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IEL F _THE [v)
© 10 This invention relates to integrated circuits and in
part'.z.cular te Applicat:.on Specific Integrated c.i.rcu:.ts,
which include programmable gate arrays. -

BACKGROUND OF THE TNVENTION
Programmable gate arrays, sometimes containing over

15 one million transistors, are freguently used to create
aconomical Appiication_Specific Integratad Circuits
(ASIC). A programmable gate array may de metal mask
programnable, electrically programmable, or laser
programmable. In a mask programmable gate array, the

20 silicon die containing the unconnacted transistors is
called a master slice or maskter imaga. ‘A user who wishes
to customize a master slice uses well-known seftware
programs and predefined logic circuit configuratiens
(macrocellis) contained in a maczrocell library to

25 selectively interconnect the transistors within the gate
array to provide an ASIC.

'In ohe type of metal mask programmable gate array, an
array of cells iz formed on a chip wherein each cell is
comprised of a plurality of uncomnected components. In a

30 typical arrangement, there is a variety of types of
compenents in each call to enable a designer of the
nacrocells to create various kinds of logic circuits
within each cell or by using a combination of cells.
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(ASIC) A progranmabl e gate array may be netal nmask programmabl e,
el'éctrically programmable, or |aser programmable. In a mask programmabl e
gate array, the 20 silicon die containing:the unconnected transistors is
called a naster slice or nmaster inmage. A user who wi shes to customize a
master slice uses well-known software prograns and predefined logic circuit
configurations (macrocells) contained isn2a-macrocell library to 25
selectively interconnect the transistors within the gate array tlygrovide

an ASIC. |n BieallPe ercheeallnabauls spniiaddblon grtdmin pymber y of
cell's is forvagiony soghbpmpbaests £80thae!thd amweﬁ@&yofeweaﬁejral ity of

oenor corpOVEEHey b SelE-H Loy Ml 0 1Y
create vari CtREQFFRBNBET| sére tergthsg using a minmum ‘amount of die oo
§ area, and using other technigues for achieving high '
performancs for each macrocell.

In a programmable gate array structure, cnos
transistors frequently comprise the cempenents of a cell
due to the low power consumption of a CMOS device, where

10 an N-channel and a P-channhel MOSFET are connected in
sexies between a power supply texrminal and ground.
Because the gatas of tnese CMOS transistors are made
common, one kEransistor will be off while the other

‘transisater will be on, thus aveiding a low impedance path

15 bstween the powar supply terminal and ground. Thess CMOS
transistors may be used as bullding bleocks to create a
wide variety of macrocells.

A conventional CMOS gate array cell is shown in
Fig. 1 and comprises a number of equal size Nechannel

20 transistors Zz and a number of egual size P~channel
transistors 4. Such a cell is inefficient at implementing
menory elements such as D-type flip flops and SRAM cells,
and its output drive capability is very limited. The
transistor sizes typically used in such prior art c¢alls

25 are unnecessarily large for driving nets with a low fanout
of, for example, one er two and are insufficient for
driving nets with a high fanout excaeseding, for example,
five. Conmequences of using unnecessarily large
transistor sises for driving low fansuts are that the

30 relatively large input capacitances for the legic
macrocells result in unnecessarily high dynamic power
dissipation and also unnecessarily high loadlng on esloek
nets, . _

Since the typical transistors are too small to

35 adequately drive a fanout exceeding five, two or more
macrocells must be connected in parallel, or separate
buffers must bs introduced in the design. These large



mnthln each ceII or sing a conbi nati on of ce“__;___~ | deal 1y,

each céhh an optimum nunmber and v§ CoRpanen Yo}
t hat - the create a wide variety of njg ﬁyﬁHASQEEm.
shortest wire lengths, using a ninifumandikAGIDdie § area,
and usi ng other technlques for -achi eving high perfornance foreach -
macrocell. In a programebl e gate array gtructure, CMOS transistors

frequently conprise the conponents of a cell 10 an N-channel and a
F- channel IVESEEIﬁm oreiclds Give rdsebebvenareipoeat euppl uxieer m nal

and ground utilization and an increase in intercennect length.
Also in the prior art, to improvae the efficiency of
.implementing SRAM cells, CMOS gate array <¢ellis with ”‘_
5 N-channel transistors of two different sizes have been '
uged. The smaller size N-channel tranzistors are
typically less than one third the size of the larger size
N-channel transistors. These prior art cells may also
~ incorperate small sigze P-chahnel transistors to perform
10 various functions. However, in such cells, the large
transistors are still unnecessarily large for driving low .
fanout nets and inadequate for driving high fanout nets,
while the small transistors are inadequate for driving
almost all nets. Ganerally, for these prior art devices
15 to drive high fanout nets, twe or more macrocells must be
connected in parallel or separate buffers must be
introduced.
In the prior art, since the small size transistors
used in ERAMs are typically not used for implementing
20 logic macrocells, such as D-flip flops, these legic
macrocells are area inefficient. Moreovar, the input
capacitance for the macrocells ie generally unnecessarily
high. ‘

¥ e IO
. 25 ‘A highly efficient CMOS cell structure for use in a

metal mask programmabie'gate array, such as a sea-af-gates
type gate array, is discléosed herein. In a basic cell, in
accoxdance with one embodiment ¢f the invention, three or
nore sizes of N-channel transistors and three or more

30 sizes of P-channel transistors are used. The larger size
transistors are incorperated in a drive section eof a cell,
while the smaller size transistors are incorporated in a
compute section of a cell., The larger size transistors
may be used for driving high fanout nets and even used to

35 perform logic functions, while the smaller transistors may



Because t he gates of these CMOS transistors are nmade common, one transistor
wi'll= bahﬁhhwwhbm&mne ot hdr transistor will be on, thus av0|ding a |l ow

I mpedanc en the power supply ter ese CMOS
transi st d as building blocks to aies apgrdebfﬁﬁNe y of

macr ocel onven ronal CMOS gate array cellllis shgmnALﬁDFlc. and
conpri ses a nunber of equal size N-chaangl-20 t o=~ and a nunber of
equal sise P-channel transistors 4. Such a cell is inefficient at '
i npl ement i nBenBReAy ta dmpienentc FRAY eelipeand| jeqiopSunaticmaandel |'s, and.
Its out put gbrvaanﬂmgiubhyfaaauerﬁehgm1ted The transistor sizes

G Pving mets w t o2 BArttctzad Ergﬁ%'ﬁté%ané HRETESRRAEL dnudbdlye® -,
i nsuf fi ci enﬁep§#°§ﬁavﬁﬁg’- Fes agrengamaAnss o n%hﬁ trensishorsr dn Shanpl e~
5 compute and drive sections, provide a highly efficient use
of silicon real sstate while enabling the formation of a
wide variety of macrocells to be fgrmed.

BRIEF DESCRIPTTION OF THKE DRAWINGS
Fig. 1 shows a haéic prior art cell;
1.0 Fig. 2 shows a hasic cell sshematic for a preferred
embodiment ¢ell in a mask progrémmable sea~-of-gates
structure;

" Figs. 3a and 3Pk illustrate an SRAM buillt using a
single compute section of the cell of Fig. 2;

15 - Figs. 4-7 show variolus logic e¢ircuits or macrocells
which may be implemented with the cell structure and array
layout shown in Figs. 2 and 8}

Figs. 8a and gb illustrate sample tiling of the
compute and drive sections in a mask programmable sea of

20 gates structure;

Fig. 9 shows a preferred layout for a single compute
section in the basic cell structure of'Fig. 27

Figs. l0a=10c illustrate drive sections which may be
usad in conjunction with the compute sactions of this

25 inventien; ' '

Fig. 11 illustrates a haszc call in accordance wWith
the invention;

Fig. 12 illustratas an ASIC device incorporating a
gate array.

