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A CIRCUI T WA CH I'NCLUDES CELLS W TH HI GH FANOUT REQUI REMENTS WHI CH HAS A
REDUCED RC DELAY FI ELD OF THE | NVENTI ON The present invention rel ates
generally to integrated circuits and nore part|cularly to an i nprovenent in
such sintegrated circuits to kgduce the delay in a particul ar path thereof.
BACKGROUND OF THE | NVENTI ON I'ntegrated circuits are utilized in a variety
of applications. Many of these.integrated circuits have fan-out
requirenments in particular paths For exanple, a binary adder typically
utilizes a binary carry | ookahead structure to provide an optinal adder.
However, the fan- out requirenents for the vyarious functions of the

| ookahead structure can becone correspondingly larger as the size of the .
adder increases. Wiat is neant by fanout is the nunber of gates or | ogical
devices required to receive a given signal. The problemw th having to
fanout to given (n) nunber of

A CIRCUIT WHICH INCLUDES CELLS WITH *,

HIGH FANOUT REQUIREMENTS WHICH HAS A REDUCED RC DELAY

FIELD OF THE INVENTION

The present invention relates generally to
integrated circuits and more particularly to an
improvemenpwin such integrated circuits to-reduce the

delay in a particular path thereof.

BACKGROUND OF THE INVENTION i

Integrated circuits are utilized in a variety of
applications. Many of these integrated circuits have
fan-out requirements'in particular paths. For example, a
binary adder typically utilizes a binary carry lookahead
structure to provide an optimal adder. However, the fan-
out reguirements for the various functions of the
lookahead structure can become éorregpondingly larger as |
the size of the adder increases.

.What is meant-by fanout is the number of gates or
logical devices required to receive a given signal. The
problem with having to fanout to given (n) number of ;
1ogica1 devices is the resistance/capacitance (RC) delay
comprised of the network of gates and transistors and the -

-

wires is used to connect them. Hence, there are two ways
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| ogi cal devices is the resistance/capacitance (RC) delay conprised of the
networ k of .gates and.transistors and the wires.is.used t© connect them
Hence, there are two ways 2 of the netal |ine connections of the adder
(which is virtually inpossibte), or reduce the capacitance of the wire and
capaci tance of the gates and transistors connected to the wire. To reduce
the capacitance of the gates and transistors requires changi ng the physical -
characteristics of the |ogical devices that make up the adder. Although
this can be an effective way to reduce the delay in the adder, as devices
beconme smaller, this approach becones |ess effective in affectlng the RC

del ay. For exanple for a 128 bit adder, t%e fanout of the

of the metal line connections of the adder (which is
virtually impossible), or reduce the capacitance of the g
wire and capacitance of the gates and transistors -
connected to the wire.

To reduce the capacitance of the gates and
transistors requirea changing the physical
characteristics of the logical devices that make up the
adder. Although this can be an effective way to reduce
the delay in the adder, as devices become smaller, thls
approach becomes less effective in affectlng the RC
delay. !

For example; for a 128 bit adder, the fanout of the

signals of the adder aq each stage is as follows:

Stage 1: ‘Propagate/Generate Fanout = 3

Steage 2: Group Propagate/Generate Fanout = 2, Carry Fanout = 2
Stage 3: Group Propagate/Generate Fanout = 4, Carry Fanout = 3
Stage 4: Group Propagate/Generate Fanout = 8, Carry Fanout = 5
Stage 5: Group Propagate/Generate Fanout = 16, Carry Fanout = 9
Stage 6: Group Propagate/Generate Fanout = 32, Carry Fanout. = 17
Stage 7: Group Propagate/Generate Fanout = 64, Carry Fanout = 33
Stage 8: Group Propagate/Generate Fanout = 1, Carry Fanout = 65
Stage 9: Carry Fanout = 1 (Carry generatlon for upper 64 bits)
Stage 10: Sum Fanout = 1 (Sum generation for -upper 64 bits)

ACcordingly, as is seen, in the fanout at each stage
inareases by a power of 2 for each stage of lookahead
required.

Hence, what is needed is a circuit in which the RC
delay is significantly less than conventional known
circuits which have high fan-out requirements. The

circuit must be simple to implement, cost éffeptive and ——



signalé of the adder at each stage is as follows: Stage 1: THIS SHEET HAS BEEN
Propagat e/ Generate Fanout = 3 Stage 2: Group Propagat e/ Genglr at ¢ BERBAGER -

2, Carry Fanout = 2 Stage 3: G oup Propagat e/ Generate Fanout = 4, Carry
Fanout = 3 Stage 4: G oup Propagate/ Generate Fanout = 8, Carry Fanout = 5.
St age 5: G oup Propagate/ Generate Fanout = 16, Carry Fanout = 9.Stage 6:
G oup Propagate/ Generate Fanout = 32, Carry Fanout = 17 Stage 7: G oup
Propagat e/ Generate Fanout = 64, Carry Fanout :33 St age 8: G oup
Propagat e/ Generate Fanout = 1, Carry Fanout = 65 Stage 9: Carry Fanout =
1 {Carry generation for upper 64 bits) Stage 10:  Sum Fanout = 1 (Sum
generation for-upper 64 bits) Accordingly3 as is seen, in the fanout at _
each stage increases by a power of 2 for each stage of | ookahead required.

