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ABSTRACT

-

In order for universities to do research.in VLSI design,
seyeral resources must be made available. Unlversities wil

require a design strategy, design methodoiogy, computer aided

design (CAD) tools with [.C. test capabilities, and access to a

fabrication center. The required design aids and fabrication

]

facilities have been made available through Phase [ of the

Canadian Microelectronics Corporation (CMC). It is the zoal of

L}
»

. >
this thesis to pregent a desize strategy and methodoldzy which

- v

aewly developed desizn environment is then testsd theouzh the

S
.

implementation of a CMOS multi-mode data acquisf{}qgﬂﬁontrol

unit. The results of this thesis :learly.indicate.the validity

of the design environment, and its 3bility to zenerate reséarch

oriented projects on silicon with a high‘probability of first
time correct designs., Given such a desizn eaviroament it will

niversity to inte-

now be possible for researchers at Carlet

grate 1érge systems and play an active role in WLSI desizn.

Tiid
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Chapter 1

Introduction

1.1 Thesis Motivation and Objectives

Until recently the role played by universities in VLSI design
was limited., Due to the hizh cost of fabrication -and CAD tools
this would nave remained so if it was not/E}r the contribution

"made by the -Canadian Microelectronics Corporation (CMC). CMC

provides eligible universities with Northern Telecom Ltd.'s
CMOS1B 5um double poly, single metal process, as well as advanéed

CAD and Test facilities such as the Metheus lambda 750 Qéfxsta—

N

tion and HP 8000'serie§ test station.

Integrated circuits are now fully designed within the res-

pective universities, which then send the Caitech Intermediate

Form {CIF) files to the VLSI impléementation cemter at Queen's

University, {ingston Ontario. There the designs'are comoined to

form multiproject chips following the Mead and Coanway [1]
" approach. The'designs are.then sent to Northern Telecom Ltd. for

. mask making and fabrication. Upon completion the chips are

- ) " : Lo
bonded and a number of prototypes are then sent to the respective™

designers for testing. The complete turnaround time has now deen

reduced to between three and four months.

The purpose of this thesis is to develop a VLSI design envi-
“ . )

ronment at Carleton® University using the resources made availaolé

through CAC. An intagrated circuit desizm metnodology will de



st . !

K
° @ ' i
+

established and then tested by,implementi&g‘a reésonah}y comp lex
¢ L]
system on a chip. Once the design environment has been proven,
o d .

% -

it will be pogsible to. do VLSI designs with a resonable first ¢

e

attempt success rate. This will demonstrate that universities

.can play a major role in VLSI design. Due to the success of this

work, a brief summary [2] has been prepared and presented at

Carleton during the Ottawa-Carleton Research Institute (0.C.R.I.)

-~

day, the CMC workshop at Queen's University, and the University/
Government/Industry Microelectronies (UGIM) Symposium at Auburn
University, Alabama, U.S.A.
1.2 Thesis Format

AN

\ -

Chdpter 2 will fully discuss the development of.a desfén

strategy and methodology at Carleton University. This will .

“include a full description of the resources available as well as

their role in che development of a dgsign data pase. 'éhapter 3
will introduce the piloi project uéeaito tesg the%?esign environ- g
ment. fhe fullvdeCails‘of thé @esigne? project will bé ;ibeh in.
Chapterré. Chgp;er 5 will focus on the testing‘add chara;tériza~
tion of the designs once they heve been fabricated. Chapter 6.‘
will draﬁ conclusions as to the chEess of the desién strategy as
well asAéuggestAAreas of future work in order to impro;e the

available resources.

.

A Standard Cell Manual has alsd® been prepared and suomitted

with this thesis since the entire design environment dnd pilot

project revolve around it. The manual will also permit future .



students to readily make use of the design

.. lished through the work of this thesis.

