General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



NASA CONTRACTOR
REPORT

NASA CR-150320

DESIGN RULES FOR RCA SELF-ALIGNED S 11 1CON-GATE
CMOS/S0S PROCESS

By Advanced Technology Laborato:es
overnment Systems Division

RCA

Camden, New Jersey 08102

(NASA-CR-150320) DESIGN FULES FOR RCA N79-3047
SELF-ALIGNED SILICON-GATE CHCS/S50S EROCESS

(RCA Advanced Technology Labs.) 31 p
HC AO3/MF AO1 CSCL 09cC Onclas
G3/33 34098

March 1977

NASA - GEORGE C. MARSHALL SPACE FLIGHT, GENFER
Marshall Space Flight Center, Alabama 35812 b



TABLE OF CONTENTS

Section Page
1 INTRODUCTION .4 v v v vovntneesnnonvsenransonnnnssse 1
II TECHNICAL DISCUSSION . .. ot vsnvesnrostonanansas P. 2
II1 DESIGN RULES ,....... R
v CONCLUSION ...... et s e e s -

PRECEDING PAGE BLANK NOT FILMED

iit



STANDARD ABBREVIATIONS

Symbol Definition
8 second

m meter

1 liter

g gram

\Y volt

A ampere

K kelvin

Hz hertz

cm? cubic centimeter
min minute

in, inch

mil 10~3 inch

C Celslus

k kilo, 10°

M mega, 106

c centi, 10-2

m milli, 10-9

micro, 10-6

nano, 1079

NONSTANDARD ABRBREVIATIONS

Symbol Definition

PMOS P-~channel Metal Qxide Semiconductor
IC Integrated Circuit

MSFC George C, Marghall Space Flight Center
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NONSTANDARD ARBREVIATIONS (Concluded)

Symbol Definition

NASA National Aeronautics and Space Adnilnistration

LSt Lavge Scale Integration

LSIC Large Scale Integrated Cireuit

MSI Medium Scale Integration

MSIC Medlum Secnle Integrated Cireunit

SST Small Seale Integration

8S81C Small Scale Integrated Circuit

CAD Computer Alded Design

CMOS Complementary Metal Oxide Semiconductor

S0O8 8ilicon on Sapphire

SSTC RCA Solid State Technology Center

PR2D Two-Dimensional Automatic Placement and Routing Program

MP2D Multiport Two-Dimensional Aufomatic Placemont and
Routing Program

12 (N/N) Single~Epitaxial, Ton-Implanted Process

ept Epitaxial Level

1/0 Input/Qutput

Vpb Power Supply Voltage

GND Ground

poly Polysilicon T.evel

BPM Bonding Pad Metal

v/vi



Scctlon 1
INTRODUCTION

This report describes the CMOS /S80S design rules prepared by the RCA Solid
State Technology Center (SSTC), These rules specify the spacing and width require-
ments for each of the six deslgn levels, the seventh level being used to define openings
in the passivation level. An associated report, entitled "Silicon~Gate CMOS/SOS
Processing, " provides further insight intothe usage of these rules.



Section I
TECHNICAL DISCUSSION

In addition to the first seven standard rules, rule 8 has been added to facilitate
the design of chip /O pads for both the PR2D and the MP2D programs,

Since {t is SSTC policy to endeavor to maintain mask set compatibllity for all of
the major SOS processes, It is posalble for SAS standard cell arrays to be fabricated
with any of a wide spectrum of processes, These Include the double-epitaxial diffused
precesses through the single-epiiaxial, ton-lmplanted (12(N/N)) process, TFor radia-
tion-hardened applications, the double epitaxial, double-ion-implanted process is also
an available optlon, Out of a basic set of seven masks, all of these processes can be
used to fabricate the standard cell CMOS/SOS arrays or indeed any deslign laid out
with the SSTC design rules, It is with these delgn rules that the NASA SOS Standard
Cell families have been laid out. Process development and maturation are still taking
place, while simultaneously mask compatibilicy Is ensured,



Section IIT
DESIGN RULES

These design rules for silicon-gate CMOS integrated circuits are compatible with
state~of-the-art technology, and have been modified along with process developments,

The design of contact layouts has been a key problem, since there are so many
possible arrangements and also various sizes and shapes of contact openings, There-
fore, examples for both in-line and right-angle contacts have been studied and pre-
sented here {n order to give the designer a better insight as to what the problems are,
and what contacts should and should not be used,

The composite drawing layout takes seven levels for the silicon~gate CMOS/SOS
integrated circuits, A standard color code and standard symbols have been adopted
and are presented in Table 1,