Hence, what is n eded I S circuit in which the RC delay_is, significantly
| ess than coffét H&éh%@c??c%*%%tﬁﬂgcﬂrﬂ§9§shFﬁﬁh$9%°8ﬁ?sreq@hﬁenents
The circuit ES‘%Setse%et AP0 ' IRGEOEDLs SO8L &Tf&ghIve and %

SUMMARY OF THE INVENTION

A circuit is provided which includes a plurality of
cells with a high fanout requirement and has a reduced RC
delay. In a first aspect, the circuit includes a
plurality of cells being separated into a first group of
cells having a high fanout requiremenp, and a second
group of cells having a higher speed capability.' The
circuit further includes a copy of anioriginal cell from i
the first group of cells; The circuit also including
means for coupling either the copy or the original cell
to the second group.

' . In another aspect each of the plurality of cells

comprises a lookahead cell.

In yet another aspect each_of the plurality of cells
comprises a carry cell. B

In yet another aspect the circuit comprises an adder
circuit.

In yet an additional aspect, the adder circuit
comprises a carry lookahead binary adder circuit.

In yet another aspect.the first'group of lookahead

cells are located on a power of two bit boundary of the

circuit.

Sheet Has Been Reﬂlaced
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REPLACEMENT SHEET Date -3- easily adaptable to ‘existing procef

| THIS SHEET HAS BEEN

technol ogi es. The present invention addresses such a need. SUMA
| NVENTI ON Accordi ng to one aspect of the invention there is provided an
adder circuit conprising: a plurality of cells; the plurality of cells
bei ng separated into a first group of cells having a high fanout

requirenent and a second group of cells having a higher speed capability;

copy of at least one cell fromthe first group of cells; and nmeans for
coupling either one of the at |east one cell and the copy to the second
group of cells having the higher speed capablllty Accordi ng to anot her

aspect of the invention there is provi ded4a carry | ookahead (CLA) adder .

conprising: a plurality of propagate/generate (PG cells;
In another aspect the copy of at least one cell is

coupled to a cell in the second group which is a subset “

of the fanout requirement.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a first embodiment of
a conventional 16 bit binary adder.

Figure 2 is a block diagram of a second embodimént
of a conventional 16 bi; binary adder.

'Figure 3 is a block diagrém of a firsg embodiment of
a 16 bit binar;_adder i; accordance'with the present
invention.

Figure 4 is a block diagram of a second embodiment
of a 16 bit binary adder in accordance with the present
invention. |

Figure 5 is a block diagram of a third embodiment of
a 16 bit binary adder in accordapce with the present.
invention. | T

Figure 6A-6B are block diagrams of a portion of a
128 bit binary adder in accordance with the present

invention.

DESCRIPTION OF THE INVENTION
The present invention relates to the improvement in

an integrated circuit that includes cells that have large

This Sheet Has Been R
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a plurality of |ookahead (L) cells, each of the plurality of L cells being. -
coupl ed 'to an-associ ated one of the plurality of PG cells;. at | east ‘one of
the L cells being a copy -of a L cell with a high fanout requirenent; either
one of the L cell and the copy driving a L cell which does not have a high
fanout requirenment; and the other one of the L cell and the copy driving
the-high fanout requirenent; a plurality of carry (C cells; each of the
plurality of C cells being coupled to an associ ated one of the plurality of
L cells; and a plurality of sum (S) cells; each of the plurality of S cells
bei ng coupled to an associ ated one of the plurality of Ccells and to an
associ ated one of the plurality of PG cel Ps. Accordi ng to anot her aspect. of
the invention there is provided a carry | ookahead (CLA) adder conprising: a

lurality of { e/ te (P ls; a.pluralit | opkahead (L
Cell o, ehch GPIR AGRaiTEYoBRoL cLPPsBblAg-RS PPeer BE A asori at ed bne

ol ur i Ly of P& ste b o= nnPe Cotb SOk Srdindf it H o5 BReSEEUF v y o

il S ot WBAY 0P Mo | e 5 AFLHP: B! a2 § WoP ady G Lo bR & DL O

fanout requirenent; either one o e copy drivi cel

whi ch does nels Raydtedt Hpd IO i 68 Uahd IS reifrddien L heryope,gt the C

cell and
modifications to the preferred embodiment will be readily

-apparent to those skilled in the art and the generic
principles herein may be appiied to other embodiments.
Thus, the present invention is not intended to be limited.
to the embodiment shown but is to be accorded the widest
scope consistent with the principles and féatures
describeé herein. |

The present invention is directed to reducing the RC
delay inherent in a circuit in which a particular group
of cells within the circuit have a large fanout
requirement and high fanout. Particular cells must
operate at-a faster speed than pérmitted by the fanout
requirement. Accordingly, a copy of at least one of the
group of cells which has the high fangut requirement is
provided that allows for driving  a subsét of the original
network of the device, this providing a lower fanout from
the copy.