¢

environment estab-

v

Vo



- T
a semi~custom standard cell approach as outlined by A.J. Kessler .

and A, Ganeqen 18] would be undertaken. This option allows for a
better utilization of silicon andialso for a;alog or analog and
digital designs on a chip. Also because Noqﬂﬂérn Télecom does
not support a gate—array structure, there would be no tqduc:ion

-

in cost during mask making.

2,3 Desian Methodology

Having decided upon a design strategy. a design methodology
which will incorporate both the strategy and CAD tools avajilable
will be‘developed. With these fgctors in ansideration, a design
methodology as shown in figure 2.1 is proposed. The steps
include;

. = Device Requirements

S

- System Overvipw and Functional Block Diagram

il

~ Functidpal Block Design and Simulation, Chip éloor

Plan
-~ Layout and Resimulation
~ Fabrication

-~ Testing

The device requirements are first analyzed in a "black box"

N \

fa . S

type approach. The available inputs and desired outputs are
determined as well as any specifications that must dDe met oy
these signals. This allows for an initial pin count to determine

if any problems érisg due to a restriction of 40 72ins amaximun per

chip.



~

arrays allow shor't implementation times but do not tend to be
' ., [ 2] :
drea e?f1c1ent.‘ .
) M

Semi-custom design combines the feature of custom design with

. the possibility of automatic or semi-automatic routing. fhis

.

requires the creation of custom cells or primitives within a

. .
-
by

regular grid array. Iadividual cells can occupy several of the’

spacea defined by the grid structure. Primitive cells can be

P

digital elzmeﬂqg such as inverters, and multiple fan-in NANDs a@d
NORs, as weill as, é/ﬁlog elements such as opamps. Microcglls are
slightly more developed cells such 4s flip-flops and latches ‘that
incbrpo;ate 2 or more primitive cells. They can-be directly
composed of primitive cells or designed wigh.fully cuséom primif
tives for each microcell'functioﬁ. These ﬁrimitive cells aﬁd
‘microcells can be'j;ined toéether to form moré complex macro
cél}s or functional logic blocks which are then interconnected by
allowing.sufficient grid spacings Betyeeﬂ.them. fhe advancagés
of khis are that gi%én a well éécablished and“area'efficient cell
1ibrary, the use} only has'to~worry.about intércoﬁnect, and.that

rérge functional blocks or macro cells may be shared detween -

istom design involves the tailoring of device and céll'
imensions to fit a particular need. In 3jeneral, a custom design
combines some.elemencs of standardization at the mac;ocell and
microcell levelé, but very little at th& primitiveAqell level.

i

This means that within specific macro or micro cells, the layout

is governed by space and performance goals. The p:imary j0al of

Y
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full custom design is area efficfency;'not short design times.
’
-

.

Taking into consideration the constraints of available

.resources at Carleton University, one of these three design

[

options must be selected. First the restrictions imposed by the

Metheus lambda 750 Workstation ﬁill‘be examiqed. It is known
that the Metheus can suéport gate—array libraries [4] from vari-

ous venders. The hierarchical properties and ability to develop

&

custom cell libraries that are accessable to all users clearly

demonstrates the ability to do semi-custom I.C. design. Full
custom can also be supported in this context but because of a
lesser degree of hiérarchy the I.C.s designed must be smaller.

From this it is clear thag the CAD tool available does not force
X . . . . .

any real constraints on the design option.

The restrictions imposed by a university environment will now
- ) o -, ¥ . - “
be examined. Universities are limited in two ways, time and

human resources. Time, in the sense that a university seméster

lasts four months and that a graduate degree requires between two

to four years to complete. Human resources are limited due to

- 1% - .
the fact that most zraduates leave the instcitution upon comple-

s
e

. ‘tion of their degree and thereby leave a lack of highly qualified

users from which to draw information. For these reasons a fast

and §imple~to'use design option seems desirable. This eliminates
- LD . N

the possibility for full custom designs. A zate-array or semi-

¢ustom design approach must be used.