30 DETAILED DBSCRIDTI ¥, PREFERRED EMBODIM
The preferred embodiment of the inventicn is
illustrated in Fig. 2, where a single mask programmable
gate array cell contains one or more compute sections 6,
8, 10 and may contain a drive sections 12 or share a drive
35 section with another cell. The mask programmable gate



five. Consequences of using unnecessarily large transistor sizes for
dri'ving | ow fanouts are that the 30 relatively large inhput ca pacitances
for the logic macrocells result in unrecessarily high dynam c power

di ssipation and al so unnecessarily high | oadi-ng on.clock nets. Since the
typical transistors are too snmall to 35 adequately drive a fanout exceeding
five, two or nore macrocel I's nust be cen@eeted in parallel, or separate

buffers nmust be introduced in the design. These | arge [err] -3-
resul ting neTsoRel $elyi shovnsinBigyna [anpmiseenNye el transistorzs

of three different sizes and P-channel transistors of
three different sizes. The largest N-channel transistors ',
14, 15 and the largest Pe~channel transistors 16, 17 are . ‘.
5 located in drive section 12 ahd have channel widths larger
than any transistors in compute sections 6, 8, 10. The
. medium size P-channel transistors 18-23 and medium size
N-channel transistors 24-29 are approximately half the
size of the large P and N-channel transistors 14-17. The
10 small N-channel transisters 30-35 are between '
approximately one-half and one-third the size of the P and
. N=channel medium size transistors 18«29, and the small
P=channel transistors 36-41 are smaller than the small
N-channel transistaors 30-35. The particular channel
15 widths and lengths (W/L) used in the preferred ambodiment
are illustrated in Fig. 2. Each compute section 6, 8, 10
is preferably identical. .

The preferred enboediment of the cell shown in Fig. 2

comprises three compute sections €, 8, 10 and one drive

20 section 12, but any number of compute sections and drive
sectlions may be placed adjacant to one another te form a
single cell. a éingle compute secation 6, 8, or 10
comprises two medium size N~channel transistors (e.g., 24,
25), two small N-channel transistors {(e.g., 30, 21), two

25 medium sige P~channel tranaistors (e.g. 18, 19), and two
small P-~channel tranaistors (e.g., 36, 37).

The small and nedium size transistors in tweo compute
sections may be used to implement two, six-transistor SRAM
cells, one of which is shown in Fig. 3a. In Fig. 3a, the

30 small P—channel-tfansistors 36, 37 are used as pull-up
transistors in CMOS inverters 50 and 52, while the madium
N-channel transistors 24, 25 are used as pull-dewn '
transistors in inverters 50 and 52. This is illustrated
in Fig. 3b, which shows CMOS inverter 50 ey S52. Small

35 N-channel transistors 30, 31 are used as pass transistors
in the SRaM of Fig. 3a. '



utlllzatlon and an increase.in interconnect length. Also in the prior art,
to i-nprove the efficiency of inplementing SRAM cells, CMOS gate array cells
with N 5 channel transistors of two different sizes have been used. The
smal l er size-N-channel transistors are typically less than one third the
size of the larger size N-channel transistors.:- These prior art cells may

al so incorporate small size P-channel tra&nsistors to performvarious 10
functions. However, in such-cells, the large transistors are stil

unnecessari |y | artRe {BrEHPVERER | 9% Fighod M¥ PearaneEEnEteas: 82488 driving -
hi gh fanout ting ssomplétat bellndt | Figansi Hawingathresadegpate for driving
al most al | rﬁ&ié}‘?&eraﬁéﬁh afrt%‘eﬁ'ﬁréirﬂ s 3! f@@%ﬁbgeﬁsiﬂgd% }ﬁ%:ﬂ'ugh 15
fanout nets roce P& Confec I'n para :

separate buffihangel Eéaﬁﬁﬁﬁ%cw 3 paHan inopagai led Héé"ht Re SHRHY S ze

tranSIStOGSP*ehannel transistor) and a medium N~channel transistor.
other transistors used in Fig. 4 are shown with their
relat;ve sizes.

Macrocells for driving low fanout nets (e.g., one to
two nets) nay be implemanted using only medium and small

10 sige transistor=, such as the NAND géte of Filg. 5, using
only a single compute section. In Fig. 5, serially
connected N~channel transistors 60, 62 are medium size.
Small and madium size P-chaunel transistors 64, 66 are
connected in parallel for additional drive capability.

15 Macrocells foxr driving medium fanout nets (a.g.,
three to fiva) may additionally use the large N and
P-channel transistors residing in thae drive section as
loegic devices, such as large N and P-channel transistors
70 and 72, respectively, lllustrated in the four-input AND

20 gate of Fig. 6. '

For driving large fancut nete (e.g., greatex than
£ive nets), the transistors in two or more drive sections
may be paralleled as shown in Fig, 7 vhere transistora
74-77 are largs transistors.

28 As saen, the pareicular devices contalned in each of
the compute sections of a cell make highly efficient use
of silicon real estate. In addition ta the significant
area savings achieved using tha small and wadium size
transistors to implement logic macrocells, the usa of such

30 transistoxs reduces the input capacitive loading of the
macracells as compared to a conventional gate array. This
iz especlally beneficial for reducing dynamic power
dissipation.and leading on clock nets.

The polysilicon and diffusien connections between the

35 devices in each compute section of a cell are chos=en to
ansure rontability between transistors within one or more
cells to form méc:ocells. This is important since the



used in SRAMs are typically not used for inplenmenting |ogic macrocells,
such as D-flip flops, these logic 20~ macrocells are area inefficient.

Mor eover, the input capacitance for the macrocells is generally
unnecessarily high. According to the present invention, there is provided a
mask programmabl e cell prior to programm ng conprising: 25 a conpute
section or a plurality of subsfantially vdentical conpute sections, the or

each conput ect.i gn bei st tla rectangul ar and g¢ong ai ni ng, MOS
transistors%f%Psﬂégﬁﬁ?éﬁﬁﬁﬁi tFrﬁﬁEFg?%ﬁsar%nﬁl%pggieﬁng%Xtion
or a plural Bmyléiersmrariﬁaﬁlgonmz‘mml gate ¥riay sektl; owBichhe or each
drive secti paxee Ihtetsdindditlidns MRAMARAULAER SPSN40SP6LSI 1§ QNgedl NDJ €

&Fﬁt%rgpséﬁ§'k%sg?g§¥§§§ hgnpﬁltﬁgdé? Zggﬁtantlally | arger than a channé

The choice of the number of compute sectlons for a A
cell to the nupber of drive sections for the cell should
ke selected to cptimize the density of useable gates
(i.e., the number of gatas per unit area). A low ratio of
compute-to-drive sections has the advantage of high drive,

10 but wastes arsa when implementing large macrocalls such as
D-£1ip flops and macrocells with lew drive requirements
such as SRAM cells. ©On the other hand, a high ratioc of
compute—to-~drive sectiohét although more efficient for
implementing lew drive macrocells and D-flip flops, will

15 result in inefficient implementation of small macrocells
(e.g., thoese having two input gates) and nigh drive
macrocells. The optimal ratioc of compute sections-to-
drive sections for a cell depends on the statistics of
macrocell usage in the target dasigns and on the method of

20 logie mapping,

Using an experimental approach I have determined
that a ratio of three compute sections for each drive
section, as shown in Fig. 2, appears to achieve the best
area utilization. The optimal ratio would, howevel,

25 change if the macreocell usage statistics of the target
designs change. In fact, it may be heneficial to use more
than one ratic in the same naster image. This is
illustrated in Fxgs. 8a and 8b, where Eig. 8a shows 2
uniform master 1mage with three compute sections {e.g.,

30 80, 81, 82) being associated with one drive section (e.g..,
83), and Fig. Bb shows a non~uniform master image with
either four compute sections (e.q., 6§4-87) or two compute
sections (e.g., 88, 89) éssaciated with a single drive

section (e.g., 90 or 91, respectively).

