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SUMMARY

Objective

. The primary objective of this program is to produce two complementary MOS
monolithic chip types containing a register and multiplexer unit to be used in the cen-
tral processing unit of a digital computer.

5
i

Scope of Work

The scope of this program involves the partition of the logic into & chip size con~
sistent with the characteristics of the packages; photolithic, mask making, process
and fabrication capabilities; number of pins; chip area; testing requirements and other

factors affecting yield and prodﬁcibllity. Mext the logic was implemented by specially

2

configured circuitry designed to layout ¢s well as to optimize the performance by tak-
ing full advantage of the unique properties of CMOS logic. Of the several approaches
considered for generating the LSI CMOS arrays, the CMOS standard cell arrayv design
technique1 was selected, The remainder of the program involved using these
design automation techniques to generate the chip layout, artwork and working master
plates, followed by the fabrication and testing of the two chip types. The delivering of
60 functional I.SI arrays complete the program,

Conclusions

Several approaches for implementing the register and multiplexer unit into two
CMOS monolithic chip types were cvaluated. The CMOS standard cell array technique
was selcceted and implemented,

- Using this design automation technology, two LS[ CMOS arrays were designed,

fabricated, packaged and tested for proper static, functional and dynamie operation.
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Results have been documented for GO units, which were delivered to the Contracting

Officer, MSFC, Huntsville, Alabama, along with the documented results,

One of the chip types, multiplexer register type 1, is fabricated on a 0, 143 x 0. 123
inch chip, It uses nine standard cell types for a total of 54 standard cells. This in-
volves more than 350 transistors and has the functional cquivalent of 111 gates, The
second chip, ;pultlplexer register type 2, is housed on a 0,12 x 0, 12 inch die, It uses
13 standard c‘é’i"\f types, for a total of 42 standard cells, It contains more than 300

transistors, the functional equivalent of 112 gates,

All of the hermetically sealed units were initially screened for proper functional
operation. The static leakage and the dynamic leakage were measured, Dynamie
measurements were made and recorded, At 10 V, 1l4-megabit shifting rates wore
measured on multiplexer register type 1, At 5 V these units shiftéd data at a
6,6-MHz rate. The units were designed to operate over the '3-to-15-V operatmg

%

range and over a temperature range of -55° to 125°C,
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° Sectlon I

INTRODUCTION
This report describes the design, fabrication, testing and evaluation of two custom
Large Scale Integrated (LSI) Complementary MOS (CMOS) integrated circuit arrays
which perform the multiplexer register functions as required by the terms of the con-~
tract. In addition, the basic method and approaches used, as well as pertinent support

technology, are described,

A. BASIC APPROACH

The flna\ selection in determining the two-chip partitioning of the origlm\l logic
resulted fronj\an overall evaluation that considered the foilowing paramet

Chip slz s

Number of pins or external connections
Reliability

First level package

Yield

Automatic platter characteristics
Photoreduction tolex'(hnces

Mask and process constraints

Design automation characteristics,

None of these parameters by itself offered any serious constraints or was nﬂylimit-

ing factor, The sum total evaluation of all these parameters in the time frame in which

~ the basic design approach was formulated, combined with the primary constraint that

reliable LSI arrays be produced that metthe performance requlremnnt determined the

final design criterion,
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Various approaches for implementing the custom arrays were examined., These

included these three approaches:

2

Manual layout and design and.artworkv digitizing .
Computer interactive design and layout

Computer placement, routing and automatic artwork generation (LSI CMOS
standard cell array approach). "

o

B, SELECTED APPROACH \

The LSI CMOS standard cell array approach was selected as the method to mechan-
ize the CMOS LSI arrays, 1,2 This approach uses a series of computer programs to
implement automatic placement and routing of a family of predesigned circuit functions
called standard cells into the desired logic function. The eam_[}ilx\ttyﬁi'ograms then
automatically generate a tape containing instructions to drive a# dutomatic plotter, re-
sulting in final precision artwork. The standard cell CMOS LSI array approach is

described in more detall later in this réport. '

The standard cell circuit functions are characterized by circuits that vary in com-

plexity from simple two-transistor inverters to complex 20-transistor subsystems:

C. OTHER COMPUTER AIDS AND SIMULATION TECHNIQUES

Circuit, logic, and system simulation techniques were e‘xtensivelyuused not 6nly to
minimize design changes and to shorten the design cycle, but more importantly to
thoroughly analyze, characterize, optimize, as well as to increase the reliability of

the design. i

1. Clircuit and Device Simulation and Analysis

The circuit cells, as well as larger sections of the array logic, were analyzed
and characterized by a special-purpose computer program capable of performing de
and transient analysis of P type, N type or complementary (P and N type) MOS integrated
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hy 5‘*"[‘1\@ parameters of the device models used to characterize the

circuit arrays,
MOS circuitry in the computer program are dem)ed in terms of mask and pméess
parameters as well as conventtcaal circuit charnéteristics. This ‘pﬂrmlts the program
to accurately predict performance and operating characteristice of the final cireuit
array in terms of the fabrication process characteristics as well as the cireuit
parameters,

- d

2, Logic Simulation (LOGSIM)

The "logic configuration for each of the two chip types was verified by the
LOGSIM (Logic Gate Simulator)6 program. This compiter program accepts as input
the net list of the logic defined in terms of Boolean gates and automatically generates
" a series of output waveforms in response to a given set of input slgngls, The program
can,compare the computed output f;‘\’n stored sequence and automatically print out the i
results, Because LOGSIM can accept finite risetimes and accommagdate gates with ‘
variable delay, the program can beﬁused to check for timing tolerance or race cor@l-
tions, If the program encounters such a timing problem, it will print a spike, which
is to be interpreted as a possible tHming problem,

3. AGAT Program (Automatic Generation of Array Tests)

In testing the fabricated chips for correct functional operation, a/{;est :S‘Zfé‘\quanee
was generated that not only verifies that the finished array performs the required logic
i func,tior'\,ﬁbut also checks every gate in the system for the stuck at ""1" or stuck at "0"
: case, The automatic generation of test sequences for combinatorial logic was provided
for by the Automatic Generation of Array Tests’ (AGAT) program. " These bit sequences
or patterns were programmed into a programmable tester, which not only tested the
}:0 S chips for proper operation but also identified those outputs where the error occurred®

and the corresponding bit sequences which resulted in an error condition.
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D. LSI CMOS MULTIPLEXER REGISTER CHIPS

B .