After studying several articles on the sudject of fast design

times [5], and L[.C. design strategies [6,7]» it was decided that

- LI

o



a semL—cJ;tom standard ‘cell approach ;a outlined by A.J. Kesslrt 7
and A, Ganeqen {8] would be undertaken. This option aLlowa for a
better utilization of silicon and‘also for a;alog or analog and
digital designs on a chip. Also because Nopﬂﬁ%rn Télecom does

not support a gate-array structure, there would be no rqducqion

-

in cost during mask making.

2,3 Desizn Methodology

Having decided upon a design straCegy, a design methodology
which will iacorporate both the strategy and CAD tools available
will bé'developed. With these factors in angideration, a design
methodology as shown in figure 2.1 is proposed. The steps

include;

. = Device Requirements

~ System Overvipw and Functional Block Diagram

- Functidpal Bllock Design and Simulation, Chip ?loor
Plan
- Layout and Resimulation

- Fabrication

- Testing

The device requirements are first analyzed in a "black box"

4

type approach. The available inputs and desired outputs are

determined as well as any specifications that must de met oy
tthhese signals. This allows for an lnitial pin count to determine
if any problems arise due to a restriction of 40 pins aaximun per

chip.
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pixels and supports 8 million shades of color. The operating

\

system run by the fletheus is.Berkley UNIX 4.1. Peripherals,
\\*#igslude an optical mouse for ease of operation, a Cipher F800

" magnetic tape diive;.l Mbyte floppy disk drive, 300 baud modem,

4

‘an HP 7580 pen plotter and a lineprinter. The Metheus also has

six RS-232C ports to ii}ow links with other terminals and the
LN . < §
university main frame (CP6).

The work%fation supports all the required software to imple-

ment the design methodology proposed, . as shown in figure 2.2,

@
»

The blocks in figure 2.2 represent the software packages on the

Metheus, and the circles are the files used or zenerated by the

.programs. The three library. files aregthe ones which were
Zenerated in order to implement the design methodology, and is

the information that is contained in the Standard Cell Manual.

In order to implement a complete standard cell”library on the
system, a symbol for each primitive cell must be zenerated using

SYMED (Symbolic Editor). These symbols are stored in a library

3

divectory with read ?nly access to each user. The user may also
generate his bwn symsols for documentation purposes and save ,>
these in his own accpuﬁﬁ. SCHEDIT (Schemat%c.Editor) is thep'

used to call up the desired primitives and yira them tog;ther to

4

form a circuit s¢hematic. The individual circuit schematics are

t A
)k

stored in the users account. SCHEDIT is also used to zeneraté
transistor-level scthematics for each of the cell symools in the
~¥ibrary. These transistor level schesatics are saved in anotner

read only directory which can be acéeqsgd‘by all the users. [he

.«
» L
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functional sloed: Ouu o dewiza e ooon veridaed, the -Area
o . °

occuypied by theo cirguit~nay aow oe estimated by guowiany the area

taken by each primitive and micro zell layout,- and allowing area
- B - %

. L] .
4 . .
for interconnection of the various cells. Once this has been
rl

completed for everyafunctiona} block, an averall «<hia floor plan

. - -

is asssmbled usini the estimated areas of each block. This will
" " ' ; e . .
also determine which »ad. frama may be used. CHS-gffers a choice

., "of four pad frames;.the larzest beiny A size with 40 pins

.

possible to D size 'with 18-oins. The design may be restricted

either by area or pin count to a specific pad frame. If the area

B

0 B :
. ‘available is not sufficient the Yesizner mayohavevto restructure
. {‘ T ' ‘ v : ’ : . -
’ ot M . 3 ) I3
", . the device into two seperaterchips and modify the system overview

w 2

and some functienal blocks accordingly.

-
\

)

. ' U o S
Having.coméleted the required design iterations the des}gne:

- LY ° R
is now ready to proceed to the layout phase of the methodology2¢‘_'

JCSNPRUEN - .