35 A preferred layout for each of the zompute saections
shown in Fig. 2 is shown in Fig. 9. In Fig. 9, the
transisters are labelled to coincide with the transistors



conpute section, gates of the or each drive section MOS 35 transistors
bei'ng isolated fromgates of the MOS transistors in the conpute section or
sections, the or [err] - .3a - each drive section MOS transistor b ing
for connecti | to other transistors, wherein the cell conprises: two or
nore small size N-channel transistors, where size corresponds to channel
w dth; two or nore nedium size N-channel & ansi stors, at |east two of the
medi um si ze N-chanpel transistors sharing a conmon N-type diffused dopant
regi on; one i oREREer §eckion f tnafkey 2+ adst |eens Triomo Fda-ndr.ec asmal |

si ze P-chanreingXansoIy9iticandyatd 060 ¥ Qised for contrelling
Hotransistors 18, 36, and 24 and a single polys;licon gate
102 is wsed for controlling transistors 19, 37, and 25, .
5 Separate gates 104 and ius contrel R-channel transistors
30 and 31 so that theése transistors may be aoperated
independently, such as the pass transistors 30 and 31 used
in the SRAM of Fig. 3. The N and P type source/drain
diffusions for the various transistors are shoewn as the
10 shaded areaa in Fig. 9. As seen, the center diffusion for
the madium and small P-channel transistors are made common
by diffused P-type connector portion 1io. _
The structure of Fig. 5 may be formed using well
known and conventional techniquesl
15 ' By replacing the large P-channel transistors in drive
section 12 of Fig. 2 with an NBN bipolar'transistor; a
'BiNMbS-type.driVep may be addad te the output of
macrooells which results in significant perfcrman:e
inprovemant. .
20 Other drive sections such as one containing twe NPN
bipolar devices for implementing a full BiCMOS buffer, or
a drive =ection containing one NPN and onhe PNP bipolar
transistor for implementing a'cemplementary BicMOS bhuffar,
may be used with the disclosed compute sections. Figs.
25 l0a~=l10c illustrate three examples of drive sections which
may be utilized in the cell of this invention.
A basic cell describad in this specification is shown
in Fig. 11 essentially comprising one or more compute
sections containing small and medium size transistors and
30 one or more drive sectiens containinq large size MOSFET(s)
- and/ox bipolar transistors. If the driver portion of the
cell of Fig. 11 were elininated and the transistors in the
complite section(s) made larger to drive larger loads, the
resulting cell would still be very advantageous.
35 Fig. 12 shows an ASIC 120 which eontains array 124
comprised of cells, such as the cell of Figs. 2, 8, and
11, which may or may not be metallized. 1In this ASIC, the



medi um si ze P-channel transistors, at |least two of the 10 medi um si ze °

P- ¢hannel. transistors shari.-ng a common P-type diffused dopant region, gates
of one or nore of the small. size N-channel transistors being isolated from
gates of. the medi um size N-channel transistors, a gate of one or nore of

t he nedi um si ze P-channel transistors and a gate 15 of one or nore of the
medi um si ze N-channel transistors bei ng ®@mected together by polysilicon
prior to programing said cell. Thus, a highly efficient CMOS cel

structure f@FedsoOE LD FRERLIGR RF AR i may Genrain, Qrhar o

sea-of - 20 cigRiAtry RfomGECtSd rey, Lhteior wigt g L24d.n admsixeael |,

N channel -t o ores ContRns SoMuMadal of R A "1 %1 L ansi stor s are
used. The |arger e mainRifferances Peevween e cowureSerdiattion of a
5 described in this specification and the compute section
primarily described in my Application Serial
- No. 07/524,183, issued as Patent No. 5,055,716, are:
1).the addition of a small size P-channel transistor in
- each campute section; 2) not requiring that the medium
10 P-channel transistors have less current handling
capability than the-smaill N-channal transistor; 3) a
reduction in the size of each compute section; and 4) the
details of the polysilicon and diffusion preconnections.
While particular emhodimenté of the present invention
15 have been shown and described, it will be obvious to those
skilled in the art that changes and medifications may be
made without departing frem this invention in its broader
aspects and, therefbre,hthe appended ¢laimg are to
encompass within their scope also changes and
20 modifications as forward in the true spirit and scope of
this invention.



25 168 khect HABBLR REfM2es TR | €1 Size transistors are incorporated in a conpute

sectl he | arger size transistors nmay be_u 1 'hi gh
f anout mm‘nﬂy used to performlogic function | 4460
transi sed to inplement SRAM cel |l s and ggICpﬁﬁkACEUHCtIO“S
and for driving | ow fanout nets. The partlcular transL ,.~rﬂJFﬁe"Canute
and drive sections, and the arrangenert 900fF the transistors in the conpute
and drive sections, provide a highly.efficient use of silicon.real estate
whi | e enabl €h&IMSe formation of a 35° w de variety of macrocells to be
formed. The inveptipaiwsll now be described, by way of - -4- [err]

1. A basic ¢ell for use in mask programmable gate
array, said cell comprising: "\
s three or more aizes of N-channel transistors,
| where size- corresponds to channel width; and
three oy more sizes of P-channel trans istors.

‘2. The basic dell of claim 1 wherein said thrae
¢izes of N-channel transistors comprise:
i0 - one Qr more;smali size N-channel transisters;
oné o more medium siZe N-channel transistors;
and ,
one or pore large size N~channel transistors;
and said thraee sizes of p;channel transistors comprise:
15 che or mexre Smsll size P-channel transistors;
éne or moxe medium size P-channel transistors;
and '
one or more large size P-channel transistors,
wherein said medium size N-channel and P-channel
20 transistors are at least twice the size of said small
size N-channel and P—éhannel transistors,
respectively, and
_ sald large size N-channel and P-channel
transistors are larger than sald medium size
25 N-channel and P-channel transisters, respectively.

3, A basic cell for use in a mask programmable gate
array, said basic cell comprising:
one or more substantially rectangular compute
secticons and one or more drive sections, said one or
.30 more drive sactions comprising MOS transistors
substantially larger than any MOS transisters in said
one or more compute sections.

4. A basic cell for use in a mask programmable gate
array., said cell comprising: .

e

AL



-exarrplﬁﬂ1 Wﬁ”h q{relnc to the acconpanyi ng draw ngs, in whi ch "Fig 1 shows

a‘basic , Fig 2 shows a basic cell sehesatte—for—a erred
enbodi mmﬂ nmask progranmmabl e sea- of - gat STB\tSSld‘E‘cENBASIEi 8 8a and
3b |IIu bui It using a single conputéd sect iRERLACEPhe celll of

Fig 2; Figs 4-7 show various logic circuits-or nmaci I'Ch may be

inplemented with the cell structure arrd ¥¥ray Iayout shown in Figs 2 and 8;

Figs 8a and 8b. illustrate sa 1e ti e conp nd dr|v sectlons
in a nask progrannable‘géa’ﬁ h?&%@@éﬁ& 4 fg ghoms a

preferred |ayout sfegtiens rapd arona @oec Grinei ﬁeph‘»éﬁbam aac;@ ponst mﬁ'ct ure
of Fig 2; - more drive sections compriesing one or more

transistors which are different than trans:.stors in
5 sald one or more cempute sections, each compute
section comprising:
one or more small size N—channel
transistors;
one or more med;um size N-channel
10 transistors;
one or more small size P—channel
_ transistors, and )
one or mors medium size P-channel
tranaistors, o
15 said small size N~channel and P-channel
transistors having narrower channel widths than said
medium size N-channael and P-channel transistors,
respectively.

5. The basie cell.of claim.4 wherein said channel
20 widths of said small size N-channel and P-channel
transistors are less than approximately ona~half the
channel widths of said medium size N~channe1 and P-~channel
transistors, respectively.