All of the logic functions required to meet the specifications of this program are
incorporated into two chip types ~ multiplexer registey chip, types 1 and 2, In this
report, chip type 1 is referred to by its functional namz, PHR (product remainder reg-

~ister), or its RCA designation ATL 001A, Similarly, multiplexer register chip type 2

is referred to by its functional name, MQR (multiplier quotient register), or its RCA
designation ATL 0024, .
: <’

1. Multiplexer Register Chip, Type 1

The 001A register chip is a four~-bit multiplexed register which not only pro-

7'}‘
vides temporary storage, but has the capability of shifting left or right. Depending on
the direction, the shift can be one, two or four places. All the control logic requived

'to make these decisions is contained on the chips. The logic content of the 001A chip

is shown in tha official logic d!agramw, F g2, 1 and 2, Por ease in testing the individual
chips as well as debugging the sw e\ms the logic of the chip has been combined into a
single logic diagram as shown 1y Fi }2. 10, A microphotograph of the fabricated 001A
chip is shown in Fig. 3,

2, Multiplexer Register }Jh ip, Type 2

&
The 002A or MQR ch& contains two four-bit registers, one of which incor~

" porates many of the functions fo\md on the 001A chip. As on the 001A the shifting op-~

eration is effected by master-sla\ e registers. In addition to all the necessary control
logic to control the mode of the input multiplexers, the 002A chip also contains another
four-bit storage register using D-.type flip~-flops.

The 002A (MQR) chip contains r100 functional transistors (in addition to the
input protective devices and other process components) representing the cquivalent of
112 gates. The chip measures 0,120 x 0,120 inch. The 001A (PRR chip contains 350

3 P . . Lty
. ¥ 3 i
B PR PO NS TP . Oy RTINS e



i1 L T i — DI PRSRR—— ,’,,;:' e “J’;T' e ———— “"?
;’F : ) N ; ‘ ) <] [
L R/ N e
E | U"'W"‘) ﬁ} ) ‘ o weR ) '-Or‘"*
; G ev———y u‘
| ALRIA . { “ ﬁﬁ“! e |
; , . : | DRV
(i ==l N s o}
25 o WORENY s J@"t_ 23 fey w‘mgwa} | !
WOBNHY momponn] ™ % WDBCNIZ) ]
/ ”“,B m‘_)“** ’( ‘ r~ — o —— -y - ““‘b —-1—-&
! o el.b Lp t : ' ) W«m N T
’ N - e . e W e —— - . » i
WOR (12 Y] L lese | L"_’ ,4“ )
porvrnam ) Lo | |- - Y vy d
: 7 2 o_;q won(meY | - l “ 77 |90 whis(vr o) |
| i Ay ....L..D"' | |- o R Aty —l ]
? T woms ) >~ ORIGINAL PAGE|ms # wons d_— i
:/Z =4 g g . 1 ‘ i
E i . 26 9035 wWHACND 1 }- i ' 2—" oY) 995& ::';7-) :::: .
F\ e b ggoa L [ | | U
. ® a g0 PRR(N)
| ot ) g e 7
; ] ME: ’ TR . . 1
E " et mn?-o , - "" — g —' "
- d e | Cier =8 "
L* (8301
| r
: 2 WDBCN) » , woo(mz\.‘.__.
: ‘ ALRIB ] l AWRIB -
K WO~ ‘ D3 (N~
} 7 [ Bi?n:)[ | 26 0¥ 2 ™
: T | 7
| *[qas0) WRBNEIY - l o - CN’?»)'l
wm(mz,...r__j"" WoE (N
[0 - - - o ' o e
t ‘;’fgt’:ﬁ)’ﬁ}*—w ' , 'll ’E . leeo 'l [P ;:fgif\s:_l. "
] "“““"‘“‘ » S ‘ - oy A—ow vor .
! 3| e WORCNPS) | . [ x % WOB(A+T) E
o Ay i / ) L ALY ]
| T
o ! e
L8 ]
26 [ wnA(rM\n i ; 2, [Feoc|Hi2AN3) | ”
# [ e e e 1822, : Al R ..
; “PIN 1=SUPPLY VOLTAGE ;\
; J PIN 21 = GROUND i
! ' PACKAGE PIN NUMBERS ARE ADJACENT 76 SQUARES.
i W
i % ’ 7
. ST P \ , 5
W FOLDOUT FRAME v :
A . ¢ 4 ¥ v N
s N EN . e A e - U




fanllib o R o ol Sl

§ ' r
ro

GINAL PAGE

l’ "

! i iy}

10

@ U

POOR QUALITY

he =g

4
BEG L
>4}
7
o}

St e e T Ee o nhstsmgs e

e

' 3 e w )
2 |
TD "HD"L"‘Q‘ PRR@’;;‘}
rezey 1 Jaeael
T e >0l —freie] PRRG)

wumm r
)M.M'ﬂv _,',,_‘,
i 7
| wosorn)
73 MRE . .
oy |-G 2 l
wbacm:).._...“l
ARty
“’* Ny T T T T
("1., (1) ' ‘
Yy g
wm(mo\‘ .
WDAS |
QLJB I
won (Ne) | v
[ TS B )“‘"“'
ey LT o
._L_LDg..;__.?l‘“‘ PRR(N)
-u'“q 117
""‘I‘D"l""‘ ] PRRCNGI
f - 8
wh(we 2. r.. B
wpiB (N~1) |
ALRY ..’.._..—-)"‘[
o wm;(mz)yi_ '
Akl - )""‘“J
VOB (Ao
ALLIA o] ) ‘
ml’ NU‘& “;;mwmwnn-ﬂ:-: ‘"‘?.":
WDRGLS st , .
ML7A }-'-—-D‘ 1 -
WOBCNT) | - .
ALt -T-D'—L_*:s}
WDAS et [
L e Y,
LLICAEN N
ARA g
O b e o 18D
vr% “ xg;f;i? o

i
'
e

s sasrtesmEy

¢
- Bt 1
8-t Dt:: 1028} NU
LJ&OJ Y
8y -

sUMC/DV
ECTCH TG ATL.001A

MOUITIMLE XS e FISTER

CHIE et ~A
ENGRe o 8, 352Gt b ’?} 1€ / 74
nevs | { - N ,

REA  ADV m I LEDS  Panan LN
SEEICH NO; ‘

Fomem e . Tt w Tacea
Py p Joien P e

[ Wy

I‘ig 1. Logic ding gram of 001A, p'm: 1,

<t

R 1

AT RS St e sy ’*‘tﬂﬂ



IRENL A ,Q‘-I-olﬂ
/ o o 4 {9

ORIGINAL pAGE g

OF POOR QuUALITY

14

cLe =

m«E-«d—{:}& ”

- el 1 ey

— CLIPA

() B

A"~ ’ -
] W"’——ﬂ'
m.