The layout is done much,like the fqutional‘block Eche@qtié'
B L .Y , ) " : ) .
Aesigns: The primitive cell layouts are called into a-layout

2 -

editor _and interconnected using the desired mask layers. -To .

determine if the circuit layout is identical to bhe circuit

- » N -~

-y

sdhematic a Neﬁlist'cqmiiieomay be goegformed between the two
, . - R > N R

- ~desizns. A Netlist is a circuit desgription containiay active
o . h " ’ ) ' '

n elements {tranwsistors, resistors. capicitors) and their connect-
N ,'"i ' " o . o I )
¥ - b . . 3 - e - a . . ’
g " ivity.? If the layout is.correct a simulation deck is then

extiggte& from the layout to determine the effects of inter--
= > . - o ‘ w“ . v .
1

N L

"connect capacitance. The timing consgraints are then verified,
. ‘ B , . o N . ~ s -

‘ the functiogal block ar’3 schematic level to ease the critical,

- I " ‘-
N .
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-
-

timim3 paths, Having obtained a fuﬁctioqal layout, design rule .

v .

checklng (DRC) is then performed on the cerult block to emsure

.

(\Cﬂ that no layout rule vxolatxona exist due to Lnterconnect. Once

e

s

all the cxrcqxt block layouts have been Keted, ‘they are then
interconnected to §orm the entire chip layout. The I/0 pads are

called into their appropriate locatiod and the power rails are

©

laid out to supply each block with the required voltage levels.

+ DRC is tﬁen.ﬁérformed on the overall chip interconnect chganels

o

and signal buses. (A

4 ~

Once the deeiiﬁfgzkge is completed, the layout is seat to

Queen's University as mentioned earlier. From there it is sent

to Northern Telecom Ltd. where it is fabricated. ~ .-
0 N . 1 . ;

I °

~

Durxng ‘the lmplementatlon of the system the designer should

3

include éEst capabilities [9,10,11] which yill simplify the

verification of the design. Once the chip is received the design

- @
- o ¢

: : T, . . .
is tested and characterized using the HP 8000 series test station

. . N N LY
_supplied by CMC. The design is ghen fully documented so that it

. .

may be referenced by future_sgudents. These students may tﬁen i

\,

obtain ideas from past proven designs that w111 enable them to".

o

;mplement,largen\ana more complex integrated circuits,
g . A

A - 19 . .
N .

* 2.4 CAD'and Test Tools .

I ' . . : »

3

" Now that the design methodology has been presented the atten=-
tion will be turnéd to the CAD and Test tools availaole at

o )
sCarleton University.

Y
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I

: The first desizn aid examined is the Corvus Céncept computer.

The Corvus Concept is a M68000 hicrpprocessor based system with

|

512 £bytes of internal RAM and a hizh resslution monochromatic

«

screen. Carleton has roughly 19 such comphféns netwo;ked

together and served by a 40 ﬁbyte hard disk which supports all
the'rfquired software.. As a design tool the Corvus supports both
SPICE and SPLréE circuit simulation packages as-ggll'as a layout
editb; Aeveloped at ‘Carleton University [12]." The Corvus also
suppdtts a link to the University CP6 Honeywell maiqframe

computer on whichliafge gircuit simulations may be carried out.
.Thesea machines serve aguseful purpo;e in that they can be used to'

l desizn pfimitive cells for cell libraries. "Once a cell has been
developed it°can be transfered to the more advanced Metheus
" 9 ] 'j
A . .
workstation yhete".e parent library resides. As an example, the
Nl - .