To more particularly describe the operation of the
present invention in the context of a particular
embodiment, its use in a carry lookahead (CLA) binary

adder is described hereinbelow. However, it would be
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the copy driving the high fandut requirenent; and a plurality of sum(S)
cells; each of the plurality of S cells being.coupled to an associ ated one-
of the plurality of Ccells and to an associ ated one of the plurality of PG
cells. REPLACEMENT SHEET Date :30 NOV 1996 -4 - According to another
aspect of the invention there is provided a binary carry |l-ookahead (CLA)
adder conprising: a plurality of propagate/generate (PG cells; a plurality
of | ookahead (L) cells, each of the plurality of L cells being coupled to
an associ ated one of the plurality of PG cells; at |east one of the L cells
being a copy of a L cell which is at a power of two bit boundary; the copy
of the L cell being coupled to an L cell which has a subset of the high.
fanout requirement of the L cell at a power of two bit boundary; and the at

I t one L ce)Jl .being coupled to next adjacent L cell;
€as o£v1ous go on% of oréinary skfll.in the art, that

- although the present invention will be described in ligh@
of this embodiment, many types of circuits can utilize
the concepts described hereinbelow and their use would be
within the spirit and scope of the present invention. To
better understand the problems with the RC delay in an
adder that includes a carry lookahead structure, refer
now to the following discussion in conjunction with
Figures 1 and 2. |

Figure 1 is a first embodiment of a éonventional
sixteen (16) bit carry lookéhead (CLA) binary adde; 10.
As is well known, the (CLA) binary adder 10 comprises a
plurality of propagate/generate (PG) cells 12 which
receive A and B input for each bit position. Each of the
associated lookahead (L) cells 14 aré coupled to a PG
cell 12. Each of the plurality.of L cells 14 represents
fhe lookahead from one bit position to another, i.e., L32
is the lookahead from bit position'z'éo bit position 3,
L54 is the lookahead from bit position 4 to bit position -
5, etc. lEach of a plurality of carry (C) cells 16 are
coupled to the associated L cells 14. Each of a
plurality of sum (S) cells 18 are coupled to an
associated PG cell 12 and to an associated C cell 16.

The C;, signal is coupled in parallel to the carryﬂ(C)

cells 16.



a plurality of carry (C) cells; each of the plurality of C cells being
coupl ed to -an- associ ated one of the plurality of-.L. cells;- at Teast..one of
the .C cells being a copy of a Ccell which is at a power of two bit
boundary; the copy of the C cell being coupled to a C cell which has a
subset of the high fanout requirenent of the Ccell at a power of two bit
boundary; and the at |east one of the C cell being coupled to a next
adjacent Ccell; and a plurality of sum(S) cells; each of the plurality of
S cells being coupled to an associated one of the plurality of C cells and
to an associ ated-one of the plurality of PG cells. According to stil

anot her aspect of the invention there is pgrovided a binary carry | oekahead
(CLA) adder conprising: a plurality of propagate/generate (PG cells; a

I i f 1 ook d | h,.gf the pl |.i f s b
goﬂ%?eht¥ooan ggs%@ﬁ%i%ék%ﬁ%g%¢s?ﬁgfglagalifg Eﬁuéggtiglg?ngpgﬁea:t ghggof

he L cell | kch_i . Of bi
boundary: ¢ he Easreto ot 4oraEfety O vays. " PReRSECRiRa BETothe «
subsequent asHIIAIHbwi LS bfe SRBoEA ﬁt LF ﬂeovgr{coﬁglk hOE 1 dpEVi ng. a
second portion of subsequent assocrat ed ce??s; ap urallfy ot carry- (O

cel|'s; each gmglndtltédliithDf &aér!bs PRéSY coypied to an associated one
of the plurality of L cells, at |east one of the Ccells being a copy of a

PG cell 12 | Propagate (P) = A; XOR B;;
Generate (G) = A; - B; :
L cell 14 Group Propagate = GP; - GP;.,
. Group Generate = GG; + (GP; - GG;,)
C Cell 16 = GGI & GPi . Cin
_s Cell 18 . = Pi XOR Ci_-ll
: where P; is
generated in the
1st stage.

As one of ordinary skill in the art will readily
recognize, all of the above-identified functions can be
implemented via a nﬁmber of different types of logic
gates.

The conventional 16 bit CLA binary adder 10 provides
a fan-out at a power of 2 bit boundaries. Hence, at bit
2, the fan from L10 cell is L20 and L30 (2 lookaheads)
the fanout from L30 is L40, LS50, L60 and L70 (4
lookaheads). At bit 8, the fanout from L70 is L80, L90,
L100, L110, L120, L130,.L140, L160 (eight lookaheads) .

As can be seen, as the binary adder 10 becomes |
larger, the fanout at each succeeding power of two

boundary increases. Accordingly, as the adder becomes

‘.



