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BASIC CELL ARCHITECTURE

FOR MASK PROGRAMMABLE GATE ARRAY
Abbas El Gamal

~REF ' ED APPLICATT

Serial No. 07/524,183, issued as Patent No. 5,055,716,
entitled "Basic Cell for BiCMOS Gate Array.! by Abbas El
Gamal, :.ncarporated herein by referance.

IEL F _THE [v)
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
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
gilicon 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
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
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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Id¢ally, each éell_shnulq centain an optimum number and

variety of components =o that the designer may create 2
wide variety of macrocells using the shortest
interconnec¢t wire langths, using a minimum amount of die
area, and using other technigues for achieving high '

performancs for each macrocell.

In a programmable gate array structure, cnos
transistors frequently comprisa the components of a cell
due to the low power consumption of a CMOS device, where
an N-channel and a P-chanhel 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

batween the power supply terminal and ground. Thess CMOS
transistors may be used as building bleocks to create a

wide variety of ma¢rocells.

A conventional CMOS gate array cell is shown in
Fig. 1 and comprises a number of equal size Nechannel
transistors 2 and a number of egual si2e 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
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 fanocut exceeding, for example,

five. Conmequences of using unnecessarily large
transistor sises for driving low fansuts are that the
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
adequately drive & fanout exceeding five, two or more
macrocells must be connected in parallel, or separate

buffers must bs introduced in the design.

These large



—e

e vy,

B D

-3 -
resulting macrocelis give rise to inefficient chi? area
utiljzation and an increase in interconnect length.
. Alse in the prior art, to improva the efficiency of
implementing SRAM calls, CMOS gate array <¢elis 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
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be used to implement SRaM cells and logic functions and.
for driving low fanont nets.

The particular transistors in the compute and drive
sections, and the arrangements of the transistore in the
compute and drive sections, provide a highly efficient use
of silicon real sstate while enabliﬁg the formation of a
wide variety of macrocells to be fgrmed.

- 4 -

Fig. 1 shows a basic prior art cell;

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;

- 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
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
invention; ' '

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

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

AILED 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
section with another cell. The mask programmable gate
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array &ell shown in Fig. 2 comprises N-channel transistozs
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
located in drive section 12 and have channel widths larger
than any transistors in compute sections 6, 8, 10. The

. madium 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
small N-channel transistors 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
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P=channel transistors 36-41 are smaller than the small
N-channel transistaors 30-35. The particular channel
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
section 12, but any number of compute sections and drive
sectlons may be placed adjacant to one another to form a
siﬁqle 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
medium sige P-channel tranaistors (e.g. 18, 19), and twe
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
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 uséd as pull-dewn
transistors in inverters 50 and 52. This is illustrated
in Fig. 3b, which shows CMOS inverter 50 ey S52. Small
N-channel transistors 30, 31 are used as pass transistors
in the SRaM of Fig. 3a. '

b

R
»
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‘sectiony. Each af the inverters is formed using & medium -
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TBe D~flip flop of Fig. 4 may be constructed using
the complete cell of Fig. 2, having three compute
P=channel transistor {or a medium in parallel with a small
P-channel transistor) and a medium N-channel transietor.
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
eize transistors, 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.

Macrocells for driving medium fanout nets (a.9..,
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
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.

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
transistors reduces the input capacitive leoading 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
devices in each compute sectien of a cell are chosen to
ansure rontability between transistors within one or more
cells to form méc:ocells. This is important since the
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trahsistor sizes in the compute sectiens are significantly
emaller than in a conventional gate array cell, wﬁich
makes interconnections between the transistors in a c¢cell
more difficult. - . . |

The choice of the number of compute sections for 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,
but wastes arsa when implementing large macrooslls 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
result in inefficient implementation of small macrecells
(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
macracell usage in the target dasigns and on the method of
logie wapping, ' .

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,
change if the macrocell usage statistics of the target
designs change. In fact, it may be heneficial to use more
than one ratic in the same master image. This is
illustrated in Figs. 8a and 8b, where Ejg. 8a shows &
uniform master image with three compute sections (e.g.,
80, 81, 82) being associated with one drive saction (e.g.,
83), and Fig. Bb shows a non~uniform master image with
either four compute sections (e.g., 84-87) or two compute

sections (e.g., 88, 89) associated with a single drive

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

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



in computae section 6 in tig. 2. As seen from Fig. 9, a
single polysilicon gate 100 is used for controlling

oRransigtors 18, 36, and 24 and a single polysilicon gate
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102 is used for controlling transistors 19, 37, and 2s.
Separate gates 104 and ius contrel N-channel trxansistors
30 and 31 so that thesaftransistors may be operated
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
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

knewn and conventional techniquesl

' By replacing the large P-channel transistors in drive
section 12 of Fig. 2 with an NPN bipolar'transistor; a

'BiNMbS-type.driVep may be addad te the outpubt of

macrooells which results in significant performance
inprovemant. ) : i

Other drive sections such as one containing two NEN
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.
lca~10¢c 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
one or more drive sections containing large size MOSFET(s)
and/oxr 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.

