range (See Note 1) .

Operating free-air temperaturerange . . . . . . . . ,
Storage temperature range .

Input pull-up resistor voltage range .

NOTE 1: These voltage values are with respect ta Vgg (substrate).

recommended operating conditions

. -20V 1003V
~20V 10 0.3V

—-30 V103V
-20V 16 0.3V

. . —25°Cto85°C
. —55°Cto 150°C
—6V1t003V

CHARACTERISTICS MIN NOM MAX UNITS
Operating Voltage
Substrate supply Vgg +4.5 +5 +5.5 \
Drain supply Vpp 4] 0 0 v
Gate supply VGG -13 -12 | -1 v
Logic Levels i .
Input HIGH level Vi Vgs—1.6 i ovgg ! \
Input LOW ievel V| -13 . 08 A
Clock Voltage Levels i | ; :
Clock HIGH levet Vg (See Note 2) ; Vgs ~1 5 . Vss |V
Clock LOW level V| Pt -2 b e v
Pulse Timing i * ;
Clock puise transition trg, tfy & i us
Clock pulse width 1 {56 MHz) PWg1 | 0.075 H 10 us
: Clock pulse width 2 {5 MHz) PW,) © 0.075 i 10 us
| Pulse Spacing ‘ ;
Clock delay tgs12 ] E 50 us
Clock delay tgp21 1 ' 50 us
Data setup tpg 50 ) ns
Data hold tpH 10 ; | ns
Puise Repetition Rate PRR E 3
Data 0.02 | i 5 MHz
‘ Clock 002 | | 5 | MHz

NOTE 2: Both clock pulses should not be simultanecusly more than 2 V below Vgg.

mechanical data and pin configuration

The TMS 3401 LC and the 3402 LC are mounted in TO-100 packages. (See MOS/LSI packaging section.)

@ LEAD NQ. FUNCTION
(® ® 1 Vop
0 o 2 Output
3 A ele)
0 e 4 Vss
o e o 5 No connection

BOTTOM VIEW

LEAD NO. FUNCTION

Input puli-up resistor {1.5 k2)
Input

tnput pult-up resistor {6 k€2)

0 0 ~N O

Clock ¢2
*° ok o

— continued
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TMS 3401 LC, NC- 512-BIT DYNAMIC SHIFT REGISTER
TMS 3402 LC, NC- 500-BIT DYNAMIC SHIFT REGISTER

mechanical data and pin configuration (continued)

The TS 3401 NC and the TMS 3402 NC are mounted in 16-pin dual-in-line plastic packaaes designed for insertion in
mounting-hole rows on 0.300-inch centers. {See MOS/LSI packaging section.)

-y
o

9
nEnlinEnisEslnl

TOP VIEW

o J I

o

=L
.
4

T 7T

ootrurtrod

La
8

PIN NO. FUNCTION

Input

Ry (6 k)

62

No connection
1

Vpo

No connection

0 ~NO e AW N -

Output

PIN NO. FUNCTION
e VGa
10 No connection
" No connection
12 No connection
13 No conneacticn
14 No connection
15 R; (1.5kQ)
16 Vss

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

PARAMETER ) TEST CONDITIONS MIN TYP MAX UNITS
L Input current {leakage) Vi=0V, Vgg =+5V 500 nA
loL Ciock cutrent {leakagel V=0V, Vgg =+5V 50 HA
Output Voltage Levels
VoL  Output LOW level (Note 3) TTL foad, Cu=108F, [ +0.15 +0.4 v
f=5MHz
VoW  Output HIGH level Note 3) TTL load, CL=T0PF | 136 | +45 v
=5 MHz
VoL Qutput LOW leve! (Note 3} lo=+16mA +0,15 +0.4 Vv
VoH Qutput HIGH level (Note 3) lo=—1TmA +4.5 +4.7 Y
Power Suppiy Current Drain
‘bb Drain supply (Note 4) Vgg =0, Vg =17V 0.1 mA
GG Gate supply (Note 4) Yop=5V 25 7 mA
Ph Poyver dissipation 350 mW

NOTES:

3. For final test purposes, a worst-case TTL joad is simulated by a load of 2.7 k) and a capacitance of 10 pF. A worst-case MOS
foad is simulated by a load of 20 k£ and 20 pF. Atl loads are connected between output and Vgg.

4. Does not include cutput stage load or transient current, in the MOS toad mode, the current will consist of transients due to

capacitor discharge and/or ieakage current

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

PARAMETER TEST CONDITIONS MIN TYP MAX ! UNITS
Output Logic Delay
TTL load, Cy =10pF,
10 50 ns
f=5MHz
tDLH Outpui LOW level
RL=10Mg, < = 10pF, 5
£ = 5 MHz 1 5C ns
TTL load, CL = 10 pF,
11 50 ns
4 Output HIGH level f= 5 MHz
utpu Ve
DHL P R) =10MQ, Ci-10pF, . a0
f=5MHz e
Capacitance
Cin Input Vi = Vgs, f=1MHz 5 7 pF
Ce Clock V= Vgs, £= 1 MHz 220 280 pF

14-84
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TMS 3401 LC, NC -512-BIT DYNAMIC SHIFT REGISTER
TMS 3402 LC, NC-500-BIT DYNAMIC SHIFT REGISTER

timing diagram and voltage waveforms

ViH
INPUT DATA

ViL

V¢H

CLOCK ¢4
Vm_ —

tDHL tDLH
VoH ! ‘_’!
OUTPUT DATA
ooty — T T — - - - —

internal diagram

FIRST BIT INTERNAL BITS OUTPUT
Vss

1 92
5 —L ¢
g§0— r— 511-BITS BUFFER 3
2 C
Z - S

1 02
#1 02 Vaa Vpp
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TMS 3401 LC, NC- 512-BIT DYNAMIC SHIFT REGISTER
TMS 3402 LC, NC- 500-BIT DYNAMIC SHIFT REGISTER

interface circuits

a) MOS
5V O——=@ —_
CLOCK ¢1 o—-—Y ? _—
CLOCK ¢2 (}—TI_ —_——
Vss 7 vss
01 ¢4
L] out e, L out
°2 3401/0 | 72 3401 l
2 102
D. iN oﬂ__ﬂJN IN DATA OUT
ATA L) Vee_ Vop
T T T
l 4 4
-i2v O —— —
by TTL

VG VoD L
| —
L _. l 1 1N

—12Vv

02 . Vs { SN7400 |
™ S| n w1 DO_,Q
| N 3401/02 i I
)0 [
1

PRINTED IN US A
TI ¢onnet assume ony responsibility for any circuits shown
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MO0S TMS 3404 JC, TMS 3404 NC
LSI DUAL 512-BIT DYNAMIC SHIFT REGISTER

features ﬁ
L] Two-phase dynamic logic 2
e 5-MHz shift rate 3
. Low power — 0.1 mW/bit at 1 MHz ;'S
®  Power supplies — +5 V, 12V 3
[ Single-ended output
° TTL compatible — without external components
°

Low-threshold technology

description
-The TMS 3404 JC/NC consists of two high-speed 512-bit dynamic shift registers. The bits are implemented by a ratio-
less two-phase design to minimize power consumption. Inputs and outputs are TTL compatible—without use of exter-

nal components.

The entire device is constructed on a single monolithic chip using thick-oxide techniques and low-threshold MOS P- chan-
nel enhancement-mode transistors.

TMS 3404 JC is the part number for this device mounted in a 16-pin ceramic dual-in-line package. Mounted in a 16-pin
plastic package the device is designated TMS 3404 NC.

logic definition

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

operation

Data is transferred into the register when the ¢ clock is Low (—12'V). The data must be set up at least 100 nanoseconds
before the clock ¢1 goes to the high state (+5 V) and held steady at least 20 nanoseconds after ¢1 reaches this state.

Output delay time is defined as the time required for the output to reach the DTL or TTL changeover threshold after
the ¢ clock reaches 90% of its Low voltage. This time is faster than 100 nanoseconds.

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

Supply voltage Vpp range (SeeNote 1) . . . . . . . . . . . . . . . .. .. . .=-20Vt003V
Supply voltage VGG range (SeeNote 1) . . .. . . . . . . .. . . .. . . . . .=20Vt03V
Clock input voltage range (SeeNote 1) . . . . . . . . . . . . . . . . . . . . . —20Vto03V
Datainput voltagerange (SeeNote 1) . . . . . . . . . . . . . . . . . . .. . .—-20Vto03V
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . .. —25°C t0 85°C
Storage temperaturerange. . . . . . . . . . . . . . .40 —55 C 10 150°C

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

PRELIMINARY DATA SHEET:
Supplementary data will bo TExAs INSTRUMENTS 1487
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TMS 3404 JC, TMS 3404 NC
DUAL 512-BIT DYNAMIC SHIFT REGISTER

functional block diagram and pin configuration

TMS 3404 JC/NC

i

J

VWV

%1

?
<
%

@1—IP'—— 512 BITS —2/—'1‘——@

(16-PIN DUAL-IN-LINE CERAMIC OR PLASTIC PACKAGE)

0/P,
si2BITs  [—2—1)
\ 4\ Vpp :

recommended operating conditions

PARAMETER MIN NOM MAX UNITS
Operating Voltage ’

Substrate supply Vss +4.75 +5 +5.25 A\

Gate supply VGG -13 -12 —-11 \
Logic Levels

Input High level ViQy Vgs—1.6 Vgs A

Input Low level Vi Vgs —18 Vgg —4.2 Y
Clock Voltage Levels

Clock HIGH level VyH Vgg— 1.0 Vss A

Clock LOW level Vgi Vgg —19 Vsg —16 v
Pulse Timing

Clock pulse transition trg g 1 us

Clock pulse width PWgq 0.080 10 us

Clock pulse width PWy9 0.080 10 us
Pulse spacing

Clock delay tgy12 0.010 50 us

Clock delay tgg21q 0.010 50 us

Data setup tpg 0.100 us

Data hold tpy 0.020 us
Pulse Repetition Rate PRR

Data [0} 5.0 MHz

Clock .01 5.0 MHz

14.88 TEXAS INSTRUMENTS
INCORPORATED
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TMS 3404 JC, TMS 3404 NC
DUAL 512-BIT DYNAMIC SHIFT REGISTER

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
L input Current VIN=-12V, Vgg=+5V 500 nA
loL Clock Current Vo=—-12V, Vgg=+5V 10 HA
Qutput Voltage Levels

VoL Output LOW level TTL load Vgs —4.6 \

VoH Output HIGH level Vgs —1.8 Vss \
Supply Current Drain

IgG Gate supply Vgs =0V, Vgg=—-17V 3 mA

NOTE 1: Power dissipation (mW) = 80 + 90 x F (MHz) + 0.5 x [PWg1(ns) + PWgo(ns)] x Fg (MHz2).

dynamic electrical characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Output Logic Transition
Time

tr Rise 50 ns

tf Fall 50 ns
Output Logic Delay

tpL Output Low level TTL toad 100 ns

tDH Qutput High level TTL load 100 ns
Capacitance

CiN Input 3 pE

Cs Clock 350 pF

TEXAS INSTRUMENTS 14.89
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TMS 3404 JC, TMS 3404 NC
DUAL 512-BIT DYNAMIC SHIFT REGISTER

timing diagram and voltage waveforms

Vid

INPUT DATA
ViL

tps
" J jf Y-
CLOCK ¢4 0%
Vo — o e e —
oL
|<—'r¢—>‘ F‘f¢
VeH
- 13% ——————— * r - —1 /
CLOCK ¢ _ o
VoL —e%T T T T T T T - - - - - - - = N( 7Z
‘—F'!'dLH 'l‘dHL
VoH l
OUTPUT (TTL LOAD) 7‘/7
Vo _tsV__ T T T K

14-90

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TMS 3404 JC, TMS 3404 NC
DUAL 512-BIT DYNAMIC SHIFT REGISTER

mechanical data and pin configuration

The device is available in both a 16-pin hermetically sealed ceramic dual-in-line package (TMS 3404 JC) and a 16-pin
plastic package (TMS 3404 NC). The packages are designed for insertion in mounting-hole rows on 0.600-inch centers.

(See MOS/LSI packaging section.)

1Ce U 116
O 3
O ]
o ™ 0
0 VIEW H
O m|
O m}

8 [ Oe

interface circuits

a) MOS

PIN NO.
Qutput 2
NC

NC
Input 2
Input 1
VGG

NC
Qutput

0 ~NOOORWN =

FUNCTION

PIN NO. FUNCTION

9 Clock 1

10 NC

11 NC

12 NC

13 NC

14 Clock 2

15 NC

16 Vss

Note: In this figure the TMS 3404 has been connected as a single 1024-bit register to demonstrate MOS interface

cLOCK
DRIVER| l l._-_-
$1 o2 V;
DATAIN o——{IN1 OouT4
TMS 3404
INg ouT, —o DATA OUT
VGG 3 a
b3
o-17V
b} TTL
P48V
I n
‘1—3N7400 [ | SN7400 —:
| v .|
DATA IN 0— : INg ss ouTy | DATA OUT
! 1 I |
#5 o— ¢ L
| S |
L ‘z-l_{o_ op  TMS3404 ]
o— — — — — —IN; outTy—|— — — — — —o
VeaG 7.5k
Py
& —1z2v

PRINTED IN USA.
TI connot assume ony responsibility for any circuifs shown
or represent that they are free from patent infringement.
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MO0S
LSI

TMS 3406 LR

DUAL 100-BIT DYNAMIC SHIFT REGISTER

features

L4 Low power dissipation — 0.4 mW/bit typical at 1 MHz

description

— 1 mW/bit typical at 2 MHz

Low-threshold technology

High-frequency operation — 2.5 MHz guaranteed
TTL/DTL compatible
Single-ended output buffer

LZBL "AHVNNVI

The Texas Instruments TMS 3406 LR consists of two separate 100-bit dynamic shift registers with independent input
and output terminals. Only one power supply and two clock phases are required for operation. Low-threshold, thick-
oxide, MOS P-channel enhancement-mode circuitry has been employed to reduce power dissipation and permit easy

interface between the TMS 3406 LR and Bipolar integrated circuits.

mechanical data and pin configuration

The TMS 3406 LR is mounted in a TO-99 package (see MOS/LSI packaging section).

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

Supply voltage Vpp range (See Note 1)
Clock voltage V¢ (See Note 1)

Data input voltage ranges (See Note 1} .
Power dissipation . . . . . .
Operating free-air temperature range
Storage temperature range .

LEAD NO.

1
2
3
4

recommended operating conditions (—55°C to 85°C)

FUNCTION
Input 1

Qutput 1

Input clock (¢2)
Vss

LEAD NO. FUNCTION

5

o0 ~NO

Input clock {¢¢)
Output 2

Input 2

VpD

. =20Vt 0.3V
. =20Vt 03V
. =20Vt 0.3V
. 600 mwW
—55°C to 85°C
—55°C to 150°C

CHARACTERISTICS MIN NOM MAX UNITS
Supply voltage Vpp (See Note 1) —9 —-10 —-12 \'s
Clock voltage V| (See Note 1) logic 0 -15 -16 —-18 \Y
Clock voltage VyH (See Note 1) logic 1 +0.3 -0.5 -1.5 \
Width of clock pulse ty1 (See voltage waveforms) 150 ns
Width of clock pulse p2 {See voltage waveforms} 150 ns
Transient time of clock pulse, t;, t; (See voltage waveforms) 5 us
Clock delay time, ty {See voltage waveforms) 20 ns
Width of data pulse, tp (See voltage waveforms) 170 ns
Data pulse before clock change o0 (See voltage waveforms) 150 ns

Clock repetition rate 0.01 25 MHz

NOTE 1: These are voltage values with respect to most positive supply voltage, Vgs.
R
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TMS 3406 LR
DUAL 100-BIT DYNAMIC SHIFT REGISTER

logic definition

Positive logic is assumed

aj
b)

Logic 1= most positive (high) voltage

Logic 0 = most negative (low) voltage

electrical characteristics (at nominal operating conditions and 25°C)

Vpp=-5V, Vgg=+5V, VgH=—11V, Vg = +5 V, and C|_ = 10 pF, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Vin(1)  Logic 1 data input voltage +3.0 +5 +5.3 \
Vin(o}  Logic O data input voltage —10 +0.2 +0.8 v
Vout(1) Loegic 1 output voltage Load = 3.3k, tp1=150ns +3.5 v
Y Logic G output volta Load = 3.3 ka2, —3.0 v
out(0) Legieboutp e Load = 3.3k, | = 1.6mA +0.4 v
Rout Output resistance Output at logic 0 300 450 £
IR(in}  !nput leakage current Vin=-5V, Ta=25°C 0.5 uA
o . . Vin=+5V, Ta = 25°C
Cin Capacitance of input = 1MHz 5 7
i i Vp=15V, Ta =25°C
Ce1,2 Capacitance of clock input =1 MHz 40 50
f=1MHz (tgq = 200 ns, 6 ! 12 mA
IDD{1; Average supply current (See Note 2) tp2 =200 ns) |
f=1MHz (tp1 = 150 ns, 45 10 mA
tp2 = 150 ns)
f=1MHz (tpq = 1p2 = 200 ns) 0.5 15 mA
\@1,2 Average supply current for clock mode £2 1 MHz (‘p1 - to2= 150 ns) 0.4 12 mA
NOTE 2: These values do not inctude the current fiowing through the load resistor.
switching characteristics
Vpp=-5V, Veg=+5V, VgH =—11V, VgL =+5V, and C_ = 10 pF, unless otherwise noted.
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
tod1 ll’ropagation delay time to logical 1 See V(jltage Waveforms 100 150 ns
evel from clock ¢4 to data output Load = 3.3k
Propagation delay time to logical 0 See Voltage Waveforms
tpd0 level from clock ¢4 to data output Load =-3.3 k&2 120 180 ns
1
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TMS 3406 LR
DUAL 100-BIT DYNAMIC SHIFT REGISTER

timing diagram

CLOCK ¢2

CLOCK ¢q

90% 0%} 20%
It u__ -1y
-~ —
DATA IN ﬁp} N S S +3 VMIN
| +1V MAX
I

I
—>itpd1;<— —] tpgh—
DATA OUT | 2, L | _ __ +3vmnN
f 10% I [
T) DELAY L) ! 90% +0.4VMAX

TTL interface

ke
ik T vss

1
|
|
]

@
@ H o

|

TMS 3406 LR | 1
| |

L—_ 1

Vop
3.3k 3.3k
-5V
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TMS 3406 LR
DUAL 100-BIT DYNAMIC SHIFT REGISTER

MOS interface

iVDD

3.3k § 3.3k

MOSs

—®

TMS 3406 LR

NOTE: The TMS 3406 LR features an open-ended buffer; however, load resistors of 3.3 k{2 and 20 k§2 can be programmed on the chip, upon
:. request. At the input, resistors of 1 k& and 5 k§2 can be programmed upon request.

POWER DISSIPATION mW/BIT

1.0 1

0.5

POWER DISSIPATION/BIT AT 1 MHz vs TEMPERATURE
Vpp — Vss=—-11V
Vp=-18V

Vpp —Vss=—-10V
Vp=-16V

Vpp—Vss=—-9V

/A

AT 1 MHz
tp1 = tp2 = 200 nsec

T T T T
~50 C 0°C 25°C 85°C

POWER DISSIPATION mW/BIT

1.0 ﬂ

05

POWER DISSIPATION/BIT AT 2 MHz vs TEMPERATURE
Vpp —Vsg=-11V
Vo=-16V

Vpp — Vgs=—~10V
Vp=—-18V

AT 2 MHz
= 150 nsec
tp2 = 150 nsec

—50°C 25°C 85°C
A #
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TMS 3406 LR
DUAL 100-BIT DYNAMIC SHIFT REGISTER

POWER DISSIPATION vs FREQUENCY

PACKAGE POWER DISSIPATION vs TEMPERATURE

102
Vpp—Vgg=-10V
V¢ =-16V
600
10
b 1=t2=200ns
w1 400 |
200
th1=t52=150ns
| 7 T T T T T T —r
1K 10K 102K 103K -50 —-25 0 25 50 7% 100
FREQUENCY (Hz) TEMPERATURE (°C) '

SCHEMATIC OF TMS 3406 LR INTERNAL ORGANIZATION

in (1)

v
s Vss

INPUT

Vss

Vss
BUFFER

INTERNAL BIT

Vss

1| 92

OUTPUT
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MOS
LS!

TMC 3409 JC, TMC 3409 NC
QUADRUPLE 80-BIT DYNAMIC SHIFT REGISTER

features
[ ]

description

2.5-MHz shift rate

Recirculate logic

Power supplies —+5V, 0V, —-12V
All inputs TTL compatible

Single TTL compatible clock

TTL compatible outputs

Low power — 300 mW
Low-threshold technology
Dual-in-line package

LZ6l ‘AHVYNYE3d

The TMC 3409 JC/NC consists of four 80-bit shift registers with separately controlled logic for recirculating data in each
register. A single-clock generator provides two clock phases to all four registers. Data, recirculate-control and clock in-
puts are all TTL compatible. Each output interfaces directly with TTL without the use of external components.

Low-threshold, thick-oxide MOS P-channel enhancement-mode circuitry has been employed to reduce power dissipation
and permit easy interface between the TMC 3409 JC/NC and bipolar integrated circuits.

“TMC 3409 JC'' is the part number for a unit mounted in a 16-pin hermetically sealed ceramic dual-in-line package. A
unit mounted in a 16-pin plastic package is designated “TMC 3409 NC".

logic definition

Positive logic is assumed.

a) Logical 1 = most positive voltage (High)

b)  Logical 0 = most negative voltage (Low)

operation

Data is transferred into the register when the internal clock ¢1 is on. The internal clock is on when the external clock
input is high, but the changes of level occur some 100 nanoseconds behind the external drive. To be entered, data
must be held true at least 100 nanoseconds after the external clock drive has changed state.

True output data becomes available about 100 nanoseconds after the TTL clock goes to Low.

Information in the register during the recirculate mode continues to be read out.

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

Supply voltage Vpp range (See Note 1)
Supply voltage VGG 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 Vgg (substrate).

. =20Vt 0.3V
. —20Vt0 0.3V
. —20V 1003V
. —20Vt003V

—25°C 10 85°C
.—55°C to 150°C

PRELIMINARY DATA SHEET:
Supplementary data will be
published at a later date.
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TMC 3409 JC, TMC 3409 NC
QUADRUPLE 80-BIT DYNAMIC SHIFT REGISTER

functional block diagram

® ® @

10e

s

pin configuration

This device is available in both a 16-pin hermetically sealed ceramic dual-in-line package (TMC 3409 JC) and a 16-pin
plastic package (TMC 3409 NC).

The package for TMC 3409 JC is designed for insertion in mounting-hole rows on 0.300-inch centers. For the TMC 3409
NC the package is designed for mounting-hole rows on 0.600-inch centers. (See MOS/LS! packaging section.)
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TMS 3409 JC

©

d U  hs PINNO.
O u) ;
O 8] 3
O wvor [J 4
O ViEw 5 5
. u| 3
O | 8
C Mo
TMS 3409 NC

FUNCTION

Data Out A
Recirc Enable A
Input A

Data Out A
Recirc Enable B
Input B

Data Out C
Ve

PIN NO.

9
10
1"
12
13
14
15
16

FUNCTION

Recirc Enable C
Input C

Clock

VGG

Data Out D
Recirc Enable D
Input D

Vss
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TMC 3409 JC, TMC 3409 NC
QUADRUPLE 80-BIT DYNAMIC SHIFT REGISTER

recommended operating conditions

PARAMETER MIN NOM MAX UNITS
Operating Voltage

Substrate Supply Vgs +4.75 +5.0 +5.25 \

Drain supply Vpp o] (o] 0 \Y

Gate supply VGG -13 —-12 —-11 \%
Logic Levels

Input High level V|4 Vgg —2.0 Vss v

Input Low level Vi -13 +0.8 \
Clock Voltage Levels

Clock High level VgH Vgs —2.0 Vss v

Clock Low level Vg -13 +0.8 v
Puise Timing

Clock pulse transition trg, tfg 10 100 ns

Clock putse width High PWg 150 50000 ns

Clock pulse width Low PW¢L 150 50000 ns

PW¢H + PW¢L 02 50
Pulse Spacing

Data setup tps 100 ns

Data hold tpH 100 ns

Recirculate Enable setup tpg 200 ns

Recirculate Enable hold tRH 100 ns
Pulse Repetition Rate PRR

Data fp 0 25 MHz

Clock fg .01 25 MHz

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
b Input Current ViN=0 100 nA
loL Clock Current V=0 100 nA
Qutput Voltage Levels

VoL Qutput Low level ISINK = 1.6 mA 0.3 0.4 A

VOH Qutput High level I oaD = 0.5 mA Vgs —1.0|Vgg —0.5] Vgg A
Power Supply Current Drain

Iss Substrate supply 25°C 25 30 mA

Ipp Drain supply 25°C 15 mA

[fele] Gate supply 25°C 10 12 mA

Pp Power Dissipation 25°C 250 300 mwW

dynamic electrical characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Output Logic Transition Time
tr Rise 30 50 ns
tf Fall 30 50 ns
Output Logic Delay
oL Output Low level 100 150 ns “
tOH Output High level 100 150 ns
Capacitance
Cin Input {Data and Recirc Enable) = 10 pF
CdJ Clock 25 pF
M
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TMC 3409 JC, TMC 3409 NC
QUADRUPLE 80-BIT DYNAMIC SHIFT REGISTER

timing diagram and voltage waveforms

+5V
15V - CLOCK
0
5V
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15V — DATA
]
-2
RS tRH
16V - RECIRCULATE
ENABLE
0
5V
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15V — OUTPUT
0
TTL interface
45V
TTL LOGIC | o SHIFT REGISTER | TTL
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1
DATA IN a ' — At I . . arao
— A OUT
T e | out L >
= 1 80-BIT SHIFT REGISTER | in
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|

CLOCK IN o
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MOS TMS 3412 JC, NC; TMS 3413 LC. NC; TMS 3414 LC, NC
1024-BIT DYNAMIC SHIFT REGISTER

LSl

features

description

0.01-MHz to 6-MHz operation
Low power dissipation

Open-drain output buffer

DTL, TTL compatible

Low clock capacitance (70 pF typ)

Low-threshold silicon-gate multilevei technology

4 x 256 bits TMS 3412
2 x 512 bits TMS 3413
1 x 1024 bits TMS 3414

Dual-in-line or plug-in package

L1461 AHYNYE3A

The circuits TMS 3412 JC/NC, TMS 3413 LC/NC and TMS 3414 LC/NC are a family of two-phase dynamic shift regis-
ters. Each device is constructed on a single monolithic chip by use of silicon-gate technology and P-channel enhance-
ment-mode transistors. Input and output terminals in the multiple register circuits are independent; clocks and power
are common. Internal multiplexing results in a data shift rate twice the clock rate. Each clock pulse on the phase-1 or

phase-2 line shifts the data one bit.

A unit mounted in a 16-pin hermetically sealed ceramic dual-in-line package is designated *'JC". ““LC" is the designa-
tion for a device mounted in an 8-lead T0O-99 package. A unit mounted in a 16-pin dual-in-line plastic package is

designated “NC”".

logic definition

Positive logic is assumed.

a) Logical 1 = most positive voltage

b)  Logical O = most negative voltage

operation

Two clock pulses are required for operation of the registers. The pulses should not be at low level simultaneously or

data errors will occur.

Data is transferred into the register when the clock pulse, phase 1 or phase 2, is at the low level. Output data appears
after the high-to-low transition of the clock pulse, phase 1 or phase 2.

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

Supply voltage Vpp 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 Vgg (substrate).

.—20Vto 03V
.—20Vto 03V

. —20V 1003V
. —55°C 10 85°C

—55°C to 180°C

PRELIMINARY DATA SHEET:
Supplementary data will be
published at a later date.
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TMS 3412 JC, NC; TMS 3413 LC, NC; TMS 3414 LC, NC
1024-BIT DYNAMIC SHIFT REGISTER

functional block diagram

Vss Vpp
TMS 3412 JC, 16-PIN CDIP

TMS 3413 LC, TO-99

»1 2

1024 BITS

L — — J

OJ0

Vss Voo

TMS 3414 LC, TO-99

recommended operating conditions

PARAMETER TEST CONDITIONS T min NOM MAX UNITS
Operating Voitage

Substrate supply Vgg Vpp =-5V *5% +4.75 5 5.25 v

Drain supply Vpp Vgg=+5V *5% —4.75 -5 | -5.25 \
Logic Levels

Input High level Vi Vgg—1.7 Vgs+0.3 \2

Input Low level Vi Vgs—4.2 Vss—10 v
Clock Voltage Levels

Clock High level Vi Vgs—1.0 Vgs+0.3 \

Clock Low level Vg Vgs—15.0 Vgs—17.0 \Y
Pulse Timing

Clock pulse transition trg, tfg 1000 ns

Clock pulse width 1 PW,4 100 ns

Clock pulse width 2 PWgo 100 ns
Pulse spacing

Clock delay tpg12 PWg1 = PWy2 = 100 ns 40 ns

Clock defay tpg21 PWg1 = PWy2 = 100 ns 40 ns

Data setup tps 40 ns

Data hold tpH 40 ns
Pulse Re petition Rate PRR

Data 6 MHz

Clock 3 MHz
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TMS 3412 JC, NC; TMS 3413 LC, NC; TMS 3414 LC, NC

1024-BIT DYNAMIC SHIFT REGISTER

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
o Input Current VIN=-5YV, Vgg =+56V 500 nA
loL Clock Current Vp=—10V, Vgg=+5V 1000 nA
Qutput Voltage Levels
RL =3k, IL=16mA,
VoL Output Low level L L 0.5 v
Vgg =+5V
Driving TTL, R =3k,
VoH  Output High level ving L 25 v
Vgs=4.75V
Power Supply Current Drain
Vgg =15V, Vpp=-5V,
| Drai i A
DD rain supply V¢ —_12V 35 50 m,
Pp Power Dissipation 5-MHz Data Rate, 35% Duty Cycle 600 mW
dynamic electrical characteristics
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Output Logic Delay
tpLH1 Output Low level 1 TTL load (See Note 2} 80 ns
tpHL1 Output High level 1 TTL load (See Note 2) 80 ns
Output Logic Delay
tpLH2 Output Low level MOS toad (See Note 3) 80 ns
tpHL2 Output High level MOS load {See Note 3) 80 ns
Capacitance
) Input 2.5 5 F
Cin neu {See Note 4) P
Co Clock 60 70 80 pF

NOTES: 2. Vgg=+5V15% Vpp=-5VE6% Vg =—10V
3. Vgg=0V, Vpp=-10V*10%, Vp_=-15V

4. 16-pin CDIP — C|\ min, 7 pF; Cjy max, 8 pF
mechanical data and pin configuration

The TMS 3412 is available in both a 16-pin hermetically sealed ceramic dual-in-line package (JC) and a 16-pin plastic
package (NC). The packages are designed for insertion in mounting-hole rows on 0.300-inch centers. {See MOS/LSI

packaging section.)

10e ] 16
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TMS 3412 JC, NC; TMS 3413 LC, NC; TMS 3414 LC, NC
1024-BIT DYNAMIC SHIFT REGISTER

mechanical data and pin configuration (continued)

The TMS 3413 and TMS 3414 are available both in 8-lead TO-99 packages (LC) and in 16-pin dual-in-line plastic
packages (NC) designed for insertion in mounting-hole rows on 0.300-inch centers. (See MOS/LSI packaging section.)

TMS 3413 LC TMS 3414 LC
LEAD NO. FUNCTION LEAD NO. FUNCTION
1 Output 1 1 NC
2 Input 1 2 Input
2 1 2 24
e e 4 Vee (Vsg) 4 Vee (Vgs)
5 Output 2 5 Output
e o e 6 Input 2 6 NC
= 7 02 7 $2
BOTTOM VIEW 8 Vpp 8 Vpp
TMS 3413NC TMS 3414 NC
PIN NO. FUNCTION PIN NO. FUNCTION
1 NC 1 NC
2 NC 2 NC
16 9 3 Input 1 3 Input
aooonnnno 4 1 4 o1
5 Vss 5 Vss
D TOP VIEW 6 Output 2 6 QOutput
° 7 NC 7 NC
uguogouogu 8 NC 8 NC
1 8 9 NC 9 NC
10 Input 2 10 NC
1 02 11 #2
12 VoD 12 VpD
13 NC 13 NC
14 Output 1 14 NC
15 NC 15 NC
16 NC 16 NC
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TMS 3412 JC, NC; TMS 3413 LC, NC; TMS 3414 LC, NC
1024-BIT DYNAMIC SHIFT REGISTER

timing diagram and voltage waveforms

INBIT 1 INBIT 2
ViH 1
10% l

INPUT DATA | |

Vit 90% | | 2

tps tDH tps tDH

vd)H
CLOCK ¢1

VoL T90%

VoH—

BIT: r BIT3 - ! i BIT N—1 —l—
_______ . —_— e — — _.| —_—— - _.I —— T _1 —_ - = *—
| I
PY Vpp

| |
2 o1 b2 1 : ' 02 1 : 02 =
| | r_i
434 M e
N—2
—| L
! : ] BITN DEVICE
| | | 256 TMS3412JC
b hdl - T | I T

!

|
T hd 512 TMS3413LC
BIT 2 BIT 4 BITN = 1024 TMS3414LC
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TMS 3412 JC, NC; TMS 3413 LC, NC; TMS 3414 LC, NC
1024-BIT DYNAMIC SHIFT REGISTER

interface circuits

a) MOS
ANY REGISTER IN TMS 3412/13/14 =
Vss
DATAIN O—]IN ouT DATA OUT
1 92 Vpo 3k EXTERNAL
oV CLOCKS -1V
N 17V
b) TTL
ANY REGISTER IN TMS 3412/13/14 5V
_I_ 1 1
[sn7a00 | 3 Vss lsn7a00 1
[ | 1 I |
DATA IN O—I | IN OuT| DATA OUT
) | |
L ] o1 %2 VoD g3k |-
ey, CLOCKS -5V
—\_ -12v
ALL RESISTORS EXTERNAL AND 3 k2 5%
PRINTED IN USA.
T1 cannot assume eny responsibitity for any circuits shown
14-106 TEXAS ]NST RUM EN TS or fepresent that they ore free from patent infringement.
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READ-ONLY MEMORIES

1) Introduction

The information stored in a Read-Only Memory (ROM) is permanently programmed into the circuit at
the time of its manufacture. Once the information is entered it cannot be changed — it can, however, be
read out as often as desired. Before MOS circuits became available, the only practical means of realizing a
ROM were with discrete-diode matrices, or core memories. The most obvious advantages of MOS ROMs
are:

Cost — MOS typically one tenth that of diode matrix
Size — MOS can put 4096 bits in a 24-pin package (chip size is 120 X 110 mil)

Speed — New MOS techniques can provide access times as low as 50 nsec.
2) Structure of an MOS ROM

A single MOS ROM device will be made up of three sections:

e DECODER in which the binary address is decoded and X-Y pairs of lines going
to the memory matrix are enabled (one pair of X-Y lines if there is
one bit per output word; two pairs of X-Y lines if there are two bits
per output word, etc.)

e MEMORY MATRIX containing as many MOS-transistor locations as there are bits in the
memory.

e BUFFER which supplies output levels for the external circuitry.

