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e:nt.itled "Basic Cell for BiCMOS Gate Array f •
1 by Ab'ba.s El 

Gamal, in~orporated herein ~y referenca. 

E.IELD OF THE INY,ENTtOB 
· i·o This invantion relates. to ·integrat.iS!td circuits ana in 

partieular to Application Specific Xnteqrated Circuitsi 

which incluge proqr~able gate array$~ 

BACICGROtmD OF THJ.2 l:NVJ!iNTIQH 

J;lrograJDll\able gate arrays, sometimes ~ontainin9 ever 
l.9 one million transistors, are frequently used to craate. 

economical Application Specific :tntegrat.ed Ci2:'cults 
(ASXC) • A prograltllllable ga~e array may ~· metal mask 
prcgr~mmable, electrically progralPl'll.able, or laser 
prog~a:imnable. · In a mask pro9ra:wnable qate array, the 

20 silicon die containin~ the unconnactea transistors is 
ca1led a ma.ster slice or l'Q&S~er image. A usar who wish.es 
te customize a. Jnaster slice uses well.:..known soft:ware 
programs and predefined logic circuit ~onf igU~ations 
(macrocells) contained in ~· maci;ocell libra:i:::y to 

25 selectively interconnect the tr~nsistors wi~in the qate 
array to prov14e an ASIC. 

In cne ~ype of met~l mask programmable qate array, an 
array of cells is fot"a\ed on a chip.wherein each cell is 
comprised of a plurality of unconnected components. In a 

~o typical arrangement, there is a variety of types of 

components i:n each cell to enable ii. desi.9ner ot the 
naorooells to create varigus kinds of 109ic circuits 
within each cell a~ by ·usin~ a combinatign of ceils. 
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Ideall:s1'., each cell should contain an optimwn. nu"tf\ber and 
v~ri~t~ o~ components sa that the designer ~ay create a 
~i4e variety of macrocells using the shortest 
interconnect ~irQ lengths, usin~ a minimum amount of die 

5 area, and. using otit~r techniqUes for achieving high 
performance for each maarocell. 

~n a p~o9rammable qate ar~ay s~ature, CMOS 
transistors f:t"$qtlently _comprise the components of a aell 
d~e to the low powe~ co~aUll1ption or a CMOS device, where 

lO an N-ehannel and a ·P-chann.el MOSFET are connected in 
series between a power su~~ly ter~inal and ground. . . . . 

Because the 9atea ct these CM~S transisto~g a~e made 
common, cne transistor will be off while the at~er 
transictor wil1 be on, thus avoiding a low impedance path 

15 betwoan the power supply tendnal and g.rounda These CMOS 
t~ansistors may ce used.as building blocks to create a 
wide variety of maorocells. 

A conventional CMOS qate array ce11 is sho~n ih 
Fig. 1 and comprises a nwnber of equal size N•channel 

20 transistors 2 and a number of equal s12e P-channel 
t~ansistors 4. S~ch a cell is inefficient at impiementinq 
~e~ory element• $UCh as D-type flip flops and SRAM cells. 
and its output drive capability is very limit•d. ~he 

transistor sizes typieally ~•ad in such.prior art ealls 
25 are ~nnecessarily lar~e for driving nets with a low fanout 

of, fo~ example, one or two and are ins~fficient for 
drivinq nets wit:.h a high fanout exc•edinqr for example, 
five. Coneequenoes of usinq unnecessarily larq• 
trans1stor size$ for drivinq l°"' fanouta are that the 

30 relatively larqe input capacitances for the loqic 
macrccells res~1t in un~ecessarily hiqh dyna=ie pcwer 

~issi~a~ion and aleo unnecessarily biqh loading on cloe~ 
nets. 

Since the typiQal t~qnsistors are toQ small to 
35 adequately drive a fanout exceeding five, 

maeroeells must be conneoted in parallel, 
buffers mQst be introduced in the design. 

oewo or Jnore 
or separate 
These large 

. ., 
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resulting macrocells 9ive rise to inefficient chip area 
utilization and an inel:'eas~ in interacnnect 1enqth. 