&. A basic ¢ell for use. in a mask programmable gate
25 array, said cell comprising one or more compute sections,
a campute section comprising: -
one or more small size P-channel transistors;
ene or mora medium size P-channel transistors;
one or more small size N-channel transistoxs;
30 and ‘ '
ene or more medium size N-channel transistors,
said medium size P-channel transistors having a
channel width at least approximately twice the
channel width of eaid small size P-channel
35 transistors, said medium size N-channel transistors

-
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Flgs 10a-10c |Ilustrate drive sections which nmay be used in conjunction

with tThisS cebns of this invention; 2Q Fig 11 |IIustrates
a ba5|c dance with the invention; "
devi ce a gate array. The preferrr

an AS| C
|nvent|on |s 25 illTustrated in Fig 2, where @=si _;jﬂgEELProgéannable
gate array cell contains one or nore oonnube sections 6, ¢ id may
contain a drive sections 12 or share a drive section mnth another cell. The

mask programmabl ®d&pkng a clannel width at least approximately twice
the chammel width of said.small size N=channel
transistors, and sald small size P-channel _ ‘
transistors having a channel width smaller than said -
5 small size N-channel transistors,
gates-of one of said small =ize P-channel
transistors, one of said medium size P-channel
transistors, and ane,of said medium size Nechannel
transistors being connected in commen by pcl?silicon,
10 gates of said small size N-channel transisters
being isolated from gates of said amall and medium
size P-ohannei'irénéistérs and from gates of said
medium size N-channel -transistors.

7. The basic cell of Claim 6 wherein source regions
18 of =zaid one or mora small sige P-ahannel’trahsistors and-
said one or more medzum size P-channel trahsistors are
connected by N-type diffusion.

8. The basis ¢all of Claim & further comprising one
or moye drive sections, a drive saection comprising one br
20 more transistors which ave different than transistors in
said one or more compute sections.

9. An ASIC contaxnlng an array of cells, each of
said cells comprxsing.

three or more sizas of N-channel transistorsa,
25 where size corresponds to channel width; and
three or more sizes of P=channel transistors.

10.  An ASIC containing an srray of cells, each of
said cells compriging:
one or more substantially rectangular compute
30 sections and one or more drive sections, said one or
more drive sections comprising one or more
transistors which are different than transistors in

I
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array ’l%leslsll'nee?ﬁaos\ﬁqeenil{] ig. 2 conprises N-channel transistors of three ..
E - Channel transistors of three diffe

differe N
| ar gest Hmﬁﬂmﬂﬂ nsistors 14, 15 and the | arge§ GlyEEn i\
16, 17 & in drive section 12 and have-9H5 > _Larelor
t han any transistor, in conpute sections 6, .8, 10.\__» r )
P-channel transistors 18-23 and nedi ur si.ze N-channel transistors 24-29 are
approximately half the size of the large P and N-channel transistors 14-17d
The 10 snal |l N chaieelord a3 nfdr@ Totpute acetbervpesaeppcompureel y one- hal f
and one-third th%'si ﬁﬁdgégngi N- channel, medi'um si ze transistors
18-29, and the SRS P AeT - Y athsi stors 36-41 are smal Ler than the small
N-channel transistors 30-3%ne AR Bexe poaldr SdRanfeeha8n@ldt hs and | engt hs
(WL) used in the prefarawsisudrgd nent are illustrated in Fig. 2. Each ™\,

conpute sgction 6, 8, 10 on. op mere medium size N-channal
transistors; PR .
one or mora small size P-channel
transistors; and
oha ox nore medium size P-channel
10 ~ transistors, : :
| said small sige M-channel and P-channel
transistors having narrover channel widths than said
medium size N-channel and P~channel transistors,
respactively. '

15 11. Aan ASIC containing an array of cells, each of
eajid cells comprising one or more cempute sactiens, a
compute saction comprising: L

one or mere small .size P-channal transistors;
one or more medium size P-channel transisteoxs;

20 one or mere small size N-channel transistezs;

and _ . '
- one or mdre medium size N-channel transistors,
caid medium size P-channel transistors having a
channel width at least approximately twice the

25 channel width of s=aid small size P-channel

transistors, said medium size N-channel transistors
having a channel width at leaet approximately twice
‘the channel width of said small eize N-channel
transistors, and said small sige P-channel

30 transistors having a channel width smaller than said
' small size N-channel transistors,

gates of one of said small size P~-channel
transistors, cone of said medium size F-channel
transisters, and one of said medium size N-channel

35 transistors keing connected in common by polysilicen,




Is preferably i dentical . The preferred enbodi nent of the cell shown in Fig.

2° ConpnhﬁsmmﬂhﬁBam e sections 6, 8, 10 and one drive 20 section 12,

but any ute sections and drive sectionfg De_placed

adJ acent m toforma single cell. A si ngITJE’H% % | BAS&RENop 6,
8, nprises tmo medi um si ze N-channel transis ACE94 25)1;

t wo snall N-channel transistors (e.g.,.3Q -31), tw 25 nediumsize
P-channel transistors (e.g. 18, 19), and two snall P-channel transistors
(e.g. 36, 37). The snuateancfreciidnsmald siaasistbasnelh twensbspore

SECLRONS Ry De. b z‘:ﬂ*“f“‘ﬁ"%%ﬁ“ﬁ“ﬁx°*B§§§“‘S*ﬂ“§mcﬁbh&“ﬁ‘§?§t o
HranslstorsRpd FRYB, FBFESCHELRE 18 whinl o

n
36, 37 are used & _
the medi um N- chamediuw side MNchantel2 Srangigtodsas pul | -down *w

5 12. The basic cell.of Claim 2 wherein each of said
cne or more drive sactione comprises a plurality of
transistors for use as pull-up transisters im a single
maorocell and a plurality of transistors for use as pull-
down transictors in said single macrocell, said plurality

10 of pull-up and pull~down transistors baing programmably
connectahle =20 as to. provide said macrocell with a variety
of output driving capabilltles.

_ 13. The baeic cellfof.:laim_: wherein each of said
one or more drive sections comprises one or more

15 transistors for use as pull-up transistors in a singls
nacrocall and a plurality of transistors .for use as pull-
dewn transistors in said single macrocell, said plurality
af pull-down transisters héing proqrémmahly connectable so
as to provide said macrocell with a variety of output

20 driving- capabxlztles.

14. The basic cell of Claim 3 wherein each of said
one or more drive sections comprises a plurality of
transistors for use as pull-up transistors in a single

" macrocell and cne or more transistors for use as pull-down
25 transistors in said single macrocell, said plurality of
pulleup transistors being'programmahly connectable so as
to provide said maorocell with a variety of output driving
| capabilities,.

15. The basic cell of Clainm 4 wherein each of said
30 one or more drive sections comprises a plurality of
transistors for use as pull-up transistors in a single
macrocall and a plurality of transistors for use as pulle
down transistors in said =single macrecell, said plurality

—
O



tran5|stors |n_TﬁVéTrers 50 and 52. This is illustrated in Fig. 3b, which

shomﬂmgmga}hggﬁhk or 52. Small 35 N-channel transjstors.30-—-31 are

used | tors in the SRAM of Fig. 3a} tHis @F 'ﬂhaSEEENip flop of
Fig. ucted using the conplete ce I of AEFYACED haV|Fg three
conput ach of the inverters is for P- channe

tranS|stor (or a nedlunlln parallel witha small 5 P-channel transistor)
and a nmedi um N-channel transistor. other transistors used in Fig. 4 are

shown with tdeiguYBhid | aes SHTEB-AMIC reefisdisthbee Boivignroewaimmadly net s
(e.g., ONe ‘nnectable sa as to provide said macrocell w1th a variety
of output driving capabilities.

16. The basiv cell of Claim 4 wherein each of said
5 one or more drive sections comprises one or more
transistors for use as pull-up transistors in a single
macrocell and a plurality of transistors for use as pull-
down transistors in said single macrecell, said plurality
of pull-down tranaistors being programmably connectable so
10 as to provide said macrocell with a variety of cutput
- driving capabilities.. ’

17. The basic cell ‘of Claim 4 wherein each of said
one or more drive sactions comprises a plurality of
transistors for use as pull-up transistors in a single

15 macrocell and one or more trausisters for use as pull-down
transistors in said single macrecell, said plurality of
pull-up transistors being programmably connectable so as
to provide said macroceil with a variety of output driving
capabilities. . :

20 18. The basic cell of Claim 10 wherein each of said
one or more drive sections comprises a plurality eof '
transistors for use as pull-up transistors in a2 single
macrocell and a plurality of transistors for use as pull~
down transistors in said single macrocell, said plurality

25 of pull-up and pull-down transistors beinyg pregrammably
connectable so as to prov1de said ma:rocell with a variety
of output driving capabilities.