Ccell which is at a power of two bit boundary; the copy of the Ccell for
drirvirng a first portion -of subsequent associated C cells;. and the at |east.
one C cell, for driving a second portion of the subsequent associated C
cells; and a plurality of sum(S) cells; each of the plurality of S cells
bei ng coupled to an associ ated one of the plurality of Ccells and to an
associ ated one of the plurality of PG cells. REPLACEMENT SHEET Date : 30
NOV 1996 -4a - BRI EF DESCRI PTION OF THE DRAW NGS Figure 1 is a bl ock

di agram of a first enbodi nent of a conventional 16 bit binary adder. Figure
2 is a block diagram of- a second enbodi nent of a conventional 16 bit binary
adder. Figure 3 is a block diagramof a fBrst enbodinent of a 16 bit bi nary
adder in accordance with the present invention. '

larger, more lookahead cells are required and therefore
more RC delay is introduced. "

Figure 2 is a second embodiment of a 16 bit CLA -
binary adder 10’. 1In this embodiment, it is seen that
since the C cells 16 include some lookahead information
some of the lookahead cells 14 can bé eliminated.
However, even with this type of addef 10’, there is sﬁill
the fan-out réquired for power of two boundaries that add
significantly to RC delay.

The present invention'overcomes thesé.problems by
providing for the duplication of a cell at'aiboundary, in
this case at the power of two bit boundary. 1In a
preferred embodiment, this cell, hereinafter called the
fast cell, is then utilized to drive the next boundary
celi qr cells. 1In so inng, the RC delay of the output
signals of the cell at the first boundary loéation are
reduced as the fanout is now two.

To more particular;y explain the”advantages of the
present invention, refer now to'Figures 3-5 in
conjunction with the following discussion.

Figﬁres 3 - 5 are diagrams of 16 bit CLA binary o
adders in accordance with the present invention. It
should be understood that although the present invention
will be discussed in the context of a 16 bit binary

NS

adder, a variety of sizes and types of adders could be
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Figure 4 is a block diagramof a second enbodinent of a 16 bit binary adder
I n-accordance- with the-present invention.. Figure 5 is a block diagramof a
third embodi ment of a 16 bit binary adder in accordance with the present

i nvention. Figure 6A-6B are bl ock diagrans of a portion of a 128 bit binary
adder in accordance with the present invention. DESCRI PTION OF THE

| NVENTI ON The present invention relates to the inprovenent in an integrated
circuit that includes cells that have |arge 5 fanout requirenents. The
followi ng description is presented to enable one of ordinary skill in the
art to meke and use the invention and is provided in the context of a
patent application and its requirenments. VArious nodi fications to the .
preferred enbodinent will be readily apparent to those skilled in the art

and the generig.,; ed and their use would be within the spirit and

scope of the present invention. . %

Figure 3 is a firsﬁ embodiment of a 16 bit CLA
binary adder 100 in accordance Qith the present
invention. Similar to the CLA binary adder of Figure 1,
the CLA binary adder 100 combrises a plurality of PG
cells 120 which receives A and B inputs at each bit
position. There are also a plurality of lookahead (L)
cells 140, each of which is coupled to a PG cell 120.
The L cells 140, similar to L cells 14 and.14' of Figures
1 and 2 represent the lookahead from one bit position to
the next. There are also a plurality.of carry (C) cells
160, each of which is coupled to an associated L cells
140. Finally, there is a plurality of sum (S) cells 180, .
each of which is coupled to receive a propagate signal
from an associated PG cell 120 and coupled to an
associated C cell 160. The C;, signal is coupled in
parallel to the C cells 160. The difégrent cells 120,
140, 160 and 180 can be implemented in a variety of ways.
Howevef, for purposes of the following discussion, cells
120-180 have tﬁe same functionality as the cells 12—13 of
Figure 1. Accordingly, at bit 4, a power of two
boundary, the functibnality of cell 140 designated as L30
is copied as a cell 142 designated as L30F. L30F or the

fast cell 142 is utilized to drive both the lo6kahead
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principles herein .may be applied to other enbodi ments. Thus, the present
inventian.is .not intended to be limted to the enbodi ment shown but is to
be accorded the w dest scope consistent with the principles and features
described herein. The present invention is directed to reducing the RC
delay inherent in a circuit in which a particular group of cells within the
circuit have a large fanout requirenment and high fanout. Particular cells
nmust operate at a faster speed than permtted by the fanout requirenent.
Accordingly, a copy of at |east one of the group of cells which has the

hi gh fanout requirement is provided that allows for driving a subset of the
original network of the device, this provi®ing a | ower fanout fromthe
copy. To nore particularly describe the operation of the present invention

in the context qf a(gartlcular enpodipent, its use in a carry | ookahead
(CLA) bi narycﬁ}g-erl 65 and the rpiedi Bask csellolddat Fhe Rexe Bewer

of two'boundary bit 8 (L70 and L70F). In this - %
embodiment, L70F is utilized to drive the lookahead at ~
the next power of the two boundary (bit 16). This system
provides the fastest carry (Cl1l5). |

Accordingly, in most instances, a lookahead or carry
cell with a high fanout requirement will be copied and
then either the copy or the original cell will drive a
subset of cells of the high fanout.requirement...It is
also readily apparent thét at the most siéhificant bit
boundary (i.e. L150F), there is no need to produce a.cop§
of the original cell, because at that bit there is no
high fanout requirement.

