(B

C-MOS ARRAY DESIGN TECHNIQUES

A. Feller
Advanced Technelogy Laboratories

Defense Electronic Products

RCA
Camden, N.J.

Final Quarterly Report
(Sept 15, 1970-December 15, 1970,
Contract No. NAS 12-2233

-

}ACCESSI/;:N MBER) 2 éﬁi’g_HRU)
(- TT0Y 40 o

(NASA CR OR TMX OR AD NUMBER) (CATEGORY)

'

. FACILITY FORM 602

‘Prepared for
NASA/Marshall Space Flight Center

Huntsville, Alabama g
| NATIONAL TECHNICAL .
| INFORMATION SERVICE |

fingheld, Va. 22151




C-MOS ARRAY DESIGN TECHNIQUES
by A. Feller

December 1970

Prepared under Contract No, NAS 12-2233 by
ADVANCED TECHNOLOGY LABORATORIES
DEFENSE ELECTRONIC PRODUCTS
RCA
Camden, New Jersey

for

NASA/Marshall Space Flight Center
Huntsville, Alabama



ABSTRACT

A CMOS standard cell test chip has been fabricated and fested. This chip containg
most of the logic circuits of the standard cell fam:ily.

The results of thé extensive festing and evaluation of the fabricated chip eonfirms
that all the objectives and goals of contract NAS12-2233 were successiully acoomplished.
These successiul accomplishments include modification of the C-MOS automatic Place~
ment, Routing, Folding and Artwork design automation computer programs, the design
of the basic C-MOS cell and chip topology, the design and validation of the standard
cell circuit family, and the integration of all these capabilities info a tool for low-cost

and quick-turnaround generation of LSI C~MOS integrated circuit arrays.
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PREFACE

Program Objectives

The objectives of this program are to develop and demonstrate the capability of
automatically generating precision artwork for complementary MOS (C-MOS) integrated
circuit arrays. The program encompasses the following design objectives:

1. Standard cell family - a basic family of standard circuit cells will be de-

signed. Family members include:
a. Inverter.
b. Two-, three- and four—input NOR's.
¢. D-type and set-reset flip-flops.
d. Two-, three- and four-input NAND's.
e. Transmission and protective devices.
f. Special process and mask components.
2. Circuit description:
a. Static logic.
b. Single supply_.

Q

Logic swing - approximately equal to supply.

.Speed - a function of the process and the supply voltages. A realistic
objective of nominal stage delays of 13 to 16ns with fan-outs of 2.5 loads
appears to be obtainable with factory processes expected to be opera-
tional at the time chip fabrication is scheduled. This assumes a supply
voltage of 10 volis.

£

3. Corﬁputer Programs - Four major computer programs will be implemented
for the C-MOS technology:

a. Placement, routing and folding program - This program will provide
for the automatic orientation or cell placement, the cell interconnections,,
and an acceptable form factor.

b. Artwork program - This program will generate the instruction for an
automatic artwork generator to plot the final mask artwork at some ac-
ceptable scale.



d.

CalComp check plot - This program permits a composite check plot to
be generated on a low-cost plotter for checking and optimization reasons.

Manual modification program - This program aids in implementing
manual modifications when desired.

C-MOS standard cell basic system design including:

a.
b.
c.
d.
e.
f.

g.
h.

Cell orientation.

Power distribution.

Low-leakage isolation.

Variable standard cell heights.
Productipn design rules.

P-type tunnel.

Standard guard band interface height.
Maximum utilization of P-MOS programs.

Design of tests and generation of artwork for test chip encompassing:

a.

b.

d.

€.

Static and dynamic evaluation of representative cells.

- Test of C-MOS system.,

Evaluation of programs.
Determination of process and device parameters.

Correlation,

Design criteria - The selection of the device geometries and therefore the
standard cell height will reflect tradeoffs which consider the following:

a.

Design rules that are compatible with factory and production standards.
This decision is based on insuring as reliable a device as possible
since production standards are based on exhaustive preproduction eval-
uation and conservative quality control,

Process parameters and characteristics either now in production or soon
to be. Introduction of processes having significantly reduced threshold
voltages and lower doping levels promise to deliver significant improve-
ments in performance.

Increased gate density.

Chip dimension compatible with good yield.
Compatibility with computer programs.
Low power,

Competitive speeds.



Scope of Work

The scope of this program has combined the various technologies and computer
programs required to automatically produce artwork for complex functional C~MOS

integrated circuit arrays starting with partitioned logic.

Tncluded in this program scope were the following:

1. The definition of a group of logic cells for the basic standard cell family
2. The circuit design and layout of the standard cells

3. The eomputer circuit simulation of the performance of the cell family and
the correlation of these simulation techniques by experimental verifications

4, The conceptional desi\gn and implementation of the CMOS array or chip lfiyout
that considers systems, logic, partitioning requirements, electrical packag-
ing econsiderations, mask generations, processing and fabrication constraints

5. Development of a series of computer programs that includes the automatic
Placement, Routing and Folding programs, the Artwork generation program
for the Gerber automatic plotter, a Manual-Modification program, and Pro-
grams to drive local, laboratory plotters ‘

4. The design, fabrication, test and the evaluation of a C~-MOS Standard Cell Test
Chip which provided experimental validation and evaluation of the computer
programs, the cireuit design and layouts, and the chip design and layout.

Conclugions

All the objectives and goals of this program have been guccessfully achieved within
’ghe cost budget and time seheduie. These measurable results were obtained from the
first C~MOS Standard Cell Test Chip designed, fabricated and evaluated as part of this
program. The evaluation of this test chip validated the algorithm and coding of the
C-MOS Placement, Routing, Folding and the Artwork programs, the design and layout
of the standard cell family, and the design and layout of the C~MOS standard cell array.
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Section I

INTRODUCTION

As part of a program change of scope, approved by the program technical monitor

of MS¥C, this quarterly report will serve as a final report. In accordance with Fhe con-

ditions of this approved change of scope, this report will include fourth quarter progress

and documentation of the changes and modifications made in the various computer pro-

grams . Specifically this report includes:

(1) Detailed description of the additions, changes and modifications made to the

@)

@)

(4)

(5)

(6)

Placement, Routing, Folding (PRF) program. The description includes all
relevant data and parameter changes that are required to update the PRF pro—
grammers and users manuals,

Description of new standard cells, The inclusion of the Set-Reset Flip~Flop
into the standard Cell Library completes the Standard Cell Library as required
by the terms of the contract, Thus the combined standard cell descriptions
found in this final and Quarterly Report No, 2 ( period from March 15 to June 15,
1970) provide a complete set of documented standard cell data sheets to aid
logic and system designers in applying standard cells to a particular logic
design,

"Description of the C~-MOS Standard Cell Test Chip and details of fabrication,

testing, and evaluation of the chip.
Overall Standard Cell circuit performance and system implication,

New application and performance areas of C-MOS standard cell technology.

Conclusions.,



Section IT

COMPUTER PROGRAM

Modifications, changes, additions, and improvements were made to the P—MQS
Placement, Routing, and Folding (PRF) program to adapt it to the C-MOS technology.

These changes include:

(1) Extensive changes to the RNMAIN routine to include the restart feature.

(2) Changes to the INPUT subroutine fo preset input parameters and enable
changes to these preset valyes. Addition of new parameters for the C-MOS
technology.

(3) DModifications to the ARTWRK anu ruwn SUDXOUTINEs T0:

(a) Automatically generate all standard (non-cell) patterns, such as
-chip alignment keys, tést transistors, and'photp alignment keys.

(b) Automatically generate chip borders for all seven levels.
(¢} Automatically generate "SYMBOL" data for each level of artwork,

(d) Automatically leave room for input/output pads on the left side of
the chip,

(4) Addition of the RIGHT and REED subroutines to write common data on and
to read common data from magnetic tape. These subroutines are used in the
restart feature. )

(5) Addition of the MANMOD subroutine to be used for manual modifications,

Descriptions of these changes, modifications, additions, and improvements are in-
cluded in this section. Also, the data input requirements are discussed and the data
format is itemized to serve to update both the programmers manual and, more speci-

fically, the users manual,

No changes to the ARTWRK program were reguired,



A. RNMAIN EXECUTIVE ROUTINE

The RNMAIN executive routine controls the execution of the PR¥ program,

1. Restart Feature

The restaxrt feature is a technique o enable the user to exercise the PRF pro-
gram in a "serial step'" mode. This feature uses the RIGHT and REED subroutines to
write and read, respectively, data in common to and from temporary storage on mag-
netic tape. This magnetic tape has a header which contains two locks, These locks
will prevent incorrect use of the common data tape and the PRF program, The restart
feature can only be -exercised when the proper keys have been specified. At any point
specified by the user, the program can be temporarily stoppeﬁ. The user can then
examine the results of the run to that point, The user could then continue the normal
execution of the PRF program with or without minor modification to the data in common
or he could reexecute previous levels of the program with or without minor modification

to the data in common.

2. Restart Parameters

The first step in any run of the PRF program is to read the restart parameters.
These parameters control the mode of execution of the PRE program. The restart

parameters are JSTART, JMID, JPRINT, KIN, and KOUT,

a. JSTART

JSTART is used to specify which subroutine of the PRF program will be
the first to be executed.