Also in the prio~ art, to improve the ·efficiency of 
implem.ent:.ing Stu.M calls, OIOS qate array collS. with 

S N-ohanne1 transiatora of two diffa~ent sizes have been 
·used. The sma1ler size N-ch•nn~l transistors are 
typically 1ess than one. thi.::i:d the size of the largE!r size 
N~ehunnel transistors. These prior art cells may also 
incorporate small size P•ohannel transistors to perform 

io v~rious fun~tions• How~er, in cuch ce11s, the large 
t~ansistors a.re •till unnecessarily large for driving low · 
fanout ne~s and ·1na4~quate for driving high fanout nets, 
while the s~a1l t:ansistors are inad~quate fc~ drivin; 
almo$t all nets. G~era11y,. f.or these prior art devices 

15 to drive hiqh fanout nets~ two or more :maorocells must be 
connected in ~arallel or S*Parata l:nlffers •ust be 
introduced.. ~ .· 

tn the prior art, since the small size transistors 
used. in SRA.Me are typically not used f o-r itn.pl.elll.~ntinq 

20 logie macrccells, 5uch as D-flip flops, these logic 
:macrocells are area inefficient. Moreover, the input 
~apacitanoe for the •a~rocells is ~enera1ly unnecessarily 
hiqb. 

StJMMABY OF iHE J:NYJN~ON 
. 2s . A hi9hly efficient CMOS cell structul"e fer use in a 

•atal mask progral'!llnable gate array, such as a sea-of-gates 
type qate array, is disclosed herein. ln a b~sie cell, in 
eeeordanca with one embodiment of the invention. th~ee or 
m6re sizes of N-eh•nnel transistors and three or :more 

30 sizes of P-channel transistors are useQ4 The lar~er size 
transistors are incarpo~ated in a drive seo~ion cf a cell, 
Wh~1a the smaller size transistors are incorporated in a 
compute section of a cell. ~he larqer size tr~nsista~s 
may be used for drivinq hiqh fanout nets and even used to 

35 perfora loqic functions, While tbe smaller transistors may 

·. . ... 
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be usec( to impl.ell\ent SRAM ce1ls and logic:: fu.nctians ·and 

for dr1ving loW fa.neut nets. 
The particular transist~rs in the gompute and drive 

sections, and the arranqaments of the tran9istors in the 
s compu~e and drive sections. provide a hiqhly efficient use 

of eilicon ~eal es~ate while enablin~ the format~on of a 
wid4 vari·ety of pc:rocells to be fm:me.d. 

p!Ef DESCBJPT'l:ON OF TQ-DBAWINGS 
Fiq. 1 shows a basic prior art cell1 

10 Fiq. 2 shows a b~sia cell schematic for a prefer~ed 
elll))adiment cell in a mask prograllmlable eea-of-gates 
structure; 

Figs. 3a and Jb illustrate an SRAM built usin~ a 

single compute see~ion of the cell cf Fig. 21 

·l5 Fiqs. 4-7· show various ioqic circuits or macrocells 

Which may bo i~plemented "with th~ cell stru~ture and array 
layout .sho-.r1n in Piqs. 2 and s·; 

Figs. ea and ab i1lustrate sample tilinq of the 
co~pute ana drive sections in a mask proqrammable sea of 

20 qates struct\U'e; 
Fiq. 9 shows a preferred layQUt for a single compute 

sec~ion in the basic cell structure of Fiq. 2; 
Pigs. IOa-100 illust~ate dri~e sec~ions which may be 

used in conjunction with the compute aactions of this 
25 invention: 

Fiq. 11 illustrates ·a basic eAll in acc~danoe with 
the invention; 

Fiq. 12 i1lu~trates an ASIC devic~ incorpor~ting a 
9'ate ar:ray. 