In some instanceé, a faster sum may be desired.
Accordingly, at the lookahead cell 140 which has a high
fanout requirement, in this embodiment, the fast cells
142 could be utlllzed to drive one portlon of the |
lookahead subsequent cells 140 and the original cell 140
could drive the other portion of the subsequent lookahead
cells 140 and 142.

Referring now to Figure 4 which is a second
embodlment of CLA binary adder 100’ in accordance with
the present invention, the S cells 180’ (S8-515) are -

accelerated by lookahead cell 140’ L70 driving L80-L110,

L70F driving L120, L130, L140 and L150F, L118 driving
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6 obvious to one of ordinary skill in the art, that although the present

I nvention-will be described in light .of.this enbodlnent many types of
circuits can utilize the concepts described herei nbel ow and their use woul d
be within the spirit and scope of the present invention: To better
understand the problens with the RC delay in an adder that includes a carry
| ookahead structure, refer nowto the follow ng discussion in conjunction
with Figures 1 and 2. Figure 1 is a first enbodi nent of a conventi onal
sixteen (16) bit carry | ookahead (CLA) binary adder 10. As is well known,
the (CLA) binary adder 10 conprises a plurality of propagate/generate (PG
cells 12 which receive A and B.input for ddach bit position. Each of-.the.
associ ated | ookahead (L) cells 14 are coupled to a PG

L138, L128 and L118F driving L148 and L158F. Therefore,
in this embodiment the RC delay can be split in hélf by
driving half the fanout with the fast cells and half witﬁ-
the original cells.

Referripg now to Figure 5, what is shown is a third
embodiment of a 16 bit CLA binary adder 100‘’ in
accordance with the present invention. The cells 120‘‘-
180’ -0of the CLA binary adder 100’’ is similar to the
cells 120-180 of the CLA binary adder 100. In this
embodiment, fast cells 162'‘ and 142‘‘ aré.copied from
the C cells 160’ (C3F; C7F) and the L cells 140’ (L138F
and L158F) respectively, at certain.power of two |

- boundaries to drive the C cells 160’‘’ and 162‘’, and the
L cells 140’’ and 142°‘' at the next power of two
boundary. In addition, as descrlbed above with respect
to Figure 4, the RC delay at the last cell with a high
fanout requirement can be reduced by driving a portion of
the fanout with the fast cell and a ﬁéﬁtion of the fanout
. with the slow cell.

Altbough the present invention has been described in
terms of the copy of the lookahead or carry cell drivipg
the cells with a low fanout requirement, one of ordinary
skill in the art will readily recognize that the original

cell could drive the cell with the low fanout requirement



cell 12 Each of the plurality of L cells 14 represents the |ookahead from .
one bit position to another, i.e., L32 is the | ookahead frombit posjition :2
to bit position 3, L54 is the | ookahead frombit position 4 to bit position
5, etc. Each of a plurality of carry (C) cells 16 are coupled to the.
associated L cells 14. Each of a plurality of sum(S) cells 18 are coupl ed
to an associated PG cell 12 and to an associated C cell 16. The [err]
signal is coupled in parallel to the carry (C cells 16. 7 The different
cells 12, 14, 16 and 18 can be inplenented in a variety of ways. Please
find below a tabl e showi ng one enbodi nent, of the various functions
I npl emented within each of these cells: PG cel | 12 Propagate (P)
Al XOR [err] : ‘ ‘

and the copy could drive the cell with the high fanout

requirement. ' ' &

The present invention has an additional.utility as-‘l
the bit width of the devices becomes significantly |
larger. Figu;és 6A and 6B illustrate the application of
this technique to the 64 fanout subcircuit of a 128 bit
adder. Please note that the total loading on the carry
chain is actually increased slightly. This does not
degrade performance as the additional load is applied to
the fast-lookahead and fést-carry signalglinsteaa of the
heavy loaded slow-lookahead and slow—caéry signais. In
this embodiment, the L63 and C63 cells in a 128 bit adder
implementation will now be copied. Cells L63F and C63F
will each drive fanouts of 2, L127 and L127F and Cl127 and
Cl27F respectively; while the original L63 and C63 will |
drive fanouts bf 63 and 64, respéctively. This technique
can be applied to all high fanout cells in the lookéhead
tree. This greatly reduces thg'RC déiéy at each stage of
the adder with only a small peréentage increase in the
number of transistors.