ECODER Y-SECTION

10 INPUT
LINES

BUFFER

MEMORY MATRIX e 4 QUTPUTS

[ X X N N X J
IDECODER X-SECTION,

EXAMPLE 1024 x 4 ROM

Consider for example a 4096-bit ROM organized as 1024 words of 4 bits. At the intersection of every
X-line and Y-line, an MOS transistor can be either constructed or omitted by growing either a thin-gate
oxide or a thick-gate oxide. The absence of an MOS transistor will be interpreted by the buffer as a logic O,
and the presence of a thin-gate MOS transistor will be interpreted as a logic 1. The programming of the
memory (placement of the thin-gate oxide transistors) is performed during the manufacturing process.
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READ-ONLY MEMORIES
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3) Static or Dynamic?

Aside from the organization of the ROM, which defines its bit capacity, the most important parameter
in most applications is probably access time. Access time is defined as the time required for a valid output
to appear after a valid input has been applied.

In a static ROM there are no clocks required. If a valid input address is applied to the memory, after
the expiration of the required access time, a valid output will appear. The output will remain valid as long
as the input address remains unchanged. The use of static read-only memories is very straightforward and Tl
has developed a complete line.

In a conventional dynamic read-only memory, the information is clocked in and clocked out. The
output will only remain valid for a certain period. Dynamic read-only memories are advantageous to
implementing synchronous logic. To take advantage of their logic flexibility and to allow the output to be
kept valid as long as desired, T| has designed in latches on the outputs of all dynamic ROMs presently in
production, T!’s dynamic ROMs do not require clock drivers since these have been incorporated on the
chip.

4) Typical Applications

Now that economical ROMs are available, the logic designer is taking advantage of this element. The
most common areas of applications are found in:

e DISPLAYS e COMPUTERS
e COMPUTER TERMINALS e CALCULATORS
TEXASI INSTRUMENTS
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READ-ONLY MEMORIES

The most common applications are:

a) LOOK-UP TABLES — where the output is a mathematical function of the input. In computers
for military applications, trigonometric functions are commonly used. A ROM can be used to
obtain the sine of an angle instead of having to compute it by algorithm.

o ——» ROM — sin ¢

ROM as Trigonometric Look-Up Table

Some calculators aiso employ Look-up tables in performing arithmetic:

E Ry ROM poeeis /8

ROM as Arithmetic Look-Up Table

b) CODE CONVERSION — many applications require translating between one code and another.
This is a common requirement of display manufacturers, computer terminal equipment
manufacturers, and persons involved with punched card reading and processing. For example, a
ROM can be designed to accept input words in EBCDIC code and convert to words of USASCI|
code at the output.

EBCDIC USASCHI
CODE > ROM —® “cope

ROM Used for Code Conversion

¢} MICROPROGRAMMING — where a routine can be programmed directly {hard-wired programs),
instead of being described (microprogram} on a stack of punched cards and then stored in the
main memory. This technique is becoming more and more popular in medium-sized computers.

d) CHARACTER GENERATOR — where an alphanumeric character is represented by a binary
word. The characters can be visually represented by use of nixie tubes, a dot matrix, or a segment
display. An example of a ROM used as a dot-matrix character generator is shown below.

l—
BINARY o } AS MANY OUTPUTS AS THERE

WORD —% ROM e ARE DOTS IN THE MATRIX, n

ROM Used as Character Generator

TEXAS INSTRUMENTS 14109
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READ-ONLY MEMORIES

5)

e) RANDOM LOGIC — ROMs can also be utilized to perform Boolean algebra. For example, a
4096-bit ROM organized as 512 words of 8 bits, has 9 inputs and 8 outputs. The ROM can be
programmed to provide the outputs (which are Boolean functions of the input variables). The
user needs only to develop the truth table for the desired logic function.

[ =1 ~ |
®
9 INPUT VARIABLES ® ROM : 8 OUTPUT VARIABLES
.
. .
°
\ -

ROM USED IN PERFORMING RANDOM LOGIC
0,=f(A,B,C, ... )
0,=1,(A,B,C, ...

To perform sequential logic the outputs would be fed back to the inputs.

TI ROMS

a) General Purpose Static ROMs
TMS 2800 JC/NC 1024-bit capacity 256 X 4 organization
TMS 2600 JC/NC 2048-bit capacity 512 X 4 or 256 X 8 organization
TMS 2700 JC/NC 3072-bit capacity 256 X 12 organization
TMS 4400 JC/NC 4096-bit capacity 1024 X 4 or 512 X 8 organization

b) General Purpose Dynamic ROM
TMS 2300 JC/NC 2560-bit capacity 256 X 10 organization

¢)  Static character Generators (5 X 7 dot matrix}

TMS 2400 JC/NC 64 characters row output

TMS 4100 JC/NC 64 characters column output

14110
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READ-ONLY MEMORIES

For each series of devices Tl has programmed at least one off-the-shelf device. This device can be used
for evaluation by customers. For instance, in the TMS 2400 JC series the TMS 2403 JC is an off-the-shelf
ASCIl row-output character generator and the TMS 2404 JC is an off-the-shelf EBCDIC character
generator.

TeExAas lNSTRugw ENTS 14111
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CUSTOM BIT PATTERNS

The programming of a single photomask permits the user to choose:
e  Organization of the read-only memory
e  Programming of the decode section’
° Memory content
e  Buffer configuration
e  Chip-enable polarities

All other masks used during the processing are fixed and are common to a series of devices. For instance, all
devices of the TMS 2600 JC series (2048-bit static ROM) use the same masks except for the
gate-oxide-removal mask, which contains the custom pattern.

Tl uses computer methods to assure a quick and foolproof implementation of a custom bit pattern.
This also reduces the cost of the implementation. A “SOFTWARE PACKAGE" bulletin is used to transmit
the customer inputs to TI, for each series of devices, these packages are available from the T1 Sales Office.
The Software Package describes the format in which the inputs should be transmitted for best interface
with the computer. For character generators the Software Package includes grid on which the customer can
map the desired outputs. For read-only memories the Software Package describes the format used for
writing the truth table of the ROM on punched cards. Once the Software Package is received by T1, it can
be directly fed into a computer, or punched cards can be prepared from it and the cards can be fed into the
computer.

The first computer output is a checkprint. For a read-only memory the checkprint is a reconstitution
of the truth table. In the case of a character generator, an overlay is produced. The overlay is in the same
scale as the map included in the Software Package and permits easy verification of the punched cards. The
checkprint is used for T| verification and a copy is sent to the customer.
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CUSTOM BIT PATTERNS

3
|

T
COMPUTER CHECK PRINT
T TO CUSTOMER
CHECK PRINT l
TI VERIFICATION
MAGNETIC TAPE COMPUTER
(CUTTER TAPE) T T— TEST TAPE

PLOTTER

I RUBYLITH MASK

MASK FACILITY

‘ GLASS MASKS

SLICE PROCESSING

l SLICES

FUNCTIONAL
PROBE TEST

l GOCD ELECTRICAL
BARS

ASSEMBLY

1 PACKAGED UNITS

FINAL TEST

Y FINISHED UNITS

Once the verification has been performed, the computer generates a magnetic tape that will be used to
drive a plotter, and a testing tape to be used for probe test and at final test.

The magnetic tape (cutter tape) is used to drive a plotter which cuts a film of rubylith mask. The
rubylith mask, when pealed, is an enlargement of the gate-oxide-removal mask, which is used to store the
custom bit pattern. A glass mask is then made from the rubylith by a photographic process (reduction, step
and repeat). This mask is used in production of the slice.

A slice contains many individual chips. Each chip is individually tested on a probe tester which uses

the test tape generated by the computer. “

The chips are packaged and the completed units are final tested (logic and parametric tests). Finished
units are then delivered to the customer.
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MOsS TMS 2300 JC, TMS 2300 NC
LSI 2560-BIT DYNAMIC READ-ONLY MEMORY

features
. 2560-bit capacity (256 x 10)
Dynamic operation and static storage
Maximum access time — 550 ns
Maximum cycle time — 550 ns
Full TTL/DTL compatible without external components

LL61 ‘AHVYNYE3d

TTL-level single clock
Push-pull output buffers
24: or 28-pin CDIP or plastic package

Chip enable

description
The TMS 2300 JC/NC series is a family of dynamic read-only memories, éach having a capacity of 2560 bits.

Programming the memory contents is accomplished by changing a single mask during device fabrication. The memory
contents consist of 2566 words of 10 bits.

A chip enable input is available.

A single clock pulse line is required (TTL level).

Low-threshold, thick-oxide, MOS P-channel enhancement-mode circuitry has been employed to reduce power dissipa-
tion and permit easy interface between the TMS 2300 JC/NC and bipolar integrated circuits (no external pull-up resis-

tors required).

“TMS 2300 JC'* designates a unit mounted in a hermetically sealed ceramic dual-in-line package. A unit mounted in a
dual-in-line plastic package is numbered “TMS 2300 NC".

logic definition

a)  LOGICAL 1 = most positive voltage
b)  LOGICAL O = most negative voltage

operation
The TMS 2300 JC/NC features dynamic operation; the output data is synchronized by an externally provided clock pulse.

By means of a dc output storage register, this device also performs a static operation; the output data will remain valid as
long as a new clock pulse is not provided (even if the input address has changed in the meantime).

Access time is defined as the time between a change of data on any address input and the change of data on the output
of the device.

14 Cycle time is defined as the period of the clock. The minimum cycle time corresponds to the minimum time interval
between two address signals.

— continued

TEXAS lNSTRU[!Vl ENTS

14114 INCORPORATE
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TMS 2300 JC, TMS 2300 NC
2560-BIT DYNAMIC READ-ONLY MEMORY

operation (continued)

A logical 0 on the Chip-Enable input will cause the outputs to become open-circuits. The number of words per output

is increased by hardwiring together the outputs of different devices. The internai operation of the device is not inhibited

by the O state of Chip-Enable; any change of the address inputs results in the selection of a new 10-bit word, which is

then transferred into the dc output register by the next clock pulse. The data outputs are up-dated as soon as the Chip-

Enable signal goes back to logical 1.

functional block diagram and pin breakout

Ag A1 Ay Az Ag Ag Ag Ay

A y
ADDRESS DECODE

Vop — ¥

Vgg ——
CLOCK ——pm

MEMORY 256 x 10 BITS

iy

WORD SELECTION

DC OUTPUT STORAGE

CHIP ENABLE

—— OUTPUT BUFFERS

TYTYYVYYYEYY

Bo By By By By By Bg By Bg By

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

Supply voltage Vpp range (See Note 1)
Supply voltage VGg 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 Vgg (substrate).

. —20V 1603V
. —20V1t0 0.3V
. =20V 1003V
. —20V1003V

—25°C to +85°C
—55°C to +150°C
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TMS 2300 JC, TMS 2300 NC
2560-BIT DYNAMIC READ-ONLY MEMORY

recommended operating conditions

PARAMETER MIN NOM MAX UNITS
Operating Voltage

Substrate supply Vgg 4.75 5.0 5.5 \

Drain supply Vpp 0.0 (4] 0.0 \4

Gate supply Vgg —-11.0 —-12.0 —13.0 \
Logic Levels {Data Inputs)

Input HIGH level {logical 1) V|4 35 3

Input LOW level {logicai 0) VL 0.6 4
Clock Voltage Levels

Clock HiGH tlevel (logical 1) VpH 35 Vv

Clock LOW level (logical 0) VgL 0.6 \
Pulse Timing

Clock pulse transition g, g 100 us

Clock pulse width PWg, 0.250 100 us

Minimum clock frequency 0 MHz
Pulse Spacing

Data setup {Note 1) tpg at 26°C 240 290 ns

Data setup {Note 1) tpg at 85°C 320 380 ns
Data Puise Overtap Clock

tDOC 150 ns

NOTE 1: The clock input has to be at lagic O during the minimum data setup (tpg see timing diagram).

static ele¢trical characteristics (under nominal operating conditions at 25°C unless otherwise noted)

PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
it Input Leakage Current —15 V applied to input 1 uA
Output Voitage Levels (See Note 2}

VoL Output LOW level (logic 0} 1TTL gete, CpL =20pF 0.45 A

VOH Output HIGH level (logic 1) 17TTL gate, CL=20pF 4.0 v

VoL Output LOW level {logic O) MOS load, CL=20pF 0.3 \

VoH Output HIGH level (logic 1) MOS load, CL =20pF 4.0 \'
Qutput Current

losc Short circuit Output shorted to ground 2.8 mA

Rout Output resistance Chip enable = 1, Vgyy = logic O 300 Q

Rout Output resistance Chip enable = 0 1 MQ
Power Supply Current Drain (See Note 3)

Iss Substrate supply 13.0 mA

lpb Drain supply 0 mA

[feYe] Gate supply -13.0 mA

PD Power dissipation 225 mwW

NOTE 2: For the final test purposes, worst-case TTL load is simulated by a resistor of 3.3 k§2 and 20 pF. An MOS load is simulated by a resis-
tor of 20 k2 and a capacitance of 20 pF.
NOTE 3: The current sink by the Vgg supply is sourced by the Vgg supply.

13116 TEXAS INSTRUMENTS

INCORPORATED
POS:T OFFICE BOX 5012 » DALLAS. TEXAS 75222



TMS 2300 JC, TMS 2300 NC
2560-BIT DYNAMIC READ-ONLY MEMORY

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

PARAMETER TEST CONDITIONS MIN TYP MAX ] UNITS
Cycle Time t¢ Load: 1 TTL gate, 20 pF 490 850 . s
Qutput Logic Delay {See Note 4) |

DL Output LOW levet Load: 1 TTL gate, 20 pF 170 ns

tDH Qutput HIGH level Load: 1 TTL gate, 20 pF 250 ns
Access Time {See Note 4)

tAL Output LOW level Load: 1 TTL gate, 20 pF 400 500 ns

tAH Output HIGH level Load: 1 TTL gate, 20 pF 470 550 ns
Capacitance

CiN Input Vip =+5.0 V, f=2MHz 3 7 pF

Cy Clock Vinp=+5.0V, f=2MHz 5 pF
Chip Enable Delay

tELD Enable output delay LOW level | Load = 20 pF to Vpp 150 ns

tEHD Enable output detay HIGH level| Load = 20 pF to Vpp 150 ns

. Load = 20 pF to Vpp,
tpDD Disable output delay 36 kR 10 Vsg 240 ns

NOTE 4: Output delay and access time are defined for Vo1 = +1.5 V (see timing diagram).

timing diagram and voltage waveforms

VALID ADDRESS te
{INVALID ADDRESS) 3.5V MIN
______ P i
90% /
/
/
10% 0.6 V MAX
ps tpoc
+3.5 V MIN
—_— [_—j —_ e IV
90% 90%
1 ‘—tcp?ﬁ 90%
CLOCK
10% 10% 10% +0.6 V MAX
! PW,,
t.
o tpH Tp
toL
—_—— e — —
< taL /
OUTPUT taH /
(TTL LOAD) C 7 eV
/
tELD
lso%
CHIP ENABLE tEHD
10% +0.6 V MAX
— continuad
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TMS 2300 JC, TMS 2300 NC
2560-BIT DYNAMIC READ-ONLY MEMORY

timing diagram and voltage waveforms (continued)

For specific applications the foliowing timing scheme may be used for a top (clock-to-address delay) of at least 150 ns
and a tyg (data set-up time) of at least 150 ns.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
tc Cycle Time Load: 1 TTL gate, 20 pF 490 550 ns
Output Logic Delay (See Note 5)

tpL Output LOW level Load: 1 TTL gate, 20pF 180 250 ns
1DH Output HIGH level Load: 1 TTL gate, 20 pF 290 240 ns

NOTE 5: This timing scheme does not affect chip enable timing.

tC
VALID >
ADDRESS { 90% 90%
INVALID
| tcD tds tpoc
+3.5 V MIN
90%) 90% X 00%
cLock i
|
10% E 10% PW,, 10% 0.6V MAX
T It
«b‘ - try — o
tDH
toL
—— - —
taL * /
/
OUTPUT - 15V
tAH \
/
U U ¥
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TMS 2300 JC, TMS 2300 NC
2560-BIT DYNAMIC READ-ONLY MEMORY

mechanical data and pin configuration

The device is normally mounted in a 24-pin hermetically sealed ceramic dual-in-line package (TMS 2300 JC) or 2 24-pin
plastic dual-in-line package (TMS 2300 NC), with pin configuration as follows:

1de U [ 24 PINNO. FUNCTION PINNO. FUNCTION
O ] 1 Vss 13 Chip Enable
O ] 2 VGG 14 VbD
O =] 3 Input A1 15 Output Bg
4 Input Ag 16 Qutput B1
4 H 5 Input A2 17 Output B2
(- [ 6 Input A7 18 Output B3
Cirop view 3 7 Input Ag 19 Output B4
O ) 8 Input Ag 20 Output Bg
= - 9 Input Ag 21 Output Bg
10 Clock 22 Output B7
- : 11 Input A3 23 Output Bg
O u 12 No Connection 24 Output Bg
12 [] 13

Upon special request the device may be mounted in a 28-pin hermetically sealed ceramic dual-in-line package (TMS 2300
JC) or a 28-pin plastic dual-in-line package (TMS 2300 NC). (See MOS/LSI packaging section.) In this case the pin
configuration is:

1idelU H o2 PINNO. FUNCTION PINNO. FUNCTION
O u 1 No connection 15 No Connection
O M 2 No connection 16 Chip Enable —
O =) 3 Vss 17 VpD
4 VGG 18 Output Bg
- -3 5 Input A1 19 Output By
O | 6  Input Ag 20 Output By
O o] 7 Input Ay 21 Output B3
O N 8 Input Az 22 Output B4
O TOP VIEW ) 9 Input Ag 23 No Connection
10 Input Ag 24 Output Bg
g H 1 Input Ag 25 Output Bg
O 0 12 No Connection 26 OutputBy
O M 13 Clock 27 Output Bg
O m| 14 Input A3 28 Output Bg
14 115

The packages are designed for insertion in mounting-hole rows on 0.600-inch centers.
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TMS 2300 JC, TMS 2300 RC
2560-BIT DYNAMIC READ-ONLY MEMORY

CHIP
ENABLE

DECOIDE RS
v

MEMOFIYl MATRIX
v

COLUM'\] SELECT
v

CLOCK DRIVER

. o
?

CLOCK

B
T

X DECODER (LINE) Y DECODER {COLUMN)
______ N T - »—
32 I l 8
LINES —‘q—\ —'q— ,_n_, LINES
2 r
N LINRE
— — . — - ] i
1 : :
-
4 b 4}-“—4 P p Py
=y - el oy

8
I rﬁ
e— i H
< 1} 1
]
— 4 _—45
5
w NOTE: The clock driver on the
w
ow—T 9 *—1¢ —O0 chip shifts the TTL clock input
% [ I’: t' ‘LIC swing to an MOS swing and inverts
o the logic states. When the external
@ L d . - clock is at a TTL logic 1 (3.5 V),
g—e> ll‘————n-rn—-o Vpo ﬂ'——ﬂTn—O Voo the internal clock is at its most
§ * _____ ‘ negative state.
\ Bo ! /
\VaR
DATA OUT
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TMS 2300 JC, TMS 2300 NC
2560-BIT DYNAMIC READ-ONLY MEMORY

interface circuits

a}) TTL interface

No components are needed for TTL interface

+5V -12v
rsm4oo T T rsu74oo 1
| | | |
| Vss A{c]e]
CI>—— —O
1 — — -
I i 1
1 I
! : DATA OUTPUT
ADDRESS INPUTS, OI !
CHIP ENABLE, VDb O
OR CLOCK J_

b)

Increase of noise margin

Noise margin may be increased by use of pull-up resistors to +5 V on the inputs (see schematic on page 7)

off-the-shelf devices

The TMS 2301 JC/NC has been programmed by T1 to demonstrate the capabilities of the TMS 2300 JC/NC series. It
is available off-the-shelf as a sample device.
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TMS 2300 JC, TMS 2300 NC

2560-BIT DYNAMIC READ-ONLY MEMORY

truth table, TMS 2301 JC/NC

INPUT

INPUT

INPUT
ADDRESS ByfgB/BsBsByBsipBily ADDRESS BoBeyBcBsfubsBoB

ADDRESS BoBgByEeBsFuBaBBi0

INPUT

ADDRESS BoBgB78gBsE 38,8180

000000000000000000".000000000000011000000111100001111.110011111111
1100000011110000111111000111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111
111111111111111111111111111111111111]111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111

2345%78901.23M567390123456789012345678901234567590123456789012345
Q0O R OO CO0 000001111111111222222222233333333334444444444555555
111111112222222222n‘222222222222222222222222222222222222222222222

000000000nvoo0000000000000000000000000000000000000000000000000000
000000000000000000.U000000000000000000000000000000000000000000000
000000000900000000000000000°0000000o0000000000000000000011000000
0O0000DD000000O00000000011000000111100001111}1001111111111111111
1111000011g1111°°1l.l.111111111111111111111111111111111111111]11111
11111111114111111111111111111111111111111111111111111111111111111
1111111111*11111111111111111‘1111111111111111111111111111111111111
1111111111A111111111111111111111111111111111111111111111111111111
1111111111&111111111111111111111111111111111111111111111111111111

0000000000‘000000000000000‘000000000000000000000000000000000000000
000000000.0000090000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000,00000000000000000000000
000000000D0000ﬂ_0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000001100000011110000
0000000000000090110000001111000011111100111111111111111111111111
1111110011111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111

TOVONDNOHNM OHNMTHONDOO
DOWOWOWONN 00 00 €0 00 60 0 P XD

TNONDO © <
NRNRNNMNRNNMRNO (o]

—“o NORVAOLINNLTNONAAOANMLIDONDAO NN N O
a0 999990000000000111111111m2222%2%2
1111111111111111111111111111

0000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000
00000000000000_U0000000000000000000000000000000000000000000000000
00000000oo0000.U000.000000ooouooooooooooooo00000000000000000000000
00000000000OO000000000000000000000000000000000000000000000000000
o,0000000000OD000000000000000000000000oo0000000000000000000000000
00000000000000.000000000000000000000000001100000‘0111]000011111100
0O00000011000000111100001111110011111111111111111111111111111111

012345678901234567890123456789012345‘678‘90123 5 7890]2 1.
1111111.111222222222233333333334444“4%444555“““%““%“5&
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TMS 2300 JC. TMS 2300 NC
2560-BIT DYNAMIC READ-ONLY MEMORY

data encoding — software format

Programming information for the TMS 2300 JC/NC should be transmitted to T1 in the form of a DECK OF 64 STAN-
DARD 80-COLUMN COMPUTER CARDS, accompanied by a listing of these cards. This method eliminates many
chances for error and guarantees the fastest delivery schedule of ROMs. Upon receipt of each deck, a computer run will
be made and a copy of the computer-generated truth table sent back to the customer. This copy should be checked
carefully. If any errors are discovered, T! must be notified immediately so that work can be stopped and the necessary
adjustments made.

Each card in the data deck describes the outputs for four input addresses. All addresses must have their outputs defined.
The addresses must also be placed in consecutive order. Cards should be punched according to the following format.

Column Nos.

1-2 Punch the sequential card starting with 01 and ending with 64 (12).

3-5 Blank

6—11 Punch either TM or ZA followed by a four digit number as supplied by MOS Marketing (T1 part

number. e
12-15 Blank
1618 Punch the address associated with the first output word described on the card {13).
19 Punch a — {(minus).

20-22 Punch the address associated with the last output word described on the card (13).

NOTE: Address locations are the numbers 000 through 255 and are derived from the binary-to-
decimal conversion of the input address A7, Ag, Ag, A4, A3, A2, A1, Ag. Ag is consi-
dered the least-significant binary bit.

23-25 Blank

26—-35 Punch the data associated with the outputs of the first memory location described on the card
(1011).

36-37 Blank

38—-47 Punch the data associated with the outputs of the second memory location described on the
card (1011).

48—49 Blank

50—-59 Punch the data associated with the outputs of the third memory location described on the
card (1011).

60—61 Blank

62—71 Punch the data associated with the outputs of the fourth memory location described on the

card (1011).

NOTE: Outputs are defined in groups of ten. The order is Bg, Bg, By, Bg. Bs, By, Bz, By, By,
Bg.

72-76 Blank
77-80 Punch 2300

NOTE: For both inputs and outputs logic levels are punched in the form of 1s and 0s. Positive

logic is assumed throughout. A logic 1 is the most positive voitage level and a logic O is 14
the most negative voltage fevel.
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TMS 2300 JC, TMS 2300 NC

2560-BIT DYNAMIC READ-ONLY MEMORY

TMS 2300 JC/NC — first, second and last cards
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Mos TMS 2400 JC, TMS 2400 NC
LSl ROW OUTPUT CHARACTER GENERATOR

features

L] Static operation 800-ns character access time
2240-bit capacity
64 characters of 35 bits {5 x 7)

7-Input character decoder

Chip enable

1261 AHYNNVE

Open-drain or double-ended buffers
TTL compatible
Dual-in-line package

3-Input row decode

description

The TMS 2400 JC/NC series is a family of read-only-memory subsystem components manufactured using MOS P-channel
enhancement-mode technology. All components in the series contain a 7-bit parallel-input-character-address decoder
and a 3-bit parallel-input row-address decoder, both complete with input inverters. Either open-drain or double-ended
output buffers are provided for flexibility in external interfaces. The memory organization and data are permanently
stored by programming a single mask during manufacture.

The memory is organized to function primarily as a row-output character generator. The five outputs represent a row
in a5 x 7 dot matrix.

“TMS 2400 JC"' designates a unit mounted in a 28-pin hermetically sealed ceramic dual-in-line package, and “TMS 2400
NC"" is used for a unit mounted in a 28-pin plastic package.

functional diagram

$652
232l o
CR R e— —o | 2
(=
< O—o o) 3
=] O— pecope MEMORY MATRIX BUFFER S
o wwn JO— o) »
~<g oW O—
Q2
$27 )9 °
o Oo—
Ot
Vss Voo Vaa CHIP
ENABLE
operation

The TMS 2400 JC/NC series features static operation. No clocks are required. The output data will remain valid as long 14
as the input address (inciuding chip enable) remains unchanged.

Access time'’ is defined as the time required for all outputs to reach the minimum 1 level or maximum 0 level with the
correct data. This time is measured from the point at which all address inputs and chip enable inputs are valid.
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TMS 2400 JC, TMS 2400 NC
ROW OUTPUT CHARACTER GENERATOR

character scanning

The output character appears as a 7-word sequence on each of the five output lines. The sequence is controlled by the
3 row-select lines. The five outputs represent a row in a 5 x 7 character matrix. The row address can remain fixed while
the character address changes (raster scan), or the character address may remain fixed while the row address changes
{vertical or character scan).

row select truth table

ROWSELECT (NEGATIVE LOGIC)

= = = SELECTS ROW
s3 s2 s1
[¢] [¢] 0 None
o] o] 1 R1
0 1 0 R2
o 1 i R3
1 4] 0 R4
1 o] 1 R5
1 1 0 R6
1 1 1 R7

output buffers

The output buffers of the TMS 2400 JC/NC may be programmed to be either single-ended (open drain) to drive TTL/
DTL logic, or double-ended to drive MOS logic.

The number of characters is increased by hardwiring together the outputs of different chips. Note that when using the
hardwired output technigue, all the chips that are hardwired together at the output should be single-ended chips.

chip enable
The chip enable may be programmed to be eithera 1 ora 0.

The decoder will accept a 7-bit parallel input. Because only 6 bits are required in order to give out the 64 input words,
the seventh bit may be used as an extra chip enable in single-ended operations.

A disable input on the chip enable input will cause the outputs to become open circuits on the “’single-ended’’ (open-
drain) type output buffer and will cause the outputs to go to Vpp on the double-ended {push-pull} type output buffer.

logic definition
Negative logic is assumed on the inputs.
a) Logic 1 = most negative voltage

b) Logic 0 = most positive voltage
m An output blank is defined as the logic 1 output level, while an output dot is defined as the iogic 0 output level.
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TMS 2400 JC, TMS 2400 NC
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage Vpp range (See Note 1)
Supply voltage VGG range (See Note 1)
Data input voltage ranges (See Note 1) .
Operating free-air temperature range
Storage temperature range .

recommended operating conditions

30Vt 0.3V
-30Vto 03V
—30Vt0 05V
—25°C 10 85°C
—55°C to 150°C

CHARACTERISTICS MIN NOM MAX UNITS
Supply voltage Vpp —11 -14 -16 \%
Supply voltage VGG —-22 —28 —29 \
Input, row select and enable, logic 1 -9 —14 ~16 \4
Input, row select and enable, logic 0 +0.3 [¢] -3 \'4

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 {e.g., +12 V, 0, —12 V).

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

PARAMETER (See Note 1) TEST CONDITIONS MIN TYP MAX UNITS
lout(1) Output blank current (open drain) —14 V applied to output 10 RA
lout(0) Output dot current {open drain) —14 V applied to output 3 5 mA
lout(0) Output dot current {open drain) Z?zD V_ a:lplzle\(/i' to\tlﬁi;x_n v, 2 3 mA
Vout{0} Output dot voitage (open drain} Ip=05mA -0.7 -2 \
Vout(o) Output dot voltage (open drain) lop=1mA -1.4 -2.5 \
Vout(g) Output dot voltage {open drain) lIp=15mA -2.0 —4 v
Vout{o} Output dot voltage {open drain) lo=2mA -3 —5 v
Vout{1} Output blank voltage {(push-pull) RL=1m& —-10 \
Vout{p) Output dot voltage (push-pull) RL=1m& -2 \

Power dissipation (Note 2) 450 mw

Input leakage —14 V applied to input 1 A
Ipp Drain current 20 30 mA
IgG Gate current 5 8.5 mA

input capacitance 10 pF

NOTES: 1. All voltages are measured with respect to Vggs.

2. Open-drain buffer, all outputs blank.

switching characteristics, under nominal operating conditions and at 25°C unless otherwise noted (refer to

switching diagram)

Vg =-12V

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Character access time (open drain) TTL load 550 900 ns
Vgg =+12V A =0V

Character access time (open drain) TTL load SS 2V, pD=0V, 650 1200 ns
Vgg=—-12V

Row access time {open drain) TTL load 450 750 ns
Vgg =+12 V v =0V

Row access time (open drain) TTL load ss 2V, DD =0V, 500 900 ns
Vgg=-12V

Chip enable access time (open drain) TTL load 100 250 ns

Chip enable access time (open drain) TTL load Vss=+12V, Vpp=-0V, 125 300 ns
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TMS 2400 JC, TMS 2400 NC
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mechanical data
This device is available in both a 28-pin hermetically sealed ceramic dual-in-line package {TMS 2400 JC) and a 28-pin

plastic package (TMS 2400 NC). These packages are 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 No connection 15 Vgg
2 RS 16 No connection
28 15 3 RS2 17 VoD
nOonoOonnonnonoOonng 4 RS3 18 No connection
5 No connection 19 i1
D TOP VIEW 6 01 20 12
7 () 1 i3
hd 8 O 2 |
oo Uoooouogogd 3 4
1 14 9 04 23 t5
10 Os 24 17
11 No connection 25 No connection
12 Enable 26 VGG
13 No connection 27 No connection

14 No connection 28 le

switching circuit and timing diagram (open-drain buffer, TTL load)

CHIP ENABLE 0———L

ADDRESS Ol TMS 2400 JC/NC

ROWSELECT o] l L

2.7kQ Vourt

9.1kQ

Vss Vpbp VGe

A, ADDRESS, ROW SELECT, OR ENABLE INPUT

Vss

B. TTL OUTPUT VOLTAGE

Vourt
+0.8V
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TMS 2400 JC, TMS 2400 NC
ROW OUTPUT CHARACTER GENERATOR

interfacing TMS 2400 JC/NC in a TTL system

5 OUTPUT LINES

3 ROW SELECT
LINES °
o
——o0
CHIP ENABLE O0—— —14v
TMS 2400 JC/NC
oO— ———O
9.1k$2
7 INPUT ADDRESS | 27kQ
LINES ANN—
o_
O—ri O
SN7400

o0—
o— Vss Vobp Vae
SN7426 R*

+14V -14Vv

* SELECT XALUE OF R FOR SYSTEM SPEED AND POWER REQUIREMENTS.

custom circuits

The TMS 2400 JC/NC series is programmed during the gate oxide removal stage of manufacturing. Only one mask per
unique design need be created and all other processing steps remain the same for all devices. Options available to the

customer during programming are:
° Character Format
L] Enable Logic Polarity

° Single- or Double-ended Outputs

The TMS 2400 JC/NC series may also be used in microprogramming applications wherever a 448-word x 5-bit ROM
may be useful.

Encoding of the gate mask is done by computer to provide a fast, error-free encoding process.

Standard encoding sheets (Software Package) are used. These encoding sheets are available from the Tl sales offices.

standard circuits

Because certain codes are widely used, T| has created a series of standard devices that are available off-the-shelf and
for which there is no coding charge. The most widely used standard device is: TMS 2403 JC/NC USASCII CODE

(See attached character format).
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TMS 2400 JC, TMS 2400 NC
ROW OUTPUT CHARACTER GENERATOR

standard circuits (continued)

Organization: 64-Character Storage
35-Bit Character Matrix
Chip Enable = 1
Open-Drain outputs
Other Available Standard Circuits:
TMS 2404 JC/NC — EBCDIC Character Generator {See attached character format)
64-Character Storage
35-bit Character Matrix
Chip Enable = 1

Open-Drain outputs
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MOS TMS 2500 JC, TMS 2500 NC
LSI 2560-BIT STATIC READ-ONLY MEMORY

features §
L] Full TTL compatibility s
® Two organizations available _.:3
— 512 words of 5 bits; 64 characters of 40 bits (5 x 8) ®
— 256 words of 10 bits; 32 characters of 80 bits (8 x 10) 2
Static operation
6-input character decoder

3-input column or row-select decoder
Typical access time — 350 ns

Two programmable chip select inputs
Push-pull output buffers

Low threshold technology

24-pin CDIP or 24-pin plastic package

description
The TMS 2500 JC/NC series is a family of static character generators. Each of these devices has 2560-bit capacity.