1. The basic cell of Claim 10 wherein each of said
ane or more drive sections comprises one or more
30 transistozrs for use as pull-up transistors in a single
maazrocell and a plurality of transistors for use as pulle

—_—

_—
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nted using only mediumand snall |o size

t wo .net s) ' e

t ransi storgﬁﬁéﬂ&nh@em D gate of Fig. 5, using only a single conpute
section. In | 'y connected N-chanpeb=ts ' =162 are
medi um si ze. i um si ze P-channel trhmsiSEEEET BAS BEENafle _
connected in parallel for additional drive capdbilitREPLACED  Magirocel |s
for driving nmedium fanout nets (e.g., &hige-to % y_aadrtional |y use

the large N and P-ghannel transistors residing in the drive section as
| ogi ¢ devi cetows uthensithogs Anasaid-singke macraesldyosnrit RiFaity

[ espect | lve' ya:_ficfsﬁﬁ%&é&:ﬁdtgﬁnh@.th?k'_r!i'xéﬂ&?tp _a%agﬂ:ye)dﬁrﬂ?@aﬁle Fats
rrvin arge 1anou nets. (e.q. reat e n Lve ,nets nsi stors
in tvvogor ng‘?% Lid HE°¥g§Fi ﬁ%‘gnﬁﬁ‘g‘ﬁ%"%]ai éfirh"g? & VAT iﬁ%\/\ﬁ g r?‘%é)";él whet.e

transi stors d4iv¥ingr eapabdditdersi stors.

S 20. The basic cell of Claim 10 wherein esach of said
one or more drive sections comprises a plurality of
transistors for usa as pull-up transistors in a single
macrocell and one or more transistors for use as pull-down
transistors in said single macrocell, said plurality of

10 pull-up transistors being programmably conhactable so as

to provide said macrocell with a variety of output driving
capabjilities. '

* [ L M s *



25 " Ahhissaes tEp artlcul ar devices contaipn
sections of #ﬂhly efficient use @ f
addi ti on. to nt area savi ngs ach
nedlun13|ze o inplenment |ogic na :
transistors reduces the i nput capacitive |oading of the macrecel |l s as
conpared to a conventional gate array.. qfis is especially beneficial for
reduci ng dynam.c power dissipation and | oading on clock nets. The

pol ysilicon and diffusion conmRASI®MENIcARCEITERTURE devi ces in each

conpute section of a cell FﬁheNSQQSFROEWMﬁ e} G Q@.ﬂﬂﬂty bet ween
transi stors within one or nore cells to orn1ne§rocel . This is inportant
si nce the : bas El Gam

- ABS THE D s |

8 A highly efficient CMOS cell structure for use in a

metal mask programmable gate array, such as a sea-of~gates.
type gate array, is disclosed herein. In a basic cell, in
accordanca with one embodiment of the invention, three or
more s$izes of N-channel transistors and three or more

10 sizes of P-channel transistors are used. The larger size
transistors are incorporated in a drive section of a cell,’
while the smaller size transistexs are incorporated in
each compute sectien of a cell. The particular
transistors in the compute and drive sectich2 and the

15 arrangements of the compute and drive sections provide a
highly efficient use of silicon rxeal .estate while enabling
the formation of a wide variety of macrocells to ba
formed,

I hexeby gartify that this correspondence is being deposited with the

20 uaited States Pastal Service as expraas mail in an envelops addreased tos
commigsioner of Bakents and Trademarks, Washiagten, D.C., 20231, on June
11, 1992, Express Mail Raecaipt No, RE373020500.
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-7- transistor sizes in the conpute sections are significantly smaller than
in-a conventional gate array cell, which makes interconnections between the
transistors in a cell nore_difficult. 5 The choice of the nunber .of
conpute sections for a cell to the nunber of drive sections for the cel
shoul d be selected to optim ze the density of useable gates (i.e., the
nunber of gates per unit area). A lowratio of conpute-to-drive sections.
‘has the advantage of high drive, 10 but wa@ es area when inplenenting |arge
macrcal s such as p-flip flops and macrocells with | ow drive requirenments
such as SRAM cells. On the other hand, a high ratio of conpute-to-drive
sections, although nore efficient for inplenenting |ow drive macrocells and
p-flip flops. will 15 result in inefficient inplenentation of small

macrocel | s -

Fig. 1

(PRIGR ART)



(e.g.,” those having two i nput gates) and high drive macrocells. The opti mal
ratjo of conpute sections-to- drive sections for a cell depends on the
.statistics of macracell usage in the target designs and on the nethod of
20 | ogi ¢ mappi ng, Using an experinental approach, | have determned that a
rati o of three conpute sections for each drive section, as showm in Fig. 2,
appears to achieve the best area utilization. The optimal ratio would,
however, 25 change if the nmacrocell usage statistics of the target designs
change. In fact, i't may be beneficial to nore than one ratio in the
same nmaster image. This is illustrated in gs. 8a and Shb, where Fig. 8a
shows a uniformnmaster inmage with three conpute.- sections (e.g , 30 80, 81

82) being associated with one drive section (e.g., 83), and Fig. 8b shows a
non-uni form master inage with '
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eipher'four conpute sections (e.g., 84-87) or two conpute sections (e.g.,
88, 89) associated with a single drive section (e.g., 90 or 91,

respectively). 35 A preferred | ayout for each of the conpute sections
shown in Fig. 2 is shown in Fig. 9, In Fig. 9, the transistors are |abelled
to coincide with the transistors In conpute section 6 in Fig. 2. As seen

fromFig. 9, a single polysilicon gate 108 | s used for controlling
transistors is,. 36, and 24 and a single p #&silicon gate 102 is used for
controlling transistors 19, .37, and 25. 5 Separate gates 104 and 106
control N-channel transistors 30 and 31 so that these transistors nmay be
oper at ed i ndependently, such}as the pass SRAMi stors 30 and Fl used

' {242_52 wordline

30 —ﬁ— 31
5D .

bit | | bit

Fig. 3a




in the 'SRAM of Fig. 3. The N and P type source/drain diffusions for the
vari:ous transistors are shown as the 10 shaded areas in Fig. 9. As seen,
the center diffusion for the nmedium and small P-channel transistors are
made conmmon by diffused P-type connector portion 110. The structure of
Fig. 9 may be fornmed using well known and conventional techniques. 15

By replacing the I arge P-channel transistors in drive section 12 of ‘Fig. 2
with an NPN bipolar transistor, a Bi NMOS-i4yge driver may be added to the
out put of macrocell's which results in significant performance inprovenent.
20 O her drive sectione such as one containing two NPN bi pol ar devi ces
for inplementing a-full Bi CMOS buffer, or a drive section containing one
NPN and one PNP bi pol ar transistor for |nplenent|ng a conpl enentary Bi CMOS
buff ar,

NAND GATE
66
A | Sl | B
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may be used with the disclosed conpute sections. Figs. 25 10a-10c
illustrate three exanples of drive sections which may be utilized in the
cell of this invention. A basiC cell described in this specification is
shown in Fig. 11 essentially conprising one or nore conpute sections
containing snmall and medi um si ze transistors and 30 one or nore drive
sections. containing | arge size MOSFET(s) and/or bipolar transistors. If the
driver portion of the cell of Fig. 11 were elim nated and the transistors
in the conpute section(s) made larger to dr8fe | arger |oads, the resulting
cell would still be very advantageous. 35 Fig. 12 shows an ASIC 120
whi ch contains array 124 conprised of cells, such as the cell of -Figs. 2,
8, and 11, which may or may not be netallized. - In this ASIC, the