30 ~~TAILEP DiSCR.XP~ION gr THE PREFERR!D EMJ'9DZM'ENg;: 
~he pref erred e~bodiment of the invention is 

illustrated in Fi9. 2, where a single •ask pro9ral\Ul'lable 
gate array cell contains one or more compute sections 6, 
a, 10 and :mil.Y contain a drive sections 12 or share a drive 

3.5 sac:tian with another cell. The mask prccp:aima.abie gate 

. i 
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array C:ell shown .. in Fi9. 2 i=ompri1Jes . N•channel. t:t"ansisto::s 
of three dif fe~e~t sizes and P-ehannel transistors of 
tbree di:C:eerent si.e~s. 'l'he l.arqest N•ehannel transistors \ 
14, · 15 anq the larqest P-ehannel transistors 16 r 17 are . 

5 located in d~ive section 12 -nd have channel widths lar9er 
than any transistors in ~Cll\pute sections 6, 8, 10. The 

. ~ediwtt size P-chahnel transistors 18-23 and medium si%e 
N-channel tr~nsistors 2'-29 are approximate1y half the 
size of the l~r~e P ant!l N-channel ~ransistors 14-17. The 

lO small N-channel transistor$ 30-JS are between 
appro~i:mai:ely one-halt and. one-t.hil:'d t:he size of the P and 
N-channel 11ul:diwu size tra.nsi~tors 18•29, ant\ the small 
P-channel ~ansistors 3'-41 are smallar than t:he sma11 
N-=ha~nei t~anaistars 30-35. The p•rtiou1ar channel 

15 widths and l•ngths (W/L) used in the prererred ambcdiment 
are illustrated in ~ig.·~. Bach compute section 6, s, lo 
is prefera.bl.y identical. 

The preferred embodiJnent Of the cell shewn in Fig. 2 
comprises three co~pute sections 6, s, 10 and one dr!va 

20 section 12, but any·nu~ber of compute sections and drive 
sections may be ~laced adjaca~t to one another to fcrm ~ 
stngie cel1. A single eo•pute eec~icn 6, a, or 10 
eomp~ises ~~o medium size N-ohannal transistQrs (e.g., 24, 
25), two small N-channel transistors (e~q., 30, 31), two 

25 medium s:Lee P-channel transistors (e.g. 18, l..9), and tvo 
s••ll P-~hannel transistors (e.g., 36, 37). 

The small and medium size t~ansi•tors in two ccmpu~e 
sections may be use4 to imple?D.ent two, si~-transistar SRAM 
ce11s, one o~ Which is shown in Fig. 3a. In Fiq. 3a. the 

30 small P-channel transisto~e 36, 37 a~a used as pull-u~ 
transistors in CMOS inverters so and 52 1 while the medium 
N-channel transistors 24, ~5 are used as pull-down 
transis~ors in inverters so and 52. This is illustrated 
in Fiq. 3b, whicb shows CMOS invert•~ so or 52. Sm.all 

35 N-channel transistors 30, 31 are used as pass transistors 
in the SRAM of Fig. la. 

•. 
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Tae n-~lip flcp o~ Fiq. 4 :may be constructed using 
the oo~plate cell of Fig. 2, havin9 three compute 
sections. Sach of the inverters is for.med using' er. meaiwn .• 
P-ohannel transistor for a ro.ec:Uum in parallel with a sm.al.l · ·., 

5 P~channel transistor) and a medi~m N~channel transistor. 
other transistors used in ~iq. 4 are shown with their 
relative sizes. 