Programming the memory content, chip organization and chip select is accomplished by changing a single mask during
device fabrication.

In character generator applications, the 6-input decoder is employed for character address and the 3-input decoder is
used for column/row select. In ROM applications all 9 inputs are used as a single decoder.

The output buffer is capable of driving one 74 series TTL gate or eight 74L series gates — with no external components.

*“TMS 2500 JC'" designates a unit mounted in a 24-pin hermetically sealed ceramic dual-in-line package, and “TMS
2500 NC" is used for a unit mounted in a 24-pin plastic package.

logic definition
a) LOGICAL 1 = most positive voltage
b)  LOGICAL 0 = most negative voltage
operation

Featuring static operation, the TMS 2500 JC/NC requires no clocks. The output data remains valid as long as the input
address (including chip select) remains unchanged. Access time is defined as the duration from the time the data on
all logic inputs and chip select lines is valid to the time the output of a TTL gate is valid. (See switching circuit.)

In the 512 x 5 configuration there are two chip-select lines. The user chooses which logic input combination in these

two lines enables the chip. For any other logic combination on these chip-select lines, the chip will be disabled (fioat-
ing outputs).

In the 256 x 5 configuration the input Ig may be used as a third chip select.

Any or all of the chip select inputs may be programmed as Don’t Care.

The number of characters available is increased by hardwiring together the outputs of different devices.

PRELIMINARY DATA SHEET:
Supplementary data will be TEXAS INSTRUMENTS 14135
published at a later date. INCORPORATED
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TMS 2500 JC, TMS 2500 NC
2560-BIT STATIC READ-ONLY MEMORY

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

Supply voltage Vpp range (See Note 1)
Supply voltage VGG range (Note 1)
Clock input voltage range (Note 1) .
Data input voltage range (Note 1)
Operating free-air temperature range
Storage temperature range .

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

functional block diagram

. —25Vto03V
. =25V 10 03V
. —26V 103V

—25V 1003V
—25°C t0 70°C

—55°C to 150°C

r-. - - - - T -~ !
14 0—1 |
15 o

4 15 X !
2 8o 1 CHARACTER |
2l o—1 SELECT 32 CHARACTER MATRIX |
© g o1 - DECODE |
Ig o—— I
| !
L - __ _ - — I
] 7 80 |

1
g 11 O—-L—— |

Vee Vop V £ 12 ol
GG "op Uss 2 12 COLUMN (OR ROW) SELECT DECODE !
m 8 O] |
| |
| 80 |
. [

& 9 F o7
3 u 2 ‘ OUTPUT BUFFERS !
w T !
10 OUTPUTS
recommended operating conditions
PARAMETER MIN NOM | MAX | UNITS
Operating Voltage
Substrate supply Vsg +4.75 +5.00 5.25 v
Drain supply Vpp 0.00 Vv
Gate supply VGG —10 -12 —14 A"
Logic Levels (See Note 1)

Input level logic O 1.0 \"
Input level logic 1 35 \

NOTE 1: These input levels are given for V§g = 5.0 V. if Vgg is other than 5.0 V the input levels must track Vgg.
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TMS 2500 JC, TMS 2500 NC
2560-BIT STATIC READ-ONLY MEMORY

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Output Voltage Levels (Notes 2 and 3)

Output logic O level Vo Load is one series 74 TTL gate 0.4 0.8 \%

Output logic 1 level Voi 3.0 4.5 \'
Output Current

Output logic 0 Qutput voltage of 0.5 -2 -3 mA

Qutput logic-1, case 1 Qutput voltage of 3.0 +1 +1.3 mA

Output logic 1, case 2 Output voltage of 4.5 +0.3 +0.4 mA
Power Supply Current Drain '

Substrate supply Isg : Under static conditions. 10 12 15 mA

Drain supply Ipp All outputs at logic O, 20 24 30 mA

Gate supply 1GG Under static conditions. 10 12 15 mA

Power Dissipation All outputs at logic 0. 180 220 270 mwW

NOTES: 2. For Vgg, other than nominal output levels track Vgg.
3. For final test purposes, a worst-case TTL load is simulated by a load of 2.5 k{2 and a capacitance of 20 pF. All loads are connected
between output and Vgg.

dynamic electrical characteristics (over —25°C to +70°C temperature range)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Access Time

Output logic O level tg Load is one series 74 TTL gate 150 350 550 ns

Qutput logic 1 level tq Ci =20pF 150 350 550 ns
Input Capacitance Cyn : =100 kHz 5 pF

timing diagram and voltage waveforms

BV —m — — — — — — —
-
—+-35V
INPUT OR CHIP SELECT p
/ 1V
— \____
oV—— ———p—— — ——
- 'o .
< b |
By ———— — — T T/ T T/ 7 S .
TTL QUTPUT \\ P
ov __ __ __ . 4 =
BV —— — — — - — — — — — 1 —_—— — — —
Z 15V
TTL OUTPUT
OV — — — - — — —_—_——_— — = — —_———
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TMS 2500 JC, TMS 2500 NC
2560-BIT STATIC READ-ONLY MEMORY

TTL interface and switching circuit

No components are needed for TTL interface.

5V —12v DATA OUTPUT
r-==-1 ===
| SN7400 ! T T | SN7400 I
o— Vgg Vg P 4P 1
1 o T [ I
L . pol=—=7
] 1
! TMS 2500 JC/NC 1
ADDRESS INPUTS, ! '
CHIP ENABLE, ! Lz
oR cLOCK O T
+

The load capacitance is used in the switching circuit to simulate parasitic capacitance loading in actual use.

mechanical data
This device is available in both a 24-pin hermetically sealed ceramic dual-in-line package (TMS 2500 JC) and a 24-pin

plastic package (TMS 2500 NC). These packages are designed for insertion in mounting-hole rows on 0.600-inch centers.
(See MOS/LSI packaging section.)

pin configuration

ide U phn PINNO.  FUNCTION PINNO.  FUNCTION
O N 1 VGG 13 csi
O u) 2 01 14 cs2
O M 3 02 15 Ig
O ToP u] 4 03 16 Ig
g vew b 5 04 7 17
6 Os 18 le
0 H 7 O 19 I5
O n| 8 07 20 s
C h 9 0s 21 I3
0 P " oo x
C n 10 1
12 v 24 v
12 O ] 24 bb s

For organization of 512 x 5, outputs are hardwired together as follows:

01 and O2 07 and Og

03 and Oy Og and O10
Og and Og
PRINTED IN U.S.A.
T cannot ossume any responsibility for any tircuits shown
14.138 TEXAS ]NST RUM ENTS or represent thot they are free from patent infringement.
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MOS TMS 2600 JC, TMS 2600 NC
LSI 2048-BIT STATIC READ-ONLY MEMORY

features
L] 2048-bit capacity

Static operation

LZ6L "AHVNNVP

Maximum access time under 1 microsecond

Two organizations available

Open-drain output buffers or double-ended buffers
TTL compatible

24-pin dual-in-line package

description
The TMS 2600 JC/NC series is a family of static read-only memories,each with capacity of 2048 bits.

Programming the memory content and output buffer configuration is accomplished by changing a single mask during
device fabrication.

tnputs are available for enabling the chtp and for selecting between a memory organization of 512 words of four bits or
256 words of eight bits.

A ¢

Two types of output buffers are available:

° Single-Ended (open drain)

Designed for driving TTL, this output has one MOS device with its drain at the output and its source at
chip ground (substrate).

L] Double-Ended

Designed for driving the inputs to other MOS integrated circuits and devices, this version has its own MOS
load resistor provided intemally. It requires no additional external circuitry.

“TMS 2600 JC” designates a unit mounted in a 24-pin hermetically sealed ceramic dual-in- Ime package, and ““TMS
2600 NC™ is used for a unit mounted in a 24-pin plastic package. P .

logic definition

i
Negative logic is assumed.
a) Logical 1 = most negative voltage

b)  Logical 0 = most positive voltage

operation

The TMS 2600 JC/NC series features static operation. No clocks are required. The output data will remain valid as

long as the input address {including chip select) remains unchanged. The VGG supply may be clocked to reduce power 5
consumption without affecting access times. Access time is defined as the time between a change of data on any logic ,

input or chip select line and a change of data on the output of a TTL gate. (See switching circuit}.

TEXAS INSTRUMENTS 14139
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TMS 2600 JC, TMS 2600 NC
2048-BIT STATIC READ-ONLY MEMORY

operation (continued)

A logical O on the chip select input will cause the outputs to become open circuits on the ““single-ended” (open-drain)
type output buffer and will cause the outputs to go to Vpp on the double-ended {push-pull} type output buffer.

The number of words per output is increased by hardwiring together the outputs of different devices. Note that, when
using the hardwired output technique, all devices should have single-ended buffers. Hardwiring outputs performs the

AND function in negative logic.

organizational control logic

QUTPUTS
B9 B3 Bg By B2 B4 Bg Bg
256 words of 8 bits {MC = Logicai 0):  Ag = Logicai 1 Enabied Enabied
512 words of 4 bits (MC = Logical 1}: Ag = Logical 0 Enabled Logical 1
Ag = Logical 1 Logical 1 Enabled

To use the device as a 512 words of 4 bits, connect B1 to By, B3 to B4, Bg to Bg, B7 to Bg.

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

Supply voltage Vpp range {SeeNote 1) . . . . . . . . . . . . . . . . . . . . .=-30Vto03V
Supply voltage VGG range (SeeNote 1} . . . . . . . . . . . . . . . . . . . . .-30Vto03V
Data input voltage ranges (SeeNote 1). . . . . . . . . . . . . . . . . . . . . .=-30Vto03V
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . .. . —25°C 10 85°C
Storage temperaturerange. . . . . . . . . . .+ . « + « . +« « . +. . . . .. -B5Cto150°C

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

recommended operating conditions

CHARACTERISTICS MIN NOM MAX UNITS
Supply voltage Vpp —9 —12 —-16 v
Supply voltage Vgg -18 —24 -29 A%
Input, chip select logic 1 —8 —-12 —-16 \4
Input, chip select logic 0 +0.3 0 —3 \4
Input pulse width 650 ns

The design of the unit permits a broad range of operation that allows the user to take advantage of readily available
power supplies (e.g., +12 V, 0,—12 V). Larger power supplies (e.g., +14 V, —14 V) may be used.
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TMS 2600 JC, TMS 2600 NC
2048-BIT STATIC READ-ONLY MEMORY

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
lout(o) Logical 0 output current {Note 1) —12 V applied 3 7 mA
lout(1) Logical 1 output current (Note 1) —12 V applied 10 BA
Zout(1) Logical 1 output impedance (Note 2) V applied = Vpp + 3 18 25 k2
Zoutlo) Logical 0 output impedance (Note 4) V applied = Vgg —3 03 1.1 kQ
Vout({1) Logical 1 output voitage (Note 2} R =1mQ -9 -12 v
Vout(0) Logical O output voltage {Note 2) RL=1mQ 0 —-2.0 v
A1 Access time (Notes 1 and 3) See switching circuit 600 1000 ns
ta2 Access time (Notes 1 and 3} See switching circuit 550 1060 ns
Py Power dissipation (Note 2) All outputs at Logical 0 180 mwW
'R Input ieakage current —12 V applied to input 1 uA
Cin Input capacitance Vin=0V, f=1MHz 5 pF
Ipp Drain current (Note 2} All outputs = Logical 0 15 mA
IGG Gate current 1.0 HA

NOTES:

. Open drain buffer

,  Push-puli buffer

1
2
3. See Switching Diagram
4

. Either open-drain or push-puli configuration

mechanical data and pin configuration

This device is available in both a 24-pin hermetically sealed ceramic dual-in-line package (TMS 2600 JC} and a 24-pin
plastic package (TMS 2600 NC). These packages are designed for insertion in mounting-hole rows on 0.600-inch

centers.

-

OoanoooonnQAanan

Py
N

U ) 24 PIN NO.
1
- 2
3
il 4
] 5
6
TOP - 7
view [ 8
H 9
1 10
1 1
u) 12
] 13

A - input

B - output

MC - mode control
CS - chip select

FUNCT!ON

Vss

13
14
15
16
17
18
19
20
21
22
23
24

PIN NO.

FUNCTION
Ag

cs

MC

VGG
Ag

Vpp - drain power supply
VGG - ground power supply
Vgg - substrate

~
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TMS 2600 JC. TMS 2600 NC
2048-BIT STATIC READ-ONLY MEMORY

switching circuit and TTL interface

Value of R depends on system speed and power requirements.

loading in actual use (board, interconnect, etc.).

+12V -12v
R'l
SN7426
. V. A"/ 22k
Ss GG 0 -
O
S —

. ' TMS 2600 JC i
INPUTS OR | I
CHIP SELECT | !

. O— Vbo )

6.8kn

SN7400
o S—

10 pF**

L
L

LiN41INO TLL

. : . A
The output capacitances are not part of the TTL interface. They aré used in the switching circuits to simulate parasitic capacitance

switching diagram

+12v

INPUT OR CHIP SELECT

\
\ L+9v

14142

+4V
ov |__1 L T__‘____T____
tA2
taq i - .
+3V
TTL OUTPUT +15V +1.5V
oV
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TMS 2600 JC. TMS 2600 NC

2048-BIT STATIC READ-ONLY MEMORY

off the shelf devices

These devices have been programmed by Tl and are available off the shelf

TMS 2601 JC/NC

1)

This device has been programmed to demonstrate the capabilities of the TMS 2600 JC/NC series. It is used

as a sample device. The buffers are single ended.

TMS 2602 JC/NC Code Converter

2)

This device converts the USASCII code into the selectric line code and vice versa.

TMS 2603 JC/NC Code Converter

3)

This device converts the full EBCDIC code into the USASCII code.

Truth tables for the TMS 2602 JC/NC and 2603 JC/NC are available upon request.

TRUTH TABLE, TMS 2601 JC/NC

14

INPUT INPUT INPUT
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TMS 2600 JC, TMS 2600 NC
2048-BIT STATIC READ-ONLY MEMORY

SOFTWARE PACKAGE
input format

Programming information for the TMS 2600 JC/NC should be transmitted to Tl in the form of a DECK of 43 STANDARD
80-COLUMN COMPUTER CARDS, accompanied by a listing of these cards. This method eliminates many chances for
error and guarantees the fastest delivery schedule of ROMs. Upon receipt of each deck, a computer run will be made and

a copy of the computer-generated truth table sent back to the customer. This copy should be checked carefully. If any
errors are discovered, Tl should be notified immediately so that work can be stopped and the necessary adjustments

made.

Information on the various circuit options desired will be transmitted on a special form supplied by Ti.

The main memory array can be so programmed that for any binary input of Ag through A1 (0 to 255), the outputs Bg
through B1 are uniquely determined. Since Ag and MC are used to select output paths, the internal storage of data in
the array is the same regardless of organization — 256 x 8 or 512 x 4.

Each card in the data deck describes the outputs for six or twelve input addresses, depending on whether eight or four
outputs are desired. All addresses must have their outputs defined. The addresses must also be placed in consecutive
order. Cards should be punched according to the following format.

data card format

1-2 Punch the sequential card number (01 through 43)
3 Blank
4-5 Punch a "*26” to signify TMS 2600 JC
6-11 Punch the Z identification number supplied by T1 MOS Marketing (2 letters, 4 numbers)
12 Blank (a space for the revision letter if necessary)
13 Punch a ‘8" if using the 256 x 8 configuration, or punch a 4" if using the 512 x 4 configuration
14 Punch a “D"" for open-drain type output buffers, or punch a P’ for push-pull type output buffers

15-17 Punch a right-justified integer representing the binary input address (0-255 if 8 outputs, 0-511 if only 4 out-
puts) for the first set of outputs described on the card

18 Punch a ““—"" {minus sign)
19-21 Punch a right-justified integer representing the binary input address for the last set of outputs described on
the card
22 Blank

23-80 Punch a description of the output sets selected for the range of input addresses specified on the card. A
“1"" for a logical 1 and a 0" for a logical 0

For a 256 x 8 configuration each card will describe 6 output sets. The 43rd card will contain only 4 output sets.

23-30 Punch the outputs desired for Bg, B7, Bg, B, By, B3, B2, and B1, in that order, for the first address
specified on the card

33440 Punch the outputs desired for the second address

43-50 Punch the outputs desired for the third address
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TMS 2600 JC, TMS 2600 NC
2048-BIT STATIC READ-ONLY MEMORY

data card format (continued)

Column

53-60 Punch the outputs desired for the fourth address
63-70 Punch the outputs desired for the fifth address
73-80 Punch the outputs desired for the sixth address

For a 512 x 4 configuration, each card will describe 12 output sets. The 43rd card will contain only 8 output sets.

23-26 Punch the outputs desired for Bg or B7, Bg or B, B4 or B3, By or By, in that order, for the first address
specified on the card.

27-30 Punch the outputs desired for the second address
33-36 Punch the outputs desired for the third address
37-40 Punch the outputs desired for the fourth address
43-46 Punch the outputs desired for the fifth address
47-50 Punch the outputs desired for the sixth address
53-56 Punch the outputs desired for the seventh address
57-60 Punch the outputs desired for the eighth address
63-66 Punch the outputs desired for the ninth address
67-70 Punch the outputs desired for the tenth address
73-76 Punch the outputs desired for the eleventh address
77-80 Punch the outputs desired for the twelfth address
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TMS 2600 JC, TMS 2600 NC

2048-BIT STATIC READ-ONLY MEMORY

512 x 4 organization — first, second, third and last cards
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TMS 2600 JC, TMS 2600 NC

2048-BIT STATIC READ-ONLY MEMORY

256 x 8 organization — first, second, third and last cards
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Mos TMS 2602 JC, TMS 2602 NC
LSI USASCH-TO-SELECTRIC/SELECTRIC-TO-USASCII CODE CONVERTER

description
The TMS 2602 JC/NC is programmed TMS 2600 JC/NC ROM capable of converting both USASCI| to Selectric Line
Code, and Selectric Line Code to USASCII. Electrical and mechanical characteristics, interfacing, and timing are iden-

tical to those of the TMS 2600 JC/NC.

Inputs 11 through 17, and Outputs O2 through Og of the ROM correspond to the two codes as follows:

ROM INPUT SELECTRIC BIT USASCIt BIT ROM QUTPUT
I 1 b1 07
o 2 bs C3
I3 4 b3 04
Ig 8 byg Og
|5 A bg Og
I B bg 07
l7 S by Og

mode selection

Output O1 is even parity for the 7-bit output word.

Input Ig at logic O USASCII is converted to Selectric Line Code
Input 1g at logic 1 Selectric Line Code is converted to USASCHI
logic definition

As with the TMS 2600 JC/NC, negative logic is assumed.
Logical 1 = most negative voltage
Logical 0 = most positive voltage
code definition

The standard USASCI| table is used as.the USASCI| code. The selectric code used is the IBM Correspondence Selectric
Line Code. The following tables show the mapping from USASCII to Selectric and vice versa.
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TMS 2602 JC, TMS 2602 NC
USASCII-TO-SELECTRIC/SELECTRIC-TO-USASCII CODE CONVERTER

SELECTRIC TO USASCII (Ig = logic 1)

SELECTRIC
USASCII
§ ——p [} 0 0 o 1 1 1 1
8 ————> 0 0 1 1 0 0 1 1
A —————p 0 1 0 1 0 1 ] 1
2 2 1 coL
v ¥ ¥ lrows 0 1 2 3 4 5 6 7
SPACE t [} i SPACE T o J
o0 o0 o0 PACE t ! i SPACE T < J
+
0 0 1 1 1 X m g X M G
1 x m g ] X M G
2 n = @ N +
01 0 2
2 n = @ N +
3 u v f # u v F
01 1 3
3 u v f # u v F
5 e ' p % E P
10 0 a4
5 e / P % E P
7
10 1 5 d r & D R
7 d r & D R
6 Kk i a ¢ K 1 a
11 0 6
6 k i qQ ¢ > K ! Q
101 1 7 8 c a C A
8 ‘c a * C A
4 I o / $ L o] ?
00 O 8
4 1 o /1 $ L 0 ?
o] h H Y
00 1] o s v ) S
o} h s v ) H s Y
ol e |2 o |0 |6 z @ | ® " |®
z RS VT RS z RS FF RS
9 - w —_
001 1] 1 e " ¢ B
9 b w - { B w —
i o o 12 PN1 BY1 RES1 PF1 PN2 BY2 RES2 PF2
DC2 suB EM .DC4 DC2 FS GS DC4
. . 3 RS1 LF1 NL1 HTI RS2 LF2 NL2 HT2
0 pC3 LF cR HT bt LF CcR HT
110 1 uct EOB1 BS1 LC1 uc2 EOB2 BS2 Lc2
SO ETX BS BEL ENQ ETB BS sl
111 - EOT1 PRE1 L DEL1 EOT2 PRE2 L2 DEL2
EOT ESC NUL DEL EOT DLE NUL NUL
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TMS 2602 JC, TMS 2602 NC
USASCI-TO-SELECTRIC/SELECTRIC-TO-USASCII CODE CONVERTER

USASCII TO SELECTRIC (1g = logic 0)

USASCII
SELECTRIC
#
i i, \
° 3
b7 e 0 o 0 0 1 1 1 1
b6 ————i> 0 o, 1 1 0 0 1 1
b5 ———————f 0 i 0 1 0 1 0 1
b4 b3 b2 bl coL : 6
é ¢ é & lrovg o 0 1 2 3 a 5 6 7
. NUL DLE SPACE ] @ P \ p
000 0 0 1 PRE2 SPACE1 s} @ P ' p
| -
00 0 1 X SOH DC1 1 1 A Q a q
b RS2 i i A Q a q
60 1 o 2 ST DC2 2 B R b r
9 PN1 . 2 B R b r
ETX DC . 3 c s
00 1 1 3 3 # ¢ y
EOB1 RS1 # 3 c s ¢ s
. EOT ple} $ 4 D T d t
0 c o 4 EOT1 PF1 $ 4 D T d t
ENQ NAK % 5 u e u
o 1o 5 uc2 ! % 5 E u e u
ACK “SYN & 6 F v £ v
o1 1 0 6 .
- 1L2 & 6 F v f v
7 e}
0 1 1 1 ; BEL ETB / w g w
LC1 EOB2 ' 7 G w s w
100 o s BS CAN ( 8 H X h x
-~ Bs1 ' { 8 H X h x
1060 1 9 HT EM ) 9 1 Y i y
HT1 RES1 ) 9 | Y i v
LF suB * ' - z i z
101 0 10 §
LF1 BY1 * J z i z
VT ESC + ; K k
1611 1 L t
@ PRE1 + ; K + k +
110 o 12 FF FS , < L \ 1 ;
® BY2 , ° L + ] +
CR Gs - = M 1 m ]
11 0 1 13 . :
HL1 RES2 - = M * m +
SO RS > N — n ~
111 0 14
uct RES2 N + +
¢ -
si us / ? o] — o DEL
1111 15
LC2 BY2 / ? o — o DEL1
’ PRINTED IN US A
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Mos TMS 2603 JC, TMS 2603 NC

st EBCDIC-TO-USASCII CODE CONVERTER
3
3
description g

The TMS 2603 JC/NC is a programmed TMS 2600 JC/NC ROM capable of converting 8-bit EBCDIC to standard
USASCII. Electrical and mechanical characteristics, interfacing, and timing are identical to those of the TMS 2600
JC/NC.

Inputs 11 through |g and outputs O2 through Og of the ROM correspond to the codes as follows:

ROM OUTPUT EBCDICBIT USASCII BIT ROM OUTPUT™

I . By (LSB) by 02
Iy Bg b3 03
I3 Bg bg Oq
Iq Bg bg Os
Is B3 bg Og
lg By by 07
I7 B bg Og
I Bo (MSB)

* Output 04 is even parity for the 7-bit USASCII output word.

logic definition
As with the TMS 2600 JC/NC negative logic is assumed.
Logic 1 = most negative voltage

Logic 0 = most positive voltage

code definition

Standard EBCDIC and USASCI| codes are used for the conversion. The following table shows the mapping from
EBCDIC to USASCH.
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TMS 2603 JC, TMS 2603 NC
EBCDIC-TO-USASCII CODE CONVERTER

EBCDIC TO USASCII

EBCDIC
USASCI!
0o——» 0 0 0 0 0 0 0
1 0 0 ) 0 1 1
2 0 0 1 1 0 0
3 — 0 1 0 1 0 1
4 5 6 7 COL
i AT S 0 1 2 2 4 5
vy y o2 ,
NUL DLE DS sP &
000 0 0 NUL DLE NUL " sp &
SOH oCi 505 1 /
00 0 1 1
SOH pC1 NUL /
STX pC2 FS SYN
001 o 2
STX DC2 NUL SYN
ETX DC3
0o 1 1 3 ETX DC3
PF RES BYP PN
o100 4 NUL NUL NUL NUL
HT NL LE RS
o 1o 5 HT NUL LF NUL
Lc BS EOB uc
0011 0 6
NUL BS ETB NUL
DEL I PRE EOT
01 1 1 7
DEL NUL ESC EOT
CAN
100 0 3 AN
10 0 1 9 EM
EM
f o1 ol 10 SMM cc SM ¢ !
NUL NUL NUL NUL !
vT $ #
10 1 1 1 T s ' .
FE IFS DC4 < * @
110 of 12
] FF FS DC4 < * % @
CR 1GS ENQ NA ( ) — :
Tro 1y 13 CR Gs ENQ NAK { ) /
so IRS ACK + : =
111 0f 14
le] RS ACK + ; > =
| "
D111 . s uUs BEL su i 7
si us BEL SUB_ NUL ? -
— Continued
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TMS 2603 JC, TMS 2603 NC
EBCDIC-TO-USASCII CODE CONVERTER

EBCDIC TO USASCII (Continued)

EBCDIC
USASCII
o—» 1 1 1 1 1 1 1 1
1 —— [ 0 0 0o 1 1 1 1
2—P 1} 0 1 1 0 0 1 1
33— 0 1 o 1 0 1 c 1
4 5 6 7 coL 3 5 6 7
vV ypog ] ° ! z :
0 0 0 © 0 °
4]
a ] A J 1
o 0 0 1 1 a i A J 1
b k s B K S 2
c 061 0 2
b k s B K S 2
c [ t [ L T 3
c o1 1} 3 c | t c L T 3
d m u D M U 4
o1 0 O 4
d m u D M U 4
e n v E N \ 5
0 1 0 1 5
e n v E N v 5
f o w F (o] w 6
o1 1 0 6
f o w F (¢} w 6
g9 p x G P X 7
ot 1 1 7
g p x G P X 7
h q Yy H Q Y 8
1 0 0 0 8
h q Y H Q Y 8
i r z 1 R z 9
10 1 9
0 i r z 1 R z 9
101 0 10
10 1 1 1
110 0 12
11 0 1 13
111 ¢ 14
i1 11 15
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MOS TMS 2604 JC, TMS 2604 NC

LSi USASCII-TO-EBCDIC/SELECTRIC-TO-EBCDIC CODE CONVERTER
g
description

The TMS 2604 JC/NC is a programmed TMS 2600 JC/NC ROM capable of converting both USASCIH and Selectric Line
Code to EBCDIC. Electrical and mechanical characteristics, interfacing, and timing are identical to those of the
TMS 2600 JC/NC.

Inputs 14 through 17 and Outputs O through Og of the ROM correspond to the 3 codes as follows:

ROM OUTPUT USASCII BIT SELECTRIC BIT EBCDIC BIT ROM OUTPUT

i bq 1 By 0
I2 bo 2 Bg 0Oy
I3 b3 4 Bg O3
Ig by 8 By 04
lg bg A B3 Og
Ig bg B Bg Og
7 by S B (0]

By Og

mode selection
Input 1g at logical 0 — USASCI| is converted to EBCDIC.
Input Ig at logical 1 — Selectric is converted to EBCDIC.
logic definition
As with the TMS 2600 JC/NC, negative logic is assumed.
Logic 1 = most negative voltage

Logic 0 = most positive voltage

code definition

Standard USASCII and EBCDIC are used along with IBM correspondence Selectric Line Code to produce the following
conversion table:
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TMS 2604 JC, TMS 2604 NC
USASCII-TO-EBCDIC/SELECTRIC-TO-EBCDIC CODE CONVERTER

USASCII TO EBCDIC

POST OFFICE BOX 5012 «

DALLAS. TEXAS 75222

{ig=10)
USASCII
EBCDIC
by ————t 0 [ 0 o 1 1 1
S p—— 0 0 1 1 0 1
5 0 1 0 1 0 o 1
by bg b coL
Iy f RO o 1 2 3 a 6
NUL DLE sP 0 @ % P
c oo 0 NUL DLE sp 0 @ ! p
SGH pe1 ! 1 A a q
000 1
SOH DCt sp 1 A a q
, STX DC2 2 B b r
o 2 STX pCc2 2 B b r
ETX DC3 # 3 c c s
001 3 ETX DC3 # 3 c c s
EOT pca $ 4 D d t
010 4
EOT DC4 $ 4 D d t
0 1o s ENQ NAK % 5 E e u
ENQ NAK % 5 E e u
ACK SYN & 6 F £ v
011 6 ACK SYN & 6 | F f v
BEL ETB ! 7 G g w
o1 1 7 f
BeL |~ EoB 7 G g w
BS CAN ( 8 H h x
100 8
BS CAN ( 8 H h x
10 0 9 HT EM } 9 i i Yy
HT EM ) 9 i i v
LE sus . 3 j z
101 10 LE suB = J j z
vT ESC + K k [
101 n vT PRE + K k {
FF Fs < L 1 ;
110 12
FF IFS < L ! !
CR Gs - = M m ]
110 13 CcR IGS - - M m )
so RS > N n ~
111 14 so IRS > N n ¢ |
T 15 si Ius / > Lo o DEL
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TMS 2604 JC, TMS 2604 NC
USASCII-TO-EBCDIC/SELECTRIC-TO-EBCDIC CODE CONVERTER

SELECTRIC TO EBCDIC

{ig=1)
SELECTRIC
EBCDIC
S ——ip 0 0 0 0 1 1 ? H
R 0 0 1 1 n 0 1
A——— /] 1 0 1 0 1 & i
8 4 2 1 CoL i .
* * ¥ * ROVl 0 1 2 3 4 5 B3 7
IsPACE t [] i ISPACE T 9 i
¢ 00 o 0 PACE t 1 i PACE T < J
1 x m 9 + X w6
000 1 1 -
1 x m g ) % L/ M G
T o 2 2 n = e N o +
00 2 n = @ N l,// . +
3 u v f # u v s
0061 1) 3 3 d v ¢ A oo v F
5 e ' p % E [ B
010 0 4 5 e ’ p % & J,'/ i P
010 1 s 7 d r ; & U I R :
7 d r ; & o i 3]
6 K i q ¢ K i // Q
0110 6 ;
6 k i q ¢ K L~ Q
0 11 1 ; 8 c a . c i A// .
8 c a . * < | A L
. o o 4 | o / $ L (v / ?
° 8 a | o / $ - o ?
o] h s y ) H [ ¥
100 1) o be -~
0 h s v ) W - s ¥
101 0 10 ‘ @ @ ® z @ ‘ ® ®©
z IRS vT RS z RS | FF IRS
1
9 b w - ( B v —_
101 1) n ! e
9 b w - ( g |~ W —
PN1 BY1 RES1 PF1 PN2 BY2 | RES2_ PF2
110 0 12 I'Res2,
PN suB RES PF DC2 IFs |~ IGs DC4
RS1 LF1 NL1 HTI RS2 LF2 I NL2/4/ HT2
tro 1 B IRS LF NL HT Det LF | cR HT
111 0 1 uct EOB1 BSt LC1 ucz EOB: BS2 LC2
uc EOB BS LC ENQ EoB L~ Bs st
1101 1 15 EOT1 PRE1 IR ] DEL1 EOT PRE2 L2 / DEL!
EOT PRE L DEL EOT DLE NUL NUL
PRINTED IN U.S A
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MOsS TMS 2605 JC, TMS 2605 NC

LSt USASII, BAUDOT, SELECTRIC, EBCDIC CODE GENERATOR
features E”E
L4 2048-bit capacity g
Static operation 2
Maximum access time of 900 nsec g

Open-drain output buffers or double-ended buffers
TTL compatible

e o o o

description

The TMS 2605 JC/NC is a multiple-code generator designed to exercise and test keyboards, data communication links,
and typing mechanisms, by generating the “Quick Brown Fox’ message.

Six inputs of the TMS 2605 JC/NC are fed from a 6-bit binary count. The seventh and eighth inputs are used as code
selects. The message can be generated in the four codes listed below:

I7 ig CODE GENERATED

0 0 Selectric {7 bits pius parity)
1 0 EBCDIC (8 bits)

0 1 Baudot (5 bits}

1 1 ASCIi (7 bits pius parity)

For normal operation of this device, Chip Enable {pin 14) must be at logic 1, Ig {pin 13) at logic 1, and Mode Control
{pin 15} at logic 0.

The outputs of the ROM correspond as follows:

ROM QUTPUT SELECTRIC EBCDIC BAUDOT ASCH
01 1 B7 1 By
02 2 Bg 2 B2
03 4 85 3 B3
04 8 Bg 4 Bg
Og A B3 5 By
Og B B2 - Bg
o7 S B - 87
Og Parity Bo - Parity

In typical applications the TMS 2605 JC/NC will be connected to a 6-bit binary counter. As the counter counts
from 0 to 63, the following message will be generated in the selectric code.

THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 1234567890 DE

electrical characteristics

All electrical and mechanical characteristics of this device are identical to those of the TMS 2600 JC/NC. “TMS 2605 JC”
designates a unit mounted in a 24-pin hermetically sealed ceramic dual-in-line package. Mounted in a 24-pin plastic 14
package the device is numbered “TMS 2605 NC."* (See MOS/LSI packaging section.)
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TMS 2605 JC, TMS 2605 NC
USASII, BAUDOT, SELECTRIC, EBCDIC CODE GENERATOR

logic definition

Negative logic is assumed.

a)
b)

Logical 1 = most negative voltage

Logical 0 = most positive voltage

interface and typical applications data

CLOCK

NOTE:

2 6.8kQ TYP
>

OUTPUT CODE

+12 ~12V
]
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Vss vee
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3kQTYP 3.3 12 2416 . J
SN7493 Mc 11 P St
7y P S 3 o
8 T 111
NA i P T e 2 |2
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1 igz o_& fs)
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SN7476 .[L ! »
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SN7600

A BINARY COUNTER FURNISHES THE INPUTS FOR THE ROM. THE SELECTED CODE WORD APPEARS IN

INVERTED FORM (NEGATIVE MOS LOGIC) AT THE OUTPUT OF THE ROM, AND IN INVERTED EORM
(POSITIVE TTL LOGIC) AT THE OUTPUT OF THE TTL GATES.

truth table

The truth table of the TMS 2605 JC/NC is given for the 4 selected codes:
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ADDRESS CODE I7 '8
0—-63 Selectric Q 0
64 — 127 EBCDIC 1 0
128 — 191 Baudot o] 1
192 — 255 USASCIH 1 1
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USASCII

0307060504030201

R
]
T

TMS 2605 JC, TMS 2605 NC

USASII, BAUDOT, SELECTRIC, EBCDIC CODE GENERATOR

0g 070505 04030201
BAUDOT

0g07050504030201
EBCDIC

0g07 050504030201
SELECTRIC

truth table (continued)

OO G Qi © O O OOirtir © Gt vt Oiritrd w © O'rl Qivrf Gt Olvtiviivtiel O v+l O+l B'vtivd O O OHOHOHO O N Dw O

%.01101111111001000001001.101110”1031011“1111101,1.10011001100111111100

nnhé OO0 C v Oivt Oiwthet -U.‘E‘:‘:ﬂ:a-:‘nn.c,g‘-ﬂuo.iw‘ﬂion_l.i_inu,o_lnlﬁ_ﬂb.n.l Civtiwtiwint © O Cletivtiviivt ©C O Qirivt v OO OO
34n—ocn101111—010111010.21ua.(‘°10A11,‘01.(‘11~1°11010011n1111.111‘-1uov1~lll.1t°nv
% Oivtivrdiod Olvdtytiod O Ohed'vlivflvtirt Ol Olrtiet viiv Qivtiert O © Otetivt Oivi O vt Oiwlivtiviivtied- QO Orivinin 0o C C O (=X =X=F=N=1L R N R =R =]
%01111!.10111‘310‘-‘.11101.1191’!%1.110,11.1101.121011(hlno.‘oulg‘uooDooooouuul.zuoo
Bwl01l?ioond‘-ooaﬂnloeo.uuiooo,lnooﬂoxonaal.-ooa(A0000100”—11111"1.111:11100100
Sexu : ]
Z00-FTWw Boo_oxBarozzhroxBanFanBo>uachrzubian>Boooh camenoroanoBouwdoa
234567590123‘567590123‘56789-”12‘—‘567590123‘56789012345‘7890123‘.5
99999999000n00u00011111111‘012222222222333333333!“4444“.‘.4555555
11111111222222222222222222222222222222222222222—‘2222222222222222
- 11101101”01101&0110110101001101‘.101111011000101110000110011110001
~ 110011110000011010!‘111110“-101110101111100111110100010‘1001010111
[} 111010100000001111000100‘400000.1011010101110011101‘011110001000110
~ 0010111111100100010100010101110010111111111100010111011linllnﬂvll
w 111000‘.101111&1010011100111001100111ﬂ-°11010°11001°n0110a110010111
| 111111111111111111111111111111111111111111111111!‘111111111111111
! 11111111111111—1111111111111111111“111‘111111111111111111111111111
1 1111111111111-‘11111111111111111111111111111111111111111111111111
@ o
EEYR, ruboo_oxBoucozzhuoxEadZcnbor>uw e Tuha<n>B000BE nmvnonnaoBiowd
AQ“12345675901234567R°0123456789012345678901234567“90123455739“1
R CEREEEEERR AR SRR SR BB R EE R BB R R EEE EREEEEE R
hiﬂuﬂ.ﬂ.U“nliiﬂuOillni 1011131011q1110001u10 OOt A1 OAC €O HOHO A HwtC OO
%11115!111111001n1nbOilnuoq1111”0101111q111n111‘11nnlinn HE OO e CC
& oo ...n1,1r.1n11110111111]1111111‘111011011110011.111.111111100311.1)1.,1
%]1111‘1120111511nn O e O 1101“.»”11n11n1..1111“11111”11“O0q00000ﬂv111111
S e L O HAAAE A A A S = O € © A C A A MG H AR AHCOHAr " COCCCCCECC Pt
&I-I!_llnl nnﬂn,nOnungn.noononﬂpaug,ﬂ;mPQUO”GQUUHJFJO““UC” coocooocoeoooccocco [N aN=Ra00 ool
Bﬂv’li.ln.nn HoOCCoCQOoOwoCCo Gn.ionﬂ.iccnﬁAﬂ1nnnﬂ.’ﬂvoglcp,ﬂuoln.ﬁ_ﬁrlupjaon.nnﬂnn.\onnli*i

456759”—1234567&90“2“4567896123456769ﬂu123455759012345678901234567
566‘567777777777FHQAR“Rﬂ.ﬂ-qoqggggqgggonnﬂ\ﬂn.pn,nn’111111111?ﬁ/??72?9
- 111111111111111111111111111..1
= =
2x w w w
258%-zwhoo—oxBancozzBroxB-0FawBo> wehrTwud san>FoooBranmevnonmnobawhaan

- 00001011101@110F101131”411001#»110101151110101ﬂ1010101110000101160
01001111D0000101100101111011111011111111001111111031101001111100
DUllOlUlHUUilOl1111ll111IG111109111011911101111111,1.0501110010

E [=}
.n.DDU1011111111010Clii.Di11111“10111110llUlCOilUlllliUllllUb111100

n.UUH1111C101111HUO1—1..0011.010,&4310010111111010113011111111111111100

~
-
©
€ OO 1001001011_1010101D010111101IGOOID110101311111111111100100
o
) J R S o R el e = T e R N i e OO DGt e e OO e e
>

010U1101U1ln.11C100010001010lliG1U111ln.10000113110010011001110111
O

-

- a2
SZ200,ruboo_uxBocozzhroxEoadFawdo wehrrud 1 <N>B000H ramvvornoooBoubaoa
C121(45675901234567“9012345‘ 78931?-\~456789”1234567n9n1?3456,73901?3
HrrH A A A AN NN N NN NN 3}}3333344444444445555555555566&

14

14-159

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

TEXAS INSTRUMENTS

or represent that they ore free from patent infringement.

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

T1 canno! assume any responsibility for any circuils shown

PRINTED IN USA



Maos TMS 2700 JC, TMS 2700 JM, TMS 2700 NC
LSI 3072-BIT STATIC READ-ONLY MEMORY

features

. 256 x 12 organization
Static operation
Direct TTL compatibility
Single-ended output buffers
28-lead dual-in-line package
3-line programmable chip select
Chip enable
900-ns access time
Low-threshold technology
Full military temperature range (TMS 2700 JM)

LL6L ‘AHYNYHE3S

description

The TMS 2700 is a static read-only memory with a capacity of 266 12-bit words. The device is constructed on a single
monolithic chip, with MOS P-channel enhancement-mode low-threshold techhology. Single-ended output buffers and
a 3-line chip select allow the user to wire OR up to eight of these static ROMs, with no additional logic.

Programming of the memory content and output buffer configuration is accomplished by changing a single mask during
device fabrication.

The TMS 2700 JC and JM are mounted in 28-pin ceramic dual-in-line packages. TMS 2700 NC is mounted in a 28-pin
plastic package.

The temperature range is —25°C to +85°C for the TMS 2700 JC and the TMS 2700 NC, and —55°C to +125°C for the
TMS 2700 JM.

logic definition

a) Logical 1 = most positive voltage

b)  Logical 0 = most negative voltage

operation

The TMS 2700 series features static operation. No clocks are required. The output data will remain valid as long as the
input address (including chip select) remains unchanged.

*‘Access time” is defined as the maximum time required for all outputs to reach the minimum logic 1 levels or maximum
logic O levels with the correct data. This duration is measured from that point in time at which all address inputs and
chip-select inputs are valid.

A disable input on the chip-enable input will cause the outputs to become open circuits. The memory will be enabled
when the chip select is at logic 0.

The output buffers are single ended, open drain and allow the wired-OR connection.

Three chip-select lines (CSg, CS1. CSQ)':allow the user to wire OR up to eight TMS 2700 devices. The memory will be
selected for one and only one chip-select word. This word is selected by the user and programmed in the memory when
the memory content is programmed.
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TMS 2700 JC, TMS 2700 JM, TMS 2700 NC
3072-BIT STATIC READ-ONLY MEMORY

data encoding

Information concerning memory content and chip select should be submitted on the TMS 2700 Software Package. Data
to be stored in the memory should be entered on punched cards in the format described by the Software Package.

functional block diagram and pin configuration

Ag A1 Az A3 Aq A5
X DECODER
64
he 8
B MEMORY MATRIX
Ay a 3702 BITS
>
Cso 5
Buwl| | a8
a4 0 A
Ccs1 w O
23
Q.
cs2 28 WORD SELECT
° 8
12
CE
BUFFERS
Oo o1

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

Supply voltage VGG range {(See Note 1) . . . . . . . . . . . .« . . ... —22V 1003V
Chip enable voltage range (See Note 1) . . . . . . . . . « - . . . . .« ... —22V 1003V
Address and chip select voltagerange . . . . . . . . . . . . . .. .o .. -22Vt0 03V
Operating free-air temperature range
— TMS2700JC/NC . . . . . o e e e e e e e e e -25Vt085V
CZOTMS 2700 UM . . . . o e e e e e e e e e e e e e e e —b65Vto125V

Storage temperature range . . —55°C t0 150°C

NOTE 1: These voltage values are with respect to Vgg (substrate). “
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TMS 2700 JC, TMS 2700 JM, TMS 2700 NC
3072-BIT STATIC READ-ONLY MEMORY

recommended operating conditions

PARAMETER MIN NOM MAX UNITS
Operating Voltage

Substrate supply Vgg 4.75 5.00 5.26 A

Gate supply Vgg —135 -15 | 165 v
Logic Levels

Input HIGH level (1) Vi 26 5.00 A

Input LOW level (0) V) 0.5 v

static electrical characteristics (under nominal operating conditions over operating temperature range
unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
HTR input Current VIN=0V 2 BA
Output Voltage Levels

Vor Output LOW level (0) See Not 2 v

VoH Output HIGH fevel (1) ISOURCE =2.5uA, Vgg=4.75V| 24 v

VoL Output LOW level (0) Load 20 kQ2 to —15 V (Note 4) -13.5 —14.5 \Y

VoH Output HIGH level (1) Load 20 kQ to —15 V (Note 4) +3.5 +4.0 A
Power Supply Current Drain

Iss  Substrate supply . 32 mA

IGG Gate supply 32 mA

P Power dissipation Chip enable logic 1 350 mW

Chip enable logic 0 650 mwW

NOTES: 3. For an output logic 0, the output buffer transistor is Off and the impedance between the output terminal and Vgg is of several MQ
{leakage current <10 HA).
4. Recommended for MOS interface.

dynamic electrical characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Access Time (Notes 5 and 6)

taC —10°C to +70°C 900 ns

tAR ~55°C to +125°C 1150 ns
Capacitance

Input and chip select 5 pF

NOTES: 5. Load is one TTL gate plus a 20 pF capacitance. For final test purposes a worst-case TTL load is simulated by a 2.7-k§2 resistor
and a 20 pF capacitance.
6. See timing diagram.
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TMS 2700 JC, TMS 2700 JM, TMS 2700 NC
3072-BIT STATIC READ-ONLY MEMORY

timing diagram and voltage waveforms

INPUT ON CHIP SELECT
OR CHIP ENABLE

OUTPUT

mechanical data and pin configuration

The TMS 2700 JC and TMS 2700 JM are mounted in 28-pin hermetically sealed dual-in-line packages consisting ofa
ceramic base, gold-plated cap, and gold-plated leads. The TMS 2700 NC is mounted in a 28-pin plastic dual-in-line pack-
age. The packages are designed for insertion in mounting-hole rows on 0.600-inch centers. (See MOS/LSI packaging
section.)

10e U 1 28
E 5 PIN NO. FUNCTION PIN NO. FUNCTION
1 010 15 CSq
- H 2 Og 16 CE
O l 3 0g 17 As
O | 4 07 18 A4
. u} 5 O 19 A3
O Top view [ 6 Os 20 A2
7 04 21 A1q
. H 8 03 22 Ao
G u 9 07 23 Ag
O 8 10 01 24 A7
O u] 1 Og 25 No connection
12 V1 26 Vss
- H 13 CS3 27 No connection
- - 14 csy 28 o
14 [ 15
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TMS 2700 JC, TMS 2700 JM, TMS 2700 NC
3072-BIT STATIC READ-ONLY MEMORY

TTL interface circuit

Vss
ROM NO. 1 1
| | Vee=+5V
i I I '
| o— | TYPICAL OUTPUT
L e e — \ d
T !
v
] Ri= 3, JE
| 1 3.0k 20 pF
r=- S S - i EXTERNAL
i ROM NO. 2 . | wkw CAPACITANCE*
i by &-5.0v suppLY -
| | I
) !
i |
L e e - =
TYPICAL OUTPUT
* THE OUTPUT CAPACITANCE IS NOT PART OF THE TTL INTERFACE. IT IS USED IN SWITCHING CIRCUITS TO SIMULATE
PARASITIC CAPACITANCE LOADING IN ACTUAL USE (BOARD, INTERCONNECT, ETC.).
t ALTERNATE RESISTOR VALUE — 6.8 k2 to —15 V SUPPLY.

SOFTWARE PACKAGE

Programming information for the TMS 2700 should be transmittéd to T1 in the form of a DECK OF 64 STANDARD
80-COLUMN COMPUTER CARDS, accompanied by a listing of these cards. This method eliminates many chances for
error and guaranfees the fastest delivery schedule of ROMs. Upon receipt of each deck, a computer run will be made
and a copy of the computer-generated truth table sent back to the customer. This copy should be checked carefully.

If any errors are discovered, T) must be notified immediately so that work can be stopped and the necessary adjustments
made.

Each card in the data deck describes the outputs for four input addresses. All addresses must have their outputs defined.
The addresses must also be placed in consecutive order. Cards should be punched according to the following format.
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TMS 2700 JC, TMS 2700 JM, TMS 2700 NC

3072-BIT STATIC READ-ONLY MEMORY

, second, third and last cards

irst

TMS 2700 — £
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TMS 2700 JC. TMS 2700 JM, TMS 2700 NC
3072-BIT STATIC READ-ONLY MEMORY

data card format

COLUMN

10

11

12-14

15

16—-18

2022

23-24

25-75

25-36

38-49

51-62

64756

Punch the sequential card number (01 through 64).

Blank

Punch the Z identification number supplied by Tt MOS Marketing (2 letters, 4 numbers).
Blank (a space for the revision letter if necessary)

Blank

Punch chip-select logic CS0, CS1, CS2. A “1" for a logical 1 and 2 0" for 2 logical 0.
Blank

Punch a right-justified integer representing the binary input address (0-255) for the first set of outputs
described on the card '

a0

Punch a (minus sign)

Punch a right-justified integer representing the binary input address for the last set of outputs described
on the card.

Blank

Punch a description of the output sets selected for the range of input addresses specified on the card.
A 1" for a logical 1 and a “0" for a logical 0. Each card will describe 4 output sets.

Punch the outputs desired for 011, 010, Og, Og, 07, Og, Os, O4. 03, 02, 01, O, in that order, for
the first address specified on the card.

Punch the outputs desired for the second address.
Punch the outputs desired for the third address.

Punch the outputs desired for the fourth address.
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MOS TMS 2800 JC, TMS 2800 NC
LSi 1024-BIT STATIC READ-ONLY MEMORY

features
L] 1024-bit capacity
Static operation

LLBL "'AHVNONVYT

Maxiimum access time under 1 microsecond
Open-drain output buffers or double-ended buffers
TTL compatible

16-pin dual-in-line package

description

The TMS 2800 JC/NC series is a family of static read-only memories, each having a capacity of 1024 bits.

Programming of the memory content and output buffer configuration is accomplished by changing a single mask during
device fabrication.

A chip-select input is available.
The memory contents consist of 256 words of four bits.

Two types of output buffers are available:

° Single-Ended {open drain)

Designed for driving TTL, this output has one MOS device with its drain at the output and its source at
chip ground.

.. Double-Ended

Designed for driving the inputs to other MOS integrated circuits and devices, this version has its own MOS
load resistor provided internally. It requires no additional external circuitry.

“TMS 2800 JC” designates a unit mounted in a 16-pin hermetically sealed ceramic dual-in-line package, and “TMS
2800 NC”’ is used for a unit mounted in a 16-pin plastic package.

logic definition

Negative logic is assumed.
a)  Logical 1 = most negative voltage
b)  Logical 0 = most positive voltage
operation
The TMS 2800 JC/NC series features static operation. No clocks are required. The output data will remain valid as long
as the input address (including chip select) remains unchanged. The VGG supply may be clocked to reduce power con-

sumption without affecting access times.

Access time is defined as the time between a change of data on any logic input or chip-select line and the change of data “
on the output of a TTL gate. (See timing diagram)

— continued
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TMS 2800 JC, TMS 2800 NC
1024-BIT STATIC READ-ONLY MEMORY

operation (continued)

A logical 0 on the chip select input will cause the outputs to become open circuits on the “’single-ended”’ (open-drain)
type output buffer and will cause the outputs to go to Vpp on the double-ended (push-pull) type output buffer.

The number of words per output is increased by hardwiring together the outputs of different devices. Note that, when
using the hardwired output technique, all devices should have single-ended buffers. Hardwiring outputs performs the
AND function in negative logic.

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

Supply voltage Vpp range (See Note 1)
Supply voltage VG range (See Note 1)
Data input voltage ranges (See Note 1) .
Cperating free-air temperature range
Storage temperature range .

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

recommended operating conditions

—30Vto03V
—30Vt 0.3V
~30Vt 0.3V

. —25°C1085°C
—55°C to 150°C

CHARACTERISTICS MIN NOM MAX UNITS
Supply voltage Vpp -9 —-12 —22 v
Supply voltage VGG —18 —24 —29 \4
Input, chip select fogic 1 -8 -12 ~22 \'
Input, chip select logic 0 +0.3 [¢] -3 \4
input puise width 550 ns

The design of the unit permits a broad range of operation that allows the user to take advantage of readily available
power supplies {e.g., +12 V, 0, —12 V). Larger power supplies {e.g., +14 V, —14 V) may be used.

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
lout(g) Logical O output current (Note 1) —12 V applied 3 7 mA
lout(1) Logical 1 output current (Note 1) —12 V applied 10 RA
Zout{1) Logical 1 output impedance (Note 2) V applied = Vpp + 3 18 25 kS
Zout(p) Logical 0 output impedance (Note 4) V applied = Vgg —3 0.8 1.1 kQ
Vout(1) Logical 1 output voltage (Note 2) R =1mQ -9 -12 \'
Vout(0) Logical 0 output voltage (Note 2) RL=1mQ 0 -2.0 ]
A1 Access time (Note 3) See switching circuit 600 900 ns
A2 Access time (Note 3) See switching circuit 620 900 ns
Py Power dissipation (Note 2} All outputs at Logical 0 170 . mW
N Input leakage current —12 V applied to input 1 BA
Cin Input capacitance Vin=0V, f=1MHz 5 pF
I»]»} Drain current All outputs @ Logical 0 15 mA
FeYe] 1.0 uA

NOTES: 1. Open-drain buffer
2. Push-pull buffer
3. See switching diagram
4. Either open-drain or push-pull configuration
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TMS 2800 JC, TMS 2800 NC
1024-BIT STATIC READ-ONLY MEMORY

mechanical data and pin configuration

This device is available in both 2 16-pin hermetically sealed ceramic dual-in-line package (TMS 2800 JC) and a 16-pin

plastic package (TMS 2800 NC). These packages are designed for insertion in mounting-hole rows on 0.300-inch centers.

{See MOS/LSI packaging section.}

1 OU ] 16
O u]
O ul
O tor d
O wview [J
O u|
O [

8 1 9

A - input

B - output

Vgg - substrate

switching circuit and TTL interface

PIN NO. FUNCTION PIN NO. FUNCTION
1 A3 9 Ag
2 A2 10 cs
3 A1 1 VGG
4 B1 12 A7
5 B2 13 Ag
6 B3 14 Ag
7 Bg 15 Ag
8 Vss 16 VpD

Vpp - drain supply
VGG — gate supply

+12V T -12V
[=]
O C 4
Vss vee |—o 37
o o— ‘ S
o—i o
| |
1 TMS 2800 JC/NC | 1 -
INPUTS OR ' ‘ 5 eF
CHIP SELECT ot VpD L __.I: I
*  Value of R depends on system speed and power requirements.
** The output capacitances are not part of the TTL interface. They are used in the itching circuits to simulate parasitic cap
loading in actual use (board, interconnect, etc.).
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TMS 2800 JC, TMS 2800 NC
1024-BIT STATIC READ-ONLY MEMORY

switching diagram

¥2v oL
/
[}
INPUT OR CHIP SELECT
1
! +4V
ov | _J o o e
tA1 tA2
+3V I ’
TTL OUTPUT \+1.5v [ +15V
ov /

SOFTWARE PACKAGE
input format

Programming information for the TMS 2800 JC/NC should be transmitted to TI in the form of a DECK of 22 STAN-
DARD 80-COLUMN COMPUTER CARDS, accompanied by a listing of these cards. This method eliminates many
chances for error and guarantees the fastest delivery schedule of ROMs. Upon receipt of each deck, a computer run will
be made and a copy of the computer-generated truth table sent back to the customer. This copy should be checked
carefully. If any errors are discovered, T1 should be notified immediately so that work can be stopped and the necessary
adjustments made.

Information on the buffer option desired will be transmitted on a special form supplied by TI.
Each card in the data deck describes the outputs for twelve input addresses. All addresses must have their outputs de-

fined. The addresses must also be placed in consecutive order. Cards should be punched according to the following
format. v

data card format

Column
1-2 Punch the sequential card number (01 through 22)
3 Blank
4-5 Punch a 28" to signify TMS 2800 JC/NC
14
- 6-11 Punch the Z identification number supplied by TI MOS Marketing (2 letters, 4 numbers)
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TMS 2800 JC. TMS 2800 NC
1024-BIT STATIC READ-ONLY MEMORY

data card format {continued)

Column
12 Blank (a space for the revision letter if necessary}
13 Punch a 4" to signify four outputs

14 Punch a “’D" for open-drain type output buffers or punch a “’P"’ for push-pull type output buffers

15-17 Punch a right-justified integer representing the binary input.address (0-255) for the first set of outputs
described on the card

18 Punch a ““~"" {minus sign)

19-21 Punch a right-justified integer representing the binary input address. for the last set of outputs described
on the card

22 Blank

23-80 Punch a description of the output sets selected for the range of input addresses specified on the card.
A "1 for a logical 1.and a “0" for a logical 0. Each card will describe 12 output sets. The 22nd card
will contain only 4 output sets. .

23-26 Punch the outputs desired for B4, B3, B2, B1 in that order, for the first address specified on the card.
27-30 Punch the outputs desired for the second address
33-36 Punch the outputs desired for the third address
37-40 Punch the outputs desired for the fourth address
43-46 Punch the outputs desired for the fifth address
47-50 Punch the outputs desired for the sixth address
53-56 Punch the outputs desired for the seventh address
57-60 Punch the outputs desired for the eighth address
63-66 Punch the outputs desired for the ninth address
67-70 Punch the outputs desired for the tenth address
73-76 Punch the outputs desired for the eleventh address

77-80 Punch the outpﬁts desired for the twelfth address
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TMS 2800 JC, TMS 2800 NC

1024-BIT STATIC READ-ONLY MEMORY

TMS 2800 JC — first, second, third and last cards
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Mos : TMS 2801 JC, TMS 2801 NC
LSi EIGHT-LEVEL PRIORITY ENCODER

features a
o 1024-bit capacity g
®  static operation 2
L maximurn access time under 1 microsecond §
L open-drain output buffers -
L TTL compatible

description

The TMS 2801 JC/NCisa progrémmed TMS 2800 JC/NC. Ail electfical and mechanical characteristics of the TMS 2800
JC/NC apply (See MOS product brochure CB-126) to this 1024-bit MOS read-only memory.

Programmed as a priority encoder, the TMS 2801 JC/NC generates an output code according to the priority levels present
at its inputs. Each input corresponds to a priority level. The highest priority line that is “true’ produces its characteristic
output code, regardless of the state of the lower priority input lines. Although one TMS 2800 JC/NC has only enough

inputs for eight priority levels, the chip-select input can be used to cascadé devices for as many priority levels as necessary.

“TMS 2801 JC designates a unit mounted in a 16-pin hermetically sealed ceramic dual-in-line package. A unit mounted
in a 16-pin plastic dual-in-line package is numbered “TMS 2801 NC".

logic definition
Positive logic is assumed.
a) Logical 1 = most positive voltage

b}  Logical O = most negative voitage

TMS 2801 JC/NC truth table for 8 priority levels

v GNIFI
oD MOST SIGNIFICANT OUTPUTS
° INPUT AT A LOGICAL 1
, 83 | B2 | By
533 i ¢ |0 |0
22 2 [¢] 0 1
1 o] g 3 [} 1 0
P ! 5 1 4 o] 111
5 1 - 5 1100
& o 2
H 1 8 6 1101
| 2 3 7 1 110
8 ot 8 1 1 1
b 6 &
By Bz B3

OUTPUTS
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TMS 2801 JC, TMS 2801 NC
EIGHT-LEVEL PRIORITY ENCODER

extension to 16-level priority encoder

INPUTS

INPUTS

Voo MOST SIGNIFICANT OUTPUTS
I INPUT AT A LOGICAL 1
o By | By | By | By
4 » > >
:: :: := :; 1 0 0 0 4]
1 Y% 99 2 0 0 0 1
1 | 3 o |of1]o0
] 2 2 4 oo |1 1
| g 3 5 0 1 oo
! £ 6 o |1 | ol
8 O’ 4 7 o 1 1 0
s 8 0 1 1 1
|____‘ 9 1 oo} o
10 1 0] 0 1
9 o— 1 1 0| 1 0
: - ! 12 i o i 1
| g8 2 13 1]1]o0fo
) 2 3 14 1 1] o}
| - 4 15 1 1 1 0
16 o 16 1 1 1 1
<L ] lL [}
By By B3 By
QUTPUTS
extension to 24-level priority encoder
Vop
MOST SIGNIFICANT
9 OUTPUTS
55 IS INPUT AT A LOGICAL 1
>
:F :: b4 Bg Bg B3 Ba By
! :l S 1 ! 1 0 [¢] 0 0 0
: ] 2 P 2 oio0lol ol
i 2 3 * | 3 ol olo]| 110
i = 4 |— | ’
8 o—F (o | 4 o| ol of 1 1
, : 5 o| ol ol o
; I 6 ol o | 1 o1
7 o} o | 1 1 0
9 o 8 o] o 1 1 1
i § 1 ] 0 1 0 0 0
! ~ g 10 0 1 0 0 1
1 %’ a 1 0 1 0 1 0
®o—F 12 0 1 0 1 1
? { 13 0 1 1 o| o
14 0 1 1 o | 1
15 0 1 1 1 o
16 ¢ 1 1 1 1
17 o0 -
1 3 1 17 1 o| o] ol o
1 5 § 18 1 o| o 0 1
! 2 . 19 1lojol 1]o
244 IR cs 20 117 0| 0ol 1 1
] 21 1 0 1 0 0
JN L I 22 1 0 1 o 1
23 1 0 1 1 0
By B2 B3 B
152 B3 B4 Bs 24 1 o] 1 1 1
OUTPUTS
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TMS 2801 JC, TMS 2801 NC
EIGHT-LEVEL PRIORITY ENCODER

extension of 32-level priority encoder

MOST SIGNIFICANT OUTPUTS
Voo INPUT AT A LOGICAL 1
Bs | Bg | By | By | By
L L L 0 A 1 0 0 o] 0 0
< < £
/ :; 33383 2 oj o0 |0 o |1
10— 1 3 0 0 ] 1 0
' 8 4 ol oo |1]n1
1 & 2
] g 3 5 0 0 1 [ 0
80— F cs 6 ol o |1 o |1
7 0 0 1 1 0
; } 8 0 0 1 1 1
9 0 1 0 0 0
° - 10 0 1 0 0 1
: g 1 11 0 1 0 1 0
| g g 12 0 1 0 1 1
| 4
. [ cs 13 0 1 1 (o} o]
» T 14 0 1 1 1
[
2 < k 15 0 1 1 1 0
Zz 16 [¢] 1 1 1 1
17 1 0 0 0 0
Vo—z 18 110 o o1
' &
] a g 19 1o flo [1]o0
d E a 20 1 oo |11
20 ;C.F__ 21 1o |1 oo
22 1 0 1 0 1
23 1 0 1 1 0
24 1 [} 1 1 1
Bo— ¢ 1 25 1 1 o |[o | o
1 & 2 26 1 1 o |o |1
1 7] 3
| = 4 >t 27 1 1 0 1 0
20— F g 28 1 1 o |1 1
1 1 0 0
~ 29 1
> 30 1 1 1 0 1
31 1 1 1 1 0
°6 600 ‘L 32 1 [ [
By B2 B3 B4 Bs
OUTPUTS
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MOS TMS 4100 JC, TMS 4100 NC
LSI SERIES CHARACTER GENERATOR

features
° Static operation
2240-bit capacity
64 Characters of 35 bits (5 x 7) or
32 Characters of 70 bits (5 x 14)
TTL compatible
700-ns maximum access time
7-bit input address
Single-ended open-drain output buffers

LL6L ‘AHVYNUE3A

description

The TMS 4100 JC/NC series is a family of MOS read-only memories, each with a capacity of 2240 bits. Two organiza-
tions are available:

1) 64 words of 35 bits (5 x 7}

2) 32 words of 70 bits (5 x 14}

The memory is organized to function primarily as a character generator. The seven outputs represent a column ina 5 x
7 dot matrix.

The output word appears as a 5-word sequence on each of the output lines. Sequence is controlled by 5 strobe lines
(column select), which feed directly into the buffer section of the memory. By enabling the first strobe line, the first
group of 7 bits (first column) is obtained at the output. Then the second, third, fourth, and fifth strobe lines are enabl-
ed. The column select can remain fixed while the character address changes, or the character address may remain fixed
while the column select changes.

The decoder will accept a 7-bit parallel input. Because only six bits are required in order to decode the 64 input words,
the seventh bit may be used as a chip enable. If the memory is organized as 32 words of 70 bits, it is possible to have
two chip-enable lines.

The TMS 4100 JC/NC series features static operation. No clocks are required. The output data will remain valid as
long as the input address (including chip select) remains unchanged. The VGG supply may be clocked to reduce power
consumption without affecting access times.

Output buffers are single ended, open drain and allow the wired-OR connection.

The number of words per output is increased by hardwiring together the outputs of different devices. Hardwiring out-
puts perform the AND function in negative logic.

“TMS 4100 JC" designates a unit mounted in a 28-pin hermetically sealed ceramic dual-in-line package, and
“TMS 4100 NC” is the part number for the unit mounted in a 28-pin plastic package.

logic definition

Negative logic is assumed for all inputs.
a)  Logic 1 = most negative voltage (—14 V)

b)  Logic O = most positive voltage (0 V)

An output dot is defined as the “‘on’’ state of the output MOS transistor and an output blank as the “off"’ state.

14-176
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TMS 4100 JC, TMS 4100 NC
SERIES CHARACTER GENERATOR

functional block diagram

5 COLUMN
SELECT LINES 5

EREEN t_—’l

o—1q1» o B
0 —o 04
02
7 INPUT LINES {o—| DECODE | MEMORY MaTRIX | COUMN oirrer 71014 03
o— SELECT ouTPUTS 7 | 0
0 Os
7 —o Og
7

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

Supply voltage Vpp range (SeeNote 1) . . . . . . . . . . . . . . . . . . . . .-=30Vt03V
Supply voltage VGG range (SeeNote 1) . . . . . . . . . . . . . . . . . .. . .-30Vt03V
Data input voltage ranges (SeeNote 1) . . . . . . . . . . . . . . . . . . . . . .-30Vto05V
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . . . .-=25°Ct85°C
Storage temperaturerange . . . . . . . . . . . . . . . . . . .. .. ... -B5Cto 150°C

recommended operating conditions

CHARACTERISTICS MIN NOM MAX UNITS
Supply voltage Vpp —12 —14 —16 \
Supply voltage VGG —24 —-28 —29 \4
{nput, column select and enable logic 1 -9 —14 —-16 \%
Input, column select and enable logic 0 +0.3 0 -3 \4

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 (e.g., +12 V, 0, —12 V).