< scanqé;d jflls in the Standard Cell Manual that are supporﬁed by

the Metheus workstagion were dr}ginally:developéd\uaing the
. ' : ’g'. 4 B ° B . ~
.Corwvlis Conceptleetwqu. ) AR

it

-
N

\ -

\

,The more advanced I.C. design work is now done using the

Methehi:lambda 7150 workstation. Ihé ﬂetheus uses two M68000

(Y . “.
and thef other executies the operating system and applications ~

- software. The memory\cohsists'of 2 Mbyte main memory‘and two 33

. oo\, " ) '
Mbyte winchester disk drives to zive a total-of about 53
/!’*"7“-»\ ’ ) ' . .
YMegaoytes. One disk supports the, application. §oftware and the
‘f -
7 : Lo
d;%ther serves the Users. The jraphics workstation uses two

et

processors as well, one to run the display and another the

bit=slice jzraphics generatorf' The 19, incn monitor has 1024 <« 7538

‘ /

N .
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pixels and supports 8 million shades of color. The operating

N

system run by the flecheus iszerkley ﬁNIX 4.1. Peripherals,
\\"iﬁglude an optical mouse for ease of operation, a Cipher F800 .

" magnetic tape d}ive,‘l Mbyte floppy disk drive, 300 baud modem,

-

~an HP 7580 pen plotter and a lineprinter. The Metheus also has

six RS-232C ports to 1igow links with other terminals and the

~ .
university main frameq(CP6). ¢

The work%ﬁation supports all the required software to imple-

ment the design methodology proposed, . as shown in figure 2.2.

.
ks

The blocks‘in figure 2.2 represent the software packazes on the
Metheus, and the circles are the files used or zenerated by the
. programs. The three library. files ére.che ones which were

2enerated in order to implement the design methodology, and is

the information that is contained in the Standard Cell Manual.

In order to implement a complete standard cell’library on the
system, a symbol for each primitive cell must be generated using

SYMED (Symbolic Editor). These symbols are stored in a library
' - o
directory with read ?nly access to each user. The user may also

generate his own symbols for documentation purposes and save _
these in his own account. SCHEDIT (Schemat;c Editor) is then* :

used to call up the desired primitives and wire them together to

form a circuit sc¢hematic. The individual circuit schematics are

stored in the users account. SCHEDIT is also used to 3eneraté

transistor-level scthematics for each of the cell symools in the

.tibrary. These transistor level schemdtics are saved in another
3

read only directory which can be acéesggd‘by all the users. T[he

-
E] . \
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-Generation (ATG)., Besides a,choice of simulatioa decks the

triusistor, schematics contain all the necessary information, such

as transistor aspect ratios (W and L), aand areas of drain and

-~
source (3§band AS) to allow simulation®decks to be constructed

from tne circuit schematic through SCH2SIM (Schemat1c to

n

Simalation). Note that SCH2SIM is being used as a zeneric name

to repfasent the actual prozrams used,"sdch ds SCHZIMF, SCH2SIM

‘

and SCH24IL0. When usinz SCH2SIM the user has a choice of

several output formats. These formats include a simulation deck
for SPICE, Mercury (Hz), or HILO. SPICE is a general purpose

circuit simulator performing .nonlinear dc, nonlinear traasient

and linear ac analyses of the design. More information on SPICE

may be found in Appendix I. Mercury (Hg) is a switchs level

(QSihulator for verifying the operation of combination®1 logic and

sequential circuits. Hg is based on an RNL simulation package
q 3 p g

developad at MIT. More details on Hz can.be found in Appendix I.

AILO is a szate level logic simulator thdt provides fault simula-

tion and can be used for test vector zeneration or Automatic Test

<

output for SCH2SIM can be directed to a Netli;t file where it can

“ -

_ - / )
be checked using ERC (Electrial Rulke‘Chec&er)., The ERC will-

' . T . . :
check for correct transistor types, 1ncomplete siznal paths, too

- A} . ’
many toreshold droos and pullup/oulldowa ratio errord.  The

—r

Netlist file can also be used to do comparison checks between
! " : Y . - - . .
3 : -

Netlists from schematics and layout:  The use of these software

—

- packazes 'will ensuye the Jdevelopment of the first three stages in

tne dési;n methodolozy. v



_Jlaving completed’ the function block schematics and simula-
tions the designer can now develop these circuit schematics into
layouts. This‘is done using PHLED (Physical Layout Editor),
which calls upon a standard cell layout library. The user calls

in the required cells and performs the required interconnect.

