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I. INTRODUCTION

This report describes the NASA-MSFC high speed CMOS,/SOS standard
cell family, which was developed on (1) NASA programs NAS12-2233 and
NAS8-29072 under the direction of sohn Gould, NASA Technical Program Direc-
tor, MSFC, Huntsville, Alabama, and (2) internal Independent Research and

Dcvelopment programs,

The circuits were designed to be compatible with and maximize the per-
formance of the Automatic Placement and Routing Program PR2D which was
also originally developed under NASA program NAS12-2233 directed by John
Gould and improved on other Government programs as well as on several
Independent Rescarch and Development programs, Together the program and
circuits provide the capability of generating high speed, high performance,
random logic custom LSI arrays with quick turnaround, high density, and low

static and dynamic power,

The basic technology with which circuits are designed is the self-aligned,

silicongate CMOS/SOS process.

These cells are used in the generation of design automated custom LS
arrays in virtually the same manner as other RCA-designed standard cell
families. Briefly this requires user-generated input data to the computer pro-
gram which consists of the net or connectivity list of circuit cells as well as the
ccll or pattern identification numbc ~ which is available from the data sheets.
With essentially this information, the computer placement and routing program
will provide an automatically generated layout and interconnection in a data
format consistent and compatible with an automatic precision mask artwork

pattern gencrator.
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This report contains standard cell data sheets for each of the cells. It
contains a description of the general information and data that are contained on
all data sheets. It also contains additional information and descriptions where
appropriate. For example, addition~] iruormation is provided as to how the
dynamic performance curves shown on the data sheets were generated, the
validation process, and the means hy which their accuracy will be updated. A
user's guide is planned, which will complement the data contained here, to pro-

vide the design information necessary for complete user utilization,

11, HIGH SPEED CMOS/SOS STANDARD CELL FAMILY

A, CELL DESCRIPTIONS

The table lists the cells that currently make up the CMOS/SOS standard
cell family., Data sheets are contained for these cells in the Appendix, Where
necessary, the accompanying table contains information additional to that on the

data sheets to describe cell operation,
Each data sheet contains the following information:
e Ccll family technology.
e Descriptive name of the cell indicating its function.

e Cell identification or pattern number. This number identifies the cell

in the input data to the automatic placement and routing program.

e Supply voltage for which the given propagation delay and transition

times are applicable.

o Width of the cell in mils.
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e Circuit schematic of the logic configuration including the numbering
of each input and output connection. These numbers provide the

means by which the chip interconnection or net list is generated,

e Capacitance at each input and output connection, This capacitance is
computed on the basis of the geometry, topology, and materials
associated with the capacitor. The Miller cffect is not included in
value, It is automatically included when the device is analyzed by

computer simulation techniques.

o Logic symbol plus the Boolean cquation describing the cell function,

e Truth table.
e Dynamic performance data.

Dynamic performance data at Vv = 10 V is provided for each logic

DD
cell, These data may be presented in several ways. Thesc include propagation
delay on a per stage basis, transition time, clock rate, minimum or maximum

pulse width, delay measurcd with respect to the clock, or combinations of these,

In all cases the dynamic data are given as a function of load capacitance,

For logic cells like the 1120, 1130, 1140, 1220, 1230, 1240, 1310, 1520
and the 1620, the delay is given in the form of curves showing stage delay and
transition times as a function of capacitive loading. The stage delay is the
average of the propagation delay as measured at the 50 percent signal swing
level for positive and negative going input signals. Similarly, the transition
time is measured over thc 10 to 90 percent rise and fall times, The input signal
to these circuits during the genceration of these data is the output of an inverter
stage which acts as a buffer against the programmed input pulse. The principal
objective of this buffer is to minimize the effect of the transition time of the
input on the dynamic data. The dependency, nevertheless, exists and should be

considered.
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In contrast to this, the dynamic data for those circuits which contain
storage devices are given in terms of the minimum pulse width to transfer new
data into the master and slave storage elements as well as propagation delay
data. Inthe latter case, the delay is specified from the 50 percent level of the

negative transition of the clock to the 50 percenti level of the output of the slave,

As new cells are added to the CMOS/SOS family, they will be dynamically
characterized in a manner that will optimize the cell's usefulness to the system

designer,
B. PROCEDURE FOR GENERATING DYNAMIC DATA

The dynamic data shown on the data sheets are based on computer simu-
lation techniques using a RCA-developed computer circuit analysis and simula-
tion program. Primarily developed for integrated circuit application, the pro-
gram contains specially developed device models with parameters expressed in
process parameters as well as circuit parameters, To characterize a particular
process, the parameters of the device models are provided values that corres-

pond dircctly to the process being used.

A detailed description of how the dynamic data were generated can be

found in the final report. !

Briefly, however, each cell was simulated as follows: all transistors
were simulated by a device model that included its mask geometries; electrical
characteristics like threshold voltages; intrinsic capacitances, process param-

eters values for mobility, gate oxide, field oxide thickness, and permitivity;

1. P. Ramondetta, A. Feller, R. Noto and T. Lombardi, "CMOS Array Design
Automation Techniques, ' Final Report on Contract NAS12-2233 Mods 6 and
11, RCA Advanced Technology Laboratories, Camden, New Jersey, May
1975,
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effect of lateral diffusions expressed in terms of modified channel length; and
resistance associated with the polysilicon gate and intracell connections. Each
cell was analyzed with a load that consists of a series resistor and cupacitive
load. The serics resistor represents the anticipated average resistance that a
typical cell will be driving as a result of polysilicos interconnections. In addi-
tion, the cell being analyzed is driven by an inverter circuit which is designed
to provide a signal that simulates the input signal which it normally encounters

in a CMOS/S0S LSI array environment,

A key to the accuracy and reliability of the results produced by the
analysis and simulation techniques lies in the accuracy and validity of the values
usced to define the parameters of the device models. To date RCA has produced
more than 50 CMOS/SOS LSI arrays including at lcast four test chips, Although
all of the test chips, including the one described in the veference NASA final
report, were designed for different purposes, each one had special circuits
designed to characterize the process and generate device model parameter
values, Then, as the various functioral CMOS/SOS arrays were fabricated and
tested, the values of the parameteis were improved and updated, 1n this way,
the accuracy and validity of the model are cstablished with a corresponding
increase in the accuracy and validity of the performance predicted by the simu-
lation techniques. As additional CMOS/SOS LSI arrays are produced using the
CMOS/S0S standard cell family, the model and its parameter values will con-
tinue to be improved and updated,