Since the fast-lookahead signal and the fast-carry
signal out of one stage of the adder is used to gate bbth
the fast and slow lookahead/carry signals at the next
power of the two boundary, the fast and slow paths are

accelerated. This prevents the fast path from arriving
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= [err] L cell 14 Goup Propagate = lerr] .
G oup Cenerat-e = lerr] Ccell-16 - .. R = .. "
[err] S cell 18 = [err] XOR [err] where [err]
is generated in the 1st stage. As one of ordinary skill in the art wll

readily recognize, all of the above-identified functions can be inplenented
via a nunber of different types of |ogic gates. The conventional 16 bit CLA
bi nary adder 10 provides a fan-out at a power of 2 bit boundaries. Hence,

at bit 2, the fan fromL10 cell is L20 and L30 (2 | ookaheads) the fanout
fromL30 is L40, L50, L60 and L70 (4 | ookaheads). At bit-8, the fanout
fromL70 i's L80, L90, L100, L110 L120, L%30, L140, L160 (ei ght

| ookaheads). As can be seen, as the binary adder 10 becones

much earlier than the slowest path. Thus, this design
keeps each stage of the lookahead iogic and carry logic 5
synchronized.in time. Prior designs would construct a ;
separate unit to accelerate the carry logic without the
loading on the carry chain c;eated by the need to produce
intermediate carry signéls for sum generation. This
would only solve the need to produce a faster carry
signal out of the adder and would not accelerate the
production of the sum sign@ls. This approach accelerates
‘both the carry generatioﬁ and the sum genéfation.
Accérdingly, an addeé_in accordance with the present
invention has significantly less RC delay than knowrn
carxy lodkahead adders ‘and through the creation of a fast
cell which drives the next lookahead location, fanout is
greatly reduced. |
As has been before discussed, although the present
invention has been described specifically with reference
to CLA binary adder, one of ordinary’;kill in the art
readily recognizes that the present invention could be
utilized in a variety of circuits and that use would be
within the spirit and scdpe of the present invention._
Although the present invention has been described in
accordance with the embodiments shown, one of ordinary
skill in the art will readily recognize that there could

be variations to the embodiments and those variations



| arger, the fanout at each succeedi ng power of two boundary increases.
Accordi ngty,- as the adder becones- 8 larger, .nore | ookahead cells are . .
required and therefore nore RC delay is introduced. Figure 2 is a second
enbodi ment of a 16 bit CLA binary adder 10'. In this enbodinent, it is seen
that since the C cells 16 include sone | ookahead informati on sonme of the

| ookahead cells 14 can be elimnated. However, even with this type of adder
10", there is still the fan-out required for power of two boundaries that
add significantly to RC delay. The present i nvention overcones these

probl ens by providing for the duplication of a cell at a boundary, inthis
case at the power of two bit boundary. Int4 preferred enbodinent, this
cell, hereinafter called the

would be within the spirit and scope of the present
invention. Accordingly, many modifications may be made c
by one of ordinary skill in the art without departing -

from the spirit and scope of the appended claims.



fast cell, is then utilized to drive the next boundary cell ,
doi'ng, the RC delay of 'the output signals of the cell-at -t*hef-fir sREPLARERr y

b FHISSBHEET HAS 8EEN

| ocation are reduced as the fanout is now two. To nore parti arLy _exptarn
the advantages of the present invention, refer nowto Figures 3-5 in
conjunction with the follow ng discussion. Figures 3 - 5 aTl$81ieca a

bit CLA binary adders in accordance with the present |nvent

be understood that although the present invention will be d
context of a 16 bit binary adder, a varlety of sizes and types
coul d be 9 utilized and their use moul& be within the spirit anq scope
of the present invention. Figure 3 is a fiPst enbodi ment of a 16 bit CLA
CLAIMS
What is claimed is:
1. A circuit comprising: %

a plurality of cells; the plurality of cells being
separated into.a first group of cells having a high
fanout requirement and a second group of cells having a
higher speed capability;

a copy of at least one cell from the first group of
cells; and
_ means!for coupling either one of the-.at least oné

'5 cell and qhe copy to the second group of cells having the

higher speed capability.

2. The circuit of claim 1 in which each of the

plurality of cells comprises a lookahead cell.

3. The circuit of claim 1 in which each of the

plurality of cells comprises a carry-.cell.

4. The circuit of claim 1 in which the c¢ircuit

comprises an adder circuit.

5. The circuit of claim 4 in which the adder
circuit comprises a carry lookahead (CLA) binary adder

circuit. _ T

AR



bi nary adder 100 in accordance with the present i nvention, Sl'qﬂﬁsﬁﬁfaﬁ S BEEN

CLA-bi nary-adder of Figure 1, thdhi 100 conprilses_a

plurality of PG cells 120 which re u i nputs at each i t
position. There are also a plurali d (L) cells 140, each of
which is coupled to a PG cell 120. The L cells 140, simlar to L cells 14
and 14' of Figures 1 and 2 represent the | ookahead fromone bit position to
the next. There are also a plurality of carry (C cells 160, each of which
is coupled to an associated L cells 140. Finally, there is a plurality of
sum (S) cells 180, each of which is coupted 1o receive a propagate signa
froman associated PG cell 120 and coupl eb®to an associated C cell 160. .The
[err] signal is coupled in paraIIeI to the C cells 160. The different cells

120, 140, 160 and 180 n_ be. i @ g varlet Egyever for
purposes of the follow ed?§5€€§€ Eefiy bnlgblﬁavﬁaF °§a
functi onal it a1 pebd SodP1d 8chpEt G5 % LiodReRLIRNELYy 3t DIt 4, a

power of two

7. The circuit of claim 6 in which the first group
of lookahead cells are located on a power of two bit

boundary of the circuit.