Sy

o ’ ) m"—j‘"_é i* ALL2B

QLY

° o ‘“"emfg\ 1 ALLiA

) "o !

e’ 0

’ 830 |t | ‘ CLFA—d s | ‘ ';
pd s cLen --I’—D*" &"‘-""—3 gt ALLR A
i f

TR ‘
i i MT{\)&H»’_{/\ ‘°T|,~4r“i CLEA . , o & gﬁf_ — ALA
5 wihie J '.L"_Q\J‘\ 2 | |

|
%
.
3
| | ,, i
. : ‘ Q ;
;. A R . : :_ ‘—'—'—-i N ;
:

@ MROM - ‘ euTa 3
7, SIGNAL INPUTS | e e |

53 Iy &
@ . AR SE;

E | v : | | .oE;c'oDE-‘ CONTR
L s e | LOGIC SIGNA
E

Q.

it PINS E

| ‘ ‘ PIN 1=SUPPLY VOLTAGE
. S PIN 21 = GROUND ' ‘
: o ' PACKAGE PIN NUMBERS ARE ADJACENT TO SQUARES.

3
i

' .
. : “ B ] A
o ks
- o . T oa
. . B
!, E
e i . - T e . . i o N BRI Tty Y mﬁ.x )_!‘g&m.“.A":..hu.-..!_‘.;_;x,v -

<

iy




gz St
Y3 9@»4-IT."__.r{-

g’ @
. w !"—-.--’ : e
h g
l CLEN et 0
:ﬁvb eﬁﬁﬁ;ﬂ £ ALLR B
2o “iige | :
o e W 1 ) :
e T LY
C'L'tczm Lt Al i
f (140 2
F —— a
: |"' .
, &S g o — ALR : s ; ' .
' . o 3i g0 )
—— (L1230 \E =D0u1 FM-
; Lo " AusA -
T ] I ! A } v
:‘.?.o._‘| ¢ 1
g . 7 . SUMC-pV "
3 X ———

é
@
' VOLTAGE
D

?

UMBERS ARE ADJACENT TO SQUARES.

f

| LOGIC  SIGNALS . ¥

R St nif

b

~

e
H B
! Gt
¥ 5% g
ALl - s
]

Amle ‘ PN
ALRIA -

ALRY

ALL2B

]
AiLlg

AUSE

CONTROL

i!
d e “losie ATLOOIA |
MULTIPLE XOR*REGLSTER i
O LODE SECToR -G ..

' S.E. Oy o tashy
| R /72 T o

e, e v 2 )
2 TN AN AT G LS o USEN, NS,

TS L T . s s

P
Il PINS USED

- a3 e ey

.
v, I N Ny
i TEoBarETOH Mo
* ¥
oI
s e , o
;
*

‘Fig. 2. Logie diagram of 001A, part 2.

b o

T S ST I 1

s e v i s e,
1 N .

: X Low s
T e B e S A it

I
;
:
g
T h
A
R 5 :
N 0T i
" i
A
3
|
:
R




-

EOLDOUT FRAME




transistors, the equivalent of 111 Boolean gates. The chip measures 0, 143 x 0, 123

inch and uses 54 standard cells made up of nine different types, ;

; The logic content of the 002A chip is shown in the official logic diagrams, ' j
| Figs. 4 and 5, As in the case of the 001A, the logic has been incorporated into a

single logic diagram, shown in Fig. 14. A microphotograph of the fabricated 002A |
chip is shown in Fig. 6. ' 1

3 o 1

+ E. PERFORMANCE OF MULTIPLEXER R;'GI“” /‘}2:11 CHIP ’JI‘YPES
In addition to a complete description of the (Vietailed contents of the chips, of the
approach selected for the design, and the details involved in mechanizing the design,
this report includes a complete summary of the static and dynamic performances mea-
' sured on 60 chips (forty 001A's and twenty 002A's)., These 60 chips constituted some
. of the deliverable items on the contract and as such were delivered to NASA-MSFC\Ion
o | 22 September 1971,
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SELECTED APPROACH: CMOS LSI STANDARD CELL ARRAYS

This section describes the CMOS LSI standard cell technique used to design and
generate the multiplexer register chips, The approach is essentially an automatic
technique for generating precision mask artwork for LSI arrays using design automa-
tion techniques, The method is based on a family of custom-designed cireuits called
standard cells which are stored on a library tape and which can, under computer pro-
gram control, @e recalled from memory in order 9 mechanize a specific function or
logical configuration, The method essentially consists of three components:

1) o series of design automation computer programs
~ 2) a family of custom CMOS circuits called standard cells
3) a basic standard cell array topology.

A. DESIGN AUTOMATION COMPUTER PROGRAMS

The CMOS LSI standard cell design automation programs are a family of computer
programs that accept as input data the logic diagram defined in terms of the standard
cells and generates an output tape containing the instructions for an automatic plotter
to generate precision mask artwork for the LSI arrays. These programs contain the
following basic subroutines.

1. Placement Program

This program performs an automatic placement based on an algorithm which
seecks to minimize total interconnection length and number of erossovers. The pro-
gram will continue to cvolve new placemoents based on the hest of the previous place-
ments for a period specified by a program parameter,  The output of the placement

program automatically becomes the input data for thé!' rouling program,
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2.  Routing Progfvam \'

The routing program is designed to interconnect the selected standaxd cells in
accordance with the original net list. The heuristic algorithm sceks to minimize total
wire length and crossovers, In addition, the program endeavors to give preference to
a metal interconnect as opposed to 1t P+ funnel or diffusion interconnection, The type
of connection made is determined automatieally by the routing program, If the program
implements a connection, or a portion of an interconnection, with a P+ diffused tunnel,
the program will then automatically place an N+ guard band around the tunnel to mini-
mize the effect of any parasitic device that could be formed with an adjacent tunnel, "

A unique feature of this algorithm is that successful interconnection of all the
required signals is guaranteed., The program wiil attempt to minimize chip area with
the constraint that the chip has been interconnected faithfully in accordance with the tn-
put net list. When the routing program has completed the interconnectivity 1ist, ’lt will
automatically generate an output data format, that is accepted by the artwork program
unless optional manual intervention occurs, In order to facilitate uniform bonding pad
placement on the perimeter of the chip, as well as to improve the performance «f the
array, the optional manual intervention mode will be exercized, To aid in effecting
the manual changes desired, a manual modification program is used. With the use of T
this pro{fram all the required manual chm\ges.aro cffected. To ensure that these changes
have been implemented correctly, a composite plot is made on a local plotter whose
output is of sufficient accuracy to provide the required checking, After the modified
wirlng has been checked and verified, a data format containing the required plam:mcnt

and routlug information is generated that is accepted by ‘the avtwork program.

o | &)
The artwork program takes thc""“ﬁ*r&di[iod output of the placement and routing
program, combines it with the civeuit and cell data velating to those stored cells which

are used in the particular logic, and generates n nmgneti‘u tape that contains all the
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necossnry instruction and information that rosulls in the generation of the seven-level
mask artwork (usually at B0X) using a Gerber automatic plotter,

B, STANDARD CELL CIRCUIT FAMILY

The standard-céil cirouit library is a set of logic circuits that have been defined,
configured, designed, topologically laid out, checked, mialyzcd, simulated, validated
and then stored permanently, The cells range in complexity from a two-device inverter
to tomplex super cells having more than 20 devices. The present standard cell family

consists of more than 40 %ells.