Although the stage propagation delays and transition times given in the

data sheets arc gpecifically for a 10-V V they can be used to a first~order

DD’
approximation to provide corresponding cell information at supply voltages

other than 10 V. For example, at 5-V VDD and assuming a threshold voltage

for P and N at 1.5 V, the delay will be reduced as compared to the 10-V data

as follows:
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Reduction in stage delay at 5 V = [-((1,:)—_11'—;’)-;—] . (-1%) * (0.8) = 2.4

The 0. 8 factor in the equation is an empirical figure that is considered

reasonably conservative,
C. ADDITIONAL CELL DATA

1. D-Type, Master/Slave Flip-Flop (Cell No. 2820)

This cell is a true master-slave flip~flop designed for various register
applications, With the addition of -u external inverter, such as the 1310 or
1520 cell, it may be used for counter and toggle applications. Information is
stored by means of tristate type devices, ensuring a data input characteristic
that is purely capacitive. Data present at the '"D' input are transferred to the
"Q'"' output during the negative-going transition of the clock pulse. Loading the
master flip-flop is initiated on the positive-going edge of the clock pulse.

Operating Characteristics

® Clock should remain in the high state for a mirimum of 22 ns to
insure a proper transfer of the data information into the master

flip-flop.

e The clock should remain in the low state for a minimum of 20 ns to

insure a proper transfer of the master data to the slave flip-flop.

e The clock transition (10-90 percent) edge time should be kept below
60 ns.

e For output loading on "'Q" greater than 0,4 pF, allow a minimum of

26 ns to transfcr the data to slave and latch it in,
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The cell is implemented with a com:bination of functional, transmission
gate, and tristate logic, The transmission devices are used to connect (and
disconnect) the master and slavc ctorage devices from the ''D'' input and master
rank, respectively. FEach storage element is implemented with a single inverter
and a low conductance feedback tristate device. Information is held by means of
the smaller, high inpedance tristate inverter. The outputs of these tristate
inverters are disconnected while their particular flip-flop is being loaded.
Latch-up occurs during the transition time of the clock signal, during the falling
edge for the master flip-flop, and during the rising edge for the slave flip-flop.
At this time, the transmission devices are disconnecting, When the clock signal
is high, the logical level at the D" input is propagated through the first trans-
mission device and loaded into the inverter of the master flip-flop. When the
cleck signal goes from a high to a low (1 to 0) state, two simultaneous events
occur, The master's tristate begins to maintain and define the logical level at
the input to the master rank, and the input transmission device begins to isolate
the master rank from the 'D' input. Concurrent with these events, the second
transmission device begins to connect the slave to the master. Opposition from
the slave's feedback tristate is eliminated by disconnceciing the outpat from this

nodc.

2. Off-Chip Inverting Bufter Pad (Cells No. 9060 and 9070)

Thesc cells are designed for driving 1nrge off-chip capacitive loads. To
increase the gate density of the arrays using the drivers, the cells have been
incorporated into an output pad design. Consequently, they are placed in the

pad arca. The two cells differ only in their ground and power bus connection,
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TABLE, HIGH SPEED CMOS/SOS STANDARD CELL LIBRARY

Cell Number Cell Function Description/Comments
1120 Two-Input NOR Logical NOR
1130 Three-Input NOR Logical NOR
1140 Four-Input NOR Logical NOR
1220 Two-=Input NAND Logical NAND
1230 Three-Input NAND Logical NAND
1240 Four-Input NAND Logical NAND
1310 Buffer Inverter On-chip operation with loads up to
4 pF
1340 Inverting 2 x 1 When the control is in the high state
Multiplexer (10 V), the output is A, When the
control is low, the output is B,
1370 Low Z Transmission | Electronic equivalent of a single
Jate pole, single throw switch. When
the control is in the low state,
the input and output are effectively
disconnected and the other node
; either floats or is defined by other
i circuit elements. In the hirh
state, the transmission gate is in
the ""ON" state with the output
connected to the input with a
series resistance of approximately
2000 ohms,
1510 Non-Inverting Primarily designed for ""on-chip'
Buffer use, this cell can be used to reduce

delays when the load capacitance
exceeds 2 pF.,
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TABLE (Continued)

Cell Number

Cell Function

Description/Comments

1520

1570

1620

1630

1640

1720

1730

1740

1870

Double Buffer
Inverter

On-Chip Tristate

Two-Input AND

Three-Input AND

Four-Input AND

Two-Input OR

Three-Input OR

Four-Input OR

Two, Two and-Two
NOR

For capacitance leads in excess of
4 pF

This cell is a tristate device
designed fo+ on-chip use. A con-
trol is available to determine the
operation mode of this cell. With
the contrel high, the cell operates
as an inverter buffer capable of
driving heavy on-chip loads. With
the control low, the cell is in the
"OFF' state, with an extremely
high output impedance — on the
order of 0,1 pF. This permits
the use of bidirectional busses on
the chip,

Logical AND through two functional
stages

Logical AND through two functional
stages

Logical AND through two functional
stages

Logical OR through two functional
stages

Logical OR through two functional
stages

Logical OR through two functional
stages

This cell performs the fuuction

7 = AB+CD. Drive capability and
performance are similar to the
1120 type c2ll.
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TABLE (Continued)

Cell Number

Cell Function

Description/Comments

1890

2000

2020

Two, Two, Two
And-Three NOR

J/K Tlip Flop with
Set/Reset

D-Type, M/S,
S/R Flip-Flop

This ceéll performs the function
Z = AB+CD+EF. Drive capability

and performance are similar to

the 1130 type cell.

This cell is one of the more comnlex

of the standard cells. Both the
and resct are unconditional except
that the two positive pulses must

not be applied simultancously.
truth table, shown below, was
extracted from the data sheet.

C J
o
N
\.()
N1

e

* Ok
x %
*

: Q

K § R @

0
0 0 n-1
0 0 0 1
1 0 0 0O

0
10 Qn-l
*

00 Qn-l

* 1 0 1
* 0 1 0

* 1 1 Prohibited

-1 18 state of flip-flop

sct

The

before last clock transition

* Don t care condition

This is another of the more complex
of the standard cells. Both the set
and reset are unconditional except
that the two positive pulses must
not be applied simultaneously.
truth table, shown beclow, was
extracted from the data sheet.