TABLE 1, STANDARD COLOR CODE FOR CMOS/S0OS DESIGN LAYOUT

Mask Loval Color Codo Symbol
Lovol 1: p-opi Island Red
Lavel 2: n-epi lslond Blue I |
Leval 3: Polysilicon Purplo ///////f J
+ m=====" 3
Lovel 4: n’ =diffusion Brown | 1
. ol
Leve! 5: Contact Green
¢
Levol 6: Matal Black
o
Leve! 7: Protective Oxido Orange ! |

| PR ~d




1. Levell: p-epi Islmud
Minimum
Rulo # Itom Valug{mil)
1.1 Width of p-epi lsland 0.3
0.3
MiL
1.2 Spacing, 0.3 l
p-epl Isiand to
p-api tsland

+
T

0.3
MIL

NOTE  Contour tines of p-epi istand

must be arthogonal to match
with crystal orientation




o
-

Level 2: n-epl Island

‘ Minimum
Rute # Itom Value{mil)
2.1 Width of n-epi Islond 0.3
0.3
MiL
(M
2,2 Spacing, 0.3
mropi Istand to
n-apt Island
0.3
MIL
2.3 Spacing, 0.4 ﬂ
n-epi Island to
p-cpi Island
0.4
MIL

NOTE Contour lines of n-gpi island
must ba orthogonal




3, Level 3: Polystlicon

| Minsmuin
tom Valuelmit}
1,
31 Width of Polysilicon 0.26 /
A
— b
0.25
MIL
3.2 Spacing, 0.3 /
Polysilicon to
Polysilicon /]
0.3
MiL
3.3 Spacing, 0.2
Polysilicon to
p-epi Island
0.2
MiL
y
3.4 Spacing, 0.2
Polysilicon to /I
n-epi Island ;




Rula #

Item

Minimum

Valuolmll)
3.5 Polysillcan 0.2 i
Extension /Y,
Beyond p-epl £ ////
Island |
0.2
ML
M"‘-""'""
3.6 Polysilicon 0.2
Extension f 7///@
Beyond n-api
Isiand Frmraneed
0.2
MIL




4, Level 4: n* Diffusion

Minimum -
Rulo # Item Vatua(rf) !
e
I |
[ !
4.1 Overlap, 02 : !
n*-Diffusion to I | !
p-epi Island ' | ! —1-
I ! 0.2
o e e e ) T MIL
0.2
MiL
-
4.2 Spacing, 0.2 | '
n' ~Diffusion to I I
n-epi Island | !
I |
I |
| I
|
0.2
MIL




Rule #

Itom

Minimum
Valua{mii)

4.3

Overlap of nt . Diffusion
and Polysilicon is
allowed

|

{a)

MM

OVERLAP

OVERLAP I

o QL

I
|
L.

_._-sl_._

—— ]
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6. Lovel §: Contnet

Rul Minimum
ulo 3 Item Value(mil)
6.1 Active Contoct Area 0.2X0.3 0.3 ..L
{Considuring Possible MIL m
Worst Case) f _..I_. L_
0.2
miL
l
5.2 Contact Aren in Lovel 5 0.3X0.3 0.4 A
Mask 12)(0; Ml.l. m
0.2
MIL
Ty
r 1
1 =
53 Spacing, 0.2 MDIE I |
Contact to T
Polysilicon Gate U_-r’ ///Z‘Cfﬂl CHANNEL
! |
Lo——-J
fomrerni
0.2 l 1 <]
ML —
T_ /X// /Y /pcHanned
b Sy 8
NOTE Contact of Polysilicon
ovar Active Transistor
is not Allowad,
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Contacts {In-Line)

N
/7 /m
7 M
/),

TTTTTTTTTTTTT
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Contacts {Right-Angle)

ACCEPTABLE

SPECIAL CASE

/

(B

r""“\

SRR

7

NOT ACCEPTABLE

X

([

B ,—-/"7

— 7,
LA VYR

. 3

vﬂ

77 B

/4/ L;Zl; o
( Nadd 77 77
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6, Level 6: Metal
Minimum
Rulo # Item Valua(mil)
[
6.1 Width of Motal 0.35
—’- ,‘—
0.35
MIL
6.2 « Spacing, 0.26
Matal to Metal
0.25
MIL
[— T T\
\
6.3.1 Spacing, 0.1 \
Metal to \‘
p-epi to Island
I
Rt apurtisa)
0.1
MiL
[
6.3.2 Spacing, 0.1
Motal to
n-epi Istand
b g et
NOTE Matal should not be 0.1
coincident with MiL
any adge,
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Minimum