JSTART is also used as an error stop switch. After execution of any sub-
routine, except MANMOD, the program will automatically stop execution if JSTART
has been internally set to a value of 6. If JSTART has been read in as a value of 2, 3,

4 or 5, the program will aufomatically exercise the restart feature by reading in the



data stored on the restart tape. After completion of reading in these data, the program

will automatically start execution of the subroutine specified by JSTART.

Whenever the PRF program has been restarted, JSTART is also used as
a key to allow acceptance of the data from the restart tape. This key is described in

detail in the writeups on the RIGHT and REED subroutines.

When JSTART has been read in as a value of 6, the PRF program will
only execute the MANMOD subroutine,

b, JMID

JMID is used to specifythe number which has been assigned to the chip
being designed. Whenever the PRF program is in the restart mode, JMID is also used
as a key to allow acceptance of the data from the restart tape. This key is described in
detail in the writeups on the RIGHT and REED subroutines. This chip identification
parameter, JMID, will automatically be part of the symbol data generated in artwork’

instruction output of the PRF program.

c. JEND

JEND is used to specify which subroutine of the PRF program will be the

last to be executed,

If JEND has been read in as a value of 1, 2, 3, or 4, the program will auto-
matically exercise the restart feature by writing all common data to the restart tape

(after completion of the last subroutine to be executed),

If JEND is read in as a value of 6, the program will print common data,
after completion of the ARTWRK subroutine.

Whenever the restart feature has been selected, JEND is also used as a

key to prevent incorrect restart of the PR¥ program. This key is deseribed in detail
in the RIGHT and REED subroutine writeups.



JEND is not used when the MANMOD subroutine is exercised.

d. JPRINT

JPRINT is used as a print control: for debugging purposes in the RIGHT,
REED and MANMOD subroutines. -See the detailed descriptions of these subroutines
for the explanation of the use of the restart parameter JPRINT.

e, KN and KOUT

KIN and KOUT are input and output device specifications for the MANMOD
subroutine, See the detailed writeup for the MANMOD subroutine for detailed descriptions

of these parameters,

B. PRF SUBROUTINES
1, RIGHT

The RIGHT subroutine is pa:c;t of the restart technique used in the PRF program,
This subroutine provides intermediate storage on Iﬁag‘netic tape of all data which are in
common in the PRF program. The RIGHT subroutine will be exercised when the re—
start parameter "JEND" is greater than 0 and less than 6. This subroutine will write
a header to the output magnetic fape which will be used as a double lock to prevent in-
correct use of the magnetic tape, The first lock is the chip identification number.
This number is the restart parameter "JMID", This lock will prevent incorrect use of
the magnetic tape. The second lock is the restart parameter "JEND" which will prevent

the user from restarting the PRF program at the incorrect point,

The restart parameter "JPRINT! is used as a debug parameter, If JPRINT
=2, or 3, this subroutine will print all PRF common data. These data are very useful

for both debugging the PRF program and to aid in the design of the chip.



2, Riwmp

The REED subroutine is also a part of the restart technique used in the PRF
program, Its purpose is to recover the data temporarily stored on magnetic tape. The
data on the magnetic tape is all data which are in common in the PR¥ program. The
REED subroutine will be exercised when the restart parameter "JSTART'" is greater.
than 1 and less than 6. This subroutine has been provided with a double lock to prevent
improper execution of the PRF program. The first lock is the chip identification num-
ber, the restart parameter "JMID". This lock will prevent using the wrong restart
tape when more than one chip is being designed. The second lock is the stop level of the
restart tape. When the restart feature has been previously exercised, the stopping code
"JEND'™ has been writien to the header of the restart tape. The present attempt to re- _
start the PRF program will have the restart parameter "JSTART" specified. If JSTART
is not exactly one greater than the JEND stored on the restart tape, this subroutine will

terminate the restart attempt, thus preventing improper use of the PRF program.

The restart parameter "JPRINT" is used as a debug parameter. If JPRINT =
1 or 2, the subroutine will prini all PRF common data, These data can then be used

for debugging the PRF program oxr to aid in the design of the chip.

In this subroutine, the user has the option of changing any of the data contained
in any integer arrays. This option is a very powerful aid to the user. It allows the user
to exercise a portion of the PRF program, When the PRF has been restarted, the user
can modify any data in common and thereby control the final layout of the chip and not
have to reexecute the previous sections of the PRF program, For example, it is possible
to change one or more of the input parameters so that the chip design can be modified be-
fore generation of the artwork instruction data. This could preclude the necessity for
extensive manual modifications. Each array has been assigned an index number, In
order to exercise the change-of-data option the user must specify the array name or the

array index number as well as the variable location index number within the array.



The array index number and the variable location index number (from one to
three indices) of the location of the data within that array will specify the stofage area
to be changed. That data will be changed to the value specified in the modification data.
To facilitate the usefulness of this option, the program has been implemented with auto-
matic array index specification. This is accomplished by sp;acification of the array
name rather than the array index number. The program will convert the name to the

index number,

3. MANMOD

The purpose of the MANMOD subroutine is fo enable the user to modify the
artwork instructions output of the PR¥ program. These modifications may be required
due to changes in the logic design, desired changes of the physical la;yout of the chip, or
wiring problems on the chip., For in'stanee, the user may wish to relocate the chip in-

put /output bonding pads.

This subroutine will accept either the artwork instructions pre;viously gen-
erated by the PRF program or the artwork instructions previously modified by the
MANMOD subroutine. These input data may be either from data cards (KIN = 5) or from
magnetic tape (KIN = 11). The subroutine will accept the modification data and imple-
ment the design changes. For preparation of these modification data, see the detailed
description of input data section. After completion of all modifications, the subroutine
will generate a new artwork instruction data set. This output can either be to data
card (KOUT = 7) or to magnetic tape (KOUT = 12). This subroutine can only be exer-
cised by specifying the restart parameter, JSTART as a value of 6.

The artwork instruction input data will be decoded and stored in the IDATA
(1, J) array., The index "I" is used as a sequential index on the input data and will
correspond to the sequence number printed with the artwork instructions (see Figure 1).
The index "J' is used to locate pertinent data for each sequence numbeyr "I, The

meanings for the values of index 'J* are presented in Table 1.



09210 ises 93 297
09220 1565 895 296 -
09100 1565 850 299
69300 1565 580 R 300
09230 1565+ Bgz  OTDNATE 301
09240 1565 207 302
09110 1565 442 303
09250 872  1dal<——Y COORDINATE ALPHA DATA 304
9259, 872 -79 305
t PATTERN NO END COMPONENTS 306
QRIENTATION SﬁAPE 1°%) 307
8 10 308
Tl -76 0 309
2 1720 ) 310
3 1720 955 311
& 1740 555 «————— ¥ COORDINATE SEQUENCE NO.——»-312
5 1760 40 313
5 -116 %0 X COORDINATE 314
7 -116 555 315
3 76 558 316
T APERTURE No. LINE SET 364
L7 1 04—————— SCALE 365
1 T4 50} 366
1 74 525 367
2 94 194 368
2 94 225 369
3 1i3 501 370
3 13 525 31y
4 132 501 372
4 132 546 373
5 152 01 374
5 152 525 ars
‘/———————-—uo. OF POINTS SHAPE SET 1817
4 . 10--———SCALE 1818
1 1760 41 181%
2 1760 1491 1620
3  1B6O 1491 1821
4 1860 ~4] 1822
o APERTRE No. LINE SET 1823
16 ] 04— SCALE - 1824
Lo 3,128y coononme 822
2 1124 363 «—— Y COCRDINATE 1827
2 1124 470 1828
3 1187 470 1829
3 1147 967 1830
‘4 1565 79 183}
4 1565 1363 1832
5 3 79 1833
5 1565 79 1834
& ce 363 1835
6 1565 363 1836
7 1124 470 1837
7 1167 470 1838
8 152 967 1839
8 1167 967 3840
9 1565 1363 184}
? 3 1362 X COORDINATE {ABSOLUTE) 1842
_ END LINE SEF 1843
r—-l: l_r._,\____——— Y COORDINATE (ABSOLUTE) SYMBOL SYMBOL DATA 1844
~1728 =~19Z20L8H51LVL=6sTA 2{ PRRH&PRRL CHIP 12/09/70 LEVEL NO.
END LEVELO4" 1846

Figure 1, Samples of Artwork Instructions



TABLE 1. MEANINGS ASSIGNED TO INDEX "J"

Value of J Meaning
1 Forward Index Number. "I" index of next data in artwork
instructions.
2 Reverse Index number. "I'" index of previous data in artwork
instructions.
3 X-coordinate (or the number of points for shape set or the

aperture number for line set),

4 Y-coordihjate (or the scale factor for shape set or line set).
5 Data code (or pattern number of component),
6 Pattern orientation for components,

The data code stored in J =5 is used to differentiate each of the various types of

data. These data codes are listed in Table 2.-

TABLE 2. DATA CODES STORED IN '"J = 5

Name Value Meaning

KODE1 1 Component coordinate data*

KODE2 2 Shape Set coordinate data

KODE3 3 Time Set coordinate data

KODE4 4 Symbol coordinate data

KODES5 5 Shape Set number of points and scale .
KODEG 6 Line Set Aperture number and scale
KODE11 10, "End components" -

KODE12 20 "Shape Set" ,
KODE13 30 "Line Set"
"KODE14 40 "End Line Set"

KODE15 50 "Symbol"

KODE16 60 . NEnd Level"

*The component pattern number is actually stored in memory, rather than
this code value. This restricts pattern numbers to be 70 or greater.