The
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TABLE (Continued)

Cell Number

Cell Function

Description/Commaonts

2310

2570

2810

2820

2830

O S A

Exclusive OR

Off-Chip Tristate
Pad

D Flip-Flop with
Inverter Output

D Type Master~
Slave Flip-Flop

D Flip-Flop with
Open FFeed-Back
Loop

Clock RS QQ
\ 0O 0 0 0 1
\. 1 ¢ 0 1 0O
* * 1 0 0 1
* * 0 1 1 0
* * 1 1 88

* — Don't Care Case

8 — Undefined Output Case

Exclusive OR through a unique
combination of four transistors.

A special otf-chip tristute device
with 5 times the drive power of
the 9020/9050 ccll.

This cell is one of three latches in
the cell family. This cell provides
all the functions of the 2839 cell
except that it provides an output

in which the polarity of the data is
inverted.

See Scction 11 C 1.

This cell performs the function
Q=DC + Qn-l C where D is

the datua input, C is the clock or
control element, Q is the output
of the latch and Qn-l is the state

of the latch prior to application of

the negative clock. This cell can

be used as an input or output register
element, for buffering, for temporary
storage, and as a control Hip-flop.
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TABLE (Continued)

Cell Number

Cell Function

2840

7000

7010

9020/
9050

9030/
9040

D Flip-Flop with
Reset

PLA Input Decoder

PLA Output
Function String

Off-Chip Tristate
Pad

Input Inverter
Buffer Pad

-

Description/Comments

‘" ., cell is the third of the latch
type cells in the CMOS/SOS cell
family.

This cell, together with the 7010,
provides a PLA function. This cell
provides a full three-input decoded
output with an inhibit control that
permits expandability. Functionally
the cell consists of eight 4-input
gates with each providing the full

3 data input decoding.

This cell provides the programmable
part of the PLA through mask
programming, It essentially
provides the "OR'' function and

may be cascaded secrially to

provide more complex logic
functions,

These cells are tristate high
current drivers designed to drive
high capacitance ''off-chip' loads.,
The state of these cells are
determined by a control input.
When the control is high the cells
are low Z, non-inverting buffers.
when control is low, devices
become high impedance devices
that may i, common bussed or
phantom ORed. The two cell
types are distinguished by their
location and orientation in the
street area.

An input pad that provides wave-
form shaping buffering and signal
inversion,

12
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TABLE (Concluded)

Cell Number Cell Function Description/Comments
9060/ Off~Chip Inverting See SectionII C, 2,
9070 Buffer Pad
9130/ Buffered Non- An Input pad that provides waveform
9140 Inverting Input shaping and buffering wita no signal

Pad

inversion,

13
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TWO-INPUT NOR

SOS STANDARD
CELL NO. 120

4 DEVICES
3 PADS CELL WIDTH= 3miLs Vpp= 10V
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- — 0 0 1
- - 0 1 0
‘ - 1 0 0
1 1 0
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THREE—-INPUT NOR SOS STANDARD
CELL NO. 130
¢ DEVICES
4 PADS CELL WIDTH= amiLs Vpp* 0V
SCHEMATIC LOGIC SYMBOL

A 1 .
D= @
c -

L__..—/
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TRUTH TABLE

£ T T T

A | B c | x
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FOUR-INPUT NOR

SOS STANDARD

X=A+B+C+D

CELL. NO. 114c
8 DEVICES
| __© PADS CELL WIDTHs 5MiLs Vpp = 10V
SCHEMATIC LOGIC SYMEOoL
o Oﬂ [3; MILS % L
¥ 4 A j
H' : 2 —_ C—x ’:i\
i S MILS { @ g . _——”"—/»» 2
8 O | :mu l @
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!

T
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I M8 MILS | T MiLe MiLS 1:
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= i
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E
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TWO-INPUT NAND

4 DEVICES

3 PADS

CELL WIDTH= 3miLs

SOS STANDARD
CELL NO. 1220

Vop * 0V

SCHEMATIC

LOGIC SYMBOL

(=)

TRUTH TABLE

¥
A : 8 X
0 ! 0 ) 1
0 | 1 ' 1
1 i 0 1 )
1 | 1 : 0
PIN CAPACITANCE (pF) * !
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THREE-INPUT NAND SOS STANDARD
CELL NO. 1230
¢ DEVICES
« PADS CELL WIDTHs 4 miLs Vop - 10V
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+V
7 ® ,__
3 B e — X
i dfﬁu . aiﬁu O ¢ @
LM INO)
® X-ABC
TRUTH TABLE
A 8 c X
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20 20
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ORIGINAL Paui. ib
OF POOR QUALITY

FOUR-INPUT NAND

o DEVICES

s PADS CELL WIDTH= smiLs
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4 @_co—-—‘d:umu XeA:8:C:0
Q) s [l L TRUTH TABLE
| ] A s c b, _X_.
@ Ao—-Lr{E:_;‘,mu i 1 1 T o
= ALL OTHER INPUT LOMBINATIONS 1
PIN CAPACITANCE (pF)
2 0319
3 0.319
‘ 0.319
5 0.319
¢ 0.142
20 20~
] o ]2
3
1
X g
g 1w ]
4 <
G 3
s} g s
1 I 1 § \ ] ] J
] 0.5 1.0 18 20 0 Y] 10 15 2.0

TOTAL LOAD CAPACITANCE (pF)
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BALEENEa sl G

BUFFER INVERTER SOS STANDARD
CELL NO. 1310
2 DEVICES
2 PADS CELL WIDTHs= 2MiLs Vpp*tov
SCHEMATIC LOGIC SYMBOL

"""{ ;.u MILS

—ox (2)

'_‘1 Cﬁ MiLS
TRUTH TABLE
= A X
0 ]
1 0
PIN CAPACITANCE (pF)
2 0.010
3 0.311
20¢r 20 -
15} 111 o
3 I
3 g
g wr wor
" 3
] o € 6p
] 1l i —d L 1 . J
0 [ X ] 10 15 29 0 08 10 16 20

TOTAL LOAD CAPACITANCE (pF)