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

PARAMETER (See Note 1} TEST CONDITIONS MIN TYP MAX UNITS
I¢1) Output Blank Current (Note 2} —14 V applied to output 10 LA
) Output Dot Current (Note 2) —14 V applied to output 1 2 mA
o) Ol{tpul Dot Current (Note 2) X?zlj\;a::;i:ito:ﬁgl:t —24V, 0.5 1 mA
Vo) Output Voltage for a Dot (Note 2} Ip=0.5mA -1.3 —-2.8 \
Vi Output Voltage for a Dot (Note 2) Io=1mA -25 —6 \
Input and Column Select Leakage Current |—14 V applied to input 1 BA
DD Drain Supply Current 14 25 mA
lGG Gate Supply Current 1 mA
Power Dissipation 250 | 400 mW
Address input Capacitance 6 15 pF

NOTES: 1. These voltage values are with respect to network ground terminal (Vgg).
2. An output dot is defined as the On state of the MOS output transistor. An output blank is defined as the Off state.
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TMS 4100 JC, TMS 4100 NC
SERIES CHARACTER GENERATOR

switching characteristics (at nominal operating conditions and 25°C unless otherwise noted)

Vgg=-12V

PARAMETER (Refer to Switching Diagram) TEST CONDITIONS MIN TYP MAX UNITS

Character Access Time, Bipolar Load 400 700 ns
Vgg=+12V, Vpp=0V,

Character Access Time, Bipolar Load s Db 500 700 ns
Vgg=—-12V

Column-Select Access Time Bipolar Load 150 300 ns
Vgg=+12V, Vpp=0V,

Column-Select Access Time, Bipolar Load S8 DD 200 350 ns
vgg=-12V

Character Access Time, Low Power TTL Load 500 850 ns
Vgg=+12V, Vpp=0V,

Character Access Time, Low Power TTL Load SS pb 600 950 ns
Vgg=-12V

Column-Select Access Time, Low Power TTL Load 200 400 ns

. Vgg=+12V, Vpp=0V. - o
Column-Select Access Time, Low Power TTL Load = 300 500 ns

switching circuit and switching diagram

a) Bipolar load

Vss Vpp Vea

IT¢

ADDRESS 0O TMS 4100 JC

COLUMN SELECT

address or column-select input voltage

Vss j——— o — o — — —_
/ \
INPUT + \
// Vgg -9 V
N
taccess
200 uA
OUTPUT CURRENT
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TMS 4100 JC, TMS 4100 NC
SERIES CHARACTER GENERATOR

switching circuit and switching diagram (continued})

b)  Low power TTL load

Vss Vpp VGG
T T SN74L00
T Vout
ADDRESS O0— TMS 4100 JC +BV
2kQ
COLUMN SELECT o—-
address or column select voltage
Vgs — o me et ame e e e
/
—4—
INPUT /
/ Veg -9V
/ K
—_——— —
taccess —— e
OUTPUT VOLTAGE
15V
oV e/

custom programmed devices
The TMS 4100 JC/NC series is programmed at the gate-oxide stage of manufacturing. Programming charges are reduced
to a minimum because oniy one mask per unique design need be created (gate oxide removal mask). All other proces-
sing steps remain the same for all devices. Options available to the customer during programming are:
° memory organization
L4 character format
@ enable iogic polarity {or permanently enabled)

The encoding of the gate mask is done by computer to provide a fast, error-free encoding process.

Standard encoding sheets are used. These encoding sheets (SOF TWARE PACKAGE) are available from the T! sales
office.

mechanicai data

This device is available in both a 28-pin hermetically sealed ceramic dual-in-line package (TMS 4100 JC) and a 28-pin
plastic package (TMS 4100 NC). These packages are designed for insertion in mounting-hole rows on 0.600-inch centers.
(See MOS/LSI packaging section.)
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TMS 4100 JC, TMS 4100 NC
SERIES CHARACTER GENERATOR

pin configuration
Depending on the organization of the memory, three pin configurations may be used.

Package Pin Configuration, TMS 4100 JC/NC

) CONFIGURATION
A B [
TOTAL QUTPUTS—
PIN NO. TOTAL OUTPUTS~ MORE THAN 7, TOTAL OUTPUTS~

. 7 OR FEWER FEWER THAN 14 14

1 Oq 04 01

2 NC : [o2] 09

3 02 O3 03

4 NC (o7} 04

5 O3 Og Og

] NC Og Og

7 04 07 07

8 NC Og Og

Q Qg Og Og
10 NC 010 Q190
" Og O11 019
12 NC 092 012
13 07 013 013
14 VoD Voo O14
15 Meld vVaa Vop
16 's ls VGG
17 Vgs Vss lg
18 Ca Ca Vgg
19 Cg Cg Ca
20 Cc Cc Cg
21 Cp Cp Cec
22 Ce Ce Cp
23 Ig Ig Cg
24 g g Ig
25 I3 I3 g
26 2 I2 I3
27 Iq 14 o
28 Iz 7 I
NC — NQOT CONNECTED O — OUTPUT I — INPUT
o] — COLUMN SELECT

28 15
nononpononQAaaonnn

D) TOP VIEW

[ ]
IiJL.JLJLJ‘L]LJLJLJLJLJUULJIi_“I

standard devices

Because certain codes are widely used, T1 has created a series of standard devices that are available off the shelf and for
which there is no coding charge. The most widely used standard device is: TMS 4103 JC/NC USASCI1 CODE (See

attached character format).

Organization: 64-Character Storage

35-Bit Character Matrix
6-Parallel Character-Address Input
Chip Enabled by Logic 1 Applied to 17

TEXAS INSTRUMENTS
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TMS 4100 JC, TMS 4100 NC
SERIES CHARACTER GENERATOR

standard devices {continued}

Other Available Standard Circuits:

&

TMS 4177 JC/NC and TMS 4178 JC/NC. These two devices are used as a unit to implement a 7 x 10 row
output character generator. The two devices are wired OR and are scanned in succession.

—  USASCII Code
- 64-Character Storage
- 7-Bit Parallel Input

See attached character format.

TMS 4179 JC/NC
~  EBCDIC Code
—  64-Character Storage
- 7-Bit Paraliel Input

See attached character format.
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TMS 4100 JC, TMS 4100 NC

SERIES CHARACTER GENERATOR

2

CUSTBNHER NAME _Catalogue Devices

PLANT LOCRTIEN

SHEET 1 OF

CUSTOMER PART NUMBER

TEXAS INSTRUMENTS INCOGRPORATED

CUSTBMER DRAWING NUMBER
ENGINEER APPROVAL/DRTE

COLUMN BUTPUT CHARACTER GENERATOR

TI PART NUMBERTMS 4103 JC/NC

cremes

s

e [T

[olol-1=iol 9

e

o Py

Celo—old H

lelolol-lo[ g m

==

HER G {
CEErREE —

===

=

= =

o

EEEEERE E

N INO

et Dt ot bt Bt et bt

===l

BERESEE E

Ses==cs)_s=szg_

B D S0 R NS O

CEEs=0E o=

L

1T
1

IrJJJ
1

t

EsE==0E @gﬁ

BEEESREE @

EEESSRE E

cEse=cE %

e R

T T T 1T

[olo[-loE el

A O

[Sl—]olol-[o]-] !

[Holdlo]e]-]

T T
+—1
EEEEE0E "

—SONM T

Pt et et ot St et Pt

A\

TI INTERNAL USE BNL
DECBDE DECK NUMBER
CeDING BROANIZATION

14-182

TeExAs INSTRUMENTS

=LnT OFSICE BOX 5612 »

INCORPORATED

DALLAS TEXAS 75222



TMS 4100 JC, TMS 4100 NC
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TMS 4100 JC, TMS 4100 NC

SERIES CHARACTER GENERATOR
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TMS 4100 JC, TMS 4100 NC
SERIES CHARACTER GENERATOR

TEXAS INSTRUMENTS INCORPORATED
TMS 4177 JC/NC — TMS 4178 JC/NC (Sheet 2 of 2)

7 x 10 USASCIi CHARACTER DISPLAY

NES INE
sl= s
1 jm HT
RIS 2 EFFETTS e
T o | -
FEELRER) BEEEETS
e I }
EEFERER 7 EEERE ‘
!
IRDI
EEEERER H EREEEE |
T
CEFERER EEREEES [
PR SRizees:
CEREERE b EREEEEE %
FEPFEED) #" 2 SEEEEEE : |
In |
asasas .
EEELES e aasE=cl = 5
I
T HTH
ISR EEEREES e
|
!II L b )
I AN 1
ABEEEEE :I” ] DEEECEEN = &=
EEFEEE i Scmacl & S
!
-,
" al"ana"l ——
2RSCGCEN. o nan EEEELES gk
in""a2% Seemas S=a
T [ mms
SEazgEclt - - CEEEEER P
B
H {‘ T Il
EREEERE ; EFERE) X
SEEEEECl - EPPREF
[ -
eassnasss il
EOETE ERERETIY
coutoa-~ H ]~ COTONC~
“““““ [ Tttt T T
< <
o O

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 s DALLAS, TEXAS 75222

14-185



TMS 4100 JC, TMS 4100 NC
SERIES CHARACTER GENERATOR
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TMS 4100 JC, TMS 4100 NC
SER ES CHARACTER GENERATOR
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MOS TMS 4400 JC, TMS 4400 NC
LSI 4096-BIT STATIC READ-ONLY MEMORY

features
o 4096-bit capacity
Static operation
Access time less than 1 microsecond (typical)
Two organizations available
Open-drain output buffers or double-ended buffers
TTL compatible
Three chip-select lines available

24-pin dual-in-line package
ceramie — TMS 4400 JC
plastic — TMS 4400 NC
description

The TMS 4400 JC/NC series is a family of static read-only memories, each with a capacity of 4096 bits. Two memory
organizations and two output buffer configurations are provided through single-level mask programming.

The memory may be organized as 1024 words of four bits, or 512 words of eight bits.

“TMS 4400 JC" designates a unit mounted in a 24-pin ceramic dual-in-line package, and “TMS 4400 NC" is used for a
unit mounted in a 24-pin plastic package.

Two types of output buffers are available:

L4 Single-Ended {open drain}

Designed for driving TTL, this output has one MOS device with its drain at the output and its source at chip
ground.

° Double-Ended

Designed for driving the inputs to other MOS integrated circuits and devices, this version has its own MOS
load resistor provided internally. It requires no additional external circuitry.

Depending on the device organization chosen by the user, there are either three chip selects (1024 words by 4 bits) or
four (512 words by 8 bits).

Each bit of the chip select address may be programmed as a logic 1, a logic 0, or a ““don’t care”’ (unusedj input.
logic definition

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

b)  Logic O = most positive voltage.

operation
m The TMS 4400 JC/NC series features static operation. No clocks are required. The cutput data will remain valid as long
as the input address (including chip select) remains unchanged.

— continued
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TMS 4400 JC, TMS 4400 NC
4096-BIT STATIC READ-ONLY MEMORY

operation {(continued)

“Access time” is defined as the maximum time required for ali outputs to reach the minimum logjc 1 leveis or maximum

logic O fevels with the correct data. This time is measured from that point in time at which all address inputs and chip-
select inputs are valid.

A disable input word on the chip-select input wili cause the outputs to become open circuits on the “single-ended”
(open-drain) type output buffer and will cause the outputs to go to Vpp on the double-ended (push-pull) type output

buffer.

The number of words per output is increased by hardwiring together the outputs of different devices. This means that if

the 512 x 8 chip configuration is used, a memory system may be buiit using 16 TMS 4400 JC/NC devices for a 8192-
words-of-8-bits memory without additional external logic. If the 1024 x 4 organization is chosen, eight TMS 4400 JC/NC
devices may be hardwired without additional logic. When using the hardwired output technique, note that all devices
should have single-ended buffers. Hardwiring outputs performs the AND function in negative logic.

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

Supply voltage Vpp range (See Note 1)
Supply voltage Vgg rénge {See Note 1)
Data input voltage ranges (See Note 1) .
Operating free-air temperature range
Storage temperature range .

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

recommended operating conditions

. =30Vt 03V
—30Vto 0.3V
~-30V1t 0.3V
—25°C 10 85°C

—55°C to 150°C

CHARACTERISTICS MiN NOM MAX UNITS
Supply voltage Vpp -9 -12 —22 Y
Supply voltage VGG —18 —24 —-29 \4
laput, chip select logic 1 —8 —-12 =22 \4
Input, chip seiect lagic § +0.3 0 -3 \
Input pylse width 550 ns

The design of the unit permits a broad range of operation that allows the user to take advantage of readily available
power supplies (e.g., +12 V, 0, =12 V). Larger power supplies (e.g., +14 V, —14 V) may be used.

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
lout(o) Logical Q output current (Note 1) —12 V applied to output 3 7 mA
lout(1)  Logical 1 output current (Note 1) ~12 V applied to output 10 uA
Zout(1) Logical 1 output impedance (Note 2) | V applied =Vpp +3 18 25 k2
Zout{o) Logical 0 output impedance (Note 3) | V applied = Vgg —3 0.8 1.1 ks2
Vout(1) Logical 1 output voltage (Note 2) RL=1mQ —10 \Y
Vout(0) Logical O output voltage (Note 2) RL=1mQ —2.0 v
NOTES: 1. Open-drain buffer
2. Doubie-ended buffer
3. Either open-drain or dauble-ended configuration .
— continued
TEXAS INSTRUMENTS 14-189

INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TMS 4400 JC, TMS 4400 NC
4096-BIT STATIC READ-ONLY MEMORY

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Py Power dissipation (Note 2) All outputs at Logical 0 250 mwW
Iy Input leakage current —12 V applied to input 1 uA
Cin Input capacitance Vip=0V, f=1MHz 10 pF
[[2)5) Drain current (Note 2} All outputs = Logical 0 20 mA
el Gate current 1.0 BA

NOTE 2: Double-ended buffer

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Vgg =+12V \ =0V,
tAf Access time TTL load (Notes 1 & 2) ss ! ob 900 1500 ns
Vgg =—12V
Vgg =+12 V, Vpp =0V,
tap  Access time TTL load (Notes 1 & 2) ss = 12 oD 700 | 1300 ns
Vgg=-12V
A1 Access time (Notes 2 & 3) Vgg=-24V, Vpp =—-12V 15 2.0 us
tA2 Access time (Notes 2 & 3) VGG =—24V, Vpp=-12V 0.8 15 us
NOTES: 1. Open ended buffer
2. See Switching Diagram
3. Double-ended buffer Ry = 1 M2, C=20pF
switching circuit and TTL interface
+12V —-12v
6.8 k2
SN7400
o— o—- TTL
Vss Veg |0 22k8 ouTPUT
o—q1 —
—o
i 1
INPUTS OR 1 TMS 4400 JC/NC i
— 1 1
CHIP SELECT 10 pF** 15 pF**
i !
o Voo —_— 1
* VALUE OF R DEPENDS ON SYSTEM SPEED AND POWER REQUIREMENTS,
*+ THE OUTPUT CAPACITANCES ARE NOT PART OF THE TTL INTERFACE. THEY ARE USEP IN THE SWITCHING
CIRCUITS TO SIMULATE PARASITIC CAPACITANCE LOADING IN ACTUAL USE (BOARD, WTERCONNECT, ETC.).
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TMS 4400 JC, TMS 4400 NC
4096-BIT STATIC READ-ONLY MEMORY

switching diagram (TTL load)

LOGIC
Vgg -8V
B a2
INPUT
Vgg -3V
LOGIC 1
N asv
ov L_
TTL OUTPUT Z
(OPEN-DRAIN BUFFER) 7 .5V
ov
LOGIC 1
Vss$<
MOS OUTPUT [ Vss 20V
(DOUBLE-ENDED BUFFER) 7
LOGIC 0
TEXAS INSTRUMENTS 14191
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TMS 4400 JC, TMS 4400 NC
4096-BIT STATIC READ-ONLY MEMORY

mechanical data and pin configuration

The device is available in both a 24-pin hermetically sealed ceramic dual-in-line package (TMS 4400 JC) and a 24-pin
plastic package (TMS 4400 NC). These packages are designed for insertion in mounting-hole rows on 0.600-inch centers.
{See MOS/LSI packaging section.)

Depending on the organization of the memory, 2 pin configurations may be used:

PINNO. 512x8  1024x4 PINNO. 512x8  1024x4
10e U ] 24 1 I 14 13 04 02
i O 2 o o 14 O3 01
cs1 cs1 15 o NC
O ul s 2
4 €s2 cs2 16 01 NC
4 u 5 cs3 cs3 17 Vss Vss
(- H 6 csa Ig 18 I i
O 1l 7 Vaa VGG 19 17 17
O TOP | 8 Vpp Vpp 20 ig ig
] VIEW 0 9 Og NC 21 Is Ig
10 0 NC 22 I4 14
7
4 - 1 0Og 04 23 I3 I3
120 1 15 12 05 03 24 12 Iy
I INPUT NC NO CONNECTION
0  OUTPUT cs CHIP SELECT

custom programmed devices

The TMS 4400 JC/NC series is programmed at the gate-oxide stage of manufacturing. Programming charges are reduced
to a minimum because only one mask per unique design need be created (gate-oxide-removal mask). All other proces-
sing steps remain the same for all devices. Options available to the customer during programming are:

memory organization — 512 x 8 or 1024 x 4
memory contents

chip-select word

output buffer type

The encoding of the gate mask is done by computer to provide a fast, error-free encoding process.

input format

Programming information for the TMS 4400 JC/NC will be transmitted to Tl in the form of a deck of 64 standard 80-
column computer cards, accompanied by a listing of these cards. This method eliminates many chances for error and
guarantees the fastest delivery schedule of ROMs. Upon receipt of each deck, a computer run will be made and a copy
of the computer-generated truth table sent back to the customer. This copy should be checked carefully. If any errors
are discovered, T| must be notified immediately so that work can be stopped and the necessary adjustments made.

Information on the various circuit options desired will be transmiited on a special form supplied by Tl. A copy of the
form is included in this builetin.
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TMS 4400 JC, TMS 4400 NC
4096-BIT STATIC READ-ONLY MEMORY

DATA CARD FORMAT

Column No.
12 Punch a right-justified integer for the card number (1-64).
3-6 Punch the ZA identification number supplied by TI MOS Marketing (4 numbers).
7 Blank
8-11 Punch a right-justified integer representing the binary input address for the first set of outputs described
on the card.
12 Blank
13-16 Punch a right-justified integer representing the binary input address for the last set of outputs described
on the card.
17-80 Punch the desired output data for the range of addresses specified on the card — a “1* for a logical 1 and

a 0" for a logical 0.
Input addresses and output data are dependent upon the configuration.

512 Word x 8-Bit Organization

Each card will describe 8 sets of output data. The address words will be sequential from 0 to 511. The
output data sets will each be 8 columns long and describe the outputs 01, 02, 03, 04, O, Og, 07, and
Og, in that order.

1024 Word x 4-Bit Organization

Each card will describe 16 sets of output data. The address words will be sequential from 0 to 1023.
The output data sets will each be 4 columns long and describe the outputs O1, 02, 03and O4 in that
order.

TEXAS INSTRUMENTS 14193
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TMS 4400 JC, TMS 4400 NC

4096-BIT STATIC READ-ONLY MEMORY
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TMS 4400 JC. TMS 4400 NC
4096-BIT STATIC READ-ONLY MEMORY

TMS 4400 JC/NC CUSTOM CODING INFORMATION

ZA ldentification: Date:

Customer

Address

Customer Part Number:

Chip Organization

512x8 O (8) 1024 x 4 g (4)
Chip Address
512x8 1024 x 4
Cs1 Cs2 CS3 Cs4 CS1 CS2 Cs3
Pin Nos. 3 4 5 6 Pin Nos. 3 4 5
NOTE: 0 — Logical zero level (negative logic)
1 — Logical one level {negative logic)

X — Do not wish to use

Output Buffer Type

Open Drain, TTL Compatible a (OD)
Push-Pull, MOS Compatible o (PP)
TEXAS INSTRUMENTS 14-195
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TMS 4400 JC, TMS 4400 NC

4096-BIT STATIC READ-ONLY MEMORY

truth table, TMS 4401 JC/NC (sheet 1 of 4)

QUTPUTS
12 3 4

ADDRESS
NO.

QUTPUTS
12 3 4

ADDRESS
NO.

OUTPUTS
12 3 4

ADDRESS
NO.

QUTPUTS
12 3 4

01 1 1
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CS1=1 CS2=1 CS3 =1 push-pull outputs

MENTS

Texas |

14-196

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TMS 4400 JC, TMS 4400 NC

4096-BIT STATIC READ-ONLY MEMORY

truth table, TMS 4401 JC/NC (sheet 2 of 4)

OUTPUTS
1 2 3 4

ADDRESS
NO.

1 2 3 4
1111

NO.
384
385

ADDRESS QUTPUTS
386

OUTPUTS
1.2 3 4

1111

ADDRESS
3 4 NO.
1111

OUTPUTS
12
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TMS 4400 JC, TMS 4400 NC

4096-BIT STATIC READ-ONLY MEMORY

truth table, TMS 4401 JC/NC (sheet 3 of 4)

OUTPUTS
12 3 4

ADDRESS
NO.

OUTPUTS
12 3 4

ADDRESS
NO.

CUTPUTS
2 3 4

QUTPUTS ADDRESS
12 3 4 NO. 1
1
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TMS 4400 JC, TMS 4400 NC
4096-BIT STATIC READ-ONLY MEMORY

truth table, TMS 4401 JC/NC (sheet 4 of 4)

ADDRESS OUTPUTS ADDRESS OUTPUTS ADDRESS OUTPUTS ADDRESS OUTPUTS
NO. 1 2 3 4 NO. 2 3 4 NO. 1 2 3 4 NO. 12 3 4
768 11 11 832 1111 896 111 1 960 1111
769 1111 833 111 1 897 11 11 961 11 11
770 1111 834 1111 898 1111 962 1111
771 1111 835 01 11 899 111 1 963 1111
772 01 1 1 836 01 1 1 800 01 1 1 964 0111
773 0 111 837 01 11 901 01 1 1 965 o111
774 0111 838 011 1 902 0 111 966 011 1
775 0111 839 011 1 203 0111 967 0111
776 01 1 1 840 0 11 1 904 01 1 1 968 0111
777 01 1 1 841 6 111 905 0o 111 969 01 11
778 01 1 1 842 011 1 906 0111 970 0111
779 01 11 843 011 1 907 0111 971 011 1
780 0 011 844 0 011 908 00 11 972 6 01 1
781 00 1 1 845 0 0 1 1 2909 c 01 1 973 o 0 1 1
782 c 011 846 0O 01 1 910 0 01 1 974 o0 1 1
783 0 0 11 847 0 0 1 1 911 0 0 11 975 0 01 1
784 00 1 1 848 00 1 1 912 00 1 1 976 00 1 1
785 00 11 849 0 0 1 1 913 0O 0 1 1 977 o 0 11
786 00 11 850 0 01 1 914 0 0 11 978 0011
787 00 11 851 0 0 1 1 915 0 0 11 979 00 1 1
788 0 0 0 1 852 0 00 1 916 0 00 1 980 0 0 0 1
789 0 0 01 853 00 0 1 917 0 0 01 981 0 00 1
790 0 0 01 854 00 01 918 0 0 0 1 982 00 0 1
791 0 0 01 855 0 0 0 1 919 0 0 01 983 0 00 1
792 0 0 0 1 856 00 0 1 920 ¢ 0 0 1 984 0 0 0 1
793 0 0 01 857 00 01 921 0 0 01 285 0001
794 0 0 0 1 858 0 0 0 1 922 0 00 1 986 00 0 1
795 0 0 0 1 859 0 0 01 923 0 00 1 987 00 0 1
796 0.0 00 860 0 00O 924 o 000 988 0 0 0O
797 0 00O 861 0 0o o0 o0 925 0 0 00 989 0000
798 0 0 0 O 862 0000 926 o 00O 990 0 00O
799 0 0 0 0 863 0 00 O 927 0 00 0O 991 00 00O
800 0 00O 864 0 00O 928 00 0 O 992 0 00 O
801 0 0 0O 865 0 0 0O 929 00 0O 993 0 00O
802 0000 866 0 00O 930 00 0O 994 0 0 0O
803 0 00O 867 0 00O 931 00 0O 995 0 00 O
804 0 0 012 868 00 0 1 932 00 01 9296 0 0 01
805 0 00 1 869 00 0 1 933 00 01 997 0 0 01
806 0 0 01 870 00 01 934 00 01 998 0001
807 0 0 0 1 871 00 01 935 0 0 01 999 0 0 01
808 0 0 01 872 0 0 01 936 0 0 01 1000 0o 0 0 1
809 0 001 873 00 0 1 937 0 00 1 1001 0 00 1
810 0 0 01 874 0 00 1 938 0 00 1 1002 0 0 01
811 0 00 1 875 0 0 01 939 00 01 1003 0 0 01
812 00 11 876 00 11 940 00 1 1 1004 0 0 11
813 00 11 877 0 011 941 00 11 1005 0011
814 0 01 1 878 0 01 1 942 00 1 1 1006 00 11
815 00 1 1 879 00 1 1 943 00 1 1 1007 0 0 11
816 00 11 880 00 1 1 944 00 11 1008 00 11
817 001 1 881 001 1 945 0 01 1 1009 00 11
818 00 1 1 882 0011 946 00 11 1010 0011
819 00 11 883 0011 947 00 11 1011 0 011
820 011 1 884 0111 948 0111 1012 01 11
821 01 1 1 885 01 11 949 o 111 1013 01 11
822 0 11 1 886 0111 950 0 111 1014 o111
823 0111 887 o0 111 951 01 11 1015 011 1
824 01 11 888 0111 952 0111 1016 0111
825 0111 889 01 11 953 0 111 1017 0111
826 0 11 1 890 0 1 11 954 0o 11 1 1018 c 111
827 0111 891 0 111 955 0 1 11 1019 o111
828 1111 892 1111 956 111 1 1020 1111
829 1111 893 1111 957 1111 1021 1111
830 1111 894 1111 958 1111 1022 1111
831 111 1 895 111 1 959 111 1 1023 1111

14
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PROGRAMMABLE LOGIC ARRAYS

Programmable logic arrays represent an economical and efficient method to implement random logic
using programmable techniques. “Random Logic” means a logic circuit that is not strongly structured, as
opposed to circuits such as shift registers, read-only memories, etc. When a random-logic circuit is
implemented in MOS, a large part of the chip area is used for interconnection between the cells, as can be
seen from the pictures below. This area is essentially wasted.

Random-Logic Chip Shift-Register Chip

lgpigiglaigiainglisialy v

L |
L P—MFT T h_JL;Hn

I T __'—‘ | T

INACTIVE
AREAS

METAL
INTERCONNECT

u;——_—
S s L s ]
T T T

T
Tﬁ

1) Some Economics

A customer who wants to build a random-logic circuit can choose any of three approaches: bipolar,
relatively low-complexity integrated circuits; a custom MOS circuit; a programmable MOS circuit (such as a
read-only memory or a PLA).

A custom MOS circuit will be designed from scratch. The customer’s logic will be implemented on a
piece of silicon. TI will reduce the size of the chip as much as possible, but there will still be a large inactive
area for interconnections. With the programmable approach, T starts with a circuit that is already designed.
In order to program the device, only one photomask is modified and this is accomplished easily and
economically.

2) PLA Structure

The PLA structure is extremely simple. Any logic equation can be written as a sum of products or as a
product of sums, and that is exactly what has been implemented on the array.
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PROGRAMMABLE LOGIC ARRAYS

The logic expression is written as a sum of products:
e A first programmable matrix generates the products terms (AND matrix)
e A second programmable matrix generates the sum of products (OR matrix)

. Flip-flops are used in feedback loops to permit implementation of sequential logic.

r-———"—"~>"~>"~"~"~—"=-"-"="-"=-"=-" = - -~ - =-=-°=-- A
1 |
] |
f | INPUTS 1
CLOCK CLOCK
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PRODUCT K RESET
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|
|
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PRODUCT
TERMS
GENERATOR

i

|

|

|

| MATRIX — J> OUTPUT E@
| BUFFERS QUTPUTS
.

|

|
|
|
|
l
|
!

a) AND Matrix
The role of the AND matrix is to form the product terms of the input terms, and their complements.

The number of product terms has been arrived at by heuristic methods. We have set a limit of “
60 product terms for the TMS 2000 JC, and 72 for the TMS 2200 JC.
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PROGRAMMABLE LOGIC ARRAYS

LOGIC EQUIVALENT OF

PLA ‘AND’ MATRIX PLA ‘AND’ MATRIX
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b) OR Matrix (Sum of Products)
LOGIC EQUIVALENT OF

PLA ‘OR’ MATRIX PLA ‘OR’ MATRIX
Pq P2 P3
\ A Y TeAMs
Vop © 1L . g g > 4
Vee O - ‘Hﬁ ﬁ

<
|||—

OUTPUTS > TO J AND K FLIP FLOP INPUTS
K "OR"” MATRIX
Lo | ‘::
{OUTPUTS TO OUTPUTS BUFFERS

Pymtiysig'  Ppe(ytTy'  Py=liy =T 0y

b
'

Ly
1
\n?
I
e

L
||}-4

]
b,
4
T,
11,

1

R )

it
I
T 1
h
SEnvY
L
T,
\

Ky =Py 4 Py=1y =147y ° Ty

0;=¥p=T, T,

0y =P+, 485, ° 1y
50 AN 4

IH

O3=Fy=iy°1z

!
ARREY
b
L
|||-
'
I4

AP

04 =P+ Py=Ty Tyt1y Ty

14202 TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



PROGRAMMABLE LOGIC ARRAYS

The AND matrix feeds into the OR matrix. The OR matrix generates sums of product terms. Some of
the outputs of the OR matrix are fed to the outside while others are fed back to the first matrix (AND}
through flip-flops.

Both matrices are programmable. A product term can be of as many of the inputs and their
complements as the designer wants. By this same token.a sum of product terms can be of as many of the
products as the designer wishes.

LOGIC EQUIVALENT OF PLA ORGANIZATION

ly o — ,

r
)
She

N
- DO_
D

(A*B)*(C-D) p— (A*B)+(C*D)
c) Feedback Loops, Flip-Flops

In order to implement sequential logic, feedback loops are necessary. These feedback loops must be
timed. 1f we fed back directly the outputs of this second matrix (OR matrix) to the inputs of the first
matrix (AND), a race condition could develop. We use one JK master-slave flip-flop per feedback loop to
take care of this timing. We are able to reset all these flip-flops to initialize the logic. The designer is free to
choose which and how many outputs are fed back to the first matrix.

3) PLA versus ROM
A PLA is actually a big Read Only Memory with a non-exhaustive decode section that has been

adapted to the implementation of random logic. How does a PLA differ from a ROM and what are the
advantages?

TEXAS INSTRUMENTS 14203

INCORPORATED
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222



PROGRAMMABLE LOGIC ARRAYS

a) Combinational Logic

Combinational logic is easily implementéd on a read-only memor§. The truth table is written in such a
way that the outputs are logic functions of the inputs.

a O— ——O x=

b O —o0 v=| f (a,b,cd)
¢ O—o, ROM L o .-

d O— —0

The main drawback to this scheme is that every time an input variable is added, the size of the ROM is
doubled. This is because the decode scheme of the read-oniy memory is exhaustive. All the product terms
are generated, and that soon becomes prohibitive. To do what our PLA TMS 2000 JC does through straight
read-only-memory techniques would take 225 words (17 external inputs anid 8 inputs from the flip-flops),
that is 8,288,608 words of 26 bits (18 external outputs and 8 feedback loops) — or a total capacity of
218,103,808 bits which is a ludicrous size for any read-only memory.

In a PLA all the product terms are not generated. Tl has set the limit at 60 product terms for the
TMS 2000 JC and to 72 for the TMS 2200 JC. These numbers have been arrived at through heuristic
methods and have proven to be sufficiently large. It is not often that an equation is presented with
60 terms, each one being a product of up to 25 variables.

b)  Sequential Logic

To perform sequential logic with a read-only memory, the outputs must be fed back to the inputs
through a gating arrangement,

This is comparatively easy to do but has drawbacks:
®  For each feedback loop two package pins are wasted.
®  The gating arrangement has to be provided.
e Initialization of the logic is difficult.

In the PLAs the feedback loops are never brought outside, which saves a number of pins. The initialization
is easy because JK flip-flops are used.
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PROGRAMMABLE LOGIC ARRAYS

ROM CONNECTED TO PERFORM SEQUENTIAL LOGIC

MOS GATING
L
- o— . ——02
- 20— ROM ——03
z O e} -4
4) Catalog PLAs
T1 presently markets two catalog PLAs:
TMS 2000 JC TMS 2200 JC
40 pins ‘ 28 pins
17 external inputs 13 external inputs
18 outputs 10 outputs
8 flip-flops 10 flip-flops
60 product terms 72 product terms

These devices are produced using silicon nitride technology; which permits easy interface with TTL/DTL.
5) Design Considerations
a) Logic Design

Logic design with PLAs is easy. With the PLA approach the designer writes down the logic equations
of each of the outputs in terms of the external inputs and feedback inputs.

Once this}is done the programming of the matrices is handled by a computer program. A SOETWARE
PACKAGE bulletin describes in detail the mechanical aspects of the operation.

b) Design Efficiency

The PLA is an extremely powerful tool. The designer must be careful to use as fully as possible the
capability of the PLAs. To help him do that T has published a SOFTWARE PACKAGE bulletin and “
application report which includes design considerations. The PLA technique is extremely efficient from a
silicon real-estate point of view.
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14-206

MO0S TMS 2000 JC, NC; TMS 2200 JC, NC
LSI o PROGRAMMABLE LOGIC ARRAYS

features

(] Low-threshold MOS/bipolar technology
Static operation
Push-pull or single-ended output buffers
Optional internal MOS pull-up resistor on inputs
TTL compatible

CDIP or plastic package

description

The programmebtle logic array (PLA} isa device that is programmable by gate-oxide mask. It is used to perform sequen-
tial and combinational logic. :

The TMS 2000 JC/MNC and TMS 2200 JC/NC series are groups of programmable logic arrays manufactured using P-
channel enhancement-mode low-threshold MOS and NPN bipolar techniques.

A PLA is a unique combination of master-slave JK flip-flops and static read-only memories on a single MOS/LSH chip.
The programmable logic arrays have been designed to permit the implementation of custom random logic with the same
low cost and quick turnaround provided by a read-only memory. Sequential and combinational logic may be implemen-
ted in a PLA. The logic is described in the form of Boolean equations, whichrare converted by T! software routines into
the gate-oxide mask.

In the TMS 2000 JC/NC seventeen external inputs and the eight flip-flop outputs are combined by a product term genera-
tor into 60 product terms. These are then combined by a sum-of-product-terms generator into 16 lines for the 8J and

8 K inputs to the 8 JK master-slave flip-flops and into 18 external outputs. The flip-flop operation is controlled by a
common reset input and a single clock:

In the TMS 2200 JC/NC thirteen external inputs and the ten flip-flop outputs are combined by a product term genera-
tor into 72 prouuct terms. These are then combined by a sum-of-product-terms generator into 20 lines for the 10J
and 10 K inputs 0 the 10 JK master-stave flip-flops and into 10 external outputs. The flip-flop-operation is controlled
by a common reset input and a single clock.

The device inputs “»ave optional internal pull-up resistors for easy interface. The output buffers incorporate bipolar NPN
transistors and either push-pull orfopen-ended buffers may be:chosen. These features facilitate interfacing the PLAs in
TTL systems.

The PLAs are designated TMS 2000 JC and TMS 2200 JC when mounted in hermetically sealed ceramic dual-in-line
packages. In dual-in-line plastic packages the units are numbered TMS 2000 NC and TMS 2200 NC.

organization

TMS 2000 JC/NC TMS 2200 JC/NC
Number of product terms 60 72
Nu.mber of external inputs 17 13
Nuinber of external outputs 18 10
Nurr ber of JK flip-flops 8 10
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TMS 2000 JC, NC; TMS 2200 JC, NC
PROGRAMMABLE LOGIC ARRAYS

functional diagram of a programmable logic array (TMS 2000 JC/NC)
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operation

1

2)

3)

Input

The present external inputs and the previous flip-flop outputs control the state of the internal flip-flops.