The functional block layout files created are then saved in the

16

users own workspace. From these layouts the required informationm ~

needed to build simulation décks for SPICEuaAQ Hg can be extract-
ed by using PHLEX (Physic31 Layout Extractor). By ruaning SPICE
and Hz simulacions on the layout files, the designer can verify
co&rect fgnctionality as well as determine éhe effects due to
interc;nnect capacitance. For larger files the designer can run
:SPICE simulations on CP6. PHLEX may also}be'used Lo extract a
Netlist file from the }ayout and this may be compared to the
circuit schematic Netlist using COMPARE. ERC may also be per- .
formed on.the layout Netlist fiie. Once, the. functional c¢circuit
;locks are operational and meet the required specifications the
designer then.cah use LEO (Design‘Rule Checker) .to detéfmine i1f

."the mask layers conform to the design rules. Note that LEO is

used wh;le iﬂ'PHL%B‘

1

The designer continues tﬁis pr;cedure until all functiomal
blocks h;ve‘been designed, simulated and checkedl Once the
.des;gns are fiqiqhed che user then calls the required pad frame
and functiohal blocks togethea co.cbmplece the layout. The
desigAet then perfo;ms DRC on the required intergonnect channels.

Once the design is error free it is easily converted to CIF and

sant on magnetic tape to the VLSI implementation centre .at

e
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Queen's University. There the design is merzed together with
other designs to form a multi-project chip. The projects are
converted into a péttern generator (PG) format and sent to,

Northern Telecom itd., as mentioned eariler.

After three to four months the desizner will receive several \
prototypes of the désigp which will be used for testing. The
verification of the designs ié done using the HP 8000 series test
statioq,made available by .CHC. The test station consists of an

HP 4145A semiconductor parameter analyzer for process parameter

measurements,‘a Wentworth probinz station, an HP 8180A data

generat;r for devéloping test vectors, and the HP 8182 data
a;;lyzer for response measuremenﬁs. For the purpose‘of this
tgesis the.HP 8180A and HP 8182A testing faciyities will be
examinedn

The HP 8180A [13] is a modplar, high speed (50MHz) program-
able data generator for stimulating multi-chanmel digital :
circuits. The operating éonc;pt is based atound,a-QRT and’soft-
kéys. Eight no;-re;urn-to-zero (NRZ) channels with data rafes
from lHz to SOﬂHz and 1 <bit memory, a;e used to stimulate the

desired inputs.of a chip. The results of these test vector

inputs are then observed using the HP 8182A.

The QP 8182A (14] is a modular, hizh speed data analyzer for
the analysis of multi-channel digital circpits. Its operation 1s .
also based around a CRT and softkeys. [t caﬁ’monitor eignt

cnannels with 1024 bits per channel memory and asynchronous or



u”

synchronous rates from lHz to over 50MAz. It also allows the

sampling point to be delayed with 100ps resolution with respect

a ’
-

to'the active clock slope. Other features include a real time
window compare with 100ps resolution for window width and place-
ment, andvr;al glitch deéection and storage, The active p;obe
inputs have an input. capacitance of about 7pf in order to

minimize loading on the chip outputs, Using these test facili-~

o,

ties the designer may now input several test vectors and monitor
the chips behaviour inm order to determine correct functionality.

Should the chip behaviour seem incorrect or faulty, the prober

may then be used Q%jﬁéobe'ﬁhe desired I/0 pads or signal paths

——

with glass openings. e ‘

The designer should now write a formal report on the project

outlining any difficulties experienced and results of his/her

‘testing in order that future students may use their work as a

starting point to building more complex integrated circuit .

desizns.
2.5 Standard Cell Library Ct ‘ v

’
¢

This section will.briefly describe the developmént of the
standard cell library as well as the detailed design of two
primitive cells. As mentioned earlier, the Standard Cell Manual

contains a complete list and description of all the standard

cells implemented for the design environment.