TOTAL LOAD CAPACITANCE (pF)
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DS | it Lt R A & kAt ol

e

ORIGINATY, P2y 10

f.)l" Pooop (ST

INVERTING 2X1 SOS STANDARD
MULTIPLEXER CELL NO 1340
10 DEVICES
4 PADS CELL WIDTH= somiLs Vop* 10V
SCHEMATIC LOGIC SYMBOL
~
485 —
o Y .8 ~——-{‘T—\\\
’ pH .
2A O *En 2 [ | ) 32
—’ i 2,A i
Ir- 'r‘l » P
I I s 56 —
Y Do s o 32 .
1 jt:i A - CA+CB=2Z
e e 6
A2 N ) : TRUTH TABLE
6L O : N il !
(_7'."}4 Y W A B C 2
! o8 A
TL_ — 0 0 o0 1
= = 0 0 1 1
o 1 0 0
0 1 1 1
PIN CAPACITANCE (pF) 1 20 !
2 0.38 1 1 0
3 0.01 1 1 0
‘4 0.41
5 0.69
20 20
15 - B}
3 k]
> §
é 10}~ A, 8. ORCINPUT : 10
w s
< 3
5 b g s}
1 1 1 J L L ] ]
0 05 1.0 15 20 0 0.5 1.0 15 20
TOTAL LOAD CAPACITANCE (pF) TOTAL LOAD CAPACITANCE (pF)
Jp—




B RS TP T 4T e e

SSDU—

e

N W—

TRANSMVISSION GATE

SOS STANDARD

CELL NO. 1370
4 DEVICES
3 PADS CELL WIDTH= amus Vpp "= 10V
SCHEMATIC i LOGIC SYMBOL

L ) OK:
o De—m
i - 2 D X 3
| . :s MiLS \) C Q
; — B
? N — X = DC
|

ol
= == TRUTH TABLE
. @,__ ' D ! c B X
‘; C 0 ]‘V 0 \ -
i 0 : 1 : ()
1 1 ‘ 0 t b
1 i 1 ‘ 1
f ]
| PIN CAPACITANCE (pF) | ;
2 0.255 l ‘
3 0.078 i
a 0.335 ! |
i * QUTPUT IS UNDEFINED, il Z STATE
-
wr 80y
R cneur 7 SoF
K HI ZORIVER HIGH Z DRIVER
x CINLOW?Z
- "~
20 b~ 20
u 44
w <
Q ry
5 8
5 @
10 c 20}~ LOW Z DRIVER
{ L 1 | L 1 1 g
0 . s 12 16 0 4 s 12 18
YOTAL LOAD CAPACITANCE (pF) TOTAL LOAD CAPACITANCE (pF)
24
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URIGINAL PAGE Is
OF POOR QUALITY

NON-INVERTING BUFFER

« DEVICES
2 PADS CELL WIDTHs=

SOS STANDARD
CELL NO. 110

SCHEMATIC

—-iETL r—iGe

® o @

s 0

LOGIC SymeoL

0Bt So—x @

TRUTH TABLE

A A X
- ) (1] 0
1 1
PIN CAPACITANCE (pF)
2 0.310
3 0.010
l
-]
20 ~ 20
z
15 F 5 15
H -
% 2
g 10 - § 10
] &
«
Bl .
| | i i | 1 1 | |
0 1] 10 20 0 5 10 18 20

15
TOTAL LOAD CAPACITANCE (pF)

TOTAL LOAD CAPACITANCE (pF)
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' DOUBLE BUFFER INVERTER

SOS STANDARD
CELL NO. 1520

| 2 DEVICES
| 2 PADS CELL WIDTH= 3miLs Vpp = 10V
SCHEMATIC LOGIC SYMBOL
| (»}
| :.2Ml|.5
X=A

b X @
'——‘l [J:a MILS

Cor PEETEERETY e TEREn e e e

TRUTH TABLE

L A | X
- 0 1
1 0
PIN CAPACITANCE (pF)
2 0.622
: 3 0.010
; - 15 3 k1] od
[
| > 3
, 3 g
: w 100 . 201
E.' o 3
; W «
i g [ 3
j b @
! (1 € 10~
;
] 1 1 1 1 | 1 ]
[ 0 5 10 156 20 V] ] 10 15 20

TOTAL LOAD CAPACITANCE (pF)

TOTAL LOAD CAPACITANCE (pF)
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BRI T s o A

T 7 T T

ORIGINAL PAGE 15
OF POOR QUALITY

TRISTATE S0S STANDARD
" CELL NO. 1570
PADS 70 HEIGNY CELL WIDTH = 8.0MILS Vpp* 10V

LOGIC sYmBOL

®c

@ o—ro 117 MO,

—— e e aa

LOGIC EQUATION

Q=D-Cfor C=1
Q=0PENCKT.FORC=0

TRUTWTABLE CELL /0 CAPACITANCE VALUES
c D a PIN CAPACITANCE {pF)
1 ° 0 2 0.284
1 1 1 3 0.305
° . OPEN 4 -
* DON'T CARE |
2 r- a
NOTE:
ALL DATA TAKEN sk = 1%
WATH ZERO IMPED- i z
ANCE SOURCE AT > §
v.
'C’ HELD HIGH. é w0k 2w
1] -Jl
e =
5 ]
[ g &
| 1 L ] L 1 L §
0 ] ] 12 1. 0 ] : 12 16
TOTAL LOAD CAPACITANCE ipF) TOTAL LOAD CAPACITANCE (pF)

.




RS e ST AT

AT T ST T

TWO—INPUT AND SOS STANDARD
, CELL NO. 1620
¢ DEVICES
3 PADS CELL WIDTHs= sMILS Vpp=10V
SCHEMATIC LOGIC SYMBOL

TRUTH TABLE

8 X
0 0
1 0
0 0
1 1
PIN CAPACITANCE (pF)
2 0.010
3 0.243
4 0.243
B i
20— 20 -
15 - 3 16 r—
3 £
: :
uo.l 10— 'j 10 r—
:
@ &
] —/ € 5 r—/
{ i I | L ! A .
0 05 10 156 20 0 05 1.0 15 2.0

TOTAL LOAD CAPACITANCE (pF)

TOTAL LOAD CAPACITANCE (pF)
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TR T B R E T L PR A TR Ty R AT e e A T e