Matal to Polysificon
Gate (p-channel)

Rulo # Item Valuefmil)
N Y S N
6.4 Spacing, Metal to o1 ! { i |
n-Diffusion i -}i ; ]
| o \
R Y )
0.1 0.1
MIL MIL
/ A
6.5 M [/
. etal and Polysiticon 7
Edge Should not he { VJ —)
Coingident 7
st
™ i,
- _,L%m_
/7 1
6.6.1 Spacing, 0.1 ( 7/ \
Metal to Polysllicon i / \
Gato (n-channel} \1 j/ ) \\
Lo ...r.zg.____/
‘::.‘ o
0.1
MIL
6.6.2 Spacing, - 0.1 Z //

gcl(

e
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Minimum

Rula # Item Valuo{mil)
6.7 Motal should Encompass e
Completely (a) +_ E%\ BUS
-9 < .
Spncing, Matal to {Poly 0.1 f \ES
Tunnel) Contact I\EI)III. \
—POLY
)
(b} _{_E§’I ]
N
0, \_ POLY
MIL TUNNEL
ONLY
]
N
6.7.1 Spacing, Metal to 0.1 }I{ \\Q
{n-epi} Contact % Q\:
e
0.1
MIL
v R
N ‘1
NRY
% ‘
6.7.2 Spacing, Matal to [~ \
{p-epi) Contact B ‘ﬁ\_ -
L
o1
ML
SOQURCE
[T |
_L <3 |¥=1 oram
6.7.3 p-channel Transistor 0.1 w r\: b M —
when 0.35W S0.6 T ‘\\ ¥
NN
NOTE Metal encompasses %
contact completely, G EFE D :]
i e
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Minkmom

Rule # Itam Valuel{mil)
6.7.4 n-channel Device when ol o ey
0.3 < W < 0.6, souaEEi ?‘E! ‘ EE" DRAIN
A MIZGN
e==p =]
NOTE Metal encompassas (71,
contact complotoly.
GATE
6.8 Spacing, 4.0 4.0
Outside Mata! to Pad N MILS ﬁ PAD
{whero motal bus is NOT TO SCALE
autside of pad area)
st
™ —
6.9 Air Gap between Ground L3N i
Metal to Pad for Pro- l
tective Davice is 1.6 mils ’ 1.6 PAD
! MiLS
6.10 Pad Metal Overlap to ]
n-opt island js 0.7 mil !
{Seo Rute  7.1) . R SR
L]
GND / L\-*—

MASK LEVEL 7

17




Minimum

Rule # Ttom Vatua(mil)
6.1 Pad Size 4.0 X 4.0
6.11.1 Spacing, 4.0

Pad to Pad
6.11.2 Specing, 1.6

Pad to Metal Line
6.12 Width of Scribe Lino 3.6
6,121 Spacing, 1.6

Scribe Line to Pad

Metal Pad and Scribe Line

SCRIBE LINE 3.6 MILS
t
1.6 MILS
1
METAL PAD 1 4.0 ‘
MILS
4.0x 4.0
MILS
1.6 MILS

18




7. Level 7: Protective Oxide

Rule # Item
7.1 n-apl Overtap METAL
to Via Hole / N-EPI VIA HOLE
is 0.1 mil
i
[ e e e e "'jT
| l
I |
| |
| |
| I
| |
| |
l |
0.1 | I
MIL
_I_ I I
L e e e e e e J
I-—-—p he— 0.1

19




8, Standard I/Q Bonding Pad Cell Rules

This design rule and nccompany lng figure spectly those rules which muse v
adhered to, in addition to the standard SOS processing rules, in order to provide PR2D
and MP2D program compatibility for all standard-size input/output bonding pad cells.
These 1/C pads are nominally 8 mils wide by 9 mils high, This specified height Ls
from the pad origin to the top of the bonding metal; part of the standard cell is nctually
as much as -2, 7 mils below the origin as shown inthe figure and indicated by rule
8«F, Conformity to these rules will result in proper alignment and interconnection of
the bonding pads, Nonstandavd bonding pads may be used but must be handled specinlly
by the user st a minlmum by specifying fixed pnd locatlons and more probably by
manual modification of the program output data, Therefore, nonstandard bonding pads
should he avoided,

20



Dlstonees from cell origin:

A, To center of outside bus, VDD or GND =0, 0 mil
B, Tocenter of {nside bus, VDD or GND = -1.3 mils