-8. The circuit of claim 7 in which the copy of at
least one lookahead cell from the first group being
coupled to a lookahead cell in the second group which is

a subset of the high fanout requirement.

S. A carry lookahead (CLA) adder comprising:

a plurality of propagate/generate (PG) cells;

a plurality of lookahead (L) cells, each of the
plurality of L cells being coupled to an assoc1ated one
of the plurality of PG ‘cells; at least one of the L cells
being a copy of a L cell with a high fanout requirement;
either one of the L cell and the copy driving a L cell
.which does not have a high fanout requirement; and the
other one of the L cell and the copy driving the high
fanout requirement;

a plurality of carry (C) cells; each of the

" plurality of C cells being coupled to an associated one

of the plurality of L cells; and

* c L M S *



boundary, the functionality of cle:fdiss}ngngBsi afed as L30 is @'@@"E@T#AS BEEN

e
cel1.-142 desi gnated as L30F. L30 RECET 1420 s..uti i ed_?ﬁ?kﬁqﬁﬂe
both the | ookahead 10 cell 140 Eﬂl{[ m‘ﬂﬂ Hlfast cell 142 at the next -
power of two boundary bit 8 (L70 a ! hi s enbodi nent, L70F is
utilized to drive the | ookahead at the next power of the two boundary (bit
16). This system provides the fastest carry (C1l5). Accordingly, in nost
i nstances, a | ookahead or carry cell with a high fanout requirement will be
copied and then either the copy or the original cell will drive a subset of
cells of the high fanout frequirenent. It is also readily apparent that at

the nost significant bit boundary (i.e. LYBOF), there is no need to.produce
a copy of the original cell, because at that bit there is no

a plurality of sum (S) cells; each of the plurality
of S cells being coupled to an associated one of the %
plurality of C cells and to an associated one of the -

plurality of PG cells.

10. The CLA adder of claim 9 in which the at least
-one of a L cells are located on a power of two bit

boundary of the adder.

11. The CLA adder of claim 10 in which the copy of
the at least one cell beiﬁg coupled to an L cell which is

a subset of the high fanout requirement.

i2. a carry.lookahead (CLA) adder comprising:

a plurality of propagate/geneiate (PG) cells;

a plurality of lookahead (L).cells,-eéch of the

. plurality of L cells being coupled to an associated one

of the plurality of PG cells; - h

a plurality of carry (C) cells; each of the
plurality of C éells being coupled to an associated one
of the plurality of L cells, at least one of the C cells
being a copy of a C cell with a high-fanout requirement;
either one of the C cell and the copy driving a C cell

which does not have a high fanout requirement; and the

* [ L L] 3 *
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in this enbodinent, the fast cells 1 Hammum ilized to drive one
portion of the | ookahead subsequent t'he original cell 140
could drive the other portion of the subsequent |ookahead cells 140 and
142. Referring nowto Figure 4 which is a second enbodi nent of CLA binary
adder 100" in accordance with the present ‘invention, the S cells 180
(S8-S15) are accel erated by | ookahead cell 140" L70 driving L80-L110, L70F
driving L1290, L2130, L140 and L150F, L118 4driving L138, L128 and L118F
~driving L148 and L158F. Therefore, in t hi%8 enbodi ment the RC del ay ean: be
split in half by driving half the fanout with the fast cells and half wth-

Accordi ngly, at the | ookahead cell 1£El

h{gh f anout requirenment. In sone inﬁﬁs%ﬂ&?ﬁasgaenflaﬁh&ﬂ sum may {oEH@SHEETHAS BEEN

"_other one of the C cell and the copy driving the high
fanout requirement; and - %
a plurality of sum (S) cells; each of the plurality ™~
of S cells being coupled to an associated one oﬁ the
plurality of C cells and to an associated one of the

plurality 6f PG cells.

13. Thé CLA adder of claim 12 in which the at least
one of a C cells are located on a power of two bit

boundary of the adder.

14. The CLA adder of claim 13 in which the copy of
the at least one cell being coupled to a C cell which is

a subset of the high fanout requirement.

15. The binary CLA adder of claim 13 in which'a
portion of the L and C cells at a power of two bit
boundaries are copied and are coupledrfo L and C cells
respectively which are a subset of a high fanout

requirement.

16. A binary carry lookahead (CLA) adder
comprising:

a plurality of propagate/generate (PG) cells;

I
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present invention. The cells 120" - CLA binary adder 100""' ‘i s’
simlar to the cells 120-180 of the der- 100. In this

enbodi nent, fast cells 162'' and 142' are copied fromthe C cells 160

(C3F; C7F) and the L cells 140'"' (L118F and L158F) respectively, at certain
power of two boundaries to drive the Ccells 160'' and 162'', and the L
cells 140'' and 142'' at the next power of two boundary. In addition, as
descri bed above with respect to Figure 4, the RC delay at the | ast cel

with a high fanout requirenent can be redbted by driving a portion of the
fanout with the fast cell and a portion of the fanout with the slow cell.