ORIGINAL PAGE IS
OF POOR QUALITY

THREE--INPUT AND SOS STANDARD
CELL NO. 1630
3 DEVICES
4 PADS CELL WIDTH= smiLs Vpp = 10V
SCHEMATIC LOGIC SYMBOL -'“

N

OO
1L

TRUTH TABLE

A B C X
0 0 0 0
L 0 0 1 0
= 0 1 0 0
0 1 1 0
PIN CAPACITANCE (pF) : o 4 o
1 1 0 0
: oy A .
4 0.304
6 0.304
20 [— 20~
- 15 |- E 16 |-
£
: ;
& 0~ 5 o
w 3
< 3
& / @
B [repmmmeme—" g 5 P/
| ] i J 1 1 1 Jd
] 05 10 15 20 0 05 10 1.5 20

TOTAL LOAD CAPACITANCE (pF)

TOTAL LOAD CAPACITANCE (pF)
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Rl )

R TR

g TR T

e TR e

ARRTEmEREREmT T T

FOUR~INPUT AND

SOS STANDARD

CELL NO. 1640

CIONONC,

10 DEVICES
5 PADS CELL WIDTH= smiLs
SCHEMATIC 0w Ry
. | [ 4
[;1'.5 4 q"l'ﬁ —{ﬂ:’b 5 I’.ﬂ [-4 - :::Ll
X
o o L’ 20
) MILS

LOGIC SYMBOL

@O

X=ABC

e

8 o.q[(gz TRUTH TABLE
e A 8 c 0 X
A=l 32 1 K 1
p— |
B ALL OTHER COMBINATIONS ]
PIN CAPACITANCE (pF)

2 0.010

3 0.354

4 0.354

5 0.3564

6 0.354

20 20~

A1) o 15
3 E]
> g
-t -
@ 10 3 104
w <
g Iy

6 b~ « S5p /
L 1 ] 1 1 1 1 1
0 05 10 15 20 0 05 1.0 15 2.0

TOTAL LOAD CAPACITANCE (pF)

TOTAL LOAD CAPACITANCE (pF)
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ORIGINAL PAGE Is
OF POOR QUALITY

TWO—INPUT OR SOS STANDARD
CELL NO. 1720
¢ DEVICES
3 PADS CELL WIDTHs amiLs Vpp* W0V
SCHEMATIC LOGIC SYMBOL ;
+V /!
® w @
8 o[ o 0 o X @
OL
i
N
@A o_“{ E:ru X=A+B
fee) X 4 J
g . " TRUTH TABLE |
i, i, YR
| 0 0 0
S [ 1 1
= 1 (1] 1
1 1 1
PIN CAPACITANCE (pF)
2 0.1%6 ;
3 0.116 o
4 0.010 :
|
201 20
|
1% = 15
3 = i
3 i
w <
Q
- g
H | | ] [ 1 1 i |
[ 06 10 18 20 (] 05 10 16 20
TOTAL LOAD CAPACITANCE (pF) TOTAL LOAD CAPACITANCE (pF)
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pir g

R TR R PR s s T

THREE-INPUT OR

s DEVICES

4 PADS CELL WIDTH= smiLs

SOS STANDARD
CELL NO. 1730

SCHEMATIC
Q

() co—rL3s
@ so_—{rJ;'_, +v

©) Ao—iﬁdza F 5‘.13
Ly Ly, Le, La®

LOGIC SYMBOL

000
®

X=A+B+C

TRUTH TABLE

A 8 c X
; MILS MILS MiLS MiLS
; ' l 0 0 0 0
- 0 0 1 1
- 0 1 0 1
0 1 1 1
1 0 0 1
PIN CAPACITANCE (pF) : 0 " !
1 1 1] 1
2 0.226
3 0.225 1 1 1 !
4 0.225
3 0.010
15 - = 18
3 £
> g
& 0 ; 10}
w g
171 7]
5 € s P-/
i 1 1 J 1 ] 1 J
0 06 1.0 15 20 [} 0.5 1.0 1.5 20
TOTAL LOAD CAPACITANCE (pF) TOTAL LOAD CAPACITANCE (pF)
32
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ORIGINAL PAGE It
OF POOR QUALITY

R co N & . S

FOUR-INPUT OR SOS STANDARD
CELL NO. 1740
10 DEVICES
s PADS CELL WIDTH= gmiLs Vop =10V
SCHEMATIC LOGIC SYMBOL

W

@ o O_r‘ :4 miLs

o e

RO

k
3
X=A+B+C+D ;
;

TRUTH TABLE i

A 6 c 0 X ]
0 0 0 (1] 0
ALL OTHER INPUT COMBINATIONS 1
PIN CAPACITANCE (pF)

2 0.400 ,
3 0.400
4 0400 3
6 0.400
[ ) 0.010 1
20 i~ 20
16— 1] o
10 p~ 0

STAGE DELAY {me)
RISE/FALL, 10-90% ()
-
\

| | ! | 1 i | J
0 05 1.0 18 20 0 05 1.0 16 20
TOTAL LOAD CAPACITANCE (pF) TOTAL LOAD CAPACITANCE {pF)

TN T TR AR AL T RTINS
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O ONE

ST T RRED TR TERRA IR e e T e 2T

&
¥
i
£
£

- Yo

2,2 AND-2 NOR

S0S STANDARD
8 DEVICES
5 PADS CELL NO. 1870
CELL WIDTH = 5.0 MILS CELL MEIGHT 7 Vop - 10
LOGIC SYMBOL

SCHEMATIC
v

oL ;

4

LOGIC EQUATION

N N
N e
N Z=AB+CD
—
TRUTH/TABLE CELL 1/0 CAPACITANCE VALUES
PIN CAPACITANCE (pF)
2 0.45
A B c D z 2 048
1 1 . . 0 ‘ 0.45
. . 1 1 0 5 0.45
o 0.03
ALL OTHER INPUT oL 121 "s
COMBINATIONS 1 :; - ‘
. - -
73
3}
- ’ - ' . i I
2} | 5
> | # 7
5 [ 1S j‘ (15 I
8 4L 37 | 3 s} Soa I
-l
2L R
8 I @ 3F | |
2 ‘ i 2}
| |
T ' 1 [ | |
002 06 10 14 1820 0 02 08 16 14 18 32

* DON'T CARE

OUTPUT NGDE CAP (pP)

OUTPUT NODE CAP. (pF)
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B A ondiii A antal bt i TR HRE