The standard cells are based on a 16u zrid system. Llb6u was

chosen as the srid size since this is the required pitch setween
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poly to metal ConiiClio da 4 ul s g0 b oo caaes Louad

e

-y
in Appendix I oﬁ\the Staadard Joll Maeaal. For aost saall cells
such as INVERTERs and WORs, tne cell widch will o2 Jd-torained by

the number of I/0 contacts to tae c21l. In jeneral the cell

< -

width is fouad to pe the auader of /0 cHhatazts ola- 1, rrid
spacinzs. Hence a 2 iaput HAND is 4 1rid 3940 i02s ta width and -
»

an inverter 1s 3. The I/0 coatacts to cne =ells are found N

both the top and bottonm to allow 2asy access for both inputs and

outputs. The zeneral cell structure is shown in fizure 2.3. The
contact functions are symmetric about the cell, hence if the

Y
output is in grid location 4 on the top, it 1is also found in

location & on the bottom. In this way the cells ﬁay be X-~axis
:

mirrored e;en after the, intercoonect has been laid out. This
will also allow easier development of auto-routing software. és
can be seep ia fizure 2.3 both Vdd and Vss (GND!) run horizon-
tally throuzh the cell, The Vdd rail is 9u in width, To allow:-
placement of a conta¢t within it, -and is found 48u from the top.
The Vss rail 1s simular gut lies 48u from the botCSm. 48u was
chosen.to'allow sufficient area to run two metal linés between
the ;ailé anh the [/Q‘qontacts. Beyond the Vss rail an NMOST .

. device well can exéend 23u. Beyond the Vdd rail a PMOST device
well‘cxn et 2nd ?Bu. This allows the PMOST ta have rouzhly
double the aspect ratio of the &HOST, winich will giye more svm-
metric rise aad faill ijmes. There is Lhen 23u lait petween tne
two device wells whichwis sufficient spacing to allow the place-

ment of a poly to aetal coniace. This yives 1 tatal ¢511 heizhe

of 13 3rids or 208u which is fixed for almost every‘cell. ‘The
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.

_only cells that do ot fol}ow these generQI rules are the input
protection and output driver devices. There are more rules
governing the placement and overlap of the remaining layers which
can be found in the Standard Cell Manual, ’
The library consists of 29 primitive cells. These include
several invérters with varied aspect ratios, multiple fan-in
hNANDs and NORs, latches and flip-flops with set and/or reset
;apanilities, two types of bass gates, an XOR, a 2 input mux, and

1/0 pad devices. ) ’

Ia thls section an inverter named Inverta wiﬁ} be examined
first. This inverter has a large aspect ratio and can be used to
drive signals that exhibit large loading conditions. The block
symbol and schematic symbol can be $ound id_figure 2.4 (a) and
(b)‘respectively. The block symbol shows the cell width of 3
grids as well as the I/0 locations. The input lies id zrid 1 and
the output in grid 3. The block symbol area (3 x 13 zrids?) can
be used to estimate the are; occupied by a circuit b;ocx before
it. is actually laid out. Also the block sympol can assist”in the
writing of auto-placement 4nd auto-routing sonVare. The schema-
tic symbol is used by'che schematic editor as mentioned earlier.
The load versus délay chart for the primitive is showﬁ in Eiéure

2.4(c). This chart is obtained from SPICE simulations by varying

: L}
the load capacitance and calculating the propagation:dekay. The
“ B ’
simulation deck is obtained from the layout with PHLEX, With

.
1l

this chart rough timing estimates can be made duriaz circuit

design. The input capacitanc¢e is ovbtained from;