> The standard cell designation is used because all cells in the family must be multi-
ples of a standard height, All input anq\ outp\\t connections to each cell are made via
the input/output cell pads located at the bo“ﬁm of each cell,

Table 1 contains a list of the cell types and functions that are used in the multi-
plexer register chip type 1. Nine standard cell types ave used to implement the logic
of the 001A chip type ‘

A7
i

Table 2 contains the standard cell circuit complement for multiplexer registor
chip type 2, the 002A array, This array type uses 11 standard cell array types, two
of which are flip-flops., Cell 1820 is a D-type master-slave 'ﬂip-ﬂo,p operating with a
positive pulse, Cell 1830 18 a D~type storage flip-flop.

C. STANDARD CELL ARRAY TOPOLOGY

¢ r'

An integral part of the standardncell approach centers on the design and layout of

the standard cell array topology, The topological layout was designed to be compatible

with the available process and design rules, while allowing the design automation comi-
buter program to lay out an optimized t&pology. The microphotographs in Figs, 3 and
G arc examples of the basic layout, The row of back-to=back cells with a common

ground between them is characteristic of the standard cell topology. If more rows are
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TABLE 1. 001A STANDARD CELL CIRCUIT COMPLEMENT

Ny
B CELIL NUMBER CELY NAME/FUNCTION
1110 Inverter
1120 Two=input NOR
1130 Three-input NOR
| 1140 Four-input NOR '/
[‘ 1230 wo-input NAND
| 1620 . Two~input AND
' 1800 2-2~2-2 AND ~ 4 NOR
i 1810 Inverting buffer Nu, 1
' | 1820 D-type master-slave ﬂig;-ﬂop
TABLE 2, 002A STANDARD CELL CIRCUIT COMPLEMENT o
CELL NUMBER |  CELL NAME/FUNCTION
1120 Two~input NOR
1130 Three-input NOR
1140 Four-input NOR
1310 Inverting buifer No, 2
1520 Double buffer
16?0 Two-input AND
1630 | Three~input AND
1640 Four-input AND
1820 /| D=type master~slave flip-flop
1830 ' D-type storage flip-flop
1890 2, 2, 2, =3 NOR _
15
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required, the program will supply thom, following the fbrmat: fHustrated in the two
microphotographs. P-typo and N-type iest ty;mslamrs, with pads large enough to
facilitate probing, ave automatically inr:orporﬁted into every chip. Also character~
isi’c of all the standard cell arrays is a ground bus which runs on the outside perim-
4 | cter of the chip. The availability of this ground bus provides a ground return for the
: 4 diodes used in the protective devices on all inputs,

16
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Section III

STATIC AND DYNAMIC PERFORMANGE OF
MULTIPLEXER CHIPS

A, MULTIPLEXER REGISTER CHIP TYPE 1

The multiplexer register chip type 1 - PRR (ATL 001A)* is a four-bit multiplexed
register utilizing botl(_,.;locked and diz ect outputs, Multiplexing of the inputs provides
the capability of shifting left or right as well as passing unshifted data, Shift modes

Gavailable are a one- or four-bit rig}ht shift or a one-, two- or four-bit left shift. Con-

trol logic on the 001A controls the mode of the input multiplexers.

The 001A is fabricated on a 123 mil by 143 mil die. Implementation of the desired
logic functions is achieved by using 54 standard cells (nine standard cell types), which
contain 350 transistors and the equivalent of 111 gates,

The following section describes the static and dfnainic tests run on the PRR chips.
These tests include functional testing, leakage, life tests and propagation delay. All
tests were conducted with a 10-V supply voltage and 10~V input pu‘ises. In addition,

propagation delay measurements were made with a 5-V supply voltage and 5-V input

o
pulses.

4

~ *The multiplexer register chip type 1 is referenced in this report either by the abbre-
viation PRR or by the number 001A, The PRR abbreviation refers to the essential

function of this chlp, the product remainder register. The 001A is an internal num- -

ber assigned to the chip by the Advanced Technology Laboratorics of RCA. The num-
" ber is a convenient and necessary one if any/addltional information on this chip type
is requlred v

_
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1. Logic{\lb metimmllt;y

A con’\piete sot of computer gencrated test sequences was applied to the inputs

of all 001A ohipa to cheok the functionality of all of the internal logic,
i
2. Leakagoe .
a.  Statle Leakage
Static leakage current was mensured in the ground line of all the 001A

chips. The measurements were made with all the inputs tied to ground and then with
all inputs tied to the supply voltage (+10 V), Median leakage for the 001A chips was
1 WA, and the median static power dissipation was 10 #W per chip. The static leakage
tost sotup is ghown in Fig, 7, and the test vosults for uw PRR arvay ave presonted in
Table 3, The cmpa listed in this table are a portion of tlw CMOS standard cell avrays

- i delivered to  NAS)-MSFC.

b, Dynamic Leakage

Dynamic leakage current was measured in the ground line of four 001A
ohlps for clock frequencles up to 1 MHz, All four of the 001A's master-slave flip=
flops were simultaneously clocked during this tosQ From the dynamic leakage data
taken, a graph of the average power digsipation per ehlp vs, clock frequency was gen=
crated (soo Fig, 8).

1" -
l |
b 001A
» E INERRRR la'
I
| ALL INPUTS
2o o e wnn wea ol
Lo v ./ GROUND TEST
+ lo v TEST