IRy

2,2,2 AND-3 NOR

12 DEIC S0S STANDARD

Teaos CELL NO. 1890

CELL HEIGHT 7.0 MILS CELL WIDTH = 7.0 M08 Vpp-10
SCHEMATIC LOGIC SYMBOL

@ » T 3%
Qs 8%1:} 2@
w 3

i —
® ]

|
@ c LOGIC EQUATION
z®
N Z=AB+CD ¢+ EF
@ D u—{q N
e
o
TRUTH/TABLE CELL 1/O CAPACITANCE VALUES
PN CAPACITANCE (pF)
‘ 2 a4
AiB|C|D|E]F F] 3 ::
. L] . L] 4
: : ‘ ‘ L ] * : : a
L] . L ] . ‘ ‘ o ’ m
8 [ T . ]
n}
104 wir 183
ALL OTHER INPUT . ok %o _ wl '
COMBINATIONS ~ sk 3
it | 113
> TF | g ol '
S - |
g [ 3 ' j [ } 3
g ok ‘4.0 I <, 'u |
! | & '
1| | r | l
Ll dla ol lala, Ll lalolaldal,
* DON'T CARE 002061014 18 22 002 085 18 14 3 22
OUTPUT NODE CAP. (pF) OUTPUT NODE CAP. (pF)
35
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Y T

J/K FLIP FLOP WITH SET/RESET

28 DEVICES
S PADS

CELL WIGTH = 17 MILS

S0S STANDARD
CELL NO. 2000

7 MiL FAMILY @ 10V

SCHEMATIC

’

!

——) O

LOGIC EQUATION
Q,=C-R-ay. ¢T3,y K, 4R
¢8RI g0y g0y R
Nots: J,_y.K,,_y. wnd Q,_y ARE THE VALUES

OF J, K AND Q BEi'ORE YHE CLOCK CHANGES
STATE.

TRUTH/TABLE CELL 1/0 CAPACITANCE VALUES
c| 4] k|s]n a PIN CAPACITANCE (pF)
Ljojvjojoja 24 012
Tl v]ofjo]oin 3a 090
Lliol 1lolo]o gié o“i;l;'.
Litrirjojola; 'Y 0.18
Tl [ *[o]o]ao,, i 7.8 0.16
B S S R Owe . lOVOPERATION _|Mw
® . L] o ‘ o w °
[ ]
sl | <1 1] 1] rrommiren 20 o | fTACE DELAY
00
.3 . l
NOTES: O,_, 18 THE 8TATE OF THE 0 oF 10 pF 20 pF 30 pF
OUTPUT BEFORE THE LAST CLOCK
TRANSITION MIN CLK TO MIN CLK TO MIN CET OR
* DON:T CARE LOAD MASTER LOAD SLAVE RESET TO LATCH
cLK CLK
£0%

L -

EXTERNAL LOAD ON Q < 3 pF

36
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Rl

TS TITRRCERR R T T o TR

SRR

TR TTT

P e e

ORi; e, it

OF Py, G »".:..".{"x'

)

D--TYPE, M/8, 6/R FLIP FLOP

28 DEVICES

o PADS
CELL WIDTH -4 MILS

S$0S STANJARD
CELL NO. 2020

TMILFWILY® 10V

63
na

oo
L

LOGIC SYMBOL

—— G

CELL 1/0 CAPACITANCE VALUES

"N CAPACITANCE (pF)
2 020
G 3 042
r _
s 0.10
. 020
7 020
TRUTH/TABLE DYMAMIC DATA @ 10.0V |
c olJr|s]al@ |
L - OUTPUT INVERTER
~T5TsT5 T FLIP-FLOPCHARACTERISTICS  QUTPUT INVERTER,
| 1vjojo]i]o
. HEEEATRE
. cJolrfr]o 2}
. . 1 1 W 7 @
* DON'T CARE 0 /
% UNDEFINED OUTPUTS

. WI‘NO 1.0 pF LOAD AT Q
Y

b A
0 20 oF 4.0 pF

CAPACITIVE LOAD AT Q

MIN. CLK.TO MIN. “8" OR “R" MIN.CLK.TO
LOAD MASTER TO LATCH @ LOAD SLAVE

0 20 pF 4.0 pF
CAPACITIVE LOAD AT QO

© ~WITH 1.0 pF ATQ 4

.




T T e v“-—,-—-—r“w«(—q

e TR

RSP s A it S T i GRS

EXCLUSIVE OR

SOS STANDARD
CELL NO. 2310

8 DEVICES
3 PADS CELL WIDTH= emuLs Vpp =10V
y SCHEMATIC LOGIC SYMBOoL
W vV
[S— — T
o i 7 ! i — s e
SN T [EOL A Lt 2 e 2, A — —~
(""‘.Ezt;v: R Y'Y {—”{-1“ : , —x 4,
! i S L
1,,__.1 N T' ! i ll__{)/xA\ (\3./' 8 NS
1
; . ! (4
i N N N l n (&
; "““'L‘,”’ \o__,}"‘\\"‘,;_’t.a! "“{L’l.z ! X=A+B
t . s \ : —_— PR—
i = A -
X 's [ O
P ‘ TRUTH TABLE
{ ¢ :
~ A : B ! X
} A B 0 | ) | 0
> o ] 0 | 1 1
! J 1 0 1
L = — 1 | 1 0
. PIN_ T CAPACITANCE (pF) ‘ |
i 2 | 0.366 ' ;
3 0.362 ! i
t 4 ' ta i .
i t
| o ‘ ]
20— 20—
|
15 | = 15 ’
£
g 8
|z S
~ o o 4 10
l o 2
|ow Py
<  § /
o ("]
= a
%] 5 / -4 [ L"/
1 i | J 1 i { J
0 0.5 10 15 2.0 0 05 1.0 15 20
TOFAL LOAD CAPACITANCE (pF) TOTAL LOAD CAPACITANCE (pF)
L

oGl I SRR TR Tt e e TR e

R & oo i oA o mw.mm’ﬂm"