Internal

Data is entered into the master flip-flop during the positive edge of the clock inputs, while the slave flip-flop is
set during the negative edge.

The flip-flops may be reset at any time by applying a low voltage on the reset input. However,' if the reset input is
taken high while the clock is high, an indeterminate flip-flop state may result.

OUtDUt
The external outputs can be a function of the present inputs or the present flip-flop outputs, or a function of
both.
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TMS 2000 JC, NC; TMS 2200 JC, NC
PROGRAMMABLE LOGIC ARRAYS

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

Supply voltage Vpp range (See note)
Supply voltage VGG range (See note)

Clock and data input voltage ranges (See note)

Operating free-air temperature range
Storage temperature range .
Power dissipation .

NOTE: These voltage values are with respect to

logic definition

Positive logic is assumed.

Vss.

a) Logic 1 = most positive voitage

b}  Logic 0 = most negative voltage

recommended operating conditions

—15V 1003V
. -25V 1003V
-15Vt0 03V
—25°C 10 85°C
—55°C to 150°C
300 mw

CHARACTERISTICS MIN NOM MAX UNITS
Supply voltage Vpp —4.7 —10 —-11
Supply voltage VGG -15 —-17 —18.5 v
Vin(0) with internal resistor (TTL) -4 -5 | -5.25 \
Vin(1) with internal resistor (TTL) 0 -5 -15 v
Vin(0) without internal resistor (MOS) -4 -5 =11 v
Vin(1) without internal resistor (MOS) +0.3 —0.5 -1.5 \

NOTE: AMN voltages are with respect to Vgs.

The design of the unit permits a broad range of operations that allows the user to take advantage of readily available
power supplies (e.g., +5 V, =5 V, =12 V).

electrical characteristics at nominal operating conditions and 25°C

PARAMETER TEST CONDITIONS T MIN NOM MAX UNITS
Vout(1) Logical 1 output voltage RL =10k to Vpp (See Note 1) 0 -0.7 -1.0 Y
Vout(Q) Logical 0 output voitage Ri = 10 kQ to Vgg (See Note 1) -8 —9 —10 \
Vout(1) Logical 1 output voltage R =6.8kQ to Vg (Note 2) 0 -1.0 -1.5 A\
Vout(0) Logical 0 output voltage RL =6.8kS2 to Vgg (Note 1) -10 -1 -17 v
lin(0) Input leakage current ViN = ~10 V (See Note 3) -1.0 pA
lino)  With internal resistor (TTL) -0.38 -0.9 -1.1 mA
lin(1)  With internal resistor (TTL) 0 —40 | —125 HA
T Unless otherwise noted, R = 10 kQ to Vgg.
NOTES: 1. Push-pull output buffers used
2. Single-ended output buffer used
3. Optional input resistors not used
— continued
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TMS 2000 JC, NC; TMS 2200 JC, NC
PROGRAMMABLE LOGIC ARRAYS

electrical characteristics at nominal operating conditions and 25°C (continued)

PARAMETER TEST CONDITIONS MIN NOM | MAX UNITS
Rin Input impedance ViN =0V to—10 V (Note 4) 5 7 12 kQ
Cin Input Capacitance Vin =0, f=1MHz 3 5 pF

[I57%) Supply current into Vpp terminal 18 25 mA
[fele) Supply current into Vg terminal 1.0 4.0 mA
Iga Supply current into Vg terminal (See Note 5) 15 20 mA
NOTES: 4. Optional input resistors used
5. All outputs at {ogic 1
switching characteristics at nominal operating conditions and 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
tp(data) Width of data pulse CL =30 pF, RL=1MQ 2.0 us
tpiclock) Width of clock pulse Cp = 30 pF, R =1MQ 0.5 us
tp(reset) Width of reset pulse CL =30 pF, Ry =1MQ 0.5 us
f Clock repetition rate CL =30pF, Ry =1MQ o] 200 kHz

Propagation delay time from input to 0.9 1.1 1.4 (25°C) us
tg; Cy = 30 pF, Ry =1 M@ o
output with no clock 1.9 (85°C) us
Propagation delay time from reset 1.1 1.4 {25°C) us
tar CL = 30 pF, RL = 1MQ .
input to a change in external output 1.9 (85°C) us
Propagation delay time from clock 09 1.1 1.4 (25°C) us
t4f Cp. =30 pF, R =1MQ o
input to a change in external output 2.1 (85°C) us
Delay time required between data ’
tdb Cp = 30pF, RL=1MQ 1.9 us
input and positive edge of clock
Input hold time after negative edge
tda C =30pF, RL=1MQ 0.1 us
of clock
tor Output rise time (single-ended output) | 6.8 k2 to Vgg 20 60 200 ns
tof Output fall time (single-ended output) | 6.8 kQ to Vgg 100 250 350 ns
tor Output rise time {push-pull output) C=30pF, R =1MQ 20 60 200 ns
tof Output fall time (push-pull output) C_ =30pF, R =1MQ 100 200 300 ns
timing diagram
1
0 ‘ DATA INPUT
1
1] l_—]— CLOCK INPUT
1 RESET INPUT
0 L_]
1
0 —_——l_—_.’ I— DATA OUTPUT
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TMS 2000 JC, NC; TMS 2200 JC, NC
PROGRAMMABLE LOGIC ARRAYS

voltage waveforms

tp(data)

0 tab

DATA INPUT

CLOCK INPUT

|

RESETINPUT | ‘presst _, I
| ! |
{ l | I

[ tdr » < tdi ) | « it 5l
DATA QUTPUT [ 1 ' |

| |'A I
AN j | \
Iy ! I 1 |
ety —»] ety |

NOTE: TIMES ARE MEASURED AT 10% AND 90% POINTS OF THE APPROPRIATE MOS OR TTL LOGIC LEVELS.

pin configuration — TMS 2000 JC/NC

“TMS 2000 JC” is the part number for a unit mounted in a 40-pin hermetically sealed dual-in-line package. Mounted in
a 40-pin-dual-iriline plastic package, the unit is designated TMS 2000 NC.

OO0 0000000000000
40 21

D TOP VIEW

o1 20
oo Oougoogagooguguaguoddu

PINNO.  FUNCTION PINNO.  FUNCTION PINNO.  FUNCTION PINNO.  FUNCTION
1 VpD 11 O10 21 RESET 31 110
2 04 12 011 22 I 32 111
3 09 13 012 23 12 33 112
4 O3 14 013 24 I3 34 113
. 5 O4 15 O14 25 g 35 I14
6 Os 16 O15 26 Is 36 15
7 Og 17 O16 27 g 37 he
8 07 18 017 28 17 38 117
9 Og 19 O18 29 Ig 39 cLocK
10 Og 20 Vss 30 ls 40 VGG
+
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TMS 2000 JC, NC; TMS 2200 JC, NC
PROGRAMMABLE LOGIC ARRAYS

mechanical data and pin configuration — TMS 2200 JC/NC
““TMS 2200 JC* is the part number for this device mounted in a 28-pin herm..icaily seaied ceramic dual-in-iine package.

Mounted in a 28-pin dual-in-line plastic package, the unit is designated TMS 220 NC. The packages are designed for in-
sertion in mounting-hole rows on 0.600-inch centers. (See MOS/LSI packaging section.)

O000O000000000070

28 15
3 TOP VIEW
o1 ]

|0 [ I I O 6 A5 6 N I [

PIN NO. FUNCTICN PIN NO. FUNCTION PIN NO. FUNCTION PIN NO. FUNCTION

1 Vpp 8 Og 15 Iq 22 Ig

2 VGG 9 07 16 I 23 lg

3 [oF] 10 Og 17 I3 24 li0

4 02 11 Og 18 g 25 111

5 03 12 010 19 ig 26 12

6 O4 13 Vssg 20 le 27 113

7 Cs 14 RESET 21 Iz 2 CLOCK

interfacing

a) To TTL system

Each external input of the PLA has an optional internal MOS pull-up resistor available for interfacing with TTL.
With Vgg at +5 volts, this internal resistor serves to pull up a logic 1 from the TTL specified level of 2.4 V to Vgs.

The output buffer may be chosen at its programming stage as either push-pull or open-ended. To interface with TTL
systems or when the wired-OR capability is required, the open-ended buffer would be used with an external resistor.

INTERFACE CIRCUITS WITH TTL SYSTEMS

5V -5V ~-12V
S o vVee
7 Vss Vpp :
SN7400 6.8 SN7400
P MATRICES AND ke
o— - - FLIP-FLOPS i 3)—0
iPLA
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TMS 2000 JC, NC; TMS 2200 JC, NC
PROGRAMMABLE LOGIC ARRAYS

interfacing (continued)
b)  To MOS systems
For input interfacing from other MOS devices, the internal pull-up resistors are not required.

The output buffer is selected as a push-pull type to provide a high-capacitive drive without the need of an external
resistor.

INTERFACING WITHIN MOS SYSTEMS

T -10V
PLA

Voo _]
o—1 MOS ® MATRICES AND FLIP-FLOPS ( ;VJL

VGG | sz
L

MOS —o

o -17V

custom programming

The logic functions performed by the PLA are controlled by programming or coding the product-terms-generator matrix
and the sum-of-preduct-terms-generator matrix.

The number of different product terms is {imited to 60 {TMS 2000 JC/NC) or 72 {TMS 2200 JC/NC).

The logic equations define the sum of product terms. There will be one equation for each output and for each flip-flop
input. A computer program is used to implement the logjc equations on the chip.

Complete information on programming Texas Instruments MOS/LS| programmable logic arrays is contained in a PLA
SOFTWARE PACKAGE available from the TI field sales office.
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RANDOM-ACCESS MEMORIES

The rapid evolution of MOS technology has resulted in MOS memories that are competitive in cost
with core memories and superior in performance. From 256 to 2000 bits, and for static or dynamic
operation, MOS memories can be used for applications covering the entire spectrum of 'd,ata handling
systems from scratch-pad to computer main-frame memories.

1) Characteristics

MOS RAM:s are ideally suited for those applications requiring high speeds and low power dissipation.
They can replace core memories used for scratch pads or for computers, while offering faster access times
and a simpler drive circuitry. Their low access times make them attractive in applications where other
semiconductor memories were considered, but found unsatisfactory for reasons of cost, power dissipation,
or ‘package count. For small systems, fully-decoded memories are easier to use. However, the speed of a
fully decoded random-access memory is less than the speed of an off-the-chip bipolar decode X-Y select
memory.

Random-access memories presently on the market are either static or dynamic.

e  STATIC — An MOS flip-flop is used to store the information. Clocks are not needed. The
data will stay in storage as long as the power is maintained.

e DYNAMIC — MOS capacitors are used as data storage elements. Data must be refreshed to
assure integrity. )

Random-access memories can also be defined as:

e  Fully-Decoded Memories — A binary address determines the location in which the Write or
Read operation is parformed.

. Two4Dim§n§§onaI Decode — The address of the word is given by an X-Y select.
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RANDOM-ACCESS MEMORIES

READ
+ —Vpp SELECT I
WRITE

T ’—T-L_“
T 1.

it
X ADDRESS DRIVE
l_l Q7 as
() o
{. by I Y ADDRESS DRIVE
Do DIGIT LINE
D1 DIGIT LIiNE
WRITE DATA READ DECK
SINGLE RAM CELL AND DYNAMIC MEMORY CELL
ADDRESS GATING (WITHOUT ADDRESS GATING}
2) Features

Whatever type of MOS RAM is considered, the following features are inherent:

e  Nondestructuve Read out — In an MOS RAM the reading of information does not affect the
content stored. So it is not necessary to perform a Write after every Read operation as is
normal for magnetic memories. This is why the important parameter in an MOS memory is
the access time rather than cycle time.

e  Speed — Speeds of 150 ns with separate decoding, or 300 ns with decoding on the chip are
typical.

e  Power Dissipation — Power dissipation is typically less than 1-tenth mW per bit.

e  Flexibility — MOS memories are available in much smaller sizes than the equivalent core
memories. The memory configuration is very flexible and can be altered without
appreciably increasing the basic price.
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RANDOM-ACCESS MEMORIES

Environmental Characteristics (temperature range, mechanical, etc.) — Semiconductors are
able to work in much more rugged environment than cores with much greater reliability.

Cost — MOS memories are already more economical than magnetic memory cores for small-
and medium-size systems. Mass assembly techniques, such as beam-lead MOS devices are
being used to manufacture MOS memory systems and to further reduce the cost.

3) Tl Devices

TI produces seven MOS RAM memory elements:

TMS 1101 NC  — 256-bit static RAM with decode

TMS 4003 JR/NC — 256-bit high-speed random-access memory (with separate decode)
TMS 1103 NC — 1024-bit dynamic RAM with decode

TMS 4020 NC  — 2048-bit dynamic RAM, high-speed, two external clocks

TMS 4023 NC — 1024-bit dynamic RAM, medium-speed, low cost

TMS 4025 NC  — 2048-bit dynamic RAM, high-speed, low power

TMS 4000 JC/NC — 128-bit content addressable {associative) memory

TMS 4003 JC — 256-bit high-speed random-access memory

The TMS 4003 JC/NC is a direct-address memory, having 16 X-address and 16 Y-address lines. Any
one of the 256 bits in the memory can be selected by driving one X- and one Y-address line in coincidence.
Sensing the logical state of the selected bit is achieved by differentially observing two outputs, Dg and D1,
digit lines. The same digit lines are used to write information into an addressed bit. A block diagram of the
TMS 4003 is shown on the following page.
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RANDOM-ACCESS MEMORIES

DESCRIPTIVE BLOCK DIAGRAM OF THE TMS 4003 MOS RAM

(16 LINES FROM X-ADDRESS DECODER)
x1 X

LLLILIL

Y16 —_— X-ADDRESS LINES

ODER)

|
L

FROM POWER SUPPLY

DD

TMS 4003
DEVICE
GROUND
(SUBSTRATE)

Y-ADDRESS LINES
+

|

!GIT LINES
o D

<
-
o 0

1

(16 LINES FROM Y-ADDRESS DEC

TO READ/WRITE CIRCUITRY

No clock signals are required to operate the TMS 4003 JC/NC or to retain information. Such a design
is referred to as static as distinguished from dynamic which requires the continuous application of single or
multiple clock signals to function properly.

The memory organization of the TMS 4003 JC/NC is referred to as 256-words-by-1-bit, because an

address can only select one bit at a time. Larger memory systems can be constructed using this 2566 X 1
memory as a basic cell.

Paralleling address lines can increase word size. For example, if eight memories were connected by
tying their respective X- and Y-address lines together, a 266-word by 8-bit memory would be formed. A
single X-Y address applied to this system would produce eight separate digital outputs.

The number of words can be increased by paralleling digit lines. For instance, to make a 1024-word by
1-bit memory plane, four 2566 X 1 memories are used, resulting in 32 X-address and 32 Y-address lines and a
single output consisting of two digit lines.
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RANDOM-ACCESS MEMORIES

Memory planes like the one described can be paralleled in the same manner as individual memories. |If
eight 1024 X 1 planes, for example, had their corresponding X- and Y-address lines connected together, a
1024 X 8 memory system would result. A total of 32 TMS 4003 JC/NC MOS RAMs would be necessary for
such a system. Even larger systems are possible, the ultimate size being limited by the drive capabilities of
the external address and write circuitry.

TMS 1101 NC — 256-bit random-access memory with decode

The TMS 1101 NC is a 256-bit fully decoded static random-access memory. Any one of the 256 bits in
the memory can be selected by properly addressing the eight address lines. All -inputs and outputs of
TMS 1101 NC, including addresses and control logics, are fully TTL/DTL compatible; this will minimize
interface problems in system designs.

The TMS 1101 NC is a full static circuit; no clock signals are required in operating the circuit.

A chip-select control provided by the TMS 1101 NC allows several circuits to be wired-OR together,
which makes the expanded organization of the memory a very simple operation.

The TMS 1101 NC can be considered to have a 251-words-by-1-bit organization. To expand the bit
length of a word from 1 bit to n bits, it is only necessary to connect all address lines and control logics of
n circuits in parallel. To increase the word size from 256 words to as many as m times 256 words, a decoder
must be provided to select one out of m circuits which are all wired-OR together. Chip select controls of
the circuits provide the means for the above expansion. A memory size of 1K words X 1 bit using
TMS 1101 NC is illustrated in the following block diagram.

DATA
ouT

A —¥

TMS 1101 NC TMS 1101 NC TMS 1101 NC TMS 1101 NC

Ag — » »

Ag —W

2-Bit Decode
Ag —¥

14
ORGANIZATION OF 1K-X-1 MEMORY USING TMS 1101 NC -

TeExAS INSTRUMENTS 14217

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



RANDOM-ACCESS MEMORIES

To expand the 1K-X-1 memory into 1K X 4, the 2-bit decode can be shared by the four 1K planes as

shown:
[ ! 1 ! -
A g P
L TMS 1101 NC cs cis crs
| — cis
|
| 2 9 < » Bit2
| | [ 1 [
I 7 cis o cs | ¢ cs o csl—e
| > >
|
| » * ¢ » Bit3
| | | | I
l cis —o g cis +—¢ cis —o cis —e
I W
|
| ° ° o > o
¥ Bit4
| T ! !
A l " cs —e cs —o cis o cisr—¢
8
Ag
2-Bit Decode
Ao
ORGANIZATION OF 4K-X-4 MEMORY USING TMS 1101 NC
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RANDOM-ACCESS MEMORIES

By the same approach, memory size of any word length and bit length can be organized easily using
TMS 1101 NC.
There are several corﬁmon factors in the following circuits:
e TMS 1103 NC — 1024-bit dynamic RAM
e  TMS 4020 NC — 2048-bit dynamic RAM
e  TMS 4023 NC — 1024-bit dynamic RAM
e  TMS 4025 NC — 2048-bit dynamic RAM

For example, they are all dynamic; all provide an output sense current. However, there are also many
characteristics which distinguish one circuit from the other. The table below lists key parameters of each
memory circuit.

RAM Key Parameters

PARAMETER UNITS TMS 1103 NC TMS 4020 NC TMS 4023 NC TMS 4025 NC

Total Bits Bits 1024 2048 1024 2048
Organization Bits 1024 X 1 1024 X 2 1024 X 1 1024 X 2
Access Time {min) ns 300 320 650 280
Cycle Time {min) ns 580 640 900 640
Power per bit at minimum mW/bit 0.3 0.15 0.08 0.07

cycle time and 25°C
Sense Current (min) mA 0.6 1.2 1.0 1.2
Process Si-Gate S-A Gate Nitride S-A Gate
Refresh Period us 2 2 2 2
Read Cycle/Refresh Period 32 16 32 16
Chip Select/1K bit 1 2 1 1
Package 18-pin PDIP 24-pin PDIP 24-pin PDIP 24-pin PDIP

All dynamic memory cells use MOS capacitance and PN junction capacitance (parasitic) as temporary
charge storage elements.. However, due to the leakage property of PN junctions, charges stored in the
capacitances must be restored periodically to assure the integrity of the information. This refreshing rate is
temperature dependent, and must be performed once every two us at 70°C. At room temperature the
refreshing rate can be once every b0 us.
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RANDOM-ACCESS MEMORIES

In the dynamic RAM circuits, a refreshing operation is always performed during a Read cycle. The
minimum number of Read cycles that must be performed in each refreshing period is dependent upon the
organization of memory arrays. By considering the digit lines as a memory matrix or columns, and the Read
or Write select lines as rows, all cells in the row selected during a Read cycle will be refreshed. Therefore,
the minimum number of Read cycles required in each refresh period is the same as the number of rows in
the memory matrix. For example, TMS 1103 NC is organized 32 rows X 32 columns; 32 Read cycles are
required in each refresh cycle. TMS 4025 NC is organized 16 rows X 64 columns; therefore only 16 Read
cycles are required.

All the dynamic RAMs (TMS 1103 NC, TMS 4020 NC, TMS 4023 NC, and TMS 4025 NC) have one
or more chip-select controls; therefore, expansion of memory organization into any size can be achieved
easily as shown in the preceding paragraphs on TMS 1101 NC.

The concept of a content-addressable memory has been around for many years but because of cost has
not previously been practical. However, the performance and economics of MOS integrated circuits now
make the concept highly desirable from both technical and cost standpoints. MOS integrated-circuit
technology has finally made practical the content-addressable memory.

— &
<
[«]
o

[1 ] o [ Xx] X] ARGUMENT REGISTER ?

_odm

3
WORD 1 O INTERR. OUTPUT 1 MATCH “ o} Q2 T

worp2 [0 Jo [o [ o J—o INTERR. OUTPUT 2 : Vir2
worp3 [1 [1 Jo | o o INTERR. OUTPUT 3 4
worp4a [1 Jo [1 ] 1 }—o INTERR. OUTPUTA  maTCH a5 Qs

Q11

woros fo J1 |1 | 1 }—o INTERR. OUTPUTS .

W-|C:

1
FUNCTION OF CONTENT-ADDRESSABLE MEMORY !
SINGLE CAMCELL
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RANDOM-ACCESS MEMORIES

A content-addressable memory (CAM) is a cell in which the words contained can all be matched
simultaneously against an argument word, and outputs given wherever a true match is obtained. Each word
has a Write input which can also be used to interrogate that word for a match. Two bit lines run through
each column of cells allowing the word data to be written in. They may also be used for reading the
contents of a word or for masking parts of the argument word where a “Don’t Care’ state exists. -

In the basic CAM cell transistors, Qq, Qp, Qg and Q4 compose a flip-flop for data storage. Q7 and Qg
are selection transistors which, when turned On by the appllcatlon of a negative voltage to the W line,
connect the flip-flop nodes to the Bg and B4 bit lines. When the W line is at a O, Q5 and Qg are Off,
isolating the flip-flop from the bit lines. Transistors Qg3, Qy4, Cg, Qg and 011 perform the Interrogate logic.
For this mode each W Ilne is grounded through a small resistor and Q41 is turned On. Transistors Qg, Q4.
Qg and Qg compare the state of the memory cell flip-flop with the voltages externally applied to the bit
lines. Thus the Word lines are controls for Write and Read operations but outputs for the Interrogate
operation. The bit:lines are inputs for Write and Interrogate, but outputs for Read.
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MosS TMS 1101 JC, TMS 1101 NC
LSI . 256-BIT RANDOM-ACCESS MEMORY

features
L] Low power dissipation
600-nsec access time (typ), 750 nsec (max)
Direct DTL and TTL compatibility
Wire-OR capability
Fully decoded on chip
‘Inputs fully protected
Data Out and Data Out available
Single chip-select line
Single Read/Write line

description

The TMS 1101 JC/NC is 2 286-bit RAM, organized as 256 cne-bit words and using P-channel enhancement-mode (normal-
ly Off) MOS transistors. The TMS 1101 JC/NC will interface directly with standard TTL and DTL bipolar integrated cir-
cuits. A separate chip-select lead allows easy selection of an individual package when outputs are used in a wire-OR fashion.

logic definition

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

operation

An 8-bit address code selects any one of 256 bits for either Read or Write operation — all address input levels being TTL
or DTL logic levels.

A logic 0 leve! applied to the R/W control will result in a Read operation, and may be presented simultaneously or be-
fore application of the address code. Read-out is non-destructive.

A logic 1 level applied to the R/W control will create the condition for the Write operation. The duration of the Write
command must be at least 400 nanoseconds to ensure that the data is written into the memory. The Write command
should be Off by the time the address code is changed. The input data should coincide with at least the last 300 nano-
seconds of the Write command.

The memory is inhibited with the application of a logic 1 to the chip-select line. This action renders the Read/Write
line and data inputs ineffective. The address decode will not be inhibited. Also, the output leads are open when the

array is inhibited, allowing many chips to be wired-OR together.

A unit mounted in a 16-pin hermetically sealed ceramic dual-in-line package is designated “TMS 1101 JC". Mounted in
a 16-pin plastic dual-in-line package, the device is numbered “TMS 1101 NC".

PRELIMINARY DATA SHEET: 1
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TMS 1101 JC, TMS 1101 NC
256-BIT RANDOM-ACCESS MEMORY

functional block diagram

268-BIT
RANDOM ACCESS MEMORY

20—

X-INPUT BUFFER
X-ADDRESS DECODE
X-LINE DRIVERS

3o

[§— SENSE CIRCUIT Y-ADDRESS DECODE

i

Y-INPUT BUFFERS

DATA OUT

OUTPUT BUFFERS

CHIP
SELECT

INPUT
BUFFER

DATA ouT

; RAN DATA AS A8 A? A8
IN

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

Supply voltage Vp range (See Note 1) . . —20Vto 03V
Supply voltage Vpp range (See Note 1) . —20Vto 03V
Data input voltage range (Note 1) . . . . . . . . . . . . . . .. ... ... -20Vto 03V
Storage temperature range . . . . . . . . . . . . e e ke a e e e e e —55°C to 160°C

. —25°Ct0 85°C

Operating free-air temperature range

NOTE 1: These voltage values are with respect to Vgg (substrate).
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TMS 1101 JC, TMS 1101 NC

256-BIT RANDOM-ACCESS MEMORY

recommended operating conditions

PARAMETER MIN NOM MAX UNITS
Operating Voltage

Substrate supply Vgg +4.75 +5.0 | +5.25 \'4

Supply Vpp -9.50 —10.0 |-10.50 Vv

Supply Vp -9.50 —-10.0 |-10.50 \4
Logic Levels

Input HIGH level VY +3.5 \

Input LOW level V| +0.6 \
Pulse Timing

Write Pulse Width typ 400 ns

Write Delay tyg 0 ns

Write Time ty 300 ns

Data Overlap tpQ 100 ns

static electrical characteristics (under nominal operating conditions at 256°C unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
he Input Current 500 nA
Output Current

Lo Leakage current 1000 nA

loL Sink current Vout =04V 1.6 mA

Source current VouT =00V 0.1 mA

Output Voltage

VoL Output LOW voltage +0.4 A

VOH Output HIGH voltage +4.0 v
Capacitance

Cin Input VIN=+5V, F =1MHz 10 pF

Cout  Output VIN=+5V, F=1MHz 10 pF
Power Supply Current

Vboo Supply 13 mA

Vp Supply 19 mA

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

PARAMETER MIN TYP MAX UNITS
Access Time

tAL Output LOW level 600 750 ns

tAH Output HIGH level 600 750 ns
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TMS 1101 JC, TMS 1101 NC
256-BIT RANDOM-ACCESS MEMORY
interface circuits
a) MOS
Vp=-15V
MOS

Vpp=-150V

_ !

MOS

| »—(’Y =1
b) TTL
Vp=-10V
1)
Vpp=-10V
- * -
TTL :r'- y TTL —"r'-
—L-0 o
. : s P
|
ﬁl“l —»>—i— -|l .L
= 1)
— L

Vgg = +5.0 V
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TMS 1101 JC. TMS 1101 NC
256-BIT RANDOM-ACCESS MEMORY

timing diagram and voltage waveforms
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TMS 1101 JC, TMS 1101 NC
256-BIT RANDOM-ACCESS MEMORY

mechanical data and pin configuration

The device is available in both a 16-pin hermeticaily sealed ceramic dual-in-line package {TMS 1101 JC} and in a 16-pin
plastic dual-in-line package (TMS 1101 NC}. The packages are designed for insertion in mounting-hole rows on 0.300-

inch centers. {See MOS/LS! packaging section.}

4
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ideU he PINNO. FUNCTION PINNO. FUNCTION
i M 1 Address 6 9 Address 3
O N 2 Address 8 10 Address 2
. a 3 Address 7 1 Address 4
4 VD 12 Datain
[ Top vVIEW ] 5. Vss 13 Data out
i 1 6- Address 5 14 Data out
O ul 7. Address 1 15 Read/Write
8[] Mo 8 VDD 16 Chip Select
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MOsS TMS 1103 NC
LSI FULLY-DECODED 1024-BIT RAM

—

features

® Low power dissipation
Cycle time — 500 nsec
Access time — 300 nsec
Expansion capability
Fully decoded
Static charge protection
18-lead plastic package

description

The TMS 1103 NC is a low-cost main-frame memory design used for large-storage high-performante applications.

Organized as a 1024- by 1-bit random access memory, the TMS 1103 NC is a fully decoded monolithic array. This
feature permits the use of an 18-pin dual-in-line-package.

This dynamic memory has nohdestructive readout, and refreshes all 1024 bits in 32 Read cvcles.

Utilizing the latest silicon-gate low-threshold technology makes possible a high functional density.

logic definition

a) LOGICAL 1 = most positive voltage

b)  LOGICAL 0 = most negative voltage

operation

Refer to functional block diagram and timing diagram. Access begins time tac before the negative teansistion of
chip enable. In this duration the precharge is active and the row and column decoders settle out. Next, during the
period tgy, the contents of the 32 cells along the selected row are written into the refresh amplifiers. One is re-
quired at each column of the array. During the overlap interval, the data output is held high by the selected col-
umn amplifier. At the positive transistion of precharge, the contents of the refresh amplifiers are rewritten into their
respective columns and the data output is valid tpQ later. A suitable time tpyy after precharge, the state of the

In Data line may be copied into the selected cell using a Write pulse of.minimum time typ.

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

Supply voltage Vpp range (SeeNote 1) , . . . . . . . . . . . . . . . . . . . . —=24Vt003V
Clock input voltagerange (SeeNote 1) .- . . . . . . . . . . . . . . . i . . . .-24Vt003V
Datainputvoltagerange (SeeNote 1) . . . . . . . . . . . . . . . . . . . . . .-=24Vt003V
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . . . .-25°Cto70°C
Storage temperaturerange . . . . . . . . . . . . . . . . . . . . . . . . . -B5Ctoi150°C

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

pplementory s it oo TEXAS INSTRUMENTS
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TMS 1103 NC
FULLY-DECODED 1024-BIT RAM

functional block diagram and pin configuration

Ag —w
A —® 32 ) MEMORY MATRIX
10F 32 READ/
A, —D ROW -7L—u WRITE +> 32 ROWS
2 SELECTOR AMPLIFIERS 32 COLUMNS
Az — (1024 BITS)
Aqg —W
//64
DATAIN —¥ REFRESH AMPLIFIERS
READ/WRITE COLUMN
(DATA OUT)" @ GATING
Vgg —»
Vgs —®»
Vpp —»
PRECHARGE —
10F 32
CHIP ENABLE —b» COLUMN SELECTOR
READ/WRITE —p» r T ? T T
As Ag A7 Ag Ag

recommended operating conditions

PARAMETER MIN NOM MAX UNITS
Operating Voltage
System ground Vss +15 +16 +17 \"
Drain supply Vpp 4]
Substrate bias supply Vgg Vgg+3| Vgg+3.9 Vgg+4 v
Pulse Timing
Precharge pulse width tpg 240 250 315 ns
Precharge and Chip Enable overlap toyv 0 10 100 ns
Address set-up time to Chip Enable taoc 150 ns
Precharge to Read/Write tpyy 200 500 ns
Read/Write pulse width {Note 1) typ 70 ns
Address to valid output tACC1 300
Precharge to valid output tacc2 390
Refresh interval tREF 2 nms
Precharge to end of Chip Enable tpoy 200 600 ns
Precharge to valid output tpo 110 150 ns
Write or Read/Write Cycle twgc or tRwC 580
Read Cycle trg 580
NOTE: 1. Data IN must be stable during tyyp and remain stable for at least 20 ns after typ.
TEXAS INSTRUMENTS
INCORPORATED 14-229
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TMS 1103 NC

FULLY-DECODED 1024-BIT RAM

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

PARAMETER TEST CONDITIONS _MIN NOM MAX UNITS
ViL Input LOW voltage Vgs —17| Vgs —16|Vgg—15
ViH input HIGH voltage Vgg —1 Vss Vgg+1
N Input Load Current 1 uA
1OH Output HIGH Current 700 900 nA
loL Output Leakage Current 1 BA
'pD Average Vpp Current tpC = 240 ns 14 20 mA

timing diagram and voltage waveforms

WRITE CYCLE OF READ/WRITE CYCLE

wc OR tpwe

Iy »l
L )
Vss J
1 T
ADDRESS VoD ! )( | X
T T
! |
tac
Vss 1
a4 N
PRECHARGE '\\ t y
PC tpw
Vss <%V,
N
CHIPENABLE N /
twp
Vss
READWRITE
DD
Vss

DATA IN Voo M/

LN I DRoneastase XY/ /111

o tpo—» 1" J

= - TN
{DATA OUT)* |, VREF =40 mV 74 \\ g
oo tacct le— DATA OUT VALID
TACC2 |
READ CYCLE .
RC
ADDRESS ). 4 X
tac
N
PRECHARGE AN yd N
oV POV
CHIP ENABLE tpc N 5‘ . d
READ/WRITE _//
g
. N e
{DATA OUT} / N AN
14 o
-
tacci
tacc2
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TMS 1103 NC
FULLY-DECODED 1024-BIT RAM

mechanical data and pin configuration

The TMS 1103 NC is mounted in an 18-pin plastic dual-in-line package. (See MOS/LSI packaging section.)

PIN NO. FUNCTION PIN NO. FUNCTION
1 0 U (118 .
. N 1 A3 10 VeB
2 Ao 1" VDD
O u| 3 A1 12 Data In
m u] 4 Ag 13 Ag
O toe P 5 Precharge 14 {Data Out)*
0 view O 6 Ag 15 Aq
0 7 Ag 16 Chip Enable
C 8 Ag 17 Vss
0 [ 9 A7 18 Read/Write
9 [ 110
PRINTED IN U.S.A.
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MOS TMS 4000 JC, TMS 4000 NC
LSl HIGH-SPEED CONTENT-ADDRESSABLE MEMORY

features
L] Static operation
Nondestructive readout and interrogation
High-speed operation — 250-ns typical system cycle time
Low standby power dissipation
Masked write and interrogation ~capagility

Low threshold technology

description

The TMS 4000 JC/NC is a high-speed content-addressable memory organized as 16 eight-bit words. The entire device
is constructed on a single monolithic chip using low-threshold MOS P-channel enhancement-mode transistors. Active-
element design permits nondestructive readout and interrogation of memory contents. Bit lines can be wire-OR. con-
nected to obtain memory pianes greater than 16 words. Word iines can be wire-OR connected to achieve word lengths
of greater than eight bits per word. Selection of a given word for reading or writing is accomplished by connecting the
selected word line to a negative voltage while holding all other word lines at ground. The common interrogation con-
trol 1, when returning to a negative voltage, allows all sixteen words to be interrogated simultaneously.