After the subroutine has completed reading the input data, the modification
portion of the subroutine will automatically be exercised. This section of coding is
controlled by the variable "Type' (see detailed description of input data) read in as
iJart of the modification data. When data are changed ("Type'" = ""C" or "CHG") the
user has the option of indicating the data which are being replaced (old data). If so
indicated, the program will verify that the old data matches before making the specified
changes, If these data do not match, the program will reject the modification. When a
Line Sef (or Shape Set) is added, it is the users responsibility to specify that this addition
is at a point in the data such that all data sets (line sets or shape sets) are complete and
correct. The user is also required to correctly specify the correct number of points
and scale for Shape Sets and the correct aperture number and scale for Line Sets,

When a delete Line Set or a delete Shape Set has been specified, the program will verify
that the specified sequence number corresponds to the start of the Line Set or Shape
Set, If this test fails, the program will disregard the specified modification command,
When the user has specified a Shift command, the program will automatically shift all
X and Y coordinate data within the rectangle specified in the shift data by the AX and
AY increment. The user is cautioned to exercise reasonable care when exercising

this option,

After the last modification has been implemented, the program will automat-

ically enter the output data section of the subroutine.

The outpui: data generation section will decode the data stored in IDATA (I, 5)
matrix and write the properly formaited network artwork instructiqns to tl'qe output
media . These data will also be printed. Each line of the data (except symbol data) will
contain a sequence number which is required when any additional modifications are to
be implemented. The program will automartically check that each Line Set has coor-
dinate data that are paired and that the number of points in each Shape Set corresponds

to the specified number of points for that Shape Set.

10



The restait ";iar:a_meter ""JPRINT" is used in this subroutine as a debug printing
parameter. I JPRINT = 1, or 2, the IDATA (I, J) array will be printeﬁ after the input
data has been read into storage. If JPRINT = 2 or 3, the IDATA (I, J) array will be

printed after the modifications have been completed.

C. DESCRIPTIONS OF INPUT DATA TO PRF PROGRAM

1. Restart Paratheters

Purpoge: The purpose of the restart parameters is to'control the mode of execu-

tion of the PRF program,

Card Format: (18I4)

Card as It May Appear:

‘A Thru |
J Thre R
S Thru ZGﬂﬁﬂﬂﬂﬂﬂﬁﬂﬂﬁﬂBBBUBHﬁﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂUﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂUUEUURQBUBUBUBUUUBUBRUﬂﬂﬂ&
1234358781 NNEONERTHEAAINNSAIIAN N HIHERAN NG 1 ZIHEA0ANR IR ER TR INTRER TR TIIRUBRIING
AETI1T 3 U HET P01t A 1D 011 3 ST i1 et A 113119 ) 111ttt
B 222822 k22282 é 7222222 B 22é222 K 22222 § 2222222 3 222222 X 22222 S 221222,
3 C 333333 L 33333 T 3%33333 C 333333 L 33333 % 7333333 C 333333 L 33333 T 333%%
54D 65484 M 44444 U 4444006 D 446044 M 44004 U £444444 D £45444 M 24748 U 444
555 E 555555 N 55555 ¥V 5555555 € 555555 N 55555 YV 5555555 E 555555 N 553588 V §55
9555 F GEGEG66 O BE566 W B566566 F 855555 O G66E6S w 6665566 F B66666-Q 66666 WEBER
ir1171 GI777777 P 77777 X 11171717 G 11711 P 17711 X TIVIIIT G OITIIIT OP 171711 X 7
8388838 H 38333% Q 338?3 Y 88588888 H 888888 O 88885 Y 9856838 H 388488 88888 Y

gggggig 988959 R 599498 Z 8858098 I-SﬂBBéB R 99999 Z7.9999399 | 999989 R 998838 Z,

I
LR | n:znummunzlauuuﬁnnaannnnuﬁunuuuﬂuuuuanannmzsﬁsmmuanmnnucmnmmﬂnmm?mnnn
_ w5080 . sy v T

.

" Coded Breakdown: All fields are right justified integer fields

Field A; Columns 1-4; JSTART

JSTART is used t& specify which subroutine of the PRF program will be the

first to be-executed,

11



JSTART = Start Execution at Subroutine

INPUT

1

2 PLACE

3 ‘ ROUTE

4 "FOLD"

5 ARTWRK
6 MANMOD

Field B, Columns 5-8, JMD
JMID is the chip identification number. This number will be part of the
symbol data written below the chip artwork,

Field C, Columns 9-12, JEND

JEND is used to specify which subroutine of the PRF program will be the last

to be executed.

JEND= Stop Execution After Subroutine
1 INPUT
2 PLACE
3 ROUTE
4 "FOLD"
5 ARTWRK
6 ARTWRK

Field D, Columnsg 13~16, JPRINT

JPRINT is a debug print control for RIGHT and REED subroutines and also for
the MANMOD subroutine.

JPRINT SUBROUTINE PRINT OPTION
0 ALL Do Not Print
=i MANMOD Print IDATA (I,d) before

manual modifications



JPRINT SUBROUTINE PRINT OPTION

=1 REED Print Common Data

=1 RIGHT Do Not Print '

=2 MANMOD' Print IDATA (I, J) before and
after manual modifications

=2 REED Print Common Data

=2 RIGHT Print Common Data

=3 MANMOD Print IDATA (I, J) after man-
ual modifications

=3 REED Do Not Print

=3 RIGHT Print Common waueu

>4 ALL Do Not Print '

Field E, Columns 17-20; KIN

KIN is the input data set reference number to read the artwork instructions

in the MANMOD subroutine,

@ Artwork Instructions
<0 From cards
5 From cards
>0 & #5 From magnetic tape (KIN set = 11)

Field ¥, Columns 21-24; KOUT

KOUT is the output data set reference number to write artwork instruc-

tions in the MANMOD gubroutine.

KOUT Artwork Instructions
<0 To cards ‘
7 To cards
>0& #7 To magnetic tape (KOUT Set=12)

13



Note:

The input subroutine has been programmed to preset each parameter
(except M1) to a "Standard" value, The user may accept the standard values
by leaving each field of each parameter card (except the first field of the first
parameter card) blank {or zero), I the user wishes to change the value preset
within the program, he should enter the desired value in the proper location of
the proper parameter data card, The program will use the new value in place

of the standard value for that parameter.

The preset value of the parameters are:

Parameter Preget Value
M1 Not Preset
LEN 0

LIMINT 3

IHF 144

IBR 1

IBF 1

IBP 0

IBP1 1

IBPA 1

IDP 4

IDBG 1

NWRK 12

NAR 11

IPAD 2020

ION (1) 22

ICN (2) 0

ICN (3) 2

ION (4) 100

14



Parameter Preset Value _

ICN (5) 670

A © 32
{7) 64
(8) 1260
(9) 1000
(10) 560
(11) -560
(12) -1
(13) 0
(14) 72
(15) 7
(16) 18
(17) 9
(18) 8
(19) -1
(20) 8
@1) 9500
(22) 17
(23) 16
(24) 0
(25) 0
(26) 0
(27) 0
(28) 10
(29) 0
(30) 0
(31) 0

Y (32) 16

ICN (33) 70

15



Parameter

ICN

A

Y

(34)
(35)
(36)
37)
(38)
(39)
(40)
(41)

" (42)

(43)
(44)
(45)
(46)
")
(48)
(49)
(50)
(51)
(52)
(53)
(54)
(55)
(56)
57)
(58)
(59)
(60)
61)

ICN (62)

16

Preset Value

O o M O o O 0 & & o @ o o o

9100
8110

SO WO O bSO O &

9510



Parameter

ICN (63)
A 64)
. (65)
(66)
(67)
(68)
(69)
(70)
(1)
(72)
(73)
(74)
(75)
(76)
(@7)
(78)
(79)
(80)
(81)
(82)
(83)
(84)
(85)
Y @6
ICN (87)

Preset Value

0

Q
39
39
4
100
40

19
56
140

9400
9210
9300

9600
9250
1300
76
80



2. Input Datg for Common Data Modifications

Purpose: The purpose of the common data modification data is to selectively change
the common data when the restart feature is being exercised. The user should not

attempt to change a large portion of these common data, This feature should be used
to change a spacing parameter,’ a pattern assignment, a switch or some other simple

variable.