Macrooe11s for driving low fanout nets (e.g., one to 
two nets) may be implement~d U5inq o~iy medium and s•~ll 

l.O s.iae transistcrs, such as the NANt> gate of Fig. S, using 
only a single co11puta se~t-ion. In Fig. 5, ·serially 
connected N-channel transistors 60, 62 a~e meoium size. 
Smail and ~adium size P-channal transistors 64, 66 are 
connected in parallel for addition.al ctrive capability. 

lS Maorooel1s fo:: drivin.g" medhll\t fanout nets (e.9., 
three to fi~a) •ay additionally use the larqe N and 
P-channel transistors residin.'l in the drive section as 
logic devices, sueh as lar9e N a~d P-channel transistors 
70 and 72, respectively;· illustrated il'l the four-input A:ND 

20 gate .of Fig. 6. 
For drivinq lu9e fan~ut nets (e.g .. , qreater than 

five nets), the transisto~s in two or ~ore d~ive sectio~s 
may be paralleled as ahown in Fi9. 1 where transistors 
74-77 are la~ge transisto~s. 

25 As •a~n, the par~icular devices containQd in each of 
the ccmputa sections of a cell make hi9hlt efticient use 
ot si1ioon real e~tat•. Zn addition to 't:he siqnifi¢ant 
area SaVin9s achieved USi~q tha small and ~Adium Size 
transistors to implement· loqie maerooells, the use of such 

30 transisto~s reduQes the input capacitive ioading of the 
Macrocel1s as ooIUPared to a conventional qate array. This 
is especiaily ~enef i=ial fa~ reducing dynamic power 
dissipation·and loading on clock net•. 

The polysilicon and diffusion connections bet~een the 
35 devices in e~oh compute section of a cell are chosen to 

en~ure routability between transistars within one ar more 
cells to.form mac~ooells. Th1s is important sinoe the 
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t~ansistor siaes in the compute sectio~s are significantly 
s~aiiar than in a conventional gate •~~ay ce1l, which 
ll\a.kes inte:connections between the t~an~istbrs in a cell 
lllore di:ffic:::ult. 

.. 

5 Tl\Q choice.of the number of compute sectlon.s for a 

cell to tho n~~ber of ~rive sections for the cell should . . 
be selected to opti~!ae the density of useable qates 

(i.e., the numb~r of gat•~ per unit araa). A low ratio of 
co~pute-to-drive sections has the advantaqe of high drive, 

10 but vastes area wheh implementinq large macrooells such -s 
D-f lip f1ops and •aorocells with low drive requiremell1:$ 
such as SRAM cells. on the other hand, G hiqh ratio of 
co:mpute-to-drive secti¢ns,. althouqh more efficient for 
implementin9 low drive mac~ocell• and_D-flip flops, will 

15 resul~ in inefficient implementation cf small maerocells 
(e.q., those havin9 tw~ input gates) and high drive 
mac~oceiis~ The aptimal ratio of oempu~e sections-tc­
driva sections for a cell ~epends on the statistics of 
macrocell usa~e in the tar9et Q•aigns and on the method o~ 

20 lc9ie aapping, 
Using an e>eperimental approach, I ha.ve determined. 

that a ratio of three computa sections for each drive 
section, as shown in Fig. a, appears to achieve the best 
area utilization. The optimal ratio wou1d, however, 

2~ change if the macrocell usage ~tatistics of the t~~qat 
desi~ns change. tn fact, it may be beneficial to usa more 
than cne ratio in the same master image. This is 
illustrated in Figs. Ba a~d Bb, ~here F,iq. 8a show~ ~ 
uni~orm master image with th~ee compute sections (e.9., 

JO ao, e1, 82) beinq associated with one drive section (e.g., 
83) , and Fiq •. Sb shows a non ... u.niform master ima9e with 
either four co~pute sections (e.g., 84-87) or t~o ca~pute 

~ections (e.~ •• as. 89) associated with a sinqle drive 
section (e.9., 90 o~ 91, respectiveiy). 