Memory writing is accomplished by addressing a desired word and bringing the appropriate bit lines to ground while
holding the other bit lines at a negative potential. |f both lines of a selected bit are held at the negative potential, the
information in the bit will be unchanged during a writing cycle. Masked writing therefore can be achieved.

Reading each bit content of an addressed word requires sensing differential current between the two bit lines. Both
lines should be held near a logic 1.

Interrogation of memory content is accomplished by activating the interrogation command |, bringing bit lines to ap-
propriate voltages, and simultaneously sensing the current in each word line. 1 both bit lines of a particular bit are
held at ground potential during an interrogation cycle, that bit will be excluded from the interrogation. I1f a word per-
fectly matches the interrogation information, no current will flow through the-word lines. One or more mismatches
will cause at least 200 uA to flow in the word line.

“TMS 4000 JC" designates a unit mounted in a 40-pin hermetically sealed dual-in-line package, and “TMS 4000 NC”
is the number for a unit mounted in a 40-pin dual-in-line plastic package.

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

Voltage at any terminal relative to substrate (GND) . . . . . . . . . . . . . . . . +0.3Vto-14V
Operating free-air temperature range . . . . . . . . . . . . . .0 e e e e —25°C t0 85°C
Storage temperature range . . . . . . . « + + + « .« + .« .+ .« . . . . .. .. —B5Ct0150°C

recommended operating conditions

CHARACTERISTICS MIN NOM MAX UNITS
Supply voltage VGG =11 —12 -13 v
Supply voltage Vpp -1 -12 -13 v
Supply voltage Vy) 2.7 -3 —13 \'
Write time (tyy) 60 ns
Settling time (tg) 50 ns

14-232
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TMS 4000 JC, TMS 4000 NC
HIGH-SPEED CONTENT-ADDRESSABLE MEMORY

CONTENT-ADDRESSABLE MEMORY CELL

| Qﬂl

wWio

CONTENT-ADDRESSABLE MEMORY ORGANIZATION

LA

TTT'T

VGG vVpp GND Vi

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

logic defiqfuition

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

.b)  Logic 0 = most positive voltage

INPUT VOLTAGE
' OPERATION OUTPUT SIGNALS
1 W Bg B4

Write 0 0 1 1 Q0
Write 1 0 1 (4] 1
Masked Write 0 1 1 1
Read -0 0 1 1 1 Current in B4 (200 gA minimum)
Read 1 0 1 1 1 Current in Bg (200 uA minimum)
Interrogate O 1 0 1 0 Current in W indicates mismatch (200 uA
Interrogate 1 1 0 0 1 minimum)
Miasked interrogate i 0 0 0 No current in W from this bit
Standby - o 0 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)

RL =100 Q (See CAM operational requirements)

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Logic O stored in Bo -10
Read-mode sense current a bit cell 81 ~200 —400 uA
Logic 1 stored in Bg -200 —400
a bit cell 84 —-10
Matched -10
Interrogate-mode sense current One bit mismatched —200 —400 BA
All bits (8) mismatched —2000 |—3000
Ig Bit-line leakage current 16 in parallel @ —12 V 10 uA
Iw Word-line leakage current 16 in parallel @ —12 V 10 HA
Iy Interrogate line leakage current At—12V 100 HA
Inp Drain supply current 3.0 5.0 mA
Interrogation supply current per One bit mismatched -0.2 —0.4
i word All bits (8) mismatched —20 | -30 mA
Standby 40 60
Total power dissipation Read or Write 100 mW
interrogation 200
Cp Bit-line capacitance V=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)
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
ts | Settling time 50 ns
tai Interrogate access time 50 80 ns
L tar_ Read access time 30 60 ns
1823 ] TEXAS INSTRUMENTS



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

content-addressable memory operational requirements

WRITE 0 WRITE 1
MASKED WRITE MASKED WRITE
READ READ
INTERROGATE 0 READ OUTPUT INTERROGATE 1
STANDBY BITA STANDBY
WRITE 1 WRITE 0
INTERROGATE 1 INTERROGATE 0
MASKED MASKED
INTERROGATE INTERROGATE
-1
SELECT W1 Boa B1A BoH B1H
FOR READ
OR WRITE T
—12V
Z
w
Z
k- | | m
G = )
¢ 2 )
cl INTERROGATE 8 | 8 B Ll I S
E3 OR STANDBY 0A I 1A OH| | |PIH %
= -
z | |
—12V -
wie READ
w ' WRITE,
= o OR
Sk STANDBY
b BITA BITH
w
[aie
z o
TEXAS INSTRUMENTS
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TMS 4000 JC, TMS 4000 NC
HIGH-SPEED CONTENT-ADDRESSABLE MEMORY

typical switching waveforms (read and write)

o)
g
le—5—pinEw cveLe

Y
]
LOGICAL 0 | | = \

| { \\
LOGICAL1 = e 1O :

LOGICALO —emme — = !

90% 90%
j L
LOGICAL 1 1

WRITE-MODE VOLTAGE WAVEFORM

]
| STORED DATA —~ LOGICAL 0

TORED DATA — LOGICAL 1

STORED DATA — LOGICAL 1
1 tar | {

90% N

[ \
| I8 ‘———v—smaso DATA — LOGICAL 0
SENSE CURRENT (By) ! L AN

READ-MODE CURRENT WAVEFORM

SENSE CURRENT (B4)

typical switching waveforms (interrogation)

e = »
]
[

|
j@——S gy NEW CYCLE
|

LOGICAL 0 ——‘\L N |
INTERROGATE e »
PULSE (1) PR — 10% '
|
LOGICALD ————— ._|

BIT LINE 7‘ 90%
{Bg OR Bq)
0 ! LOGICAL 1 l

SENSE CURRENT I
MISMATCHED (W) |
|
|

|
|
1 |
SENSE CURRENT tai 10 pA

MATCHED (W) I >
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~ TMS 4000 JC, TMS 4000 NC
HIGH-SPEED CONTENT-ADDRESSABLE MEMORY

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

(R=100Q, Vpp =—12V, Vgg = —12V, Logical 1= —12V, T 5 = 25°C)

g
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g

INTERROGATION CURRENT — pA
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0 400
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z
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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.

aaooooonoooooonAooonnie
40 21

D) TOP VIEW

®q 20
oo goooOooooouou

PINNO.  FUNCTION PINNO.  FUNCTION PINNO.  FUNCTION PINNO.  FUNCTION
i o] 11 Wg 21 1 31 Wo
Bg 83
2 1 12 Wg 22 0 32 Wqq
3 0 13 Wy 23 1 33 W13
Bg B1
4 1 14 Wo 24 0 34 Wis
5 ] 15 e 25 Vpp 35 NC
6 GND 16 NC 26 NC 36 Vi
7 Wig 17 1 27 Wy 37 ]
Bg B2
8 Wig 18 0 28 W3 38 1
9 W12 19 1 29 Ws 39 ()}
B- Bs
10 W10 20 ] 30 w7 40 1
typical read/write interface for one-microsecond operation
+12 Vde j +12 Vdc
14Kk S 12kQ
‘: $ ke 700 k2
: 10k
$300k2
‘P
' C
‘b
$300 k2
‘P
\l = \
“W LINE “Bg” LINE

NOTE: AIll gates = SN7400

PRINTED IN USA
Ti ccnnot gssume ony responsibility for any circuils shown
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MOS
LS|

TMS 4003 JR. TMS 4003 NC
255-BIT RANDOM-ACCESS MEMORY

description

FOR MEMORY APPLICATIONS REQUIRING
HIGH-SPEED READ/WRITE CAPABILITY

Nondestructive readout
Static operation
System access time under 200 ns

Low power dissipation

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 MQS P-channel enharicement-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 paraliel 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).

—1 l
;Ed
Tlm ><
2

12,

—
as | —

!

GND (SUBSTRATE)
TO 15 OTHER CELLS _

03] P—’-;
% ]

E Y ADDRESS
TO 15 OTHER CELLS —

A?‘E as |y

DIGIT LINE

DIGIT LINE
D1

X ADDRESS

TO 255 OTHER
CELLS

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
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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 dua!-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

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

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

INES OF
ADDRESS LINES O DIGIT-LINE TERMINALS
OPERATING MODE SELECTED CELL
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.

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

Voltage at any terminal relative to substrate (GND) . . . . . . . . . . . . . . . ... +H3Vto-22V
Operating free-air temperature range . . . . . . . . . . 4 4 e e e e e e e e e —55°C to 85°C
Storage temperaturerange . . . . . . . . .« 4 . . 4 s e i e e e e . .. ... =B5°Cto150°C

recommended operating conditions

CHARACTERISTICS MIN NOM MAX UNIT
Supply voltage Vpp -16 —18 —-20 \%2
Write access time, t,,, (See Note 1 and Figure 3) 80 ns
Write pulse width, tp,y (See Figure 3) 30 ns

NOTE: 1. Write access time is the delay between the application ot address voltages at the X and Y inputs and the start of the write
pulse. Premature application of the write puise may cause undesired writing into cells other than the addressed cell.

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vxn = V¥m = Vin{D0) = Vin(D1) =VpD=~16V, |[DO_ | —200  —400
Logical O stored in cell nm D1 -0.1 -10
Vxn = V¥m = Vin(po) = Vin(ip1) = VDD = —16 V,| DO 0.1 —10
Logical 1 stored in cell nm D1 —200 —400
Read-mode sense current pA
Vxn = VyYm = Vin(D0) = Vin(D1) = VDD = —18V, | DO | 300  —500
Logical O stored in cell nm D1 —-0.1 -10
Vxn =Vym = Vin(D0) = Vin(D1) = VDD = -18 V, | DO —0.1 —10
Logical 1 stored in cell nm D1 —300 —500
Address-line current VyorVy=-20V,
. . -10 uA
14 (16 lines in paraliel) Vin(DO) = Vin(D1) = VDD =0V
[§) Il addressed, Vpp = —18 V )
Total power dissipation e oe_accreneet, *bb & 150 P mW
One cell addressed, Vpp = —20 V, Tp = —55°C 500
14240 TEXAS INSTRUMENTS
INCORPORATED
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TMS 4003 JR, TMS 4003 NC
256-BIT RANDOM-ACCESS MEMGORY

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vin(DO) = Vin(D1) =0V, f=140kHz, 50 ‘
Capacitance between Vy =Vy = 0V {orone cell addressed), See Note 2 %
digit-line terminal pF '
and substrate Vin(DO) = Vin(D1) = =18 V, f=140kHz,
Vyx = Vy = 0V (or one cell addressed), See Note 2 30
Capacitance between digit-
line terminal and physically Vin(D0) = Vin(x2) =010 -18 V,
adjacent address Vin(D1) = Vin(Y1) =010 ~18 V, 8t F
terminal (DO-to-X2 or f =140 kHz, See Note 2
D1-to-Y1, see Note 3)
Capacitance between address Vx=Vy=0to 18V, f=140kHze,
terminal and substrate See Note 2 8t PF
Capacitance between VDD VDD = VX = VY =0to—18V, f= 140 kHz,
terminal and substrate See Note 2 oot il
Read access time, tay .
See Figure 3, R =51 Q 30 60 ns
{see Note 4)

NOTES: 2. All capacitances are measured with all other elements ac grounded.
3. Typical capacitance between digit-line terminals and ail 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,

0ns ———— TTL ADDRESS

30ns —T—— FIRST-LEVEL TTL DECODE

SECOND-LEVEL TTL DECODE.
60 ns — 4 BEGIN CHARGING RC
DELAY ON MOS CHIP

150 ns ———— CELL ADDRESS COMPLETED

"

DATA SENSED BY DATA WRITTEN
AMPLIFIER (READ MODE) 200 ns (WRITE MODE)
NOTE: This timing diagram appiies to a 2048-word-by-16-bit memory system
composed of 128 TMS 4003 JR/NC memories.

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

PARAMETER MEASUREMENT INFORMATION

LOGICAL O

ADDRESS LINES
INPUT

LOGICALY - — — — — —

WRITE PULSE
(DIGIT LINE DOOR D1}

i

! 90%  Stored Data = Logical 0
SENSE CURRENT (DO) |
{

Stored Data = Logicai i

90%  Stored Data = Logical 1

SENSE CURRENT (D1) /
7/ 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
<.
Vpp=-18V z \ One Cell Addressed
E One Cell Addressed g 600 S |
q
| 400 3 N N |
[
] ’% Vpp=-18V
i 500
§ 300 ] Vpp =—16 V
s
% ~ § 400 \\\\
£ ~‘-, b3 N
&£ 200 ‘-E;q =]
3 -~.__..- § 300
lg \~ §
100
& 200
14 0 100
-7 -50 -25 )] 25 50 75 100 -75 -50 -25 (1] 25 50 7% 100
Ta—Free-Air Temperature—°C Ta~—Free-Air Temperature—°C
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 hermetically 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/LSI packaging section.)

Y ADDRESS X AGDRESS Y ADDRESS

Y
Yg Y11 Y13 Y5 NC DO X3 Xz Xg Xg Xqg X3 Xqq X1 NC Vpp Yqg Y4 Y42 Yo

...@0@0@@@@@.@0@.@@@

TOP VIEW

INDEX DOT-\

B
N,
©

FaVavaly alaty
@@@@Q@.@@@.@.@..O

1 DT NC X3 X3 X5 X7 Xg Xgq9 Xq3 X15GND NC Y5 v, Yg Yg

Y
©

Y7 Y5 Y3
A /
Y ADDRESS X ADDRESS Y ADDRESS

NC—~Ne internal connection.

TYPICAL APPLICATION DATA

An actual negative supply for Vpp is not neces- -

sary. The Vpp terminal can be returned to system ST
ground with a positive potential equal in magni- =
tude to the voltage specified for Vpp applied to ’_*i>~ l‘l
device ground {pin 15). This simplifies external cir- snyaas T N v DT
cuitry, particularly when using bipolar systems so] Vs lo1z: :
such as TTL. The MOS device ground Vgs, 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 should remain at Vgs.

K

. ‘(I)_]
789
TT

16 5

X+

s

o TMS 4003

%géé% o DEVICE

Pl w GROUND s$

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

s

BINARY Y-ADDRESS
s rs] ‘
T

23456

I
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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
0 (+Ved) o, ONE TO FOUR TMS 4003's
0 35 DEVIGE GROUND
o +18V ss) 1
+—‘@;‘ f-»ns va@q
$ 3 : 820
s 2 %W
[
01 ) ‘ 02 =L 02
L
$ 3 )
R1 s S SR SENSE AMPLIFIER a
< 1 <
- 68
READ Qs gN72710
s OQUTPUT
R2< READ
E b OUTPUT
< L
—» TIVI0S ¥ £100° d®} yrivaos
I 11
<
<
T4 39pF 39pF
THREE WRITE
GATES ARE ENAB'-i_ ENABLE
S4/74TTL
WRITE ENABLE
At
DATA
CIRCUIT COMPONENTS INFORMATION CIRCUIT COMPONENTS INFORMATION
L1andL2: 21/2T, No, 30 wireon
Ferrite Bead (Allen-Bradley
Q1and Q2: 2N3629 No. TO 135G144A or equivalent)
Q3and Q4: 2N3014 Q1, Q2, @5, and Q6: 2N3014
Q3 and G4: 2N3829
180
R1 and R2:
No. of TMS 4003 JR memories
FIGURE 7 — BASIC READ/WRITE CIRCUIT FIGURE 8 - HIGH-SPEEb READ/WRITE CIRCUIT
LIMITED TO LOW-SPEED OPERATION
PRINTED IN U.SA
T1 connot assume any responsibility for ony circuits shown
14-244 TEXAS lN ST RUM EN TS or tepresent thal they are free from patent inlringement.
NCORPORATE
" TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIA

POST OFFICE BOX 5012 » DALLAS, TEXAS 75222
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBL



MOS TMS 4020 NC
LSI 2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

features
L4 Low power dissipation
Full decode

Access time — 320 nsec max

LL6L AYVYNHETd

Cycle time — 640 nsec max
High output-current capability (2 mA typ)
Low-threshold technology

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

During the Generate Time ¢9 the address decode is propagated and the memory arrays are precharged. With the return
of ¢9 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. If 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:
Supplementary data will bs TEXAS INSTRUMENTS 18245
published at a later date. INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TMS 4020 NC
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

functional block diagram and pin configuration

CHIP
SELECT I8,
DECODE
o*—>
ouTq
1024 x 1
> MEMORY
CELL \—o READ/ |@¢——-— INg
; WRITE
LoGIC
1-0f-16 ROW
10.LINE 1-0f-64 COLUMN e
ADDRESS ADDRESS
' DECODE
READ/
WRITE
1024 x 1
P
MEMORY LOGIC Ny
‘ CELL
ouT,
o—p
CHIP
saeer Y o,
DECODE

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

Supply voltage Vpp and Vggrange (SeeNote 1) . . . . . . . . . . . . . . . . . .-24Vto03V
Clock input voltage range {SeeNote 1) . . . . . . . . . . . . . . . . . . . . .—-24Vt03V
Data input voltage range (SeeNote ) . . . . . . . . . . . . . . . . . . . . . . -24Vt03V
Operating free-air temperature range . . . . . . . . . . . . e e a e —25°C to 70°C
Storage temperature range . . . . . . . . . . . . . ..o —25°C to 150°C

m NOTE 1: These voltage values are with respect to Vg (substrate;.

14.245 TEXASI INSTRUMENTS
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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 i
Substrate Voltage Vgug 15 2.0 25 \
Drain supply Vpp -17 ~16 —15 | v
Logic Levels 2
Input HIGH level Vi -1.5 s} +0.3 [ v
Input LOW level V) -17 —-16 —15 \'
Clock Voltage Levels :
Clock HIGH level VgH -1.0 0 +0.3 1 \
Clock LOW tevel Vg -17 —16 -15 | v
Pulse Timing '
Pulse transition tr, ty 1000 | ns
Clock pulse width of ¢9 PWq 90 : . ns
Clock pulse width ¢ PWy : 170 . ns
Clock delay from ¢1 to ¢2 Pg1 0 ns
Clock delay from ¢3 to ¢1 Pgo (Read and Refresh) 200 ns
Clock delay from ¢o t0 ¢1 Pgg (Write) 310 " s
Address set-up time Pag 0 © s
Address hold time Pan 0 ns
¢2-to-write pulse delay time Pgyy 130 : ns
Write pulse width Pyww 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 Py [o] ' ns
Cycle time (Read and Refresh) 530 . ns
Cycle time (Write) 640 ns
Strobe data width Pg 100 i ns
Refreshing Time PREfF 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 i

los(H) Sense Load = 100 © 12 20 . mA
Output Leakage Current Iy (oy1) VouT=-16V 1 WA
Input (Load) Current Iy (jn) ViN=—16V 1 BA
Substrate Leakage Current Igyg Vguyg=+2V 100 | KA
Supply Current Ipp

During PW1 15 20 [ mA

During PWo 26 34 | mA

During Pgq2 1.5 2 mA
Average Supply Current Ipp(AV) 13 18 mA

TEXASI INSTRUMENTS

NCORPORATED : 14247
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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=1009 70 100 ns
Address to output access time Paoccq 10S{HIGH) = 0.8 MA min 290 320 ns
¢1 to output access time PACC2 los(Low) = 0.2 mA min 410 440 ns
Address Capacitance

Aq through A3 8 11 pF

A4 through Ag F =1 MHz at 25°C, 6 8 pF

Ag VAF = Vss 4 6 pF
Clock Capacitance

e F =1MHz 18 22 pF

[o) Vg = Vgg 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 =1MHz, 20 25 pF

Chips not selected Vin = Vgg at 26°C 5 7 pF
Data Output Capacitance

Chips selected F =1MHz, 8 12 pF

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

TTL interface
+16 V
?
Vsus
Vss
L s::::n DATAIN  |rysaozonc| PATAOUT : _—
Voo SN75107
SN75108

TEXAS INSTRUMENTS
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2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

TMS 4020 NC

timing diagram and voltage waveforms

INCORPORATED
POST OFFICE BOX 5012 »

DALLAS, TEXAS 75222

CYCLE TIME
:W1 Pd1 PW3 Pa2
_— gy e e = = =\ — — — 10%
?;RECHARGE) \ / e —_—t———————— - = = — — —— %%
— ————— %
TéENERATE) S: ,_JZ ———————————————— 90%
4— Pas —m PaH
ADDRESS ?2 I | 4%& 90%
a ¢— Pcs — PcH
(s::ll;cr Zéc = JW 90%
Pdao Po
h T TS N - — . . %8V
DATA OUT < — — —— - RN — _ 20mv
(LOAD = Pacci max
100 ©2) Pacc2
D I Paw ‘ PWy
L|— — — .| Jr—————— 10%
WRITE L Z ______ 20%
Pps—» @— — PpH
oAt I 0 7 oo
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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

PINNO. FUNCTION PINNO. FUNCTION
1 Ag 13 Aq
Ag 14 Ag
24 13 3 A4 15 ¢
oononnoonnno a N 16 crs
5 ouTq 17 C/S2
:) TOP VIEW 8 C/Sq 18 R/W
° 7 C/Sq 19 0ouUT2
uuuuuuuuut_llﬁl, 8 1 20 N3
9 Az 21 Ag
10 A2 22 Ag
1 VsuB 23 A7
12 VDD 24 Vss

PRINTED IN U.S.A.
T1 connot assume ony responsibility for any circuits shown

50 TEXAS lNST RUM EN TS or represent that they are free from - patent infringement.
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Mos
LSI

TMS 4023 NC

1024-BIT RANDOM-ACCESS MEMORY

features
L]

description

Low power dissipation

Access time — 650 nsec (maximum)
Cycle time — 900 ns (maximum
Refresh Period — 2 ms for 0°C~70°C
Fully decoded

Wired-OR capability

inputs fully protected

24-lead plastic package

LL6L AHYNYE3L

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 ail 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 logic is assumed.

a) LOGICAL 1 = most negative voltage

b}  LOGICAL 0 = most positive voltage

operation (refer to functional block diagram and timing diagram)

A 10-bit address code selects any one of the 1024 bits for either Read or Write operation. A Read or Write operation
may be performed with the applicaticn of a logic 1 on the chip-enable line. The memory is inhibited with the applica-
tion of a logic O to the chip-select line. This rencers 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 jresented 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

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

the data is written into memory.

Supply voltages 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 voitage values are with respect to Vgyg (substrate).

. =24V 1003V
. =24V 1003V
. =24V 103V
. —=25°C to 70°C

o o

PRELIMINARY DATA SHEET:
Supplementary data will be TEX
published at a later date.
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TMS 4023 NC
1024-BIT RANDOM-ACCESS MEMORY

functional biock diagram and pin configuration

Vsue VDD Vss o1

FiTi i

A5 Ag A7 Ag Ag

il

10F 32
COLUMN
DECODER

READ
4 AMPLIFIER —-l {——i—_ﬁ
-]
Ao l—. MEMORY
A" 10F32 . MATRIX B REFRESH ™ Rw |!/o
Az —— ROW —® 32 ROWS AMPLIFIER COLUMN
A3z ——9 DECODER 32 COLUMNS g j 4| GATING
Aq—r (1024 BITS)
WRITE
AMPLIFIER
M
recommended operating conditions
PARAMETER MIN NOM MAX UNITS
Operating Voltage (See Note 1}
Substrate Supply Vsyg +1.5 +2.0 +2.5 v
Vss 0 \
Vpp -19 —~20 | 21 v
Logic Levels (See Note 1)
Input HIGH level Vg -1.5 +0.3 v
Input LOW level V| —19 ~20 | —21 v
Clock Voltage Levels {See Note 1)
Clock HIGH level Vgh -15 +0.3 v
Clock LOW level Vg ~19 ~20 ~21 \
Pulse Timing
Pulse widths
Clack pulse width 1 PWg4 120 ns
Clock pulse width 2 PWgy2 130 ns
Clock puise width 3 PWg3 380 ns
14 Clock pulse width 4 PWgq 110 ns
Pulse Spacing
Clock delay tgp1, tdg2. tdg3. tdpa 0 ns
NOTE 1: These voltage values are with respect to Vss.
— continued
10252 TEXAS INSTRUMENTS
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TMS 4023 NC

1024-BIT RANDOM-ACCESS MEMORY

recommended operating conditions {continued)

PARAMETER MIN NOM MAX UNITS
Puise Spacing {continued)
Address setup tAg 10 ns
Address hoid taAH 10 ns
Chip-select setup time tcg o] ns
Chip-select hold time tCH o] ns
R/W overlap C/S tyyg and tyH 10 ns
Data setup tps 10 ns
Data hold tpH 10 ns

Refreshing time TREF

static electrical characteristics (under recommended operating conditions a

nd for Tp = 0°C to 70°C)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Leakage Current

Substrate 100 uA

Address Input 1 uA

Clock tnput 1 LA

C/S Chip Select 1 uA

R/W Read/Write 1 uA

/O Input/Output 1 MA
Qutput High Current

los Sense RLQAD =200 Q 1.1 mA
Suppty Current Drain

Ipp Drain Supply 1.0 mA

dynamic electrical characteristics (under recommended operating conditions and for T = 0°C to 70°C}

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Cycle Time CLoAD = 100 pF, 900 ns
RLOAD = 200 2.
oD Output Detay VREeF = 180 mV 350 ns
tacc  Access time (Note 2) CLOAD = 100 pF, 650 ns
RiLOAD =200 Q.
tAD Awvailable data on output VREF = 180 mV 50 ns
Capacitance ‘
CiN Address Input 5 8 pF
€61-C92 coci 17 20 pF
C¢3, C¢4
Cc/s Chip Select 11 pF
R/W Read/Write 8 10 pF
¢ /O Input/Output
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

1 Vss._.{*~ — "% *K - = —f0%
voo k== 290% tdp4
TPWup
Vss___:’ _}‘._.:“1_- — 10%
. Vop~, T~ T 71~ E_:i——-zso%
G —
43 Vop— —— - + - — — — — \ ______ i - 90%
s AL T
-t = = —— — R
% Voo — — 4 — — — — l_______q__\:_- 2_90%
tas ;] H— > |etan ! P
7 VA A SN SN A 7
e T B T
Ves | S e DISABLE e t‘——‘CH
cis Voo CHIP ENABI.jE i.‘_
- Vssf/////////// B — 777
vDDA LLL7 17 // WRITE ////////
Ves —— , tpg — > - 3y tDM
s, T B, 1117/ /11
DATA OUTPUT P — VREF = 180mV
tacc :too' Tt
I3
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TMS 4023 NC
1024-BIT RANDOM-ACCESS MEMORY

TTL interface

VREF
%ADJUST.
<

QVss
Q? Vsus
DATA INPUT
LEVEL __j
> Tt SHIFT- [Logic INPUTS |  TMS4023NC o
ERS DATA
OUTPUT
OVpp

>

STROBE

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/LS| packaging section.)

PIN NO. FUNCTION

24 13
noononononQonn
D) TOP VIEW

°
gUuoggogogogouogou
1 12

1 -
2 Ag
3 Ag
4 Az
5 Vss
6 Ag
7 As
8 A
9 A3
10 Ao
1" -
12 -

PINNO. FUNCTION
13 -
14 1/0
15 c/s
16 R/W
17 A1
18 AQ
19 %3
20 VDD
21 %4
22 ]
23 $2
24 Vsus

PRINTED IN US.A.
Ti cannol assume ony responsibility for any circuifs shown
or represent that they are free from patent infringement.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.
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MosS TMS 4025 NC
LSI 2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

features

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 well as the memory arrays are implemented with dynamic circu itry, 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 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 $2 the address decode is propagated and the memory arrays are precharged. With the return
of ¢2 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.

Sopslamontony o L TEXAS INSTRUMENTS

published at a later date. INCORPORATED
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TMS 4025 NC
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

functional block diagram and pin configuration

10-LINE
ADDRESS

~

1-0f-16 ROW

1-0f-64 COLUMN
ADDRESS
DECODE

CHIP
SELECT |«—— C/f54
DECODE
ouT,
1024 x 1
MEMORY CELL
I le———— INq
READ/WRITE
LOGIC |
— WR
READMWRITE |
LOGIC
la——— IN
1024 x 1 2
MEMORY CELL
ouT2
CHIP
SELECT f«—— CIS,
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 Vgg range (SeeNote 1) . . . . ., . . . . . . .. .. .. .-24Vt03V
Clock input voltage range (SeeNote 1) . . . . . . . . . . . . . . . . . . . . . -24Vt003V
Data inputvoltagerange (SeeNote 1) . . . . . . . . . . . . . . . . . . . . . .-24Vto03V
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . .. .-25°Cto70°C
Storage temperaturerange. . . . . . . . . . . . . . . . . . . . . . . . . -25°Cto150°C

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

14-258 TEXASl INSTRUMENTS
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TMS 4025 NC

2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

recommended operating conditions (see note 2)

PARAMETER MIN NOM MAX UNITS
Operating Voitage
Substrzte Voltage Vsu 15 2.0 2.5 Vv
Drain su sply Vpp 17 -16 —-15 Vv
Logic Levels
tnput HIGH level Vi3 -1.5 [¢] +0.3 v
Input LOW level Vj_ -17 —16 —15 \
Clock Voltage Levels
Clock HIGH leval Vg -1.0 o] +0.3 A
Clock LOW level V| -17 —16 -15 \
Pulse Timing
Puise transition tr, ty 1000 ns
Ciock pulse width of ¢1 PW1q 90 ns
Ctock pulse width of ¢ PWp 170 ns
Clock pulse width of 3 PW3 I
{READ and REF) 220 ns
: {WRITE) 280 ns
| Clock delay from ¢1 to ¢2 Pq1 0 ns
E Clock delay from ¢3 to ¢3 Pg2 0 ns
l Clock delay from ¢3 to ¢1 P43 0 ns
i Addres: set-up time Pag 0 ns
| Address hold time Pay 0 ns
' ¢3-to-write pulse delay time Paw 90 ns
Write pulse width Py 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 PReF 2 msec
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
Sense lQS(H) Load = 100 & 1.2 2.0 mA
Output Leakage Current 1| (QUT) VouT=-16V 1 A
Input (Load) Current I_{IN) Vin=-16V 1 uA
Substrate Leakage Current ISyg Vsug =+2V 100 uA
Supply Current Ipp
during PW1 3 5 mA
i during PWo 6 ] mA
" during PW3 25 4| mA “
[ Average Supply Current Ipp(AV) 3.5 6 mA i
TEXAS INSTRUMENTS 14259
INCORPORATED
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TMS 4025 NC : |
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

dynamic electrical characteristics {under nominal operating conditions from 0°C to 70°C unless
C pe g

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MaX UNITS
End of ¢7 to output delay Pgg Load = 100 £ 45 80 ns
Address-to-output access time PACC1 10S(HIGH) = 0.8 mA min, 265 280 ns
®1-to-output access time Pacc2 los(L.ow) = 0.2 mA min 385 400 ns
Address Capacitance

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

A4 through Ag Va = Vgs 6 8 pF

Ag 4 6 pF
Clock capacitance ¢ 18 22 pF
Clock capacitance ¢2 F =1MHz, V4 = 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 25°C 5 20 pF
Data Input Capacitance

Chips selected F=1MHz, 20 25 pF

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

Chips selected F=1MHz, 8 12 pF

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

TTL interface
+16 V
Vsug
0
<
LEVEL DATA IN DATA OUT t
TTL - TTL
SHIFTER TMS4025 NC - -
v SN75107
oo SN75108
£
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TMS 4025 NC
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

timing diagram and voltage waveforms

« NV AT I ZICCC

o2 N ;i | i
s N _M_:&‘ vl
w0 7727
R S
WRITE N T e
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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.)
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TMS 4025 NC

2048-BIT DYNAMIC RANDOM-ACCESS MEMORY

mechanical data (continued)
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FUNCTION

PIN NO. FUNCTION

13 Aq

14 Ag

15 ¢2

16 NC

17 C/S2
18 R/W
19 ouUT?
20 Ng
21 Ag

22 Ag

23 A7

24 Vss
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SPECIAL-PURPOSE DEVICES

This section presents special-purpose devices produced by T!.

1) Analog Switches

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

e  Mechanical choppers
e  Bipolar transistors
e FETs _
o  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.

TI 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.
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MOS TMS 4006 JC, TMS 4006 NC
LSl , DIGITAL STORAGE BUFFER

features

[ ] Asynchronous input and output clocks
Serial or parallel input capability

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

Double-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 a 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 parailel 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.
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TMS 4006 JC, TMS 4006 NC
DIGITAL STORAGE BUFFER

description (continued)
A Ciear input wiil aliow the user to clear aii the registers of the TMS 4006 JC/NC simuitaneously.