Card as it May Appear:

' 1 UiHE . : \
A Thru | I

J Thru R 11 )

S Thre Z00DOD000090K000000000000000000000000000000080000000000000000000080006000
123455781 wnnnun-nlua21unaaanuna’nunusunannnuuuuunuunmzus;mmsmmzuummmmnnnunnnnnu
ADTIE ) ST IRl A 1I01 ) FTITIUITEIIII00 A 111100 J 1ttt
BRz22202 K™ 22222 S 2222222 B 222222 K 22222 S 2222222 B 222223 K 22222 § 222222
3 C 333333 L 33333 T 3333333 C 392333 L 33333 T 3333333 C 333333 L 33333 T 323334
44 D 444444 M 24444 ) 4444444 D 444824 M 54444 U 4444444 D 444484 M 44444 U 4408
555 E 555555 N 55555 V 53555555 E 555555 N 55555 V 5556555 E 555555 N 55565 Y 555
§666 F BEE666 O 66666 W GEEE666 F 666666 O 66666 W 6666666 F 666666 O 66665 W 65
71777 G 177777 P 7777I1QX 77717797 G 771717 P 71771711 X 7171717771 G 717177171 P 17171711 X T
BESSBS H U66EEE Q 83880 Y BESBSEY H 860883 Q §0888 Y $888896 H 885088 Q 88888 ¥

3350999 8995498 R 99898 7 9999989 | 599999 R 395999 7 9999993 ) 899899 R 948339 7

| .
\ 12345%783 nnnumsumluznmznnzszsnzazsaaaznussunnnnmmuuuﬂuu5051525354555051::5395mzu:usumsumn 72137!75?”17!1’!“)
IIX 5050 | .

e ———

Format: (514, A4)

Coded Breakdown:

Field A, columns 1-4; LL1

LIl is the first index of the array being changed.
Field B, eolumns 5-8; LL2,

LL2 is the second index of the array being changed.
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Field C, columns $-12; LL3
LL3 is the third index of the array being changec%.
Field D, columns 13-16; LL4
LL4 is the index number assigned to each array in common.
Field E, columns 17-20; LL5
IL5 are data to be entered in place of old data.
Field ¥, columns 21-24, ALPHA

ALPHA is the first four letters of the array name (left justified).

Notes:

1, LL1, LI2 and LL3 (when required for the specific array being changed)
must be greater than zero and less than or equal to the maximum index of the
array. ) \

2, Either L14 or ALPHA is I:equired in order to determine thé specific
array being changed. I ALPHA is given, the program will automatically deter-
mine the correct value of LL4, The following table shows the arrays in common,
their assigned index number, the ALPHA variable and the upper limit uof all

applicable indices.

Array LL4 ALPHA LIi L12 _L_I_B
IC (1, J) 1 ic 200 10 NA
ICK (I, ,K) 2 ICK 120 10 NA
ICL (I, 3) 3 ICL 120 6 NA
ICN () 4 ICN 200 NA NA
IEC () 5 EC 200 NA NA
EZ (I) 6 EZ 200 NA NA
IF (1, J) 7 IF 10 4 NA
8 IFA 200 200 NA

IFA (I, J)
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AYTray L4 ALPHA LIl LI2 LL3

INF (I, J) 9 INF 200 4 NA
INL (T) 10 INL 200 NA NA
INT (I) 11 INT 6 NA NA
IP (I, J) 12 P 200 2 NA
IPR (I) 13 IPR 250 NA NA
IPTRN (I) 14 IPTR 120 NA NA
IRA (I, J) 15 RA 800 50 NA
IXW (I) 1¢ XW 35 NA - NA
IYW (1) 17 TIYW- 200 NA NA
17 (1) 1€ 17 200 NA NA
ID () 1€ JD 2 NA NA
LIMIT () 2 LIMI 50 NA NA
LNAD (I) 21 LNAD 1,000 NA NA
MAP (I, J) 29 MAP 200 2 NA
NC (I, J) 23 NC 600 5 NA
NET (I) 24 NET 2, 000 NA NA
NETTOT (I) 25 NETT 200 NA NA
NOUT (I, J) 26 NOUT 200 3 NA
NX (,J) 27 NX 200 3 NA

3. Changes to the data in common will automatically stop when no f;.lrther
changes are required.

4, If a value of 100 {or greater) is entered for LL4, the program will auto-
matically terminate making changes to the data in common. This feature will
enable the user to have data cards for other purposes in the PRF program behind

these changes,
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3, MANMOD Input Datfa

Purpose: The purpose of these data cards is to implement modifications to the artwork

instruction data.
Card Format: (A3, 2X, 8I5)

< Cards as They May Appear:

{5 e - Plu buby K -

R Thru |

J Thru R

S Thru ZEUﬁﬂﬁlﬂﬂlllﬂﬂﬁﬂ@l}ﬂ09ﬂﬂﬂﬂﬂﬁﬂﬂﬁﬂﬂ{lﬁﬂﬂ(}ﬂ'ﬁﬁﬂﬂﬂﬂﬂﬂﬁﬁﬂﬂﬁﬂﬂﬂﬂﬂ&ﬂﬁﬂﬂﬂﬂﬂBﬁﬂﬁUﬂ!}[}

12345876 RN REHENT RN N NI NBIEININ S BN HI NI A20EE G0 SN N ETHSETNN ST HAN I RIRISBIENY
ATt1111 5 FF IR IR A 11T JOr i teiiiey A RSN IR AR AR RERRARR !
8 222282 K 22227 5 2222222 B 2222122 K 12222 38 2222723 B 222222 K 2232t § Z1iiil
B¢ 333330 L 33333 T 3333333 € 323233 L 33333 T 3333383 € 333338 [ 333:3 T 33393
44 D £440395 M S8464 U 4444444 D 444444 M 44444 U 1544444 D 344434 M £4484 U 444%
555 E 333558 N 53533 ¥V 5955FES E 555555 M 55555 V 5555355 € 555555 N 55555 V 55E
6568 F GE6668 O #6656 WEEGSESG F 566666 O G666 W GE66656 F 586686 O FG685 W 6B
' 77717 G FTIIIT P TTIIT X PIIIIIT G OFIINIT P FIVIV X ¥IIVINT GLOITIFIT P 31770 X1
3068688 H 988838 Q 38838 Y 28888488 H 863888 (3 28848 Y 833888 M 385%3¢ Q 38ERE Y

9909959 | 9999958 R 0699 7 9929339 [ 998599 R 99949 7 9598933 | 999399 R 99893 Z
\ 123455741908 tzuvsyimanzannmmnmmsummmsunmummsmmumssos:szsmsssssms:sumzmussmassmmmmsrmnmn/

N —

H

L < icd =] 4 UL i -~ -

B Thou \
J Thru R

S Thru z333555{?&81}*88535ﬁﬂﬁ{l[?5333§3§|3‘E§ﬂgﬁﬂﬁgﬁﬁﬁﬂﬁﬂgﬁﬂgﬁﬂgﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬂﬁﬁaﬁﬂﬁﬂﬁ
TEIA5ETE 8N TINS5 R W 0I5 2I6 2677829207 AT TTTAIADA 4243404548 47 RATS0 51573954 5555 STSATH 6N STELEISA SREET ST WILTATEITHII HTRED
A Ttttrr 2 iuriiiriIeiert Attt ) IRERSRT IRRSRER R RV- NS R RN R AN IRRRSRREER AR R R
B 22222:0K 2¥2z22 5 22222221 B 2222112 K§iz222 S 2222322 B 227221212 K 22227 & BRi1il
$ C 233333 | 33333 F 3333333 C 3§383% L 33333 0T 3333233 C 333333 L-33333 T 13338
44 T 444444 ME2244 U 4842448 D 45K444 M 44445 U 4448444 D 444444 M 48444 U 4444
555 F 555555 N 53555 V 5555555 E 555555 N 555535 V 3355338 £ 595533 N 5585%5 V 35%
G686 F GEGE6E O BBGE6-W 6686655 F 556666 O BEGGGE W BEEGESE F 565666 O 65686, W BE
711171 G 117171 P 77777: X 71717377 G 171707 P 17711 X 71711171 G {17117 P 177717, X7
333952 H 858838 Q B2868 Y BEBE38s M £82382% O ¥HE8% Y 8883838 H 355688  BEE83 Y

9548958 | $9a9g9 RE9SSSS Z 5599999 (F9s9g99 R 99999 7 9998999 [ 995885 R 38943 Z
\_ tiisEeres BERDHBEN B DANNRIBODBINLIGAITET HIHG 3 SE T ITH D NNTIHIBIT I SR QIS ;tmamsmrmsm/

I3 2a3n
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Coded Breakdown: Field A is a left justified alpha field. All other fields are right

justified integer fields.

Field A, Columns 1-3; TYPE

TYPE is used to specify which type of modification is being made. The vari-

able TYPE can be equal to any one of the following values:

TYPE=

A

ADL
ALS
ASS
ASY

CHG
CSY

DEL
DIS

DSS

DSY

SHF

Meaning

Add data after specified sequence number.

Add data after specified sequence number,.

Add Line Set after specified sequence number.
AZA Shape Set after specified sequence number.

Add symbol command and symbol data after

- specified sequence number.

Change data at specified seguence number,
Change data at specified sequence number,
Change syﬁbol data at sequence number,

Delete data at specified sequence number.
Delete data at specified sequence number.

Delete Line Set starting with specified sequence

_humber, ’

Delete Shape Set starting with specified sequence
number.

Delete symbol command and symbol data start-
ing at sequence number,

Shift those coordinate data which are within the
specified rectangle by the specified X/Y increment.