Fig, 7. Static leakage test setup,
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TABLE 3, 001A STATIC LEAKAGE CURRENTS
LEAKAGE CURRENT
BATCH CHIP | © A)
NUMBER | NUMBER |"“\ioungar | iNpUTS AT
 GROUND 10V
7123F 9 4000 6700
T123F 12 2100 1650
T128F 17 . 1
T128C 1 a0 0.8
7128C 2 2,8 110
7128C 3 0.4 1.0 .
7128C 4 0,7 0.6 |
71280 6 8.0 w
7128C 7 0,44 0.4
7128C 8 1600 - 83
7128D 2 0.3 0,3
71280 4 0.4 0
7128D 0.3 1.7
7185E 3 6000 < 1
7185E 1 < 1 < 1
7135E 5 180 <1
7135E 8 < 6.5
71358 10 <1 < 1
T135F 1 0.4 0.1
7135F 5 0,1 0,1
7185F 5 <« 1 < v
7136F 7 a1 1
7135F 8 <1 w1
7135F 10 < 1 o
T135F 12 <1 <« 1
TR, SRR ¥
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TABLE 3, 001A STATIC LEAKAGE CURRENTS
(Continued)
BATGH CHID I.l:.Al\A(;‘EA(;URREN \
NUMBER NUMBER | :
' INPUTS AT INPUTS AT
GROUND 10V
a 71356F 14 < 1 <1
| T186F - 16 < 1 < 1
7135F 16 B | < 1
7135F 19 < 1 < 1
7135F 20 <1 1
© 7135F 22 <1 <1 :
T136F 23 < 1 <1
T136F 26 < 1 <1
7135F 28 < 1 <1
< 7135F © 29 I | <
7135F 30 85 < 1 ‘3
7136F 31 < 1 80 |
7136F 32 < 1 < 1
/7 ‘
Q,.D 7135F 33 < 1 <1
7135F 35 < 1 <1
On-a CMOS chip, the average dynamic power dissipation is dirvectly ve-
lated to the energy required to charge and discharge the cirecuit capacitance to its cx-
treme voltage. Most simply, each capacitance is charged and discharged to the supply
voltaga. In the general case, however, dynamic pawer dissipation is proportional to
the effective system capacitance, the pulse r@petit;iqn frequency“and the square of the
y effective voltage swing. On a single-chip basis, poWer dissipation is given by;
, Iuchip Pqu‘iescm\t A} cuffrclouk v off (1)
a N , , PR , s - ]
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Fig. 8. PRR (001A) average power dissipation vs, clock frequency.

From Fig. 81t can be seen that the cvef losses associated with chip op~

eration at even moderately slow clock frequencies are still several orders of magnitude

[

greater than the quiescent chip power dissipation.

3. Life Testa

a, Elevated Temperature Léakage

A static loakage life test at elevated temperatures is presently being con-
ducted on two PRR chips, The test was started on 8 July 1971 and includes data for
temperatures from 25°C to 100°C. Present plans call for the test to continue to 125°C
before a temperature cycling routine is initiated, Provisions to check the dynamic
performance Qf the 001A's under test have been included in the test sequence, To date,
no dynamic failures have occurred. Condensed data on the static lenkage life tost is

presented in Table 4,

21
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TABLE 4. 001A STATIC LEAKAGE LIFE TEST AT ELEVATED TEMPERATURES

[

s | TENPERMTURE | JEARACE | LR
(KA) (HA)

7 7/8/71 25 25 0,014
g . 7/9/71 60 33 0. 055 P
} 7/13/71 60 a1 0,16 (
} 7/19/71 60 41 0.15
: 7/30/71 60 a5 0.16
: 8/6/171 60 42 0.19
, 8/12/11 60 . 42 0.20
| ” 8/18/71 60 42 ' 0.18

8/30/71 60. 42 0. 20

9/10/71 85 43.5) | 0. 40
f 9/13/71 85 43,5 0,21
’ 9/21/71 85 43.5 0.22

9/28/71 85 44.5 0. 21

10/5/71 85 44 0,21

10/12/71 85 43,5 0.21

10/18/71 86 43, 5 0,19

10/25/71 100 46 0,23

}_\ ) b. Dynamic Performance at Ambient Temperature
/f‘/ -Two CMOS LSI standard cell chips, the ATL-NASA test chip and the ATL~

000, have been under continuous dynamic stress at 25°C since 28 May 1971, No de-

gradation in dynamic performance has occurred.

b
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4. Propagation Delay’

a, Propagation Delay of Master~Slave Cell 1820

The No. 1820 master-slave flip-flop cell is used on both the 001A and
002A chips. This flip-flop, shown in detail in Fig. 9, is a single-input D-type master-
slave register in which not only can the data, D, be jam-transferred into the master
register (the combination of G3 and G4), but the input can be multiplexed from a com-
mon bus because of G2, which is used to isolate the D input line from the master
register. The jifin-transfer capability with a single input arises out of the special high
impedance (low capacitance) characteristics of the CMOS technology combined with the
special design of the G2 and G4 gates. The G4 gate is designed with very low conduc-
tance devices that keep the output impedance of G4 high enough so that it can be driven
directly from the data, D, through G2, but low ecnough that it can hold the stored data
in the master register, which consists of G3 and G4, Gate G5 is a bidirectional switch
that is used to isolate the slave register, G6 and G7, when new data is being stored in
the master, Figure 10 shows the complete logic contained on the PRR (ATL 001A) chip.
A data input pulse to the 001A (or 002A) passes through three stage delays before reach-
ing the master-slave flip-flop. The clock pulse passes through two stage delays, and
the output from the master-slave flip-flop passes through one stage delay before reach-
ing the output of the chip. The internal stage delays on the chip guarantee that the
propagation delay associated with the master~slave flip-flop will be no worse than the
delay measurements made at the inputs and outputs of the chip. This condition is illus-
trated in Fig. 11,

The solid lines represent waveforms at the inputs and output of the chip,

while the dashed lines represent waveforms at the inputs and output of the master-slave

. flip-flop, As can be seen, chip time delay measurements arc always greater than or

equal to the master-slave time delays. Three timing measurements were made on the
001A master-slave flip-flops. The first measurement is designated the "ripple through'

time, which is the minimum time necessary to place a bit of information at the flip-flop
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Fig. 11, Master-slave flip-flop delay vs. chip delay.

input, clock the information into the master and then into the slave. The ripple

through timing waveforms are shown in Fig, 12, As shown in Table §, for 10-V

T T
002A | INOUT INOUT | 002A
Ir 11
0
T T
OOIA {INOUT INout; OOIA
I I 11
OUTPUT \ —\ ‘ /

si%j____.‘ 80 %
INPUT L____/———\___
oo NN

+10V 1,2,5,39 ~

GND 3, 6,9, 2i-23, 25, 27, 29-37, 40
OOIA PIN CONNECTIONS CLOCK 14,15

DATA IN 24, 26, 28, 38

DATA OUT 1I, 16, 8, I3

Fig, 12. Ripple through timing waveforms.
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TABLE 5. RIPPLE THROUGH TIME

10-V OPERATION
| R TIME | TIME
suron | e | QUTRUTAODE | DEINY | DELAY | gy ourpur
NUMBER | NUMBER OF) | ’ PIN PIN
| (ms) | (ns)
71280 7 11.0 143 116 24 1
7128C 7 10.8 134 110 26 16
71280 8 11,0 164 133 24 1
7128C 8 11,2 160 129 26 16
7128C 7 29 162 129, 24 1
7128C 8 29 184 140 24 11
7128C 7 111 243 167 24 1
7128C 8 1 216 181 24 11
5~V OPERATION
TIME | TIME
| OUTPUT NODE | DELAY | DELAY [INPUT| ouTPUT
Nﬁﬁg& N‘g‘«‘gm CAPACITANCE |IN OUT [ IN OUT | PIN PIN
' | (oF) J T 1171
(ns) (ns) o
7128C 7 11 500 350 - | 24 11
71280 7 20 ° 560 380 24 11
7128C 7 1m 790 450 24 11

O

operation and an average total output node eapacita‘nce of 11, 0 pF, th% average time

délay between a rising input edge and a riging outpui edge was 150 ns, Average time

delay between a falling input edge and a falling output edge measured 122 ns.