Fig. 12 shows an ASIC 120 wvhich econtains 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
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area of the chip outside of aryay 124 may contain other

circuitry connactad to interact with array 124. ASIC 120
nay also contain a plurality of arrays l24.

The main differences between the compute section
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:

10

15

20

1).the addition of a small size P-channel transistor in

- each campute section; 2) not requiring that the medium

P-channel transistors-have ‘less current handling
capability than thg-sﬁall_n—channel 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
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
modifications as forward in the true spirit and scope of
this invention.
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CLAIMS" .
I ¢laim:
1. A basic ¢ell for use in mask programmable gate
array, said cell comprising:
s thyree oY more aizes of N-channel transistors,
where size corresponds to channel width; and
three oy more sizes of P-channei transistors.

SHEET HAS BEEN |
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‘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;
one or morxe 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-channal transisters, reépectively.

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
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v one oy more suhstantially rectangular compute
sections and one or more drive sac¢ctions, said one or
more drive sections compriesing one or more
transistors which are different than transisters in
sald one or more cempute sections, sach compute
section comprising:

one or more small size N—channel
transistors;
one or more med;um size N-channel
transistors;
one or more small size P—channel
_ transistors, and
one or mors medium size P-channel
tranaistors, o
said small size N~channel and P-channel
transistors having narrower channel widths than said
medium size N-channael and P-channel transistors,
respectively.

..11..

5. The basie cell.of claim.4 wherein said channel
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. A basic ¢ell feor use. in a mask programmable gate
array, said cell comprising one or more compute sections,
a campute section comprising: -
one or more small size P-channel transistors;
one or mora medium size P-channel transistors;
one or more small size N-channel transistoxs;
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
transistors, said medium size N-channel transistors

-
\\!\\\\3\\\\\@\\\‘\\\\\\3\\\\)\



[

10

15

20

25

30

l Sheetlﬁilﬁimlllﬁl

aced

ﬂﬂSSHEETHA
S BEE,
HEPLACED N

- 12 -

RS rog

naving a channel width at least approximately twice
the chamnel width of said. sma2ll size N=channel

transistors, and sald small size P-channel

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

gataes-of cne of said small size 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,

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 celllof Claim 8 wherein source regions

of =ald one or more small sige P-ahannel’trahsistors and-

salid

one or more medzum size P-channel tranzistors are

connected by N-type diffusion.

§. The basi® ¢ell of Claim & further comprising one

or moye drive sections, a drive section comprising one or

more
said

said

said

transistors which are different than transistors in
one or more compute sections.

9. An ASIC containing an array of cells, @ach of
cells comprising: | '
three or more sizas of N-channel transisters,
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
cells compriging:

one or more substantially rectangular compute
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

AR AR
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said ane or more compute sections, each compute
section comprising: '
ane or merea emall size N~channel
transistors;
s  one or more medium size N-channel
‘transistors; T .
one or mora small size P-channel
transistors; and
oha ox nore medium size P-channel
10 ~ transistors, :
| said small sige N-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
said cells comprising one or more cempute sactiens, a
compute saction comprising: _

one or more small .size P~channel transistors,
ona or more medium size p-channel transistoxs;

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 least 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,

A RN IIII
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B gates of sald small size N—-channel transistors:
being isclated from gates of said small and medium
- slze P-¢hannal transistors and from gates of said

medivm size N-channel transistors.

5 12. The basic c2ll 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
maocrocell and a plurallty of tyansistors for use as pull-
down transistaors in saxd single macrocell, said pluralmty

10 of pull-up and pull-down transistors beiny 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

te provide said nacrocell with a variety of sutput 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
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af-puli-up and pull-down transistore being programmably

connectable so as to provide said macrocell with a2 variety
of output driving capabilities.

16. The basiv cell of Claim 4 wherein each of said
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 transistors being programmably connectable so
as to provide said macrocell with a variety of output

- driving capabilities..

15

20

25

30

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
macrocell and one or more transisters 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. . :

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
of pull~up and pull-down transistors heiﬁg programnably
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
transistors for use as pull-up transistors in a single
maazrocell and a plurality of transistors for use as pulle

—_—

_—

Iy



—_———
———

This Sheet Has Been R,

T =

REPLACED

- 16 -

down ti"ansistor_s 4n said single macrecell, aid plurality
af pull-dewn tranzistors being programmably connectable sc
as to provide said macrecell with a variety of output
driving eapabilities. '

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 *