Shift those coordinate data which are within the
specified rectangle by the specified X/Y increment.
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Notes:
A or ADD

If TYPE = "A" or "ADD", the user may add any data at any point in the
artwork instructions. It is the user's responsibility to add the correct
data type at the correct position. The data added after the specified

sequence number will be:

For IXNEW IYNEW . IDX IDY KODE*
Components X-Coord., Y-Coord, Orientation Patiern No, 1
Shape Sét No, of -

#Pts, & Scale Points in Set Seale N/ A N/A 5
Line Set Aperture No, Scale N/A N/A 6
Apt. # & Scale

Other Data X-Coord. Y-Coord, N/A N/A *
AIS

K TYPE = "ALS", the user must start the add at a sequence number so
that all data will remain self consistent. He must not, for example,

add a line set in the middle of a shape set or the componel:}ts? etc, The
IXNEW variable must contain the aperture number of this new line set.
The IYNEW wvariable must contain the scale of this new line set and the
variable IDX must be the exact number of points in this line set. (IDX =
twice number of lines in set). All points in the line seft must follow the
"ALS" data card. These data cards will contain the X and Y coordinates

of the points in the IXNEW and .IYNEW data fields.

ASS

If TYPE = "ASS", the user must start the add at a séquence number so
that all data will remain self consistent. For example, a shape set

must not be added in the middle of a line set of the components, etc.

*See description of KODE for further requirements- during an add modification.
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The IXNEW variable must contain the exact number of points in the shape
set. The variable IYNEW must contain the scale of this new shape set.
All points in the shape set must follow the "ASS" data card, These data
cards that follow the "ASS" card will contain the X and Y coordinates of
the points in the IXNEW and IYNEW data fields.

ASY .
If TYPE ="ASY", the user must start the add at a séquence number so
that all data will remain self congistent. Symbol data must not be added
in the middie of a line se.t or shape set. Symﬁol data must be located just
beforé an end level instruction, The variable IDX should contain the
artwork level number at which the symbol data are added. If this data
are added just before the end level instruction and no data are entered for
IDX, the program will extract the level number from the end level
instruction. Following the ASY data, the alpha data required for the
si;rmbol data must be entered using a format of (17A4), These alpha data
must contain the information specified on page 29 of the "User's Ma:nual

for the Artwork Program' as well as any alpha data required by the user.

C or CHG )
If TYPE="C" or "CHG", the data may be changed at any point in the
artwork instructions. It is the user's responsibility to maintain the art-
work instruetion in a self consistent.arrangement. The data will be
changed in the same organization shown for the A or ADD type. If non-
zero data has been entered in the IXOLD (or IYOLD) field, the program
will validate the IXOLD (or IYOLD) data against the old X-coordinate
(or Y-coordinate) data stored in IDATA (I, J) before making any cha_nges.
If this test fails, the program will point an error condition and not execute
the change of data. See description qf KODE for further requirements

during a change modification.
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CSY

If TYPE="'CSY", the user must specify the exact sequence number where
these symbol data are stored or the program will abort this modification.
The variable IDX may contain the artwork level number at which these
symbol data are Iocglted. Since the symbol data are located just before
the end level instruction and when no data are entered for IDX, the pro-

gram will extract the level number from the end level instruction.

Following the 'CSY data, the user must enter the alpha data required for
the symbol data using a format (17A4). These alpha data must contain
thé information specified on page 29 of the "User's manual for the Artwork

Program'' as We\\} as any alpha data required by the user.

Dor DEL

DSS

If TYPE="D" or "DEL'", the user may delete any data in the artwork in~
structions as specified by the data sequence number iSEQ. It is the
users responsibility to maintain a self consistent set of artwork instruc-
tions, When any data other than X/Y coordinates are deleted, the pro-
gram will print 2 warning io the user. If the user has entered non-zero
data in the IXOLD (or IYOLD) field, the program will validate the iXOLD
(or IYOLD) data against the old X-coordinate (or Y-coordinate) data
stored in IDATA (I, J) before making any changes. If this test fails, the

program will print an error condition and not execute. the deletion of data.

I TYPE="DLS", the user must specify the exact sequence number of the
"Tine Set" instruction. That is, the deletion of a line set must start 4t the
beginning of the line set, When this type of modification has been speci-

fied, the complete line set will be deleted,

If TYPE="ﬁSS”, the user must specify the exact sequence number of the

"Shape Set'" instruction, That is, the deletion of a shape set must start
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at the beginning of the Shape Set. When this type of modification has been
specified, the subroutine will delete the "Shape Set" instruction, the num-
ber of points and scale and the number of X/Y coordinates specified by the
number of points in the shape set. Therefore, the user should make sure
that the 'number of points in the shape set exactly corresponds to the

nﬁmber of points specified in the data.

DSY
if TYPE="DSY" the user must specify the exact sequence number of the
"symbol' instruction., That is, the deletion of symbol data must start
at-the beginning of the symbol instruction, When properly specified the

program will delete both the "symbhol" instruction and the symbol data.

S or SHF
¥ TYPE="S" or "SHF" the user may shift any X/Y coordinate data by a
specified increment, Only those data within the rectangle specified by
'IXNEW, IYNEW, IXOLD, and IYOLD (inclusive) will be shifted, where:

IXNEW = Minimum X value of rectangle
IYNEW = Minimum Y value of rectangle
IXOLD = Maximum X value of rectangle
IYOLD = Maximum Y value of rectangle.

If the X and Y coordinates of any data are within the prescribed limits,
the program will shift the X coordinate by the increment specified by
IDX and the Y coordinate by the increment specified by IDY,

Field B, Columns 6-10, ISEQ
ISEQ is used to speciiy the sequence numbér of the artv(rork instruction data
which is to be modified. This sequence number must correspond fo the
sequence numbper printed with each artwork instruction. The user must use
the correct artwork instructions listing corresponding to the input data to
the MANMOD subroutine,

Note: The following sequence number should be used for each specified type

of modification,
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FOR TYPE= Use Sequence Number of

A or ADD Data to add after

ALS Last data of shape set, line set or
components

ASS Last data of shape set, line set, or
components

ASY Data before end level

C or CHG Data to be changed

CSY Symbol alpha data

Dor DEL Data to be deleted

DLS " Line Set'" instruction data

DSS "Shape Set" instruction data

DSY "Symbol" instruction data

S or SHF Not used

For data following ALS (or ASS), which are part of the added line set (shape

set), sequence numbers are not required.
Field C, Columns 11-15; IXNEW

IXNEW is used as :follow‘s:

For Type IXNEW is

Aor ADD New X-coordinate data, number of points
for shape set or aperture number for line
set. :

AIS Aperture number of line set on first data

card of modification, Successive data
cards are X-coordinates.

ASY X-coordinate of symbol data

C or CHG New X-coordinate of data, number of points
for shape set or aperture number for line
set.

C8Y Not used

DorDEL Not used
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For Type IXNEW is

DiS Not used
DS Not used
DSY Not uvsed
S or SHF Minimum X value of shift rectangle

Field D, Columng 16~20, IYNEW

IYNEW is used as shown in the table in IXNEW making the following changes:

From To
X-Coordinate Y~Coordinate
Number of point in sh‘ape set Scale of gshape set
Aperture number of line set Scale of line set
Minimum X Minimum Y
Mazximum X Maximum Y

Field E, Columns 21-25; IXOLD

OLD is used as follows:

For TYPE IXOLD is

A or ADD Not used

ATS Not used

ASS T Not used

ASY X-coordinate of symhol data

C or CHG X-coordinate data, number of points in

shape set or aperture number in line set
before modification. If non zero, program
will validate old data equality prior to

modifications,
CSY Not used
Dor DEL Same as for change
DIS Not used
DSS Not used
DSY Not used
3 or SHE Maximum X value of shift rectangle

28



Field ¥, Columns 26-30; IYOLD

.IYOLD is used as shown in the table for IXOLD with the changes.shown in the
table for IYNEW,

Field G, Columns 31-35; IDX

IDX and IDY are used as follows:

For TYPE IDX is IDY is
A or Al‘)D’ Pattern orientation for Pattern number for
component modifications component modifications
ATS Number of points (cards Not used
to follow) in Line Set,
ASS Not used Not used
ASY .Not used Not used
C or CHG Same as for A or ADD Same as for A or ADD
CSY Level number of symbol Not used
data, can be zero for
automatic level deter-
mination if end level
instruetion follows.
Dor DEL Not used Not used
Dis Not used Not used
DSS Not used Not used
DSY Not used Not used
S or SHF X increment of shift Y increment of shift

Field H, Columns 36-40; IDY

See Field G.
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Field I, Columns 41-45; KODE

KODE data are only used for A, ADD, C, and CHG and are used as follows:

KODE=

0
> KODE1(=1)
= KODE1(=1)

<0

Generated Code in IDATA (I, 5)

Use same code as specified in IDATA (ISEQ, 5)
Use IDATA (I,5) = KODE

Generate pattern number and orientation for IDX
and IDY card store as required.