-10- - [err] CLAIM 1. A mask programrable cell prior to

m-ng conprising: a conpute section or a plurality of substantially 5

i dentical conpute sections, the or each conpute section being substantially
rectangul ar and containing 'MOS transistors for being connected to other
transistors; and a drive section or a pIurgbity of substantially identical
drive sections, the or each drive section i ng 10 substantially -
rectangul ar and conprising one or nore MOS transi stors having a channel

wi dth substantially larger than a channel DRIMESEGTIONS MOS transistors in
the or.each conmpute section, gdates of the gf each drive section MOS '
transi stors being isolated from gates. of e MOS

g1, 83
80 2
¥y (¢
5 ' A
1! f
. A1 4
UNIFORM B¢ v
Y/ (f
i
D |
LU Miti]lrl
Pl ~ Fig. 8a
COMPUTE SECTIONS
DRIVE SECTIONS
§4 8535879991 839
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- I
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Fig.8b
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15 transi stors i-n the conpute section or sections, the or each drive
section MOS transistor being for connection to other transistors, wherein
the cell conprises: two or nore small size N-channel transistors, where 20
si ze corresponds to-channel width; two or nore nedi um size N-channel
transistors, at |least two of the nmediumsize N-channel transistors sharing
a common N-type diffused dopant region; 7&he or nore |arge size N channel

transistors; 25 two or nore small size P-channel transistors; and
two or nore nedi um'size P-channgjg transistor O'at | east two of the medium
si ze P-channel transistors shari a. commm: -?ype di ffused dopant region,
gates of one or nore of thqg | Shge hanngl transi stors being
i solated from gates of the nediu '

MEDIUM P'S

. r AP .
SMALL P'S . 37
24 . 25  \ COMPUTE
SECTION
MEDIUM N'S

SMALL N'S

Fig. 9

DRIVE SECTION - DRIVE SECTION  DRIVE SECTION

e

_'_I Psx.s

Fig.10a  Fig. 10b Fig. 10¢



N-channel transistors, a gate of one or nore of the medium/[err] [err]
<11- size P-channel transistors and a gate of one or nore of the nedium
size N-channel transistors being connected together by polysilicon prior to
programmng said cell. 5 2.  Acell as clainmed in claim1 wherein the
medi um si ze''N-channel and P-channel transistors are approxinmately equal to
or greater than twice the size-of the small size N-channel transistors. 10

3. A cell as clained in claim1 or 2 rein the or each drive section
MOS transi stor cohprrses at--l east one | e
STRUCTURE OF BASIC CELL
COMPUTE SECTION(S) DRIVE SECTI
' E MOS TRANSISTORS
SMALL AND MEDIUM SIZE _LAHG AND OPTIONAL
MOS TRANSISTORS - BIPOLAR TRANSISTORS
Fig. 11
ASIC

194

GATE
ARRAY

Fig. 12



nla?r \g/]medtSih,ZEt rmzﬁbngNTOSHEEﬁ ge

east one | afg¢ size P-cranmegl

Gl soti bl Ry S0 CSPOR
transi anng P an the respe¢tive é? i ft phs
of th i n ”’Eﬁzéi7t1ansistors 0-1933“@ﬁ 2xal as
.clainmed in claim1 or 2 WeéTe€in the one or each drive pecCtl

transi stor conprises at |east @resi@rqrLisPRESEKTECRORE| [ {ransistor, wher
size corresponds to channe]L.o\ﬂi gﬁ\%& bR8cRlAoaSt 3R 1286@ey ST z€ N Cltammed
transi stor having a channel "w dth largér than the 25 respective channel
wi dt hs of the nedium size N-channelﬁpgaﬁs?%tQﬁQ§l the one or nore drive

sections also including at | east one bipolar transistor for providing
pul | -up drive capabilities. '

ABSTRACT OF THE DISCLOSURE
5 A highly ‘efficient CMOS cell structure for use in a

metal mask programmable gate array, such as a sea-of-gates
type gate arra(y, is disclosed herein. In & basic cell, in
accordanca with one enbodiment of the invention, three or
more sizes of N-channel transistors and three or more

10 =s=izes of P-channal transistore are used. The larger size

L trans;stors are incorporated in a drive sesction of a cell,

while the smaller size transisters are incorporated in
each compute section of 2 cell. The particular
transistors in the compute and érive sections and the

15 arrangements of the compute and drive sections provide a
highly efficient use of silicon real .estate while enabling
the forrmation of & wide variety of macrocells to ba
formed, '

Figure 2



SCr'QB. A cell as claimed in any one of the preceding clains wherein

S one nor e nedlun13|ze P- [err] _-12- channe
transistors are ect g 0 DIPT ANE
preHBNﬂﬂH"ﬂ“ﬁU“ﬁEH@;eﬂ : A2 gty of
tral as nacrocell and

pl uralltyLof "transistor for Use AP oq/vn transi sﬁorélZdUan‘lQ‘?Zirgle
macrocel |, the plurality of pull-up and pt down trjansi stors bei ng
progrannably connectable so as to provide the macrocell with a variety 10

of output driving capabilities.
. P CLAIMg P

1. 2 cell comprising:

a compute section or a plurality of substantially
identical compute sections, the or each compute section
being substantially rectangular and containing MOS
transistors for being connected to other transistors;
and :

a drive section or a plurality of substantially
identical drive sections, the or each drive section
being substantially rectangular and comprising one or
more MOS transistors substantially larger than any MOS
transistors in the or each compute section, gates of the
or each drive section MOS transistors being isolated
from gates of the MOS transistors in the compute section
or sections, the or each drive section MOS transistor
being for connection to other transistors,

wherein the or each compute section comprises:

two or more small size N-channei transistors,
where size corresponds to channel width, at least two of
the small size N-channel transistors sharing a common N~
type diffused dopant region;

two or more medium size N-channel transistors, at
least two of the medium size N-channel transistors
sharing a common N-type diffused dopant region;

two or more small size P-channel transistors, at
least two of the small size P-channel transistors
sharing a common P-type diffused dopant region; and

two or more medium size P-channel transistors, at
least two of the medium size P-channel transistors
having narrower channel widths than the medium size N-
channel and P-channel transistors, respectively,

gates of one or more of the small size N-channel
transistors being isolated from gates of the medium size
N-channel transistors.

This Sheet Has Been R
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7. Acell as clained in any one of clainms 1 to 5, nﬂﬁLﬁLn_Lhe_QL_eanh it
drive—section rnnnrises on s for usg T A B
transistors in a single 15| Thscwo HAREEY IuraIitéﬁgzaggggéisgﬁg%nbor'
use as l mm; H”EM| stdrs i nRERBASERgl e nmiacrocel If, fthe pluralitylo
puII-d ei ng—progr anmabl y_gqnnect abl e |sd ast 2 JUBL B de the
macr ocel | av rlety of output driving capabilitijes._20_8, A cgalll as
clainmed in any one of clainms 1 to 5, wherein the or gach drive section
conprises a pIurallty of  transi_stors for use as pull -4p—itahsSi-S+0r5—A~a
si ngl e macr ocel Reand &edlodssidifed, dins cdadnr dr W%@e&é‘ Fie meginm 5ize
transi stor 5N-4dheldtﬁeBI agierrehaned]l ,tﬁélespéwﬁél byeofatpuldasrp twhesi shers

bei ng DT OUAWIRLLY SO0NGELTY 8150 R chrblel’'ulfa FHBIAOE oL EalicBrs,

variety of
respect;vely.

3. A cell as claimed in claim 1 or 2 wherein a gate of
one of the small size P-channel transistors, a gate of one of
the medium size P-channel transistors, and a gate of one of
the medium size N-channel transistors are formed in common,
so as to be connected.

4. A cell as claimed in c¢laim 1, 2 or 3 wherein the or
each drive section MOS transistor comprises at least one
large size N-channel transistor and at least one large size
P-channel transistor, where size corresponds to channel
width, the at least one large size N-channel transistor and
the at least one large size P-channel transistor having
channel widths larger than the respective channel widths of
the medium size N-~channel and P-channel transistors.