B

The intrinsic capacitance associated with an output node, the packiiginp;

capacitance, the wiring capacitance and the scope probe capacitance combine to gen-

erate an output capacitive load of from 4,5to 13, 0 pF. One set of propagation delay dlata

W e e
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on nll PRR and MQR gﬁtps was takon at this output loading condition. Additional
propagation delay measurements were made with as much as 100 pF of extra

capacitance loading the outputs,

The second delay meosurement made on the master-siave flip-flops was
the "clock-out" time, which is the time delay between the activation of the slave (falling
edge of the clock pulse) and the appearance of the slave information at the output of the
chip (éée Fig. 13). Representative clock-out data is presented in Table 6. For 10-V

]

cLOCK n —/—‘ J—\ - i .

8l

OUTPUT \ / \__
T T
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Fig, 18. Clock-out and minimum clock width,

operation and an average total node capacitance of 10.2 pF, the average time delay be-
tween a falling clock edge and a rising output edge measured 70 ns, The average time
delay between the falling clock adge and the falling output edge was found to be 51 ns.

The third test made on the PRR (001A) master-slave was the determina~
tion of the minimum clock pulse width necessary to transfer infermation into the master,
The test was conducted by placing a bit of information at the input of the master-slave
mp—ﬂo_p and increasing the clock pulse width until the bit ;ﬁ information was passed
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TABLE 6, 001A CLOCK-QOUT TIME
IQ-V OPERATION
_ TIME TIME !
‘ OUTPUT NODE | DELAY DELAY
N%‘}\;“]fé’n mﬁ;‘;‘;n CAPACITANCE |CL OUT |CL OUT
' ' ®F) JI1L L !
(ns) (ns) 3
7135F 10 10,8 63 51 i
7128C 9,9 86 49 ,
7128C 9.9 71 51 )
7135F 10 28, 8 90 72 Input Pulse; pin 28 |
7128C 7 27,9 85 65 Output Pulse: pin 8’ |
T123F 17 28,3 97 64 Clock Pulse: pins
7136F 2 110. 8 200 115 1, 15 1
7136F 7 111,1 225 . 137 {
7135F | 10 110, 8 196 141 ‘ ]
5-V OPERATION |
E TIME TIME i
OUTPUT NODE | DELAY | DELAY 5
Mo | s | CAPACITANCE | L our| gL QuT
" e |1 |11 :
' (ns) (ns)
71280 7 1 245 107
7128C 7 19 306 132
7128C 7 m 528 208
Y ¥
through the master-slave flip-flop. For 10-V operation, the minimum clock pulse ;/
width averaged 22 ns, independent of output pin loading, For 5-V opération the mini- 3
mum clock pulse width averaged 80 ns for the three chips tested at 5 V. ' : :
b. Multiplexed Direct Output Propagation Delay 3
{
Input data to the four master-slave flip-flops on the PRR chip is inverted )
and brought out on output pins 10, 12, 17 and 18, Propagation delay was measured
29 i




r from the multiplexed inputs of the PRR chip to these direct outputs. The data path that
was moeasured was Irom’ input nocie to output node @ (see Fig. 9). Typical prop-

i ) agation delays for this path are shown in Table 7, For 10~V operation and an average

| total output node capacitance of 11, 3 pF, the propagation delay from a rising edge in-

put to a rising edge output averaged 65. 6 ns and the delay from a falling edge input to i

T Y

t o falling edge output averaged 79, 6 ns,
y TABLE 7. 001A DIRECT OUTPUT PROPAGATION DELAY
R/
; (/ 10-V OPERATION
: TIME TIME
; buron | ome | OUIRUTNCOS | DELAY | DELAY | oy | ourpur
| NUMBER | NUMBER iineinciainde I Bl PIN PIN
; (pF) I I
‘ 1 _ (ns) (ns)
7128C 7 11,5 66 78 28 18
. 7128C 7 C10.7 64 I ng a8 12
o 7128C 8 11, 5 71 87 28 18
7128C 8 10.8 66 87 38 12
7128C 7 33, 5 94 95 28 18
| 7128C 7 32,7 94 95 38 12
: 7128C 8 33. 5 99 104 28 18
7128C 8 + 82,8 101 108 38 12
i ’ 5-V OPERATION
‘ TIME | TIME
BATCH | curp | OQUTPUT NODE | DELAY | DELAY | jopun| quyppyr
NUMBER | NUMBER | CAPACITANCE | IN OUT | IN OUT| "o PIN
; | (pF) I N I I R |
(ns) (ns)
: 7128¢C 7 10. 5 133 178 |24 10
i 7128C 7 28, 5 182 196 |24 10
e 7128C 7 “110, 6 410 270 24 10
30

R T




T

D . T — B

EN
AN

¢c. Stage Delay

[l

Average stage delay for a data path is defined as the pro@hgation delay
assoclated with fhat data path divided by the number of stages in the path. The average
stage delay was cdlculated for three paths in the PRR chip, They are the "ripple
through' path, the "clock-out" path and the "multiplexer direct output'' path, These
three paths (see Fig. 9) represent signals passing from nodes 1 to 6, 4~5 to 6, 1 to 3,
respectlvely. The average stage delay for each of these paths is presented in Table 8,

TABLE 8. AVERAGE STAGE DELAY (10-V OPERATION)

AVERAGE AVDRAGE AVERAGE
PROPAGATION | NUMBER STAGE
| BETWEEN NODES | =" rypy oy OF DELAY
(ns) STAGES (ns)
116 "r -r 150* 8 18.8
= Q
1 161} 1l ; 122% 8 15.3 *Includes time to
4-5] 6 L I 70 5 14 clock data from
,\ ' input to master
=506 | L L 51 } 5 10,2 and from master
1 |3 ITr 65. 6 . 4 16, 4 to slave output.
13| 1L 79. 6 4 19.9

B. MULTIPLEXER REGISTER CHIP, TYPE 2

~ - The logic for the muli:iplexe;l 'i@gister chip, type 2, MQR (A’I‘Lb 002A)*,yis} con- °
tained in Fig. 14. One of the two four-bit registers included on the MQR chip incor-
porates many of the logic functions found on the PRR chip. One register has multi-

-, plexed inputs which allow the passage of unshifted data, a right shift of four bits or a

lé‘& shift of one or two bits. Master-slaye flip-flops are utilized as the storage ele-

ments. Control logic on th& MQR array controls the mode of the input multiplexers.