JS A preferred layout for each of the co~puta sactiens 
shewn in Fi9. 2 is shown in Fig. 9, In Pig. 9, the 
trans~stcrs are labelled to coincide with the transistors 

' \ .. 
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in -cc:mput:.a section 6 in Fig. 2. As seen :from !'iq. 9, a 
sinqle po1ysiliQon qate.100 is used for controllin9 

···.··tx-~ngisto.rs is, 36, and. 24 and a sint;tle polysilicon g-ata 
103 is used ~or controlli~ transistors 19, J7, and 25. 

5 separate gates 104 and ios control N-channel t:r:ansistor.s 
30 and 31 so.~hat these transistors may be ape~ated 
independently, such as·the pass transistors 30 and 31 used 
in the SRAH of Fi9. 3. The N and P ·tyP~ Ao~rcQ/drain 
diffusions for the ~arious ~ransistors a=~ show.n as the 

10 $haded a~eas in Fig. 9. ' As seen* the. center diffusion fo~ 
the .mediwn. and small P-channel transistors are made co:mmon 
by diffusea P-type canneetor.portion 110. 

~he structure of Fig. 9 may Re fQrme~ usin~ well 
known an~ conventional tech~iques. 

1~ By replaQinq the larqe· P-channel transistors in drive 
section 12 of Fig. 2 vith an ~PN bipolar transistor, a 
aiNM'.os-type drive~ may be addad to the output of 
~•croceils which results in signif ioant perfo~•anea 
im.prove:ntant. . 

20 O~her drive seotione such as cna cant•ining ~~Q NPl'i 
bipolar devices for implementing· a full BiCMOS buffer, or 
a d~ive section contain1n9 o~e NPN and one PNP bipolar 
tra~sistor for implementinq a co~ple~enta~y BiCMOS buffar, 
may be used with the disclosed compute sections. Figs. 

25 1oa-1oc il1~strate three exalllples of drive sections which 
may Re utilized in the ceLi o~ this invention. 

A basics c:el.l described il'l t_his specif ioation is shown 
in Fi9. 11 essel"l.tia.lly comprising one or more c:ompute 
sections containin9 sltla1l and me~ium size transistors and 

30 one or more d~iv~ sections containing large size MOS'FET(s) 
and/or bipolar transistors. If the driver po't"tion of the 
cell of Fig. 11 were eliminated and the transistors in the 
comput~ section(s) made large~ to d~ive larqer loads, the 
resulting cell would still be very advantageous. 

35 Fig. l~ shows an ASIC i2o which contains array 124 
comp~ised of cells, such as tne cell of Fi~s. 2, s, and 
11, which ~ay or m~y not be ~etallized. In this ASIC, the 

.. 
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area of the chip~outside of: array 124 may contain other 
circuitry connected to interact.with array 124. ASIC 120 
~y aisa contain a plur~lity of.arrays 124. 

The main differences bet~een the ccnupute section 
s dascribed in this specif~cation°end the compute section 

primariiy described·in my Applic•tion Serial 
Ne. 07/524,183, 1ssued as Patent No. 5,055,7i6, are~ 
l).tne addition cf a s~ll size P-cbannel transistor in 
each comp~te section; 2) not requiring that the medium 

10 P-channel tl:'ansistors·have ·less current handling 
capa.bil1ty than the·sma11 N-channel t~•nsistcr; 3) a . . 
re4~ction in the·s~ze of ••ch cgmpu1:e secticn; and 4) the 
details cf the polysili~on and diffusion preconnections. 

WnilA particular embodi:ments Of the present invention 

i5 have b*en shown and described, it will be o~vious to those 
skilled in the art that changes and modifications may be 
~ade without departinq frOlfl thi~ invention in i~s ~r=a~er 

aspects and., therefore I•· th$ Uppended Claims are tO 
encompass within their &cape ~lso Qftanqes and 

20 modifications as forvard in the t~ue spirit and scape of 
this invent:.iona 

: i 
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cLAms··. 

::C Cltlil'l ! 

l.. A b~sic ¢ell £0~ usa in mask proqrammable qate 

array, said cell co~pr1sing! 