A

it Aaetantc fd i frelesAts

Fiia

e e g




URIGINAL PAGE IS
OF POOR QUALITY,

:
{

 SOS STANDARD
CELL NQ. 2570

10 DEVICES {OUTPUT PAD)
2 PADS CELL WIDTH= 2amiLs CELL HEIGHT = 42 MILS
SCHEMATIC LOGIC SYMBOL

o e

-_-{'

c-f-‘

e

BRI o i A

AR ET DRI TR TR TR e T T

1 ' 1 1
* 0 P 0
PIN CAPACITANCE (pF) HIGH
for0) O | weD.
1 4.
2 28
25 26 -
20 - 1
16 | E
H §
> 1
4
5 mor -]
o =
<
% sl £
| ] | | ] L 1 | |
0 200 300 400 500 0 00 200 300 400 500
TOTAL LOAD CAPACITANCE (pF) ——e- TOTAL LOAD CAPACITANCE (pF) ——
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TR T T

" SOS STANDARD

CELL NO. 2810

10 DEVICES
3 PADS CELL WIDTH=  sMwLS Vpp =10V
SCHEMATIC LOGIC SYMSBOL
Voo
— @
[ _T.°_° _..l P12 D ﬁmA > P a
. a @
D = P VDD - Q L _—
Vop | == N 0.9
3 2 ’_‘{ ® TRI-
c > > STATE

TRUTH TABLE

_{ NS5
c D Q
T— -y
= 0 1 0
PiN CAPACITANCE (pF) 0 0 1
2 0.23 Z
3 0.16 1 1 Q.
4 0.06 n-1
[_Bn_, IS OUTPUT BEFORE CLOCK GOES HIGH
“r
MIN. CLOCK PULSE
WIDTH TO TRANSMIT
INPUT, D TO OUTPUT
a. 30 |
HE -
>
s
w
c
o M0k
c 20 ns -’/ z’
1 | 1 |
0 0.5 10 15 20
TOTAL LOAD CAPACITANCE {pF) ——»
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;
x

SR

D--TYPE, MASTER/SLAVE FLIP FLOP

808 STANDARD
CELL NO. 2820

18 DEVICES 7MIL FAMILY'
3PADS CELL WIDTH = 10.0 MILS Vpp = 10V
SCHEMATIC LOGIC SYMBOL
14 1) [4
N A
0.2 o"r | 5 " o8 %
13 -y |~| c‘
T \l“ -T- O-—DO-’c 0"-0"_‘ c‘on-ic
‘ ¢ NOTE: D, AND O _, ARE INPUT AND OUTPUT SIGNALS
4 ' REWECTIVELY BEFORE CL.OCK CHANGES STATE
“ ' TRUTH TABLE
"“ o [ D Q,
- -'\- 1 1
-\_ 0 0
PIN CAPACITANCE (pF) _/_ 1 Q4
2 0.266
3 0.229 e 0 -1
4 0.040
Op.1 18 OUTPUT BEFORE CLOCK GOES HIGH
- DATA
i %0 TA . 10.0 V OPERATION
= oK MIN. CLOCK PULSE WIDTN
8} son| fEBE\ REQUIRED TO LOAD MASTER
F MF Te (m) WIN. CLOCK PULSE WIDTHS
s F LK REQUIRED TO TRANSFER
< | sox b /' INFORMATION FROM MASTER
a B TO OUTPUT C| =04pF:To=10ns
g el CL=30pF: T =76m
X -
b 12} CONDITIONS:
1.6 ALL DELAY INFORMATION BASED ON
B AN ASSUMED 16 ns 10-90 RISE OR
s} FALL TIME FOR CLOCK SIGNALS
r—
4
e

TSNS TN SN VNS T T S TS U T S W
002 06 10 14 18 22 28 30
TOTAL LOAD CAPACITANCE (pF)

50% CLK 50% OUTPUT Q
41




D FLIP FLOP WiTH OPEN FB LOOP

SOS STANDARD

12 DEVICES
3 PADS CELL HEIGHT = 7.0

CELL NO. 2830

CELL WIDTH = 6 MILS Vpp~ 10V

SCHEMATIC

LOGIC SsYmBOL

OLE=ILT) L>.-.I.ﬁ[\)»-q@g
B
®e

RO S ——

LOGIC EQUATION

TRUTH/TABLE CELL 1/Q CAPACITANCE VALUES
c D a PIN CAPACITANCE (pF)
|
1 1 2 0.069 !
= 3 0.123
— ° 0 4 -
_L_ 1 on-l
T\ 0 Q4
Q,_y 8 OUTPUT BEFORE CLOCK GOES HIGH “or
== ———— -~ - DATA . o
2
3
8 *r
20 ns MIN. CLOCK PULSE ]
_\c—-—f_ WIDTH TO TRANS. g
INPUT ‘D' TO 10h
| 1 { ]
0 05 10 18 20

42

TOTAL LOAD CAPACITANCE (pF)
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ML 4

e T SRR N e T T T e TR e

T R IR Fm R e C T TR e AT AT S T e

ORIGINAL PAGE Is
OF POOR QUALITY

SOS STANDARD

CELL NO. 2m0
11 DEVICES
4 PADS CELL WIDTH = 8 MILS
SCH:ZMATIC LOGIC SYmBOL
® %
T Ad ros D =—ivg. a
o P 1.2 ! ‘E mal a @ ) @
T v,
. J N2s N2 (70 .
Yoo el i ?fjv o STATE
P i
C 08 —{[*os
TRUTH TABLE
: NOJ 1 -
c R D o
Nos N = = 1 = ﬂ
v < 0 0 0 1
1 0 1 an-1
PIN . CAPACITANCE (pF) » 3 o p
2 023
\ NOT
H ' g:;: 0 ! ' | ceTeRmInED
5 0.1 -
Q.1 1S QUTPUT BEFORE CLOCK GOES HIGH

MIN. CLOCK
PULSE WIDTH
TO TRANSMIY
INPUT D°
QUTIUT Q.