Same as KODE =KODE1
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Section 11

ANDARD CELL FAMILY

The addition of the set-reset flip~flop cell (No, 1420) completes the Standard Cell
Family asg required, Thé engineering data sheet for general design purposes is pre-
sented in Figure 2. This cell data sheet, plus the data sheets found on pages 5~17 of
Quarterly Report No, 2 {for cells Nos. 1110, 1120, 1130, 1140, 1220, 1230, 1240, 1260,
1270, 1280, 1290, and 1310) provide a complete set of engineering data for the working
logic cell complement of the Standard Cell Family. The fopological layout of the set-
reset flip-flop cell is shown in Figure 3. -

A complete list of the entire cell family, including both the logic and non-logic

{functional) cells, is shown in Figure 4,
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C-MOS STANDARD CELL

SET-RESET FLIP-FLOP

CELL NO. 1420

LOGIC SYMBOL

SCHEMATIC
L
T R, 20—r a—0%4g,s3
—| IE’ o |- $,40—]s ea—0a,5
LOGIC EQUATION
H [ | H H o]
(o] e 'l‘ Q o
R,2 0,3 Q,5 S,4
TRUTH TABLE CELL 1/0 CAPACITANCE YALUES
R s a T PIN CA_PACITANCE (pF)
- 2 1.30
0 Q Q
3 0.87
! ] 0
4 1.30
1 0 0 I
5 0.96
! | 0 o
DYNAMIC ELECTRICAL CHARACTERISTICS*
CHARACTERISTIC TIME {ns)
DEVIGE DELAY
_/- _/_ 50 TO 80
VR Ve
MINIMUM PULSE WIDTH 80
"CL=8.0pF
Figure 2, Data for Set~Reset Flip-Flop Cell No, 1420
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Figure 3. Composite Topology (Levels 1 through 6) for Set-Reset
Flip~Flop Cell No, 1420

33



=
;;‘;’b > k% > & é:‘}? 5 e
<° ,fu & 4 g & & Fog & ¥
Cell No. Cell Name s/ ¥/ & & &/ o S EELEE

9010 Input Pad P N/A pssm——
9020 Output Pad W N/A [e—
9100 Ground Pad P N A (ee——
9110 Vp, Pad - N/A N/I

9210 Chip Alignment Key - /A N/

9220 Chip Alignment Key P N/A N/I

9230 Chip Alignment Key Bl /A N/T

9240 Chip Alignment Key e N/A N/I

9250 Photo Aligament Key e N/A N/1

9400 RCA Symbol P N/A N/T

9410 NASA Symbel P N/A N/l

9500 TFunnel End P /A [eee—
9600 End Cap Pt /A [e—-
9300 Test Transistor i N/A  pre—————
1110 Inverter -
1120 Two-Input NOR P
1130 Three-Input NOR L TN/

1140 Four-Input NOR - N/T

1210 N & P Transistors —  N/A >
1220 Two-Input NAND P
1230 Three-Input NAND -
1240 Four-Input NAND - N/T

1250 Test Resistors i N/A  fe——
1260 Begin Shift !
1270 Middle Shift -
1280 End Shaft L
1290 Free Shift o
1310 Buffer Inverter o
1410 Miller Test P
1420 Set-Reset Fiip-Flop P N/1

#J/A is not applicable

¥+ N/I 15 not included on test chip

Figure 4. C-MOS Standard Cell Design Status
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Sertinn TV

NASA-RCA C-MOS STANDARD CELL TEST CHIP

A, OBJECTIVES

The NASA-RCA C-MOS Standard Cell Test Chip was prodiced for several reasons,
Since this chip is the first C-MOS array generated using the standard cell design auto~
mation techniques, the primary objective was to use the chip to validate the computer
programs and the design concepts and techniques dev;aloped dilring the course of this

program,

A second objective was to provide a test vehicle from which performance data could
be directly measured, The test vehicle provided data which was used to verify the
accuracy of the computer circuit simulation technigues that were used in the original
design, To achieve these first two objectives at least one circuit type (-)ut of each of the
basic groups of the standard cell ¢ircuit complement was ingorporated into the fabri-

cated test chip,

A third objective of the test chip was to provide the test ;;atterns and circuits to
verify that the chip design was compatible with the various fabrication and process con-
straints, and to allow these fabrication and processing parameters to be deterfnined
quantitatively, within an acceptable level of accuracy, The availability of this capa-
bility is an important asset in establishing and providing for multiple sourcing of chip

fabrication at the mask level interface,

A fourth consideration in defining the logic contents of the test chip Was to provide
a ﬂex1b1e vehicle which could be used to quickly gain experimental evaluatlon of new

technologies and new processes and improvements in current technologies and processes,
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B. TEST CHIP LOGIC

The logic contents of the test chip is shown in Figure 5, This illustration has been
updated from the one in Quarterly Report No, 2. Each circuit type used has been
identified by the cell number so that reference can be made to the data sheets, In
addition, the pad (P) designations have been updated to conform to the corresponding
pad locations on the metallization level mask artwork shown in Figure 6, The pad

designations have been updated to conform to those on the actual chip,

C, TEST CIRCUITS

Although the purpose of many of the test circuits on the test chip are straight-
forward, there are several tests that have been incorporated into the chip that are

not obvious, A brief description of these test circuits follows.

1. Three~Bit Counter and Three-Bit Shift Register

The three-bit counter and the three-bit shift register provide d:ata for at least
three specific reasons, The first is to provide experimental evaluation of the master-
slave "D" type flip-flop which forms the basis of cells Nos. 1260, 1270, 1280, and
1290, This flip~-flop, * for which a patent disclosure has been filed, uses only twelve
transistors, Configuring this basic flip-flop into both counter and shift register func-
tions provided data on this device in the two most basic functions in which it will be

used,

‘L0 Implement tese uncrions most etticiently, the 'string-cell’ concept was
developed, The objective of the string cell concept is to provide a means by which
interconnection between the bits of a function iik'e a shift register is implemented by
comnections within the cells themselves, Since these interconnections do not increase

the size of the cells and do not use external road bed area, they have practically no

*Described in Quarterly Report No, 2, pp 46 to 50,
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effect on the size of the chip, This is the significance of the dotted lines in Figure 5,
The dotted lines define those interconnections that will be made not by the Routing
program, buf by placement of cells Nos, 1260, 1270, 1280 in adjacent locations such

that a metal overlap between these adjacent cells will make the interconnections, To
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provide this capability the begin shift, middle shift, and end shift register célls (Nos,
1260, 1270, and 1280, respectively) were designed i;nto the standard cell library, They
represent virtuall;} identical layouts except for slight shifts and modifications that per~
mit infracell interconnections, Cell No, 1290 is another slight modification that -
optimizes the use of the "D" type flip-flop in counting functions, Examination of'the

three shift bits on the top row of cells in Figure 6 demonstrates the concept.

The experimental verification of this concept and of the four layouts plus an
evaluation of the computer programs in implementing this concept are the other basic

aims of the three~bit counter and shift register test,

2, Inverter Pair Delay With 2~1/2 Fanout

This multi-purpose circuit includes all the circuit paths from input pad P6 to
the output pads P7, P8, P9, P10 and P11, One of the main purposes of this test is to
provide accurate on-chip propagation delay measurements, The circuitry has been
designed such that the buffer amplifier and wiring path connected to P7, P8, and P9
a.re similar, Therefore the propagation delays associated with each of these branches
are virtually the same and do not influence the propagation time measured between
pads P7 and P8, P7 and P9, and P8 and P9, If the pins attached to these pads are
similarly loaded, the propagation time measured between P7 and P9 and between P8
and P9 will yield an accurate on-chip pair delay. Similarly the measured delay between
P8 and P7 will yield an accurate two-pair delay or four-stage delay on-chip measure-
ment, With the input capacitance of inverter cell (No, 1110) defined ;ts a unit load, -
each inverter in these chains is loaded with a 2-1/2 fanout, since buffer amplifier

cell No, 1310 is a 1~1/2=unit load,

The Miller Test circuit in the bottom logic chain between P8 and P1lisa
special test designed to measure the effect of the drain-gate feedback capaci:tance:
This test involves the Miller Inverter Cell No, 1410 which is essentially an Inverter
cell in which the overlap oxide capacitor has been enlarged so ‘that its effect on prop‘a-

gation delay can be measured by comparing the delays between P6 and P10 and P§ and P11,
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3. Three-Input NAND Circuit

The three=input NAND circuit appears in two different tests, The test involv-
ing the logic chain between pads P16 and P18 serve‘s priinarily to yield propagation
delay measurements for the three-input NAND circuit as well as the comparative
propagation delay between the three- and two—-input NAND circuits, This permits an
indirect measurement of the additional delay associated with the substrate effect, The
three-input NAND circuit connected to P21, P20, P19, and P22 provides the mechanism
for direct measurements of the sﬁbstrate effect_‘both in connection with the propagation
time and for the determination of the process parameters required for process evalua-

tion and computer simulation,

4, Test Transistors

To facilitate all steps involved in the production of the C-MOS array, two sets
of test transistors have been incorporated into the test chip design, At various phases

in the production cycle these devices are examined for various specific reasons.