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 Vpprange* . . . . . . . . . . . . . . .. .. .. ... ..-3Vt03V
Supply voltage Vggrange® . . . . . . . . . . . . . .. . . . ... ... .=30Vio03V
Clock and data input voltageranges® . . . . . . . . . . . . . . . . . . . . . .-3Vt05V
Operating free-air temperatureranges . . . . . . . . . . . . . . . . . . . . . . —25°Ct085°C
Storage temperaturerange. . . . . . . . . . . « . « 4 +« +« . . . . . . .. =—BB5Cto150°C

* These voltages are with respect to network ground terminal,

recommended operating conditions

CHARACTERISTICS MIN NOM MAX UNIT

Supply voltage VG —-23 —24 —28 \4
Supply voltage Vpp -13 —14 —18 Vv
Data input voltage

Vin(0) logical 0 0 —-2.0 -3.0 v

Vin(1) logical 1 -1 -12 -16 v
Clock input voltage

Vg(0) logical 0 0 —20 -3.0 \

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

Serial mode -0.3 o -1.5 \"

Paraliel mode -23 —24 —28 A\
Clear command

Logical 0 +0.3 0 -1.5 \%

Logical 1 : -23 —24 —28 v
Marker bit for serial input o] -20 -3.0 v
Width of data pulse tp(data) T 10 psec
Rise-time of clock pulses, tr(clock)t 2 usec
Fall-time of clock pulses, tf{clock) T 2 usec
Clock repetition ratet 0 25.0 kHz
Width of clock pulses, tp(clock) 5 usec
Overlap of data to clock, toyt o] 1.0 upsec m

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 aliows 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 \4
Vout{0) Logical 0 output voltage -2.0 —2.5 -3.0 v
Zout Qutput impedance Vout =010 3V 700 1000 Q
All flag outputs* R < 50 kQ to GND 45 WA
R( =500 k2 to GND
PRC (1) Previous register clock logical 1 level Ct;ﬂ) oF -8 -10 —12 v
R 2500 k2 to GND,
PRC (0) Previous register clock logical O level C::;ZO oF —2.0 -25 -3.0 \")
R| 2500 k2 to GND
NRC (1) Next register clock logical 1 level ctgzo oF -8 | -0 | -12 v
R 2500 kS2 to GND
NRC {0} Next register clock logica! O leve! C::<20 oF =20 -25 -30 v
Vin=-15V, V| =0V,
Lint1) Logical 1 level input leakage current n bD 6.0 uA
Vgg =0V
Logical 1 level input leakage current Ving=—20V, Vpp=0V,
lin(t}e . . 10.0 uA
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
IpD Supply current into Vpp terminal Vpp=—-14V, Vgg=-24V 20 30 mA
16G Supply current into VGG terminal Vpp=—14V, VGgGg=-24V 4 10 mA
Power dissipation 250 mW
* Includes SYNC, 1st Flag, 10th Flag, 13th Flag and ADIS.
switching characteristics
PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
Propagation detay time to logical 1
level f IC t e of data
tod1 vel from DIC to appearance of dar (See Timing Diagram) 5 7 | usec
at output of empty register (13 regis-
ter levels of delay)
Propagation delay time to logical O
level from DIC to appearance of data
tpd0 ppe: ) {See Timing Diagram) 5 7 | s
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-
thde off from DOC to disappearance of data (See Timing Diagram) 5 7 usec
14 at level 13 (13 register levels of delay).
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TMS 4006 JC, TMS 4006 NC
DIGITAL STORAGE BUFFER

functional block diagram
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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

pin configuration

SYNC
ADIS @-—4. REGISTER NO. 12

SERIAL PARALLEL DATA IN

DATA
PRC S/PCLEARDIC IN

11171 993087

IEGISTER NO. 13 16) FLAG 13

REGISTER NO. 11

REGISTER NO. 10 '——-@ FLAG 10

CONTROL
LOGIC
SECTION

— -

'REGISTER NO. 2

REGISTER NO. 1 -@ FLAG 1

13348 ST

NRC DOC VGG VDD Vss

PARALLEL DATA OUT

PRC PREVIOUS—HEGISTER CLOCK
NR~ NEXT-REGISTER CLOCK
28 15
ADIS ANY DATA IN STORAGE
Jnnnnmnnnnnnnn
S/P SERIAL/PARAL LEL CONTROL
DIC DATA-INPUT CLOCK TOP VIEW
DOC DATA-OUTPUT CLOCK °
’ss - SUBSTRATE LJULJUUULJLJUL]UUU
\Y 2D — DRAIN POWER SUPPLY 1 1
’ VGG - GATE POWER SUPPLY
14
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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

-0V 0V +14V

INPUTCLO'JKI I l I

—

/_._ DIC VGGVDDV%
——d

-
TMS 4006 JC/NC

DATA INPUT
/\.

NRC

Y

DIiC

y

Y

DOC

PRC

TMS 4006 JC/NC

A\
1NdLiNO V1iva .d3HLOOWS,

DOC

'y

1 | SN

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

INPU‘IXVORD
ARARA AARAR
bic —] IR
boc —; 7 7 7 l— FLAG1
IEREE EEEEE]
A4
OUTPUT WORD
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TMS 6000 JR, TMS 6000 NC
COMMON-SOURCE 10-CHANNEL ANALOG SWITCH

MOsS
LSI

DESIGNED FOR HIGH-SPEED MULTIPLEXING APPLICATIONS

L4 Dual-in-line package

*  RpS(ON) =200 Q

description

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 Gy Gg Gs Gy Gy G, Gy NC
24 L1231 322 J 21 20 19 — 18 }—if 17 }—d 16 }— 15 14 4 13
11211314 ]s sl 171 18Tl |1 |12
010 D’ Da D7 Ds Ds D4 03 Dz D1 Vs 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 . . —50 mA
~55°C t0 85°C

Operating free-air temperature range

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=-—10uA, Vgs=0V —-30 v

V(BR)GSs Gate-source breakdown voltage |Ig = —10 A, Vps=0V -30 \
Source-drain breakdown

V(BR)SDS Is=—10uA, VGgp=0V —30 v
voltage

IGssF Gate-terminal forward current  |Vgg=—20V, Vps=0V —0.05 -1 nA
Zero-gate-voltage drain

Ipss Vpg=-20V, Vgs=0V -3 nA
current
Zero-gate-voltage source

Isps Vgp=-20V, Vgp =0 -6 nA
current
Gate-source threshold

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

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

I¥gsl 3 mmho
forward transadmittance f=1kHz

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

Vgp=-5V, Vgs=-5V,
Clout) Output capacitance {See Note 2) 13 20 pF
. f=1MHz

Gate-source capacitance Vps=0V, Vgs=0V,

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

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

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

NOTES: 1. C(in) is the capacitance between the drain terminal and all other terminals of the transistor under test.
2. C(out) is the capacitance between the source terminal’and all other terminals of the transistor under test.

3. Cgs and Cgd measurements employ a three-terminal capacitance bridge incor,

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.)

porating a guard circuit. The drain and substrate,
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TMS 6000 JR. TMS 6000 NC
COMMON-SOURCE 10-CHANNEL ANALO6 SWITCH

switching characteristics

PARAMETER MEASUREMENT INFORMATION

INPUT ov 10%
SWITCH UNDER TEST 1
INPUT \
-svo—-T L—< ourrur TV TTTY

160ks: {SEE NOTE B) - o~
C_=18pF |
1
= 20%
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 1

NOTES: A. The input waveform is supplied by a generator with the following characteristics: trg 10 s, Zgyt = 50 .

B. Waveforms are monitored on an oscilloscope with the following characteristics: tr <1
input capacitance plus stray capacitance.

TYPICAL CHARACTERISTICS

O ns, Rjn Z10 ML, Cy includes oscilloscope

STATIC DRAIN-SOURCE STATIC DRAIN-SOURCE
ON-STATE RESISTANCE ON-STATE RESISTANCE
vs
vs
FREE-AIR TEMPERATURE ~ GATE-SOURCE VOLTAGE
= 200 | 1000
Vag = 20V Ip=-100 uA
$ 10| VoS s | ° ’
% I = —100 uA ) Ta=2%C
3 160 - . 800
- 2
-
£ 140 & 700
§ 120 | =" 600
H
£ 100 500
8 L%
£ g0 v
H c 400
e 2
e 60 s 300
g 2]
" a0 L 200
1N €
5§ 2 100
8 e
£ 4 0
-75 -50 -25 0 k<) 50 % 100 o -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

n -
i An interface circuit using a PNP transistor translates TTL output voltage levels to
this circuit, +5 volts is used to turn the switch off, —20 volts is used to turn it on.

obtain sequential driving from a single

those required by the MOS switch. In
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 comp.. tely before the next one turns on. Cloc< frequency, tejock, 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 +12 V 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, so the
simple RC filter shown is sufficient to prevent noise from the +12 volt supply from interfering with switch operation.

DIRECT-COUPLED MULTIPLEXER ADDRESSED FROM SERIS 54/74 TTL

10kQ

5V 0—4q

MAXIMUM INPUT VOLTAGE

EACH INVERTER IS 1/6
SN7404

'"PXTS EXCURSION = 5 v
) o\
I M I
4 - I - T T _ I . 3I_T_ ._..1'
i N
URCRURNRIRRARING
fHAEE A
®. re P 4 l - & & i ’2
_Jd_Jd_J_ _'__i_'.._‘_“_ _Q
[ [ [ [ R BN
OUTPUT
I T N E T R SN
| | |

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

2440404 an

SN5442/SN7442 (BCD TO- DECIMAL DECODER)
A 8 C D

— |

A B

CLOCK f <250 kHz

D Ro(1)

N SN5490/SN7490
DECADE COUNTER

i
C D

Rg(2)

/
Ro(2) -/

—» Rg(1)
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MOS TMS 6002 JR, TMS 6002 NC
LS! » SIX-CHANNEL ANALOG SWITCHES

DESIGNED FOR HIGH-SPEED MULTIPLEXING APPLICATIONS
. Dual-in-line ceramic or plastic package

e RpSs{on) - - - 200 & maximum

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 ideaiiy suits this switch for time-division muitipiexing.

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/L.S! packaging section.}

TOP VIEW
SUB 1D 20 3D 4D 5D 6D NC
—— 16 15 14 13 12 1 10 9

e fomre ] - -
1 2 3 4 5 6 7 8
18 ] 38 43 58 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)?

Drain-source voltage . e -30V
Forward gate-source voltage (See Note 1) . -30V
Gate-drain voltage . . =30V
Drain current e e e e e e e e e —50 mA
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) 500 mw
Operating free-air temperature range {See Note 3) | ~B5°C-t0 85°C

Storage temperature range .

NOTES: 1.
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 CONDITIONS MIN TYP MAX UNIT

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

Vi{BRIGSS Gate-source breakdown voltage | Ig=—10uA, Vpg=0 -30 3

V(BR}SDS Source-drain breakdown voltage | Ig=—10pA, Vgp=0 -30 v
Gate-terminal forward current

IGssF Vs =—20V, Vpg=0 0.3 6.0 nA
6 gates

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

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

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

Rps(on) VGs=-20V, Ip=-100uA 140 200 Q
resistance

il-signal common gat Vps=-10V, Vgg=-10V,

lst | Small-signal common gate DS GS 3 mmho
forward transfer admittance f=1kHz
Input capacitance Vps=-56V, Vgg=0,

Clim) P! pa Ds Gs 4 7 oF
(See Note 3) f=1MHz
Output capacitance Vgp=-5V, Vgg=-5V,

Clout) p pac sD GS a 7 oF
(See Note 4) f=1MHz
Gate-sour itance Vps=0, Vgs =0,

Cos e-source capacitani DS GS 2 45 of
({See Note 5) f=1MHz
Gate-drain capacitance Vps =0, Vgs =0,

G 8 in capacitan DS GS 5 3 oF
(See Note 5)

tdon Turn on delay time See Switching Circuit 50 75 ns

NOTES: 3. Cy(jn) is the capacitance batween the drain terminal and all other terminals of the transistor under test.
4. C(out) is the capacitance between the source terminal and alt 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 unless otherwise noted.

—55°C to 150°C

Forward gate-source voitage is of such polarity that an increase in its magnitude above a threshold level causes the channel resistance

TEXASI INSTRUMENTS
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TMS 6002 JR, TMS 6002 NC

SIX-CHA

NNEL ANALOG SWITCHES

switching characteristics

PARAMETER MEASUREMENT INFORMATION

INPUT
l SWITCH UNDER TEST
-5V o—T L1 OUTPUT

160 k.Qj; (SEE NOTE B)

9 TCL=18pF

TEST CIRCUIT

ov 10%
INPUT : \ f
—20vV=——"
le— ton =i
-\
OUTPUT I 0%
VOLTAGE WAVEFORMS

NOTES: A. The input waveform is supplied by a generator with the following characteristics: 1. < 10 ns, Zoyt = 50 Q.
B. Waveforms are monitored on an oscilloscope with the following characteristics: ty < 10 ns, Rjn > 10 M&Z. C( inciudes
oscilloscope input capacitance plus stray capacitance.

TYPICAL CHARACTERISTICS

200

STATIC DRAIN-SQURCE
ON-STATE RESISTANCE

vs
FREE-AIR TEMPERATURE

180 {

v

Gs= 20V
D~ —100 A

120

100

80

40

ROS(On)—Static Drain-Source On-State Resistance—Q

~75

-850 -5 0 25 50 75 100

. A—Free-Air Temperatu re—C

|

RDs(on)—statIC Drain-Source On-State Resistance—

§

9200

800

700

600

500

400

300

200

100

STATIC DRAIN-SOURCE
ON-STATE RESISTANCE

vs
GATE-SOURCE VOLTAGE

Ip = —100 A
o
'TA =256C

0 -5 -10 —-15 -20 ~25 -30

VGS—Gate-Source Voitage—V
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MOS TMS 6005 JR, NC; TMS 6009 JR, NC
LSI SIX-CHANNEL ANALOG SWITCHES

DESIGNED FOR HIGH-SPEED MULTIPLEXING APPLICATIONS
[ Dual-in-line package

. rDS{on) - - - 200 2 max

description

The TMS 6005 JR/NC and TMS 6009 JR/NC ana- TOP VIEW

1161 ‘AHYNYEA3A

log switches are P-channel enhancement-mode MOS
monolithic integrated circuits utilizing thick-oxide
technology. Each consists of six MOS transistors hav-

ing all six sources interconnected. The gate of each Bl jujisl{{{nlijw]]s
MOS device is protected by a diode circuit and must

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

es are packaged in 16-pin dual-in-line ceramic pack- H\ 4 ? Al |4 A

ages or 16-pin plastic packages. 1 1] J | J 1]

requiring extremely low leakage currents. The

The TMS 6009 JR/NC is intended for applications ‘{
!
1

TMS 6005 JR/NC is a general-purpose device. L. hd ® g ¢ hd
A gate input impedance greater than 1010 ohms VL2 ]3[4

coupled with low source cutoff current, zero inherent 6 26 36 4 56 66 s

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) T

Drain-sourcevoltage . . . . . . . L — ) RV
Forwardgatesourcevoltage(seeNote1) L — T R Y
Gatedrain voltage . . . . . . L - s 1Y/
Draincurrent . . . . . . ., . . .. .. .. ... . . e e e e e e e e e e —-50 mA
Gate-terminal reverse current (forward dnrectnon for zenerclamp) . . . . . . . .. .. ... ... 01mA
Contmuousdlsslpatnon at (or below) 25°C free-air temperature (seeNote2) . . . . . . . . . . . . . 500mwW
Operating free-air temperature range (seeNote3) . . . . . . . . . .. ... ...... -B5°Cto85°C
Storagetemperaturerange . . . . . . . . . . ... .. .. ... ... ... .. _s5Cto150°C

resistance to decrease.

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

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 6003 NC is —25 to +86°C.

TEXAS INSTRUMENTS
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TMS 6005 JR, NC; TMS 6009 JR, NC
SIX-CHANNEL ANALOG SWITCHES

electrical characteristics at 25°C free-air teniperature

TMS6005JR - TMS600SJR
PARAMETER TEST CONDITIONST T
MIN TYP MAX|MIN TYP MAX uN
V(gBR)DSS Drain-source breakdown voltage Ip=—10pA, Vgg=0 -30 -30 v
V(BR)GSS Gate-source breakdown voltage lg=—10pA, Vpg=0 -30 -30 \
V(BR)SDS Source-drain breakdown voltage lg=—10pA, Vgp=0 -30 -30 \
1GSSF Gate-terminal forward current VGgs=—-20V, Vps=0 —5 -0.05 -1 nA
Ipss Zero-gate-voltage drain current Vps=-20V, Vgs=0 -10 -3 | nA
Zero-gate-voltage source current
| Vgp=-20V, Vgp =0 -30 -6 nA
SDS (total for six switches) sb o .
VGS(th) Gate-source threshold voltage Vpg =0, Ip=—10pgA [-25 -4 —6 | -25 -4 -6 v
rDS{on) Static drain-source on-state resistance | Vgg = —20V, Ip=—100 gA 140 200 140 200 2
o Small-signal common-source Vpg=—10V, Vgg=-10V,
Ivfs| 3 3 mmhc
forward transfer admittance f=1kHz
Vps=-5V, Vg=Vs=Vss
Cyi input itan Note 3 4 7 4 7 F
tin) nput capacitance {see ) f=1MHz p
Vgp=-5V, Vg=Vs= .
Clou)  Outputcapacitance (seeNote ) | 50 GmVs=Vss 13 20 13 20 | pF
Vps =0, Vgs =0,
Cgs Gate-source capacitance (see Note 5) oS Gs 3 45 3 45 | pF
f=1MHz
5 Vps =0, Vgs =0,
C, Gate-drai t see Note 5 2 3 2 3 F
od e-drain capacitance ( ote 5) f=1MHz [
ton Turn-on time See Figure 1 50 75 50 75 ns

NOTES: 3. Cyjp) is the capacitance between the drain terminal and all other terminals of the transistor under test.
4. C(ouy) is the capacitance between the source terminal and all other terminals of the transistor under test.
5. (:gs 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.

1The body (substrate) terminal is grounded to the reference terminal unless otherwise noted,

PARAMETER MEASUREMENT INFORMATION

switching characteristics

INPUT
I SWITCH UNDER TEST

L

160 k2

AA

£

=

TEST CIRCUIT

OUTPUT
(SEE NOTE B)

CL_=18pF

-20V—

ov 10%
INPUT :
|

le— ton =i
ov
I
OouUTPUT q
5V 90%

VOLTAGE WAVEFORMS

- NOTES: A. The input waveform is supplied by a generator with the following characteristics: t < 10 ns, Zoyt = 50 2.

B. Waveforms are monitored on an oscilloscope with the following characteristics: ty < 10 ns, Rin = 10 MQ, C_ 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

DS on)—Statnc Drain-Source On-State Resistance~2

TYPICAL CHARACTERISTICS

STATIC DRAIN-SCGURCE STATIC DRAIN-SOURCE
ON-STATE RESISTANCE ON-STATE RESISTANCE
vs v vs
FREE-AIR TEMPERATURE GATE-SOURCE VOLTAGE
200 1000
0 Vgg=—20V fg Ip =—1:)0uA
L | =100 900 b1 -
Ip = —100 pA g Tp=25°C
160 2 g00
3
/" [+
140 —— g 700
/ . S
120 ] 2 600
o
-]
100 g 500
3
[
80 £ 400
8
o
60 © 300.
<
40 3 200
20 § 100
' a
4] - 0
-75 50 -25 0 25 50 75 100 0 -5 -1 -15 -—20 -25 -30
T A—Free-Air Temperature—oc VGS—Gate-Source Voltage—V

FIGURE 2 FIGURE 3

TYPICAL APPLICATION DATA

In the folfowing 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 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 volts 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 pregent noise from the +5 volts supply from interfering with switch
operation.
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TMS 6005 JR, NC: TMS 6009 JR, NC
SIX-CHANNEL ANALOG SWITCHES

0.01 uF

.n_;'_l

TYPICAL APPLICATION DATA

DIRECT-COUPLED MULTIPLEXER ADDRESSED FROM SERIES 54/74 TTL

INPUTS
Ao

s
1

alalnjololajals

e E e e e e R

TN MAXIMUM INPUT VOLTAGE

5 EXCURSION =+ 5V

i

—
—

[

i

1
I
1
1 TMS 6005 JR/NC
: OR
| TMS 6008 JR/NC
10k0;
|
! .
Lol efee ||| = | == ————
D@BB@ aln
ouTPUT
5V [ P ' f ,
' ' ' ' Rtksuz
470 22 100 2 -
2N5448
OR A TOTAL OF 8 INTERFACE CIRCUITS
2N2907 IDENTICAL TO THE ONE AT THE LEFT
i
120 pF ’E 3.9 ki

-20V O—

EACH INVERTER IS 1/6
SN5404/SN7404

CEASE,

[ 8 )
SN5442/SN7442 (BCD-TO-DECIMAL DECODER)
A B c [}
| [ ]
a B c )
cLock N SN5492/SN7492
<250 kHz A {DIVIDE-BY-SIX COUNTER)
8¢ Ron  Roa)
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CUSTOM MOS/LSI

CUSTOM MOS/LSI

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

. . i lower package count
High level of integration pactag
lower cost

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

ioh reliabilit
Simple process high reliability
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

e  Software Specialists

o  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)

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

e  Computer drawing

e  Mask cutting »

e  Test patt.ern‘ generation and grading

TI’s involvement in custom MOS/LS! is complete. The Tl-customer interface is very flexible. Inputs may

range from general requirements (“’Black Box"" specifications) to finished working glass photomasks. Ex- m
perience has shown that the best interface point is with partitioned logic.diagrams; however, Tl can also

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

CUSTOMER INPUT | TI OPERATIONS
........... %: 5
“GENERAL , :
EQUIREMENTS ; PARTITI?QJQ]&@»
S 1OGIC DIAGRAM | |
© (UNPARTITIONEDI] |
{, AUTOMATIC E
LOGIC DIAGRAM ’ . PLACEMENT
i (PARTITIONED) ]| 7=>] AND ROUTING
i :
* I
|
. |
i
. |
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]
1
i
. !
i
I
i
]
]
, |
1\ 7
]
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. 1
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For more information on custom MOS/LSI design please contact the nearest T sales office .
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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 TlI 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.
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PRELIMINARY
PRODUCT SPECIFICATION

SMA 1001
2048-BIT SEMICONDUCTOR MEMORY ARRAY

2048 - BIT

SEMICONDUCTOR RAM STORAGE ARRAY

FEATURES:

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 266-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 fine

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
toa 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 ( IS(1)) at the

sense output during a read.

Adaptable to a wide variety of memory systems
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

14286

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 . v v v e e e e e e e e e e e e e e 8 10 15 \
Operating temperature range with 700 FPMairflow . . . . . . . . . 0 25 70 (°C)
static characteristics (Vgg =12V, T =0 - 70°C)
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Ca Address line capacitance Va=0V 95 pF
Cp Digit line capacitance Vp=0V 32 pF
cp Digit line capacitance Vp = Vsg 60 pF
Cg Sense line capacitance Vs=0 35 pF
Address line voltage for unaddressed
Va(o) 1S(00) = 2.5 kA MAX. 6-13*
state
VA({1)  Address line voltage for addressed state| ig(1) = 200 uA 0.4
Vp(o) Digit line write voltage Va=04V, 6-13* 8.5-15.5" v
Vp(1)  Digit line non-destructive read voitage | VA =0.4V, 0 1.0
Sense line current when addressed
Is(0) Va =04V, Rg=1K 25 KA
cell contains a (0)
Sense line current when addressed
Is(1) Rs=1Kor less, Va=04V 200 BA
cell contains a (1)
1a(2) Address line leakage current VaA=0V 10 HA
Iss Power supply current Vgg =120V 5% Va=Vgg ‘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 puise width for writing into
Tw VaA=04V, Vp =09 Vsg 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 14
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.
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SMA 1001
2048-BIT SEMICONDUCTOR MEMORY ARRAY

mechanical data (continued)

125 TYP
T 26
[ —ee——— ]
—_—— ————— |
[
=— ;i E———:_
|
=
—
——
—
16 31
1 1.10sQ

‘ ¢ 1.00 SQ .’

1

l

T
T
+

corve o= e o

7 U — -

115
OUTLINE DIMENSIONS
pin configuration
PIN FUNCTION PIN FUNCTION PIN FUNCTION PIN FUNCTION PIN FUNCTION PIN FUNCTION
1 Y15 1 X7 21 Do-s 31 Sg 11 S7 51 Dg-1
2 Yie 12 Xg 22 Yg 32 Yq 42 Vss2 52 Yg
3 Sp 13 Xg 23 Y7 33 Vss1 43 X11 53 Y10
4 Xg 14 Xa 24 Yg 34 Xg a4 X142 53 Y11
5 D15 15 X3 25 Yg 35 X10 45 S1 55 Y12
6 VbbD1 16 Sg 26 Ya 36 So 46 X13 56 Y13
7 Do.5 17 D1g 27 Do-g 37 D12 47 X14 57 S3
14 8 Sq 18 VDD2 28 Di.g 38 Dg-2 48 X15 58 D3
9 D1.4 19 X9 29 Y3 39 Dg.7 49 X16 59 Y14
10 Dgg4 20 X4 30 Yo 40 D1.7 50 D19 60 Dg.3
The material herein is believed to be
. accurate and reliable; however, some
14-288 parameters specified are derived from TEXAS l NST R UM ENTS
D

evaluation units and may change
stightly after full characterization,
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PRELIMINARY

PRODUCT SPECIFICATION 2048'BIT s EM I co N

SMA 2001
DUCTOR MEMORY ARRAY

2048-BIT
HIGH PERFORMANCE SEMIGONDUCTOR RAM A

description

This specification defines a 2048-bit memory array to be used as a building block for ol

RRAY

rganizing 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
temperature range (0 — 70°C).

features
° Fast read access time
L] Fast write time
L4 Fastcycletime . . . . . .
L] Low memory power dissipation .
L] Open collector output for OR tie
(4 Directly compatible with DTL and TTL logic circuits
(4 Easy memory expansion through 4 chip select inputs
[ Read strobe control
[ Standard TTL loading
° +5V, GND, -5 V operation
° DIP packaging

organization

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

block diagram

pin package for the commercial

125 ns typical
125 ns typical
150 ns typical
0.65 mW/bit typical

A :‘__ - ﬁl Vss Vee+q Vec
ARRAY SELECT
2 65 e R N I
- w
sk H :
8 +— Vee-
= |
[— MOS STORAGE
{8l |
~4 —
[*]
ADDRESS —] O .
. > |
—l_&
1 !
=] 1
.
a SENSE | :
e READ —
DATA IN (H el f—-—~—"=-- 4 AMPLIFIER[T > PATAOUT
MTC ; =} > WRITE CONTROL i
R . I ,
READ STROBE | |
L e e e e e 4l —— a4
The material herein is believed to be
accurate and reliable; however, some U M 14_239
parameters specified are derived from TEXAS, Nlc1§R5P OTRBT ED EN Ts
evaluation units and may change R POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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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)Jr

Vgs(SeeNote7). . . . . . . . . . L. .o e e e e e e e e 7V
Vec+(SeeNote7) . . . . . . L L L L L L L L e e A"
Vec—(SeeNote7) . . . . . . . . L L L L Lo e e s e e e e e e e e e . =T
Input voltage (See Note 8). . . . e e h i e e i e e e . .. .. . . BBV
Operating Ambient Temperature with 700 FPM of air ﬂow e e e e e e e e e e e e 0 to 70°C
Storage temperaturerange . . . . . . . . . . . . . . « . « « « . . . .. . . —65to150°C
Outputsink current (Note Q) . . . . . . . . . . . . . . . . . ... 20 mA

* 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

VBS - o e e e e e e e e e 4.75 5.0 5.25

Voot .« . . o s e e e e e s e s e e e 4.75 5.0 5.25

Vee- - e e e e e e e —4.75 ~5.0 |-5.25

Output smk current (See Note 9) e e e e e e 16 mA

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

1
2. Unselected array data out at HIGH fevel.

3. Read 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.
9. Output 1 equals output 2.

14-290
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SMA 2001
2048-BIT SEMICONDUCTOR MEMORY ARRAY

electrical characteristics (over ambient temperature range unless otherwise noted)

PARAMETERS TEST CONDITIONST MIN TYP* | MAX | UNITS
Inputs
liH All inputs Vig=24V, Voot = MAX 40 KA
1T except ViL=04V, Voot = MAX -1.6 mA
ViH R/W and Veet=MIN | 20 v
ViL Array Selects Vet =MIN 0.8 \
Inputs
T8} R/W and ViH=24V, Vet = MAX 80 A
L Array Select ViL=04V, Vet = MAX —3.2 mA
ViH inputs Veet = MIN 20 \
Vip only Veet = MIN 0.8 A
Outputs
VOH Open Collector
VoL Isink = 16 mA, zgg: :_m': 0.4 v
1OH VoH =525V, xgg:: m‘;‘ 250 A
Suppl{/ Currents
Igc+ (Includes Igg) 248
lce— 20
Power Dissipation
Total 1340 mW
Per Bit 0.65 mW
Dynamic Characteristics (See Timing Diagram)
Read Access 125 ns
50% input address line change to 50% data RoyT =330 22 +5%
output with read strobe LOW and R/W
signal HIGH Court = 30pF
Write Cycle 150 ns
50% input address line change to start of
next cycle

* All typical values are at V +=Veg=—-Vee—=+6Vand Tp = 25°C.
cc SS CcC A

T Veet = Vee, = Vee,

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

timing diagram
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100 150
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[+«
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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 15. GND = 15
2. A0 16. NC o
3. Ag 17. AS4—ARRAY SEL
4. Ag 18, AS3—ARRAY SEL
5. DATAIN 1 19.Ag
6. MTC—TIMING CONTROL  20. A
7. READ STROBE 21. A7 SMA 2001
8. OUTPUT 1} See Note 8 Page 2 22. A3 Serial No. XXXX
9. OUTPUT 2 23. AS2-ARRAY SEL
10.R/W—READ/WRITE 24, AS1-ARRAY SEL 1 14
1.--vee 2. A4 T UUTUTUUUU 00T T0U
12.Vee, 26. A
13.V(;c1 27. Ag
14.Vgs 28. A7 ¢————————— 1.6+ 0.020 ————¥|
0.105 £ 0.020

‘.—11m‘_l os0Tve
J\ T

0.020 MIN

0.200 TYP

+.
1.225%.025 - | — 0.018 £ 0.003

— 0.100 TYPICAL (SEE NOTE A)

NOTES: A. The true-position pin spacing is 0.100 between centerlines. Each pin centerline is located within + 0.010 of its true longitudinal
position relative ta pins @ and . 1 4

B. All dimensions in inches.

The material herein is believed to be

accurate and reliable; however, some

parameters specified are derived from TEXAS lN STRUMENTS 14-293
evaluation units and may change INCORPORATED

shﬂhﬂy after full charactel’ization. POST OFFICE BOX 5012 s« DALLAS, TEXAS 75222



PRELIMINARY

PRODUCT SPECIFICATION 2048'B|T SEM|CUNDU

SMA 2002
CTOR MEMORY ARRAY

2048-BIT

HIGH PERFORMANGE SEMICONDUGTOR RAM ARRAY

descriptibn

This specification defines a 2048-bit memory array to be used as a building biock 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
[ Fast read access time
[ Fast write time
° Fastcycletime . . . . . .
o Low memory power dissipation .
° Open collector output for OR tie
L] Directly compatible with DTL and TTL logic circuits
o Easy memory expansion through 4 chip select inputs
® . Read strobe control
L] Standard TTL loading
o +5V, GND, —5 V operation
o DIP packaging
organization

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

125 ns typical
125 ns typical
150 ns typical
0.65 mW/bit typical

block diagram
Vss Vect V.
-5 ss Vect Vec+,
AR E M e - — - - - —_t - -
RAY SELECT { — “L ‘l 1 _anp
el= '
—_ = Vee—
H N e
T |
- |
—:—F— MOS STORAGE :
aooress - | [H
-1 ) I
—+ > ]
! [
! |
H L > READ >\ b
ATA | N SENSE ATA
Eﬁm —] - = — - S — . 'T’I our
14 —1 CONTROL
RW } A f I
READ STROBE + I
e e e e e e ~
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The material herein is believed to be
accurate and reliable; however, some

parameters specified are derived from TEXASI ] N ST RU M EN TS

evaluation units and may change NCORPORATED
) e POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
slightly after full characterization.



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 noted)'r

Vsg (See Note 7) e e e

Vcet (SeeNote7) . . . . . . . -

Vee— (See Note 7) .

Input voltage {See Note 8) e e e
Operating Ambient Temperature wnth 700 FPM of air flow Ce e e
Storage temperature range .

Output sink current .

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

Vgg . . . . .

Veer - . - . .

veg- - - - e -

Output sink current . .
Operating Ambient Temperature wnth 700 FPM of air ﬂow .

NOTES: 1. All array selects must be LOW for array to be selected.

2. Unselected array data out at HIGH level.

3. ‘Raod strobe should be LOW for data out only during read cycle.
4. HIGH data in gives HIGH data out.

6. 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.

7V
7V

-7V
. BBV
0 to 70°C
—65 to 150°C
. 20mA

MIN NOM MAX
4,75 5.0 5.25
4.75 5.0 5.25
—4.75 -50 | -5.25
16 mA

0°C 70°C

The material herein is believed to be

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

slightly after full characterization.
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SMA 2002
2048-BIT SEMICONDUCTOR MEMORY ARRAY

electrical characteristics (over ambient temperature range unless otherwise noted)

PARAMETER TEST CONDITIONST MIN TYP® | mAX UNITS

Inputs

T All inputs ViH=24V, Vcot+=MAX 40 HA

L except ViL=04V, Vgcot=MAX -1.6 mA

ViH R/W and Veet =MIN 2.0 v

ViL Array Selects Veet =MIN . 0.8 \'%
Inputs

IH R/W and VIH=24V, Vgct=MAX 80 HA

he Array Select ViL=04V, Vcot=MAX -3.2 mA

ViH inputs Vet = MIN 20 v

ViL only Veet =MIN 0.8 \
Qutputs

VOH Open Coliector

v lsink = 16 mA, CC™=MIN 04 v

oL sink " Voot = MIN g
Vec— =MIN
! VoH =5.25V, 250 A
OH OH Vet = MIN .

Supply Currents
Icct (Includes igg) 248
lee— 20

Power Dissipation

Total 1340 mwW
Per Bit 0.65 mw

Dynamic Characteristics (See Timing Diagram)
Read Access Rout =330 +5% 125 ns
50% input address line change to 50% CouTt = 30 pF
data output with read strobe LOW

and R/W signal HIGH

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

ns

* AN typical values are at Voot = Vgs=—Vec—=+5Vand Ty = 25°C,
T Vect = Vee, = Ve,

The material herein is believed to be
accurate and reliable; however, some
14_296 parameters specified are derived from TEXAS l N ST R U M ENTS

evaluation units and may change INCORPORATED
: s POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
slightly after full characterization. 2



SMA 2002
2048-BIT SEMICONDUCTOR MEMORY ARRAY

timing diagram
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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

1. GND
2.DATAIN 2
3. Ag
4. Ag
5. DATAIN 1
6. MTC—TIMING CONTROL
7. READ STROBE
8. OUTPUT 1
9. OUTPUT 2
10. RIW—READ/WRITE
11.-V¢e
12.Vee,
13. Veey
14, Vgg

15.
16.
17.

12

20

GND
NC
AS4—-ARRAY SEL

. AS2—ARRAY SEL
19.
. Aq
21.
22,
23.
24,
25.
26.
27.
28;

Ag

A2
A3
AS2—-ARRAY SEL
AS1-ARRAY SEL
Aq
As
Ag
Az

Dsﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

(o]

SMA 2002

Serial No. XXXX

EREEEEEEEREEE

e« 1.6%0020 — 3|

.150 £0.020

080 TYP

— 0.020 MIN

F—1.1m Nou——'
| ]

0.011 £0.003

| ]

T 1%

; I 0.200 TYP |
'-—— 1.225t.ozs—-l Il 0,018 £0.008

0.100 TYP (SEE NOTE A)

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

position relative to pins

(Dant @

B. Al dimensions in inches.
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