¢ Vel

40 r—
an—
-]
t
® 2}
T
2
. K
8 )
- 1 A1 )
0 A 1.0 15 20

TOTAL LOAD CAPACITANCE {pF) ——-—n
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o TETETEE O RARETA R e T e

e

PLA INPUT DECODER
54 DEVICES S0S STANDARD
8 PADS CELL MEIGHT: 14 MILS CELL NO. 7000
§ SIOF CONTACTS CELL WIDTH: 13 MILS Vpp = 10
SCHEMATIC LOGIC SYMBOL
ve _ A3 e :
HJ"dCr -”’N-{L? 4C~ -{[:] Ay A ’
e Bl T £ ymn 00 4 000 4 | IO 1 ﬂ
0T | TR T X ‘ elels Tl
— | *
LT | Y Y YUY
%
o TRl TR § T U V W X z
quH(;r H{’? iuulqu .qgu i
: LOGIC EQUATION
(PHCY H]HCice L §=A,-Ay Ay E Wea Ay Ay &
ot [y JE; K Hg’d qu o r"i-“izA—g.E; X'A!‘iz ASE
= t $ U=A A, Ay E V- Ay A, Ay E
heleHCe HMACPHONH P HENHCPHON I LA
é’ r:" E{hc q’*cu g“% g V-A‘.Az.Aa.e z-A‘l'Az'AS'E
=3 \ : NOTE: C NORMALLY HIGH. A 26 ns NEGATIVE
Q& O © O PULSE ON C FOLLOWING THE SETTLING OF
CTE Ay Az Az OTHER INPUTS SPEEDS OUTPUT.

. TRUTH/TABLE CELL 1/0 CAPACITANCE VALUES
E| A, AQFAa sitfulv|w|x]v]z PIN CAPACITANCE (pF)
ofojofo|1]o]lojojojo]ofo
olojolijol1]ojojololo]o 2¢ 07
oloJi1lojojol1{ofofo]o]o 3E 045
olo |1 [1fofo]ol1]ofo]o0]0
ol 1lo]ocjofojolo]1]o}o]o 4.A4 0.3 ]
ol 140 |1 [o[o]ofofo]1[o]0 5A, 03 '
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ol 1 [1[1]ofofolofofolo]l1] 1 €A, 0.3
1] "]t " Jojojojo]ojo]ojo S, T,UV.W.X,V,2 06 EACH

) y26

O ANS “DON'T CARE-" sl " 10 VOLT OPERATION
2. WHEN C IS LOW, ALL OUTPUTS ARE TRANSIENT

UNDEFINED. C IS ASSUMED HIGH
FOR THE ENTIRE TRUTH TABLE.

3. THE CIRCUITRY IN THIS CELL IS NOT
TRUE CMOS. ABOUT 1 mA STANDBY
CURRENT iS DRAWN

DELAYOF S T,U . V,W, X, Y, 2 (FROM TRAILING
EDGE OF C) VERSUS CAPACITIVE LOADSON § = 2

2
0.9 (7 STRING CELLS) 2.7 (22 CELLS)
CAP. LOAD (pF)

DELAY (ns)
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PLA OUTPUT FUNCTION STRING
1PAD SeLl NQ. 7xXo0
. CELL HEIGNT: 14 MILS
8 THROUGH SIDE CONTACTS CELLWIDTH: . 30uts v 10
oD
SCHEMATIC LOG!C SYMBOL
el L g ,
T Sy < X é
R vy I S vy IS
® MasK rnoonmueo
U >———m J—— ¥
'—]uL"“—’ul—‘
LOGIC EQUATION
V > - 2
e . [ = O=S+T+U+VIWHX+Y+2
Ll
® MASK NOTE: ANY OF THESE TERMS FOR WHICH
FROGRAMMED THE MASK 15 PROGRAMMED TO A LOGIC
Y0 LOGIC ZERO DROPS OUT OF THE EQUATION.
ONEORZERO
TRUTW/TABLE CELL 1/0 CAPACITANCE VALUES
S|Yiulviwix]viz 0 PIN CAPACITANCE (pF)
tfofo]ofofo]o]o X, e o
o[1[ofo[o]o]o]0] X, STUV.W.X V.2 :
ofolvlofofofo]o Xy 0 0.24
ofJofoJv]ojolofo Xq
ojojojojrjojojo Xg 10 V OPERATION
ojojojololt1]olo0 Xg
olojololofoltle ] 0 FROMS,T,U,V,W. X, YOR2TO0
ELAY LT, UV, W, X,
0joJojo10j0lo0}1 Xp VERE!IE CAPACITIVE LOAD ON 0
ololojlo|0]0]| 0|0 [ FLOATING
NOTES:

V. Xy - Xg VALUES ARE DETERMINED BY

PROGRAMMING AT THE CONTACT MASK
LEVEL.

2. COMBINATIONS NOT SHOWN IN TABLE
ARE NOT ALLOWED BY THE INPUT
DECODER CELL WHICH DRIVESS, T, U, V,
W, X, Y, AND 2.

3. EXPANDABILITY ACHIEVED BY
PHANTOM OR “ING” QUTPUTS.

DELAY () —

CAP. LOAD (pf) ——————e
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3 10 |
|
50 — 50 —
40 z 0
> 30 <+ 30
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a T a
w 20+ o 2 20 |~
¢ : e
5 L4 g
10} | E 10 -
1 I | ] L1 | ]
0 30 70 100 150 200 | 6 30 70 100 150 200
TOTAL LOAD CAPACITANCE (pF) L TOTAL LOAD CAPACITANCE (pF)
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INVERTING BUFFER INPUT PAD SOS STANDARD
4 CELL NO. 9030a 90040
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W ]
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i ——g
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% A J 'z
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0 1
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20
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- WPk
# 8
]
4 4+ 1 1 [ TR T | - 4
o 10 20 30 40 0 10 20 % & ,;
OUTPUT CAP. AT Z (pF) OUTPUT CAP. AT 2 (pF) :
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208viceEs

S05 STANDARD
CELL NO. o060 & 0070

OUTPUT CELL WIDTH = S MILS

SCHEMATIC LOGIC SYMBOL
W e, |
| x |
@ A —i {>¢ |
P17 mils |
e o e = —
@A
N-11.6 mils
LOGIC EQUATION
X=A
TRAUTH/TABLE CELL /0 CAPACITANCE VALUES
PIN CAPACITANCE (pF)
2 25
A X X-couT 0.03
1
1 0
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ek § !
> ] |
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:l‘ 10 ] -
] | E |
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L LX) o
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| J 1 } H U | 1 i
0 10 20 30 40 50 60 0 10 20 30 40 50 60
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TOTAL LOAD CAP. (pf) —————o-
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A b= X
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T+ ~ ®
-| N 10
N 105
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1
“ A X
1 1
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0 0o
2 0.03 | '
0 r 0r
“ ol u -
2 2F
1 i s}
7 '
3 :
. P~ E .
1 | | ) 1 _ 1 |
0 5 10 13 (] s 10 13 2

TOTAL LOAD CAP. (pf) ————
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