The street test transistors (cell No, 9300) are the basic test devices that
will automatically appear in each C-MOS array-using the standard cell approach.
Because the cell is located outside the area reserved for the array logic (see '
Figure 5) there is no loss of active area associated with it, The primary function of
the cell is to serve as a test device to be used during initial wafer probing to provide
;lata in order to determine whether or not a particular wafer should continue through
the fabrication cycle, To facilitate these measurements the sources of both devices
are internally connected to their corresponding substrates so that only three probes ‘

are required to obtain stable and reproducible readings,

The other set of test transistors are found in cell No, 1210, This cell is
located in the active area and will not, in general, appear on standard cell C-MOS
arrays. Among the differences between this cell and cell No, 9300 is that the

sources and substrates in Cell No, 1210 are not internally connected as are those in
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cell No. 9300. This separation facilitates gain, threshold, and'substrate-effect
measurements which are necessary to obtain process and device parameters that are
needed for circuit characterization and computer circuit éimulation, This, in furn,
provides another means to verify ‘tlvxat sat'i'sfactory c':orrelzation exist between the
measured and ecomputed results further validating the compl:lter simulation technique

"as an effective design tool,
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Section V

ELECTRICAL CHARACTERIZATION AND DESIGN VERIFICATION

A. ELECTRICAL CHARACTERIZATION

The results of the measurements talken on the C-MOS test chip are summarized
in this section. The dynamic testing results indicate that all cell and chip designs are
functionally correct and that present C~-MOS analysis techniques are accurate. This
again validates the design procedu‘re and the effectiveness of the computer simulation
technique and insures .that future sta@dal:t‘d cell designs and performances will be pre-

dictable to a design level of accuracyl}

As described in Section IV, these test circuits have been selected such that all
standard cell circuit types are represented, and the measured data will serve not only
to verify that 1;he goals of the contract have been achieved, but will provide data such
as nominal propagation delays, rise and fall times, input and output capacitances,
and other data that can serve as nominal design information for systems and equip-

ment,

The nominal values for the various process parameters and mask geometries
were used to compute the performance of the various circuits by computer simulation
techniques, These fabrication process parameters included substrate doping levels,
oxide thickness, diffusion depth, threshold voltages, and mobilities, To determine
the level of correlation between the computed and measured performance such as
propagation délay, it is necessary to account for the difference between the nominal
values assumed for the process parameters and the actual measured or experimentally
determined values, These relationships are discussed in evaluating the measured

performance for the various test results that follow.



The measurements were made at ambient temperature and at a nominal supply

voltage of 10 volts. Most of the delay measurements were made in the form of pair
delay, which is the propagation delay measured through two similarly loaded stages
at the 50% transition level, Two measurements are taken, positive to positive and

negative to negative, The average of these two values constitute the pair delay.

In the experimental results the input and output terminals on the test chip are
identified with a P and V numeric indicator. The P designation corresponds to the
pad location in Figures 5 and 6, The V designation corresponds to the pin on the
40-pin DIP to which this pad is connected. The inputs and outputs of these circuits
on the illustrations of the measured results are, therefore, identified with the V

numbers.

B. TEST RESULTS

1. Test Transistors

The drain characteristics of the N and P transistors shown in Figure 7
are typical of the units measured, As indicated in the diode curves, the threshold
voltage for the two devices are approximately 2.5 volts for the P transistor and 1.5
volts for the N transistor, Since the two devices have the same gate geometry, the
ratio of the drain currents is indicative of what ratios were employed in the various

cell designs in order to maintain uniform charge and discharge times,
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Figure 7. Characteristics of Test Transistors @%QQ
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2. Inverter Pair Delay with 2-1/2 Fanout

The test circuit shown in Figure 8 provides a most accurate means of
measuring "on-chip" pair delays. Each stage in this chain is loaded by a succeeding
stage and a Buffer-Inverter (labeled "B'"). The loading capacitance at each internal
node has been accurately estimated to be 3.25 pF. By observing the waveforms at
nodes 7, 8, and 9, it is possible to accurately determine the "on-chip" delays be-
tween nodes TA, 8A, and 9A, All delays associated with the output Buffer-Inverters
are essentially balanced out by making relative delay measurements between pins 7,

8 and 9.

The measured delay between P6, P7, P8 and P9 is shown in Figure 9. As can
be seen, the internal pair delay from 7A to 8A and 8A to 9A (measured at P7, P8 and
P9) is approximately 26 ns or 13 ns per stage for an inverter loaded with 2-1/2
fanout. Of interest also is the delay from the input P6 through 8 stages to P8. As
shown in Figure 8, this logic chain contains three buffer amplifiers loaded with
7.8, 15.4, and 9.0 pF in addition to the five inverters each loaded with at least 2-1/2

fanouts. The measured delay (shown in Figure 9) is approximately 84 ns or slightly

over 10 ns/loaded stage.

Figure 8. Test Configuration for Inverter Pair Delay with 2-1/2 FO
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Figure 9, Measured Inverter Pair Delay

A nominal "on-chip" pair delay for cell No. 1110 (Inverter) was estimated
to be 19 ns when loaded with 2.0 pF.* Extrapolating this performance figure to that
of the 3.2 pF load gives a predicted on-chip pair delay of 30 ns, The difference
between the measured 26 ns and the predicted 30 ns is attributable to the slight
difference between the assumed nominal parameter values and the actual (measured)

parameter values,

3 Two-Input NOR

An on-chip pair delay of 22 ns was predicted for the two-input NOR cell
No, 1120, Measurements made on the test chip test circuit, shown in Figure 10,
gave a 6-stage delay of 86 ns, as shown in Figure 11, The measured average pair
delay over the entire chain of six devices is 29 ns (86/3), Because the measurements
of the pair delays of the chains of NOR cells were made with additional input- and

output-stage loading, the average delay calculated does not accurately indicate the

*Quarterly Report No, 2, p6
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Figure 10, Test Configuration for Two-Input NOR Pair Delay

MEASURED TOTAL
DELAY: 86ns

AVERAGE PAIR
DELAY: 29 ns

Figure 11, Measured Two-Input NOR Pair Delay

actual delay for the individual cells. The actual pair delay for a chain of two-input

NOR cells (with 2, 12-pF loading) should be approximately 26 ns,
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4, Inverter Chain— Miller Test

The Inverter Chain — Miller Test circuit, shown in Figure 12, permits a
direct comparison of circuit delays produced by the intentionally enlarged feedback
capacitance of the Miller inverter, with the delays associated with the nominal feedback
capacitance of the inverter., The effective capacitive loading associated with each chain
is shown on Figure 12. The measured averaged pair delay over the entire chain of

four inverter devices is 22 ns (44/2) as shown in Figure 13.

INVERTER CHAIN

| P6 (V6 ) O e > > b. 0 PIO (V5 )

| "491f |.49I 2.3l o 9.01__
MILLER TEST
’. ’ ’ b. O PIl (V4)
2.26I 2.26I 2.531_ |o.01_

Figure 12, Test Configuration for Inverter Chain — Miller Test Pair Delay

Ve Vg = Htog

6A D\Grrqn_ Qeopodr ") —
/0‘»3/ & ¥
Qv/lﬂ-rv
j— MEASURED TOTAL
DELAY: 44ns

AVERAGE PAIR
DELAY: 22ns

2v

-«.I ‘-1— 10ns
Figure 13, Measured Inverter Chain — Miller Test Pair Delay
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A nominal "on-chip" pair delay for this cell was estimated to be 19 ns, when

loaded with 2.0 pF. * However, because of the increased effective loading on the output

stage the measured average inverter pair delay is 22 ns. Slight differences between

the processing parameters assumed for the calculated delays and those of the actual

test chip contribute to the observed discrepancy.

5-

Two- and Three-Input NAND

Performance of the two- and three-input NAND chains shown in Figure 14 was

measured under similar loading conditions. The two-input NAND circuit operates

3 ns/stage faster than the three-input NAND circuit as shown in Figure 15. The average

pair delays for the two- and three-input NAND chains were 30 ns (60/2) and 34.5 ns

(69/3), respectively. As with the two-input NOR chain, the overall delays include

the delays associated with the heavily loaded output stage buffers. Because each

chain has the same number of stages and the same output loading conditions, relative

measurements between the two chains are quite accurate.

il '7.3;1: 'I7.5j=._.

CLy = 2.16pf

CLp=2.21pf

6.

P33(V40) 3- INPUT NAND
+|0,0 C—¢ 4

O PIB (V39)

O P25(Vv38)

Figure 14, Test Configuration for Two- and Three-Input NAND Pair Delay

Divide-by-8 Counter

The three-stage counter, shown in Figure 16, verifies and evaluates the

design and performance of the free shift cell No, 1290, Note that only the clock is
applied to the circuit, The "CLOCK-NOT" signal is internally generated on the chip

by the buffer amplifier connected between P27 and P34 as shown in Figure 16. This

buffer has a 13,5-pF load, which introduces a clock skew of approximately 30 ns

between ''CLOCK'" and "CLOCK NOT",

*Quarterly Report No. 2, p6.
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Figure 15, Measured Two- and Three-Input NAND Chain Pair Delay
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Figure 16, Test Configuration for Divide-by-8 Counter
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The circuit functioned properly over the frequency range for which it was
tested as shown in Figure 17. The counter operated at a 10-MHz clock rate, the
maximum repetition rate of the generator used. The maximum operating rate has yet

to be determined.

7. Three-Bit Shift Register

The performance of the three-bit shift register serves to evaluate cells Nos.
1260, 1270, and 1280. The clock and data input for the test circuit, shown in Figure 18,
is derived from the circuit on another test chip. For this condition, the dynamic per-

formance at a 2-MHz rate is shown in Figure 19.

8. Leakage

Quiescent chip dissipation is a function of such chip complexities as the number
of transistors, the number of tunnels, the size of transistors and the overall chip size.

In addition to this, improper mask misalignment can cause further leakage.

QUTPUT (V37)

¢Ao<

CLOCK INPUT (V36)

INPUT PRF
(MEASURED) : IO MHz
(50% DUTY CYCLE)

Figure 17. Measured Results of Divide-by-8 Counter Tests
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Figure 19. Measured Results of Three-Bit Shift Register Tests

Leakage tests were conducted on the Test Chip. In brief, the procedure was
to ground all inputs to the chip. With +10.0V applied to the N-substrate and the P+
guard bands tied to ground, the power supply current was measured. Typical leakage
currents were less than 1.0 yA. Leakage currents as low as 0.20 pA were measured.