*The multiplexer register chip type 2, is referenced in this report exther by the abbre-
viaﬂon MQR or the RCA-ATL number 002A.
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Also included on the MQR chip are four register bits using D-type flip-flons, No
shift capability is provided in this register, Implementation of the desired logic func-
tions is achieved by using 42 standard cells (13 standard cell types), which represent
300 transistors or 112 gates, The chip measures 0, 120 x 0, 120 inch,

Many of the tests conducted on the PRR chips are similar to tests performed on
the MQR chips. For this reason, frequent reference will be made to PRR test explan-

| ations,

The tests conducted on the MQR chips fall under the general headings of functional
testing, leakage and propagation delay, All tests were conducted with a 10-V supply
’ voltage and 10-V input pulses. In addition, all propagation delay measurements were
conducted with a 5-V supply voltage and 5=V input pulses.

! 1. Functional Testing

' A complete set of computer generated logical conditions was applied to the

inputs of all of the MQR chips to check the correctness of the internal logic,

2. Leakage

a, Static Lonkagg

Static leakage current was measured in the ground line of all of the chips
with all inputs tied to ground. Figure 7 shows the MQR static leakage test setup,

Median leakage for the chips was 1 gA; therefore, the median static power
was 10 4W per chip. Table 9 shows the results for the static leakage tests,

b,  Dynamic Leakage

Dynamic leakage current was measured in the ground line of four MQR
chips for clock frequencies up to 1 MHz,  The four master-slave flip-flops and the
four D-type flip-flops were simultancously clocked during the dynamic leakage test,




£

TABLE 9, STATIC LEAKAGE - MQR CHIP

STATIC STATIC
BATCH NO. | CHIP NO. | LEAKAGE | BATCH NO. | CHIP NO, | LEAKAGE

HA) ; | HA)
7135G 1 <1 7135H 11 <
7856 ) 2 <1 7136H 12 <
7135G 4 4 <1 7135H 13 < 1
7135G 5 550 7135H 14 860
7136H 1 <1 7135H 15 < 1
7135H 2 <1 7135H 16 18
7185H 5 < 1 7135H 17 < 1
7136H 6 <1 TISEH 8 | < 1
7135H g - 40 . 7185H 21 1.2
T135H 10 <1 7135H 28 < 1

Clock pulses were entered on pins 12, 13, 34 and 35. Data was entered to the eight
flip-flops at half the clock frequency on pins 5, 7, 9, 11 and 22,  Pins 16, 21 and 36
were grounded and supply voltage was applied to pins 1, 5, 7, 9, 11-15, 17, 23, 24,
26, 29 and 39. The pin connections to ground and supply voltage were also used for

all other dynamic tests.

Figure 15 shows the average power dissipation per chip vs. clock fre-
quency. Similarly, as with the PRR chip, dynamic power consumption of the 002A
chip is several orders of magnitude greater than static power consumption for even

moderately slow clock frequencies (0. 34-0, 5 MHz),

“5;7 Propagation Delay

a.  Propagation Delay of Master-Slave Flip-Flop s

Three propagation delay measurements were made on the data paths,
which include the No. 1820 master-slave flip-flops. The propagation delay

34
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Fig. 15. Average power digsipation vs. clock frequoncy, MQR chip (0024),

measurements made on the 0024 master-slave register were the "ripple through't time,
the Yelook-out" time and the "minimum clock pulse width. ' The deseriptions for
these tosts ave the same as those for the PRR (001A) chip,

The data test paths involving the master=slave flip=flops for the 001A and
002A are identieal in function, The MQR master-slave data path is implemonted dif-
forently than the 001A in two respects: 1) the 001Acinput multiplexeors ave 2, 2, 2, 2
AND - 4 NOR gates, while the 002A input multiplesors ave 2, 2, 2 AND « § NOR gatess
and 2) the output driver on the 002A chip is larger than that on the PRR chip,

Reprasentative vipple through propagation delay data is shown tn Table 10,

For 10~V operation the average propagation delay for a vising edge input pulse s 126 ns

and for a falling edge is 109 ns, for an average total output node capacitance of 14,4 pl.
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TABLE 10, 002A (MQR) RIPPLE THROUGH TIME

10~V OPERATION
TIME | 'TIME
BATCH |  cHIP Oggg;‘;‘ﬁggg e g‘;‘; n? Eg“‘;‘ INPUT | OUTPUT
NUMBER | NUMBER | © N - TopN | PIN
e (OF) } N I B e |
(ns) 2(n8)
7135G 1 14,8 120 105 22 32
7185 1 14.3 131 109 22 32
7135H 2 14.1 125 m | 22 32
7135H 5 14.3 128 110 22 32
7135G 1 32,8 134 120 22 32
7136H 1 32,9 142 120 22 32
7135G 1 114.8 177 156 29 32
7135H 1 114.3 191 156 22. 32
5-V OPERATION
| e | orve
BATCH | cmrp | QUIPUT NODE | DELAY | DELAY | yypnym | oyppyr
NUMBER | NUMBER | CAPACITANCE [IN OUT [ IN ouT| DIN
) (PF) J /1 |
(ns) (ns)
7135G 14.8 244 212 22 82
7135G 1 32. 8 256 228 22 32
7135G 1 114.8 324 280 22 32

Representative clock-out data for the 002A is presented in Table 11, With

an average total output node capacitance of 14. 4 pF, the average time delay between

a falling clock edge and a vising output edge was 56 ns, The average time delay be-

tween a falling clock edge and a falling outputi// edge measured 47 ns.,

timing waveforms are shown in Fig, 13.
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TABLE 11, 002A (MQR) CLOCK-OUT TIME

10-V OPERATION
| TIME TIME
OUTPUT NODE | DELAY | DELAY
N%‘;‘W‘g; N‘?;;;DER CAPACITANCE | cL. our| cL our
' (PF) 1|1 1
(ns) (ns)
7135G 1 14. 8 54 46
7136H 1 14,8 55 45
7135H 2 14.1 58
7135H 5 14.3 66 16
7135G 1 32. 8 66 59
7135H 1 32.3 66 59
7135G 1 114, 8 110 08
7135H i 114, 8 116 94
5-V OPERATION
TIME TIME
OUTPUT NODE | DELAY | DELAY
Nﬁﬁg‘:}‘l" Nt?gg;an CAPACITANCE |CL OUT | CL OUT
‘ ‘ (pF) 1T T
(ns) (ns)
7136G 1 14, 8 113 101
7135G 1 32, 8 130 119
7136G 1 114. 8 212 172