S th~ee or l\lOra sizes qf N-channel transistcrs, 

10 

whe~e siza·eorresponds to channel width; and 

three o~ ~are sizes of P-channei transistors. 

·2. The ba~ic oe11 of claim. i wherein said th~ee 

sizes of N-channel tran&istors eomprisa: 

and. 

one cir mare:smal.l size N-channel transisti;irs1 

one er more: m.ecU •. um size N-channel transistors; 

on• er ~ore lar~e size N•c:hannel transistors; 

and •aid thr~e sizes of P-channei transistors compri$e; 

15 one er m~e small siz~ P-channel transistors~ 

one or =o~e meoima size P-channe1 transistors; 

and 
one or more lar9e size·P-channel transistor•, 

wherein said medium size N-channel and P-channel 

ao trGns~~to~s are at least twioe the size of saio $Utall 

size N-channel and P-channel transistors, 

respectiveiy, and 
said larqe si2e N-channel and.P-channel 

transistors are iarqer than $aid medium size 

25 N-channel and·P-channal transl.stcizrs, :respectively. 

3. A basic oell for use in a mask programmable gate 

array, said basic cell oo~p~isinq: 

one or more substantially rectanqula.r compute 

sections.and one .or more drive eections, said one or 

JO more drive sections comprising MOS transistors 

substantially lar9er than any MOS transistors in said 

one or more compute.seotions. 

4. A oasic cell fer use in a mask pro9X'ammable gate 

arr~y. $Qid cell co•prisin9: 

' ""'" "''" '"" "'" " "" * C l M S * 

: ! 

·, 
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•· one or ..:zn.ore sul::s•i:an1:.ially reotangu1ar comp~te 

sections and one or·more dri~e secticns, said one or 

mere drive sections ccmpri~inq one or mere 

transistors which are different than t~ansistors in ·, 

said o~ or mo~e co~pute sections, eaeh compute 

seetion com~risinq: 
one or ~ore s~all size N-chann~l 

transistors; 
one or more :mecSium size N-channel 

tranaistor.s; ' 
cne or more small siae F-channel 

. . 
transistors; and 

ona or.more medium size P-channel 
·tt::'anAistors, 

15 said sma11 size N-channe1 and P-cb.annel 
transistors havin~ narrower channel widths than said 

medium size N-channel and P-ehannel transistors, 
respectively .. 

S~ The ba~ie 0611-of Claim.4 wherein said channe1 

20 widths of said small s·ize ·N-c:1hannel and P-channel 

transistors are less th~n approx.im.a.tely ona•half the 
ohanne1 widths of said •e4ium size N-channel a.nd ~~ehannel 
transistors, ~e$pectively. 

6. A basic call for use.in a =ask proqrallUA.able gate 

25 array, said cell comprising one or more ~ompute sections, 

a compute section comprising: 

30 and 

one or =ore s~a1l size P-chanpal transistors; 
one or ~ora mediu~ size P-Qharmel transistors; 

one or more small size N-channel transisto~s; 

cnQ or more medi~m siaa N-channel transistors, 

said medium size P-channel ~ransistcrs havin~ ~ 
channel width at 1east appro~ilnate1y twice t.he 

Channel width of said small size P-channel 

35 transistoz:as, said med.iutn size N-channel transistors 

I 1\111\l \\\~~~II 1\\1 
* t 
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h~vi~q a cha~nel 'Wic:l~h.a.t. least: approxi'Dl.ately twice 
the cha:rmel width of said.sm.ail size N-channel 
transis~ors,. and said small 8iae P-~annel 
transistors havin9 a· channel width smaller than sai4 
s)ltall size N-channel transistors, 

qates·cf one of said ~mall size P-ehannel 
transistors, o:ne of said medium size Ei-channel 
transisto~s, and one.of said mediwn size N•channel 
transistors beinq .co~nec~ed in commcn by pc1ysili~on, 

io qates of sai~·small size N-channel transistars 
beinq i·sal~te~ from . qat~s of. ·said.· small and medium 
size P-ahannei·transistors and frQlU q•tes cf said 
~edium siae ~-channel·t:ranaistors. 