S. A cell as claimed in claim 1, 2 or 3 wherein the one
or each drive section MOS transistor comprises at least one
large size N-channel transistor, where size correspond to
channel width, the at least one large size N-channel
transistor having a channel width larger than the respective
channel widths of the medium size N~channel transistors, the
one or more drive sections also including at least one
bipolar transistor for providing pull-up drive capabilities.

6. A cell comprising one or more compute sections, the
or each compute section comprising: .

one or more small size P-channel transistors,
where size corresponds to channel width;

one or more medium size P-channel transistors;

one or more small size N-channel transistors; and

one or more medium size N-channel transistors,

the or each medium size P-channel transistor
having a channel width at least approximately twice the

This Sheet Has Been R lac



%apabkk#%#és -30 9. A NAsk—prot @ \pate arr )

clainmed in recedi Gl @y KgTBlé%teconnect %ﬁiéﬁhgﬁ%?\gﬁﬁ:ﬁ? 13-
trans”mmmm JH e ar i RERLPYSG-anm 0. A magk progranmmabl ¢ gate
array y prieced g C ai m wherei n the cql | 1i3 JONe199Y
plurality of 5 ba5|c cells located withi4_an intgrijor of the gat rray.
11. An application specific integrated circuit (ASI Q) Tt afray
of cells, each as clainmed in any one of the preceding_clains. 10

channel width of the small size P-channel transistor or

transistors, the or each medium size N-channel

transistor having a channel width at least approximately
twice the channel width of the small size N-channel

transistor or transistors, and the oxr each small size P-

channel transistors having a channel width smaller than

the small size N-channel transistor or transistors,

a gate of one of the small size P-channel
transistors, a gate of one of the medium size P-channel
transistors, and a gate of one of the medium size N-
channel transistors being connected in common by
polysilicon, _ ’

gates of the small size N-channel transistors
being isolated from gates of the =mall and medium size

P-channel transistors and from gates of the medium size

N-channel transistors.

7. A cell as claimed in claim 6 wherein source regions
of the one or more small size P-channel transistors and the
one or more medium size P-channel transistors are connected
by P-~type diffusion.

8. A cell as claimed in claim 6 or 7 comprising one or
more drive sections, the or each drive section comprising one
or more transistors which have a larger current drive
capability than transistors in the one or more compute
sections, and gates of the transistors in the drive sections
being isolated from gates of the transistors in the compute
sections. |

9, A cell as claimed in any one of claims 1-5 and 8
whexrein the or each drive section comprises a plurality of
transistors for use as pull-up transistors in a single
macrocell and a plurality of transistors for use as pull-down
transistors in the single macrocell, the plurality of pull-up
and pull~down transistors being programmably connectable so
as to provide the macrocell with a variety of output driving

is Sheet Has Been Replaced
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as claimed in any one of the preceding clains wherein the or

eacﬁ‘tbﬁﬁ*fé‘§éct|on cont ai ns sald ope—6 \r e snalr—s+%e—D channel

s URMAT G o ¢ “ﬂxef’“ﬁa L

A cel

sy 20

as cl ai rred |n h g&?hzevﬁéfer'? nebjé!ggtw

twice the channejgw digh Q11 hes SEPAImERZAnP-RANMEE b£203hSMEI 105 and 8
transistors,, the.or €Ch nedi um si,ze N-channel” transi stor has_ a channel

width at | SRETEHH ok

falH FAGR cBFAYE FERhdCRTRAPHA S@fe O O mare

transistors for use as pull-up transistors in a single
macrocell and a plurality of transistors for use as pull-down
transistors in the single macrocell, the plurality of pull~
down transistors being programmably connectable so as to
provide the macrocell with a variety of output driving
capabilities. ' '

11. A cell as claimed in any one of claims 1-5 and 8
wherein the or each drive section comprises a plurality of
transistors for use as pull-up transistors in a single

macrocell and cne or more transistors for use as pull-down

transistors in the single macrocell, the plurality of pull-up
transistors being programmably connectable so as to provide
the macrocell with a variety of output driving capabilities.

12. A mask programmable gate array including a cell as
claimed in any preceding claim prior to interconnection of
transistors in the gate array in a programming step.

13. A mask programmable gate array as claimed in claim
12 wherein the c¢ell is one of a plurality of basic cells
located within an interior of the gate array.

14. An application specific integrated'circuit (ASIC)
containing an array of cells, each as claimed in any one of
claims 1-11. '

' 15. A cell as c¢laimed in claim 14 wherein the cells are
located within an interior of the array.

This Sheet Has Been Re laced
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30 _ small size N-channel transistor or transigters, and t pach smal |~
size:P-channel transistor has a channel width [¢rn] 15JAﬁ4993%m | er than
tfie small size N-channel transistor or transistgrg. 16. A cell as}clained
in“any one of the preceding clains 5 as part jof an array of cejls
wherein a drive section of a cell is directiy a section
of an adjacent cell so that transistors within drive sections of two

adj acent cel | segaht bes shaeeecdll s el welj areattecineffigieng chip 2EPR as

claimed in any ong, of : Shes 1 &6 igr £48 Mo ViRE £k Sl MRS YEM ST Z€ P and N

channel transistors ar -
Also 1n the prior art, to improve the efficiency of

implemenzing SRAM cells, CMOS gate array cells with N-

5 channel transistors of th different sizes have been used.
The smaller size N-channel transistors are typically less
than one third the size of the larger size N-channel
transistors. These prior art cells may also incorporate
small size P-channel transistors to perform various

10 functions. However, in such éells, the large transistors
are still unnecessarily large for driving low fanout nets
and inadequate for driving high fanout nets, while the
small transistors are inadequate for driving almost all
nets. Generally, for these prior art devices to drive high

15 fanout nets, two or more macrocells must be connected in
parallel or separate buffers must be introduced.

In the prior art, since the small size transistors
used in SRAMs are typically not used for implementing
logic macrocells, such as D-flip flops, these logic

20 macrocells are area inefficient. Moreover, the input

capacitance for the macrocells is generally unnecessarily
high. '

According to the present invention, there is provided
a mask programmable cell prior to programming comprising:

25 a compute section or a plurality of substantially

' identical compute sections, the or each compute section
being substantially rectangular and containing MOS

transistors for being connected to other transistors; and
a drive section or a plurality of substantially identical
30 ‘drive sections, the or each drive section being
substantially rectangular and comprising one or moxe MOS
transistors having a channel width substantially larger
tharn a channel width of any MOS’transistors in the or each
compute section, gates of the or each drive section MOS

transistors being isolated from gates of the MOS

(S}
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transistors in the compute section or sections, the or
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small size N-channel transistors, where size corresponds
to channsl width; two or more medium size N-channel
transistors, at least two of the medium size N-channel
transistors sharing a common N-type diffused dopant
region; one or more large size N-channel transistors; two
or more small size P-channel transistors; and two or more
medium size P—channél transistofs, at least two of the
medium size P-channel transistors sharing a common P-type
diffused dopant region, gates of one or more of the small
size N-channel transistors being isolated from gates of
the medium size N-channel transistors, a gate of one or
more of the medium size P-channel transistors and a gate
of one or more of the medium size N-channel transistors
being connected together by polysilicon prior to
programming said cell.

Thus, a highly efficient CMOS cell structure for use
in a metal mask programmable gate array, such as a sea-of-
gates type gate array, is disclosed herein. In a basic
cell, in accordance with one embodiment of the invention,
three or more sizes of N-channel transistors and three or
more sizes of P-channel transistors are used. The larger
size transistors are incorporated in a drive section of a
cell, while the smaller size transistors are incorporated
in a compute section of a cell. The larger size
transistors may be used for driving high fanout nets and
even used to perform logic functions, while the smaller
transistors may be used to implement SRAM cells and logic
functions and for driving low fanout nets.