Input Pulse - pin 22
51 Output Pulse - pin 32
Clock - pins 34, 36

The average minimum clock pulse wldt}i necessary to transfer informa-

tion into the master of the MQR maéter—slave flip-flops was 22 ns at 10-V operation,

The minimum clock pulse width is independent of the output node capacitance.

b. Pmpngati&x Delay of' D—Type‘Flip-Flop

The 002A array has four D-type flip-flops per chip, each of which has a
single input, single output and a common cloglt.- The D-type flip-flop cell configuration

W
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and pin numbers are shown in Fig, 16, Two delay measurements were made on the

D flip~flop. They are designated as the "direct feedthrough" time and the "D clocked
output’' time, In the direct feedthrough test, the clock inputs (pins 12 and 13) to the D
flip-flops were held high so that input information could pass directly through the flip-
flop. Propagation delay was measured between the input and output of the flip-flop, For
the D clocked output test, a data level was placed at the input of a D flip-flop and then
the clock input was enabled (rising edge pulse), The propagation delay was measured
between the enabling clock edge and the flip-flop output, The timing waveforms for the
direct feedthrough and thie D clocked output tests are shown in Fig. 17,

Representative data for the direct feedthrough and D clocked output tests
is p}esented in Table 12, For 10-V operation and an average total node capacitance of
10. 6 pF the average direct feedthrough propagation delay associated with a rising edge
input is 36 ns, For the falling edge input the average propagation delay is 33 ns. For
the D clocked output test, the average delay from a positive clock edge to a positive
output edge is 50 ns, From a‘posltlve‘ clock edge to a falling output edge the average
delay is 53 ns.

|_ 1220 |
) . | " []—REFERS TO A REFERENCE NODE
| AND NOT A PIN NUMBER

Fig. 16. D-type flip-flop on 002A chip.
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}
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CLOCK (PINS 12,13) \_ J \ : /_\

OUTPUT (PIN4) A L____.__/—_———

T T

1213 4 —o jo— —a je—2,I3 4

rroll | 1

Fig. 17. D-type flip-flop waveforms,

c. Average Stage Delay

The average stage delay is calculated in Table 13 for each of the four de~
lay measurements made on the master-slave and D-type flip-flops. The number of
stages involved in each measurement cnﬁ be determined by referring to Fig, 9 for the
master-slave flip-flop tests and to Fig, 14 for the D-type [lip~-flop tests,
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TABLE 12, DIRECT FEEDTHROUGH, D CLOCKED OUTPUT

10-V OPERATION
g % | DIRECT FEED- D CLOCKED
' THROUGH OUTPUT
BATCH CHIP gxggﬁ,ﬁg’ég TIME | TIME | TIME | TIME
NUMBER | NUMBER oF) DELAY | DELAY | DELAY | DELAY
P 5 4|5 4 (12,13 412,13 4
r it 1. I T
(ns) (ns) (ns) (ns)
7135H 1 10. 6 39 36 52 54
7135G 1 10,7 36 38 48 52
7135H 1 _ 28,6 58 47 70 60
7135G 1 28, 7 51 45 63 64
7135H 1 110. 6 130 91 143 110
786G | 1 110. 7 118 93 125 110
5-V OPERATION
DIRECT FEED- D CLOCKED
THROUGH OUTPUT
BATCH CHIP gﬁ'g{gf,rxgg TIME | TIME | TIME | TIME
NUMBER | NUMBER F) DELAY | DELAY | DELAY | DELAY
5§ 4|5 4 [12,18 4 12,18 4|
| I 1
"r(na) | (ns) 'r(‘nu) ~(ns)
7135H 1 10,6 63 76 102 114
7135H 28. 6 99 101 140 136
7135H 110, 6 238 177 292 222
C. SUMMARY S

A summary of the average values of all data taken on the PRR and MQR chips is

presented in Table 14. All average values shown are for 10-V operation and no-exter-

nal output capacitance,
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| TABLE 13. 002A AVERAGE STAGE DELAY
10-V OPERATION ~ -
, . AVERAGE AVERAGE | AVERAGE
PROPAGATION | NUMBER | STAGE
BETWEEN NODES DELAY OF DELAY. .
, (ns)¥ STAGES (ns)
| o o le | I T 126% 8 15,8 ‘
},. RIPPLE _
A THROUGH 26 | L L 109% 8 13.6 | *
| - « i
| CLOCK-OUT [ a-sl6 | L I 56 5 11,2 .
| a5lc | L L a1 5 9,4 :
DIRECT l 7| I T 36 3 12 -
| FEEDTHROUGH 7 ol L L 33 - 3 11
; B CLOCKED { g-of1o| I .J 50 4 12,5
OUT g-ofto| I L 58 4 13,3 %
F *Includes tine to clock data from input to master and from master to slave output, iy
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~ by the contract. Over 40 of these units yieldcd static currents of less than 1 A for a

Section IV

R e e ettt e ,wm——r———q

|

CONCLUSIONS |

The required logic for the register and multiplexer units wag incorporated into the

design of two chip types —multiplexer register chip, types 1 and 2. These LSI arrays,
which used the CMOS circuit technology, were designed and fabricated by using the

standard cell deslén automation technology, This technoiogy uses a series of design
automation computer programs, combined with a farnily of previously designed and
stored circuits called standard cells, to generate precision mask artwork for the LSI
CMOS arra&a.

Multiplexer register chip type 1 izgs fabricated on a 0, 143 x 0. 123 inch chip, Tho
logic is implemented by using nine standard cell types for a total of 54 standard cells,
This inyolves more than 350 transistors and has the functional equivalent of 111 gates.
Multiplexer register chip type 2 is fabricated on a 0,12 x 0,12 inch die. It uses 13
standard cell types for a total of 42 standard cells, The chip contains more than 300
transistors, the functivnal equivalent of 112 gates.

@

The circuits are housed in hermetically sealed 40-pin dual-inline ceramic pack~
ages and subjected to the standard ,LC qualificatmn testing procedures. To pass the
initial screening, all circuits were tested fo\* correct functional operation, Subsequent
screening included static and dynamic leakage testing, followed by extensive dynamic
performance testing,

A
Sixty units (forty ATL 001A's and t‘wonty ATL 002A's) were delivered as required

total static dissipation of less than 10 yw at 10 V. i]v“




—— e e

Several of the units were a‘ubjected to static and dynamle life testing at elevated
temperatures. In addition to t \g\ xtensive testing at 10 V, the results of which are

documented in this report, many w the units were tested dynamically at 6 V, This in~

cluded propagation delay measurements through logie circuits to the maximum shift-
ing rate of the D-type master-slave register, At 10 V some registers shifted data at
a 14-MHz rate, and at 5 V the units operated at a 6, 6~-Mlz rate,
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