7. The basic cell of Claim 6 wh•rein sa~rce regio~s 
1S of saia one or more small size P-channel transistor9 ~na· 

said one or more me~i~m size P-channel transistors a~e 
connected ~y N•typa diff~ai?~6 

Sr The basic ¢ell of Clai~ ~ furt.llar oomprisinq one 
or more.drive sections, a drive section comprising one or 

20 more transistors Which are different than transistors in 
sai4 one or more compute sections. 

9. An ASIC containing a.n array of cells, aach of 
said cells compricinq: 

three or.more sises of N-chann~l tr•nsistors, 
. . 

25 where size corresponds to channel width; and 
three or more sizes of P-channel transistor.s .. 

10. An ASIC containing.an array ot"cells, each of 
said cells ~omp·ris"inq: 

one or more substantially reetanguiar compute 
30 sectioas and nne o~ more drive sections, said one ar 

~ore drive sections comprisin9 one or more 
transistors which are different than transistors in 

11\\1\~ IU\~ \\~I II\' II 1\\1 

· . .. 
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said. on.e or· -more coltlpu.te sections!. each compute 
section oomprisinq: 

one or more sina.11 size N-cna~nel 
t:-ansistors; 

one or ~era medium si&e N-~ha.nne1 
transistors; 

one er ~or~ sl'll8.ll size P-ohannel 
transis~ors; and 

one or ~ore· medium size ?-e~anhel 

·10 t:ransistors, 
said small size N-channel and P-channel 

transistors havin9.narr9~~r· cbannei widths than said 
•e4iWQ. size N-ehannel and P•chan~el transistors, 
respact!veiy. 

15 11. An ASIC oontairl.inq an array of =e1ls, each of 

20 

said ce1ls com~risin9 one ~r more compQte· saaticns, a 
co•pute sectian compri~ing: 

and 

one or •ore smai1 .size P-ohannel transistors; 
cna or .more·me41UJa size P-channel t~an~isto~s; 
one or mere •~all size N-channel tran•isto~s; 

· one or m6re medium size N-channei traneiators, . . 
said medium size P-cbannei transistors having a 

channel ~idth at least appro~imatel~ twice the 
25 channel width of said small size P-ehannel 

transistors, said medium size N-channel transistors 
havinq a o~nnel -iath at least a~roximately twice 
·the channel width o~ s~id small size N-channel 
tl:'ansistors, and s.aid slD.all siee · P-chann.el 

30 transistors havinq a channel width smaller than said 
small size ~-ch~nnel tr~nsi5tors, 

9ates cf one ot said s~ll size P-cha.nnel 
transistors, one of said mediu~ size P-channel 
transistors, and one of said ~edium size N-channel 

35 'b:'ansistcrs being oonneoted in common by po1ysilieon, 
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gates of said. small size N-ch~nne1 1:.ransaistors· 
~ein9 isol~ted. from q•tes of said sma~l and ~edi'Wn 
size P-ehannel transistors ~nd f~om gates of said 
m.edi\llll size N-channel transistors. 

5 12~ 'l'he .basic· cell.of .claim 3 ~he~ein eaeh of said 
one or ~ore drive sectione co~prises a ~lura1ity of 
tr•nsistor• for use as pull-up transistc:a in a sing1e 
mAorooell and a p~urality of ~~ansistors fo~ use ~s pull­
down transistors in said si~gle macrc~el1, said plu~ality 

10 of pull-up and pull-~own tr~sl~tors ~·~nq p~o9ra:mmably 
connecta.~le so as. tc .. provid-e. s~id macrcu:e.l_l with a variet.y 
of output d.riv:Lng capabi·lities. · · 

13. 'l'he basic cell "of .C1aim 3 Wherein each of said 
one or ~o~e driv~ sections comprises one or more 