The particular transistors in the compute and drive
sections, and the arrangements of the transistors in the
compute and drive sections, proéide a highly efficient use
of silicon real estate while enabling the formation of a
wide variety of macrocells to be formed.

The inventioh will now be described, by way of
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emcodiment cell in a mask programmable sea-of-gates
structure;

Figs 3a and 3b illustrate an SRAM built us*ng a
single compute section of the cell of Fig 2;

Figs 4-7 show various logic circuits or macrocells
which may be implemented with the cell structure and array
layout shown in Figs 2 and 8;

Figs 8a and 8b illustrate sample tiling of the
compute and drive sections in a mask programmable sea of
gates structure;

Fig 9 shows a preferred layout for a single compute
section in the basic cell structure of Fig 2;

Figs 10a-10c illustrate drive sections which may be
used in conjunction with the compute sections of this
invention;

Fig 11 illustrates a basic cell in accordan;e with
the invention;

Fig 12 illustrates an ASIC device incorporating a
gate array.

The preferred embodiment of the invention is
illustrated in Fig 2, where a single mask programmable
gate array cell_contains one or more compute sections 6,
8, 10 and may contain a drive sections 12 or share a drive

section with another cell. The mask programmable gate
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comprisin

a compute section cor a plurality of substantially
identical compute sections, the or each compute section
being substantially rectangular and containing MOS
transistors for being connected to other transistors; and

a drive section or a plurality of substantially
identical drive sections, the or each drive section being
substantially rectangular and comprising one or more MOS
transistors having a channel width substantially larger -
than a channel width of any MOS transistors in the or each
compute section, gates of the or each drive section MOS
transistors being isolated from gates of the MOS
transistors in the compute section or sections, the or
each drive section MOS transistor being for connection to
other transistors,

wherein the cell comprises:

two or more small size N-channel transistors, where
size corresponds to channel width;

two or more medium size N-channel transistors, at
least two of the medium size N-channel transistors sharing
a common N-type diffused dopant region;

one or more largé size N-channel transistors;

two or more small size P-channel transistors; and

two or more medium size P-channel transistors, at
least two of the medium size P-channel transistors sharing
a common P-type diffused dopant .region,

gates of one or more of thé small size N-channel
transistors being isolated from gates of the medium size

N-channel transistors, a gate of one or more of the medium

_—
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16. The basic cell of Caim4 wherein each of said 5rome—ot
sections conprises one or nore transistors for use aiﬂ&mACﬁkﬂlﬁzﬁﬂﬂﬁfors
in a single macrocell and a plurality of transistors |
transistors in said single macrocell, said plurality.
transi stors bei ng programmably connectablé1 0 10 as

macrocell with a vaélety of outgut driving capabilit '
cel| of O ai m3 fhefefMeigh bf %%}%t%ﬁ% %@dnﬁrgaﬁﬁl9§ §Q@tﬂﬁu$QQﬂmﬂﬁses a

plurality of t¢ , €. rs ! SURY!

macr ocel | and oﬁ%s%§éhﬁre r%ﬁgls ors o?ygn% %gé edgﬂn °W§ﬁ§§§¥%rs I n
sai d single nagsgseher SAi oDy Bl by @h@ﬁltoulerbgéamn%@r & RG11 .
progr ammabl y connectabl € so as to provide said macrocell wWith a variety of

out put driving capabilities.

5 2. A cell as claimed in claim 1 wherein the medium size
N-chanrel and P-channel transistors are approximately
equal to or greater than twice the size of the small size

N-channel transistors.

10 3. A cell as claimed in claim 1 or 2 wherein the or each
drive section MOS transistor comprises at least one large
size N-channel transistor and at least one large size P-
channel Eransistor, where size corresponds to channel
width, the at least one large size N—channel transistor

15 and the at least one large size P-channel transistor
having channel widths larger than the respective channel
widths of the medium size N-channel and P-channel

- transistors.

20 4. A cell as claimed in claim 1 or 2 wherein the one or

each drive section MOS transistor comprises at least one
- large size N-channel transistor, where size corresponds to

channel width, the at least one large size N-channel
transistor having a channel width larger than the

25 respective channel ﬁidths of the medium size N-channel
transistors, the one or more drive sections also including
at least one bipolar transistor for providing pull-up

drive capabilities.

30 5. A cell as claimed in any one of the preceding claims

wherein source regions of the one or more. medium size P-

|
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~conprises one or nore 30 transistors for use as pull-up transistors in a
single macrocell and a plurality of transistors for use as pull- [err]
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€. A cell as claimed in any one of the preceding claims
wherein the or each drive section ccmprises a plurality of
transistors for use as pull-up transistors in a single
macrocell and a plurality of transistor for use as pull-
down transistors in the single macrocell, the plurality-of
pull-up and pull down transistors being programmably 
conneétable_so as'to provide the macrocell with a variety

of output driving capabilities.

7. A cell as claimed in any one of claims 1 to 5,
wherein the or each drive section comprises one or more
transistors for use as pull-up transistors in a single
macrocell énd a plurality of transistors for use as pull-
down transistors in the single macrocell, the plurality of
pull-down transistors being programmably connectable so as
to provide the macrocell with a variety of output driving

capabilities.

8. A cell as claimed in any one of claims 1 to 5,
wherein the or each drive section comprises a plurality of
transistors for use as pull-up transistors in a single
macrocell.and one or more transistors for use as pull-down
transistors in the single macrocell, the plurality of
pull-up transistors being programmably connectable so as

to provide the macrocell with a variety of output driving

" capabilities.

9. A mask programmable gate array including a cell as

claimed in any preceding claim prior to interconnection of

LT R .
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10. A mask programmable gate array as claimed in any
preceding claim wherein the cell is cne of a plurality of

basic cells located within an interior of the gate array.

11. An application specific integrated circuit (ASIC)
containing an array of cells, each as claimed in any one

of the preceding claims.

12. A cell as claimed in any one of the preceding claims
wherein the or each compute section contains said one or

more small size P-channel transistors.

13. A cell as claimed in any one of the preceding claims
wherein a gate of one of the small size P-channel

transistors in connected in common with a gate of one of

the medium size P-channel transistors.

14. A cell as claimed in any preceding claim, wherein at
least two of said small P-channel transistors share a

common P-type diffused dopant region.

15. A cell as claimed in claim 12, 13 or 14, wherein the
or each medium size P-channel transistor has a channel
width at least approximately twice the channel width of
the small size P-channel transistor or transistors, the or
each medium size N-channel transistor has a channel width
at least approxiﬁately twice the channél width of the
small size N-channel transistor or transistors, and the or

each small size P-channel transistor has a channel width

LW AL
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smaller than the small size N-channel transistor or

transisters.

16. A czll as claimed in any one of the presceding claims
5 | as part of an array of cells wherein a drive section of a

cell is directly adjacent to a drive sectica of an

adjacent cell so that transistors within drive sections of

two adjacent cells can be shared by the adjacent cells.

10 17. A cell as claimed in any one of the preceding claims
wherein said medium size P and N channel transistors are
approximately one half the size of said larger MOS

transistors in said drive section.

LR O 4
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BASIC CELL ARCHITECTURE
FOR MASK PROGRAMMABLE GATE ARRAY
Abbas El Gamal

ABSTRACT OF THE DISCLOSURE

2 highly ‘efficient CMOS cell structure for use in a
netal mask programmable gate array, such as a sea-gf-gates
type gate array, is disclessd herein. In 2 basic cell, in
accordanca with one embodimsnt of the invention, three or
more sizes of K-channel transistors and three or more
sizes of P-channal transistors are used. The larger size
transistors are incorporated in a drive section of a cell ’
while the smaller size transisterxs are incoxporated in
each compute section of 2 cell.  The particular
transistors in the compute and drive sections and the
arrangenents of the compute and drive sactions provide a
highly efficient use of silicon real .estate while enabling
the formation of a wide wvarlety of macrocells to be
formad,

Figure 2
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