To bottommost epl = =2, 4 mils max

To center of 0,2 mil high 1/0 contact = 2, 4 mils max

B U o

To bottommeost metal = -2, 6 mils max

=

To bottommost poly = -2, 7 mils max

To bottom of bonding pad metal (BPM) = § mils

To top of bonding pad metal (BPM) = 9 mils

To loft edge of 1/0 honding pad +etal (BPM) = §,2 mil*
To right edge of 1/0 bonding pad metal (BPM) = 4,2 mils*
K, To origin of adjacent /0 pad = 8. 0 mils

oom oo

Ly

Other:
L., Proximity of epi to cell boundary = 0.2 mil min
M. Standard bus width (routed by program) = 0, 8 mil

N. Minimum spacing bonding pad metal 4x4 area to nonconnecting cell metal =1,6

mils
O, Minimum spacing bonding pad metal 4x4 area to connecting metal = 1,0 mil
P, Minimum spacing BPM to epi = 1,0 mil
(N* - diffusion and polysilicon to standard rules from this dimension)
Q. Levell 3,8x3.8 mils centered in bonding pad metal
R, Level 7 3, 6x2, 6 mlls centered in bonding pad metal
S, Minimum BPM area = 4, 0x4,0 mils
T, Minimum bonding pad area to bonding pad area (adjacent cell) = 4, 0 mils

(Gu iranteed by Rule K and standard format with bonding pad cells)
U, Top of bonding pad metal to edge of street (chip border) =1, 6 mils

*For conformity to existing cells

21



Standaxd FR2D and MP2D Bonding Pnd Cell Rules

: -
I |t—
rl..:".:—.:....—..:?'_.—_—]“_-_—_"__l TR
I .
|| Q i’ A/]\ I
| | lepm| STANDARD |

DIODE
LOCATION

el e

\ MAX. PAD BOUNDARY, ORIENTATION ZERO AS SHOWN
0.0 TO 8.0 MILS IN X
=27 TO+90MILS INY

NOTE: /\ CARET INDICATES CELL ORIGIN

% INTERNAL CELL METAL FORBIDDEN. THIS AREA IS
7 RESERVED FOR CCONNECTION OF PERIPHERAL POWER
BUS TO CELL ROWS.
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Light Field Alighmant Key

The Inltial alignment kay of lovel 1 s larger tnan forthcoming key for lipht fleld phe to mask.

0.1 MIL

0.3MIL

t0.1 MiL

__ LEVEL 2

7

r-opi ISLAND

j

0.3 MIL

7 o

LEVEL 1: p-epi ISLAND

SIZE 6 x G MILS

N — i

é ; e 9 n+ DIFFUSION
ZIRs

/ * I LEVEL 5
/ | ! ‘I’commcr
ZIR

/ | : LEVEL 6
/ ! | T~ mETAL
Z\m

71N

é Ly N ;Sg%gnvs
/ || I | !—-——-—-—' OXIDE
ZIBIn -

s y

21 B

7 L L.

T ! } b



Dark Field Alignment Key

The initial alignment koy of lovel 1 is larger than forthcoming key for dark field photo mask,

0.1 MIL

}

A

i

0.3 MIL { 0.1 MiL

LEVEL 2
n-api ISLAND

Y

N

1 [ 0.3MIL
/] LEVEL 3
/’,"" POLYSILICON
e —
“L_ LEVEL 4
s DIFFUSION
e

f

" | |-conrac
4~ CONTACT

LEVEL 6
*" METAL

—— e vmn T S S G . . Y g M e v

I————.—-—-—————--—-——————

S — T r——— ew—

~+ LEVEL7

le- PROTECTIVE
1 OXIDE

o]
=

ety

l

LEVEL 1 p-epi ISLAND
SIZE 6 x 6 MILS
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Small Transistor Layout

In order to comply with the design rule, it takes o special Iayout for n small sransistor
(0.3 €W £0.6 mif}, Two fayout examples of small n-channel transistors are shown
helow, Similar layout can be epplied to small p-channel transistors,

r-——-_-" =

[
04 Sw so6 | V/Z [Zi-] !
LA ="

_l
¥
i
I
|
i

—“ﬂVYﬂr—j
WY/

0.3 £W <05

r____
|
|
!
-
N




Scetion IV
CONCLUSION

This report provides a set of CMQOS/S0OS design rules for a series of RCA com~
patible processes, By designing with the n-epl and p-epi islands as separate levels,
masks developed with these rules maintain complete unlversality for all major SOS
processcs at RCA, Among these processes aro the I2(N/N) process (used for the NASA
Standard Cell Family} and the RCA Rndiation llardened yrocess,
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