15 tra?isiators fo~ use as pull-up transistors in a sinqle 
•acrccall an4 a plurality o~ transisto~$.f~r. use as pull­
do~n transistors in said sinqle ma~~o~eli, said plu~ality 
cf pull-down transistors bei~q proi;-r~mmablY connectable so 
as to provide said ~ac~ooeil with a variety of output 

20 drivinq·oa~abilities~ 

14. ~he basic c.ell a£ Claim 3 who~ein each of sQid 
one or mo~e dri~e sections comprises a plurality of 
t~ansistors far use as pul1-up t~ansistors in a single 
macrocell and cne_or mo~a transistors for use as pull-down 

45 transistors in said ai~ql~·macrocell, said plurality ot 
pt.lll•up transis:tors being proqrammatlly connec:ta:ble so as 
to provide said ~acroc~ll with • .variety cf output driving 
capabilities. 

15. The basio cell of Claim 4 wha~e~n each of said 
30 one or ~ore drive sections comprises a plurality of 

~ransistors for use .as pull-up transistors in a s1nq1e 
ma~rocell and a plu~ality of ·tr~nsistors for use as pull­
down transistors in said single maerocell, said plurality 

.. 
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of pull-up and pull•down transistors being progra1M11ably 
conneetable so as .~o provide said macrocell with a variety 
of output driving ~•pahilities. 

16~ The baoio cell of Claim 4 wherein each of said 
5 one or more drive seetions comprises one or •o~e 

transistors fo~ ~se as pull-~p transistors in a sinc;le 
macrccel1 and a plurality of tran$~stors for ~se as pull­
down transishors in said s~nqle macroaell, said p1urality 
of pu11-down ~ran~i~tors being_proqrammably connecta.ble so 

10 as to provide ca14 ·:macrocell with a variety of output 
driving capabilitie• •. 

17. 'l'he basic cell·'of Claim 4 wherein each o:f said 
one or 11tore drive. ·seet:ions comprises a plurality of 
tr~nsisto~s for use QS pull-up transistors in a single 

is macrocel1 an4 one or •ore tra~sistors ·far use as pull-down 
transistors in said single maoroc:ell.:, .said plurality o:r 
pull-up transistors beinq proqralnl\\ably connectable so as 
to p~ovide said ~a~rooell with a variety of o~tpu~ driving 

cap~~ilities. , 

20 18. The basic call of clai~ lO wherein eac:h o~ said 
one Q• mare dri~e see~ions comprises a plur~lity of 
tJ;"ansi.$tors ~or use as pu11-up transistors in a single 
macrocell. a.nd a plurality cf transistors for use as pull­
down transistors i~ said single macrooell, said piurality 

25 of p~ll-up and pull-down t~ansistors being pro9ramma.bly 
connectable so ~s.to provide said ma~rocel1 with a variety 
of output drivinq capabilities. 

i9. The ~asic cell of Clai~ 10 wherein each ot said 
one or more drive sections compriaaa ane or more 

30 transistc~s fer use as pull-up transistors in a ainqle 
mae~ocell and a p1urality of transistors for use as pul1• 

-. 
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clown tr'ansistors ·in. said single aacrot:iell, Qaid plurality 
of pull-down tratdzisto:z:os being procp:ammably c:onnectable so 

QS ta p~cvide said macrccell with a variety of output 
drivin9 eapabilities. 

s 20. The ba:sic cell of: Claim 10 wherein each cf' said · 

cne er •or& drive sections comprises a plurality of 
tra.rssistors: :ror use as pull-up transistors in a sing-la 
macrocell •nd one or moFe transistors for use as pull-down 

transistcra in sai~ si~gle macro~ell, said plurality o~ 

10 pull-up transistors bein9 pro~raltllllably conhactable so as 

to provide said ~acrocell with a variety of cutput driving 
capabilitiesr 
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