This works out to be less than 5nA per device for the Test Chip.

9. DC Transfer Characteristics - Noise Immunity

One of the most important system advantages of using C~MOS circuitry is its

excellent noise immunity characteristics. Not only is its absolute and percentage noise
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immunity usually high, but it is unique among all digital switching circuits in being able

to essentially maintain its noise immunity properties even though the threshold voltage
changes in either direction, as long as the change in the P and N devices are symmetrical.
A non-symmetrical change in threshold voltage, even an increase, will introduce non-

symmetries into the transfer characteristics of the C-MOS circuits.

The transfer characteristics of transistors from two test chips, 4E and 5E,
presented in Figure 20, demonstrate this characteristic. As shown in Figure 20, the
threshold voltages for the 5E units are low (1.76 and 1.61 volts for the P and N units,
respectively). Even though the threshold voltages are low, the transfer characteristics
indicate a wide pulse noise immunity of at least 4 volts for a 10-volt supply - a 40% noise
immunity. For the 4E unit, in which the P device has a high threshold voltage (3.88
volts)*, the transfer characteristics indicate that the noise immunity has decreased to
about 3.5 volts - a 35% noise immunity. The seemingly surprising conclusion to be
drawn is that the noise immunity properties of the 4E unit would be increased if the

threshold voltage of its P device were lowered.

C. SUMMARY OF DYNAMIC PERFORMANCE

A tabulation of the calculated pair delays for the standard cell circuits is presented
in Table 3 with experimental results for several cells. This data is based on dynamie
measurements taken on the C-MOS test chip. The calculated values, identified in Table
3 by the letter "C", are based on an assumed set of nominal process parameters. The
measured data is identified by a M suffix. All tabulated delays have been defined as the
time between the 50% points of two positive or negative going waveforms. For all cells
except 1290 and 1420, the storage cells, the tabulated delays are the pair delays in the

conventional sense for nominal conditions.

*Unit 4E would normally have been a rejected unit had not a rejected wafer been
requested in order to get units of widely varying characteristics for evaluation
purposes.
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Figure 20. DC Transfer Characteristics of C~-MOS Transistors

As shown in Table 3, measured and computed data are listed for cells Nos. 1110,
1120, 1220, 1230, and 1310. Therefore, these results can be used to indicate the level
of correlation between predicted and measgred performance recognizing that the differ-
ences in the load capacitances as listed in the last column must be taken into account.
For the first set of data for cell No. 1110, the capacitive load used for the actual and
simulated circuit was the same, (8.25 pF). Therefore, for this condifion, the measured
pair delay of 26 ns and the computed delay of 30 ns can be compared directly. For

the other conditions, the effect of different load capacitors must be taken into account.

A tabulation of the 20-80% rise and fall times for each of the standard cells is
presented in Table 4. These are computed using nominal process parameters and

the capacitance values shown,
The capacitance at each input and output for all the cells is presented in Table 5.

Tables 3, 4, and 5 can be used to update the C-MOS Standard Cell data sheets on
pages 5-17 of Quarterly Report No. 2.

53



TABLE 3. NOMINAL PAIR DELAYS
Cell No. Function Pair Delay (ns)* Load (pF)
1110 Basic 26-M" 3.25
Taverter 30-C 3.25
22-M 1.49
19-C 2.00
1120 Two-Input 29-M 2.12
NOR 22-C 2.00
1130 Three-Input 27-C 2.00
NOR. ,
1140 Four-Input 34~C 2.00
NOR
1220 Two-Input 25-M 2.21
NAND 19-C 2.00
1230 Three-Input 27-M 2.18
NAND 33-C 2.00
1240 Four-Input 40-C 2.00
NAND
1310 Buffer 35=-M 8.20
Inverter 920-C 5.00
Free Shift- VC -V 51 (Worst Case)-C
: Shift Q 3.00
1290 Register Bit (Device delay)
1420 Set-Reset V., = V= 80 (Worst Case)-C 6.00
lip-Flo R oQ
Flip P {(Device delay)

*M is Measured on Test Chip;
C is.computed characteristic based on nominal process parameters.
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TABLE 4. RISE AND FALL TIMES (20-80%) FOR STANDARD CELLS

Cell No. Name TR (ns)* | ’I‘F (ns)* CL PF)
1110 Inverter 8 7 2.0
1120 Two-Input NOR 7 8 2.0
1130 Three-Input NOR 7 10 2.0
1140 Four-Input NOR 8 14 2.0
1220 Two-Input NAND 9 6 2.0
1230 Three-Input NAND 15 21 2.0
1240 Four-Input NAND 18 i3 2.0
1260-1290 Shift Cells 21 19 3.0
1310 Buffer Inverter 4 4 2.0
1420 Set-Reset Flip~

Flop 30 30 6.0

*Calculated rise and fall times based on nominal process parameters.

TABLE 5. CELL I/0O CAPACITANCE VALUES

Cell No.

Name

Pin No.

Capacifance (pF)

1110

Inve_rter

.55
.94

1120

Two~Input NOR

.82
.30
.30

1130

Three~-Tnput NOR

.18
.71
.71
.71

1140

Four-Input NOR

GO O i oD N o Lo B | | o

.39

co
[ )

FREFERR IFHEBER|RRo oo
LI e ]

09 00

0

-
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TABLE 5. CELL I/0 CAPACITANCE VALUES (Continued)

Cell No.

Name

Pin No.

Capacitance (pI")

1220

Two-Input NAND

1.04
1.17
1.17

1230

Three~Input NAND -

0.76
1.40
1.40
1.40

1240

Four~Input NAND

0.85
1.54
1.54
1.54
1.54

1260-1290

Shift Cells

2.39
0.89
0.97
1.33
2.33

1310

Buffer Inverter

1

1420

Set-Reset Flip-
Flop

.
.
-
.
.

[=JC I =]

3
3

O OE (R

2
76
8
9

=2
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Section VI

NEW TECHNOLOGY

The results of a patent search of the patent disclosure' for the C~MOS Static Shift
Register (RCA Docket No, 63,427), reported in Quarterly Report No, 2, indicated that
a circuit containing similar characteristics had been patented by RCA and made avail-

able to NASA under the RCA-NASA contract agréements,
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Section VII

CONCLUSIONS

All the objectives and goals of this program have been successfully achieved
within the cost budget and time schedule. The validation of the technologies and com-~
pufer programs developed as part of the contract was based on measured results
taken on the C-MOS Standard Cell Test Chip designed for this special purpose. The
work accomplished and validated include:

(1) Development of a series of computer programs that includes the automatic
Placement, Routing, and Folding. Programs for the C-MOS fechnology,
C~-MOS Artwork Generation Programs for the Gerber Automatic Plotter,
an improved Manual Modification program and programs to drive local,
laboratory plotters,

(2) The conceptional design and implementation of the C-MOS array layout.

(8) The definition of a basic C-MOS standard cell circuit family of 13 cells,
The circuit design, device specification and topological layout of the
standard cells using the standard factory design rules and processes.

(4) The development and specification of the design rules for the topological
layout of the standard cell. )

(5) The characterization of the circuits for nomihal parameter values and
loading conditions. )

(6) The computer circuil simulation of the performance of the standard cell
-family.

(7) Verification of these simulation techniques by correlation with experi~
mental results.

(8) The design, fabrication, test, and evaluation of a C-MOS Standard Cell
Tegt Chip which provided the basis for the validation of the above result.

The generation of the C-MOS custom array demonstrates that the standard cell
concept can produce low~cost, quick-turn-around, custom C-MOS arrays with the same
efficiency as has been demonsgirated and confirmed in the earlier P-MOS version,

This turn-around time will further deerease as the bhase of the standard cell fazﬁily is
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increased, although not a very large cell family is required before good flexibility to

accommodate a wide variety of custom designs exist.

In order to achieve a reasonable device density.on the chip, limited device geom-
etries were used in the design of the various cells. For example, the standard in-.
verter has a 2-mil P device and a 1. 3-mil N device. Nevertheless, the overa:11 regults
show that these circuits have a measured stage delay of from 13 to 15 ns under nomi-
nal conditions, This 18~ to 15-ns stage delay is for a fanout of about 2-1/2 loads on
the chip and about 13 pF load capacitance when going off the chip. The 13~ pF capaci-
tance is an estirx}ated load th.at includes the capacitance of the package, intercomecting

wiring, and connectors and is based on a reasonably dense packaging technique.

The. decision to use the standard factory, conservative design rules and processes
was made to insure the highest reliability in the fabricated arrays even though more
advanced design rules and processes were ava;ilable in RCA., However, these newer
processe_s and design rules had not yet been éxhaustively evaluated at the time the
design and layout of the present cell family began,

However, since then, a new process has been evaluated that will lower the thresh-
old voltages significantly below those of the current factory low~-voltage process. )
Thié reduction in threshold voltage should further reduce the stage delay of the present
cell family, Within the framework of a denser package that technologies such as
beam leads and multi-layer ceramic can provide, the average load capacitance will
also be reduced significantly, The results will be a C-MOS standard cell technology

than can be expected to provide nominal staze delavs in the range from 5 to 8 ns.
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