Al th h th ent_ | ti b d (bed.in t f f
the T ookahead or - CArPYREH i o, AGORRBSEE: (&) viehia- | BAFRanGuERe ~ 7
requ'renent’d¥ﬁ§é¥i6§c%9aﬂycells beinglcoupled to an associated one .,

of the plurality of PG cells; at least one of the L cells-

a . C o . THIS SHEET HAS BEEN
the original cells, Referring nowto Figure 5, at 1s shown|is a ool
enbodi nent -of- a 16 bit CLA bi nary_'%l ﬁﬁﬁﬁﬁﬂi‘}ﬁcﬁécotdance- ' : %ﬁggED :

being a copy of a L cell which is at a power of two bit
boundary; the copy of the L cell being coupled to an L

- cell which has a subset of the high fanout requirement of
the L cell at a power of two bit boundary; and the at

least one L cell being coupled to a next adjacent L cell;

a plurality of carxry (C) cells; eéch 6f the
plurality of C cells being.coupled to an associated one
of the plﬁrality bf L cells, at least one of the C cells .
being a copy of a C cell which is at a power of two bit
boundary; the copy of the C cell being coupled to a C
cell which has a subset of the'high fanout requirement of
the C cell at a power of two bit boundary; and the at
least one of the C cell being coupled to a next adjacent
C ceil; and | h

a plurality of sum (S} cells; each of the plurality
of S cells being coupled to an'associated one of the
plurality of C cells aﬁd to an associated one of the

plurality of PG cells.

17. The binary CLA adder of claim 16 in which a

portion of the L and C cells at a power of two bit

[
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skill 1nthe art wll readily recogfijiZsheltmas BdehRephicédgi Nal "ce FHg%%ﬁfﬂhE§§5E=
t he copy - ' the——

the cell -w-th the | ow fanout require
cell with the high fanout requi remang]“mlgmﬂwﬁ i nvention has an
additional utility as the bit wdth becones significantly

| arger. Figures 6A and 6B illustrate the application of this .technique to
the 64 fanout subcircuit of a 128 bit adder. Please note that the total

| oading on the carry chain is actually increased slightly. This does not
degrade performance as the additional |oad is applied to the fast-I| ookahead
and fast-carry signals instead of the heayy | oaded sl-ow |-ookahead and
slowcarry signals. In this enbodi nent, t%é L63 and C63 cells in a 128 hit
adder inplenmentation will now be copied. Cells L63F and C63F

boundaries are copied and are coupled to L and C cells
respectively_which are a subset of a high fanout Ly

requirement. -

18. A binary carry lookahead (CLA) adder
comprising:

a plurality of propagate/generate (PG) cells;

a plurality of lookahead (L) cells, each of the
plurality of L cells being coupled to an associated one
of the'plurality of PG cells; at least oné.of the L cells
being a copy of a L cell.which is at a power of two bit !
boundary; the copy of the L cell for driving a first
pdrtion of the subsequent associated L cells; and the at
_1east one L cell for driving a second portion of
subsequent associated L cells;

a plurality of carry (C) cells; each of the .
plurality of C cells being coupléd tq an associated one
of the plurality of L cells, at least“one of the C cells
being a copy of a C cell which is at a power of two bit
boundary; the copy of the C cell for driving a first
portion of subsequent associated C cells; and the at
least one C cell for driving a second portion of the
subsequent associated C cells; and

a plurality of sum (S) cells; each of the plurality

of S cells being coupled to an associated one.df the

T




wi |l each drive fanouts of 2, L127 and L127F and Cl127 and C127f THIS SHEET HAS BEEN
respectively, while the orlglnal L63 and C63 will drive fanoutys of ﬁﬂf&hﬁ?ﬁD

64, respectively. This technique can be applied to all high fanout celrts tn

the | ookahead tree. This greatly reduces2fihe RC del ay at each stage of the
adder with only a small percentage increase in the nunber of transistors.

Since the fast-I|ookahead signal and the fast-carry signal out of one stage

of the adder is used to gate both the fast and sl ow | ookahead/ carry signals

at the next power of the two boundary, the fast and slow paths are

accelerated. This prevents the fast path fromarriving 13 nmuch earlier

than the slomest(gath Thus, this design keeps each stage of the |ookahead

| ogi andlerghigyof andterancssaciated ang ofthe plunalityof PGseallss woul d const r uct
a 19. A circuit substantially as hereinbefore described with reference to any one of

Figs 3-6B of the accompanying drawings. .

20. A carry lookahead adder substantially as hereinbefore described with reference
to any one of Figs 3-6B of the accompanying drawings.

This Sheet Has Been Re ﬁ
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separate unit to accelerate the carry logic without the |oading on the
carry chain created by the need to produce internediate carry signals for
sum generation. This would only solve the need to produce a faster carry
signal out of the adder and woul d not accelerate the production of the sum
signals. This approach accelerates both tRB& carry generation and the sum
generation. Accordingly, an adder in accordance with the present invention
has significantly |l ess RC delay than known carry | ookahead adders and

t hrough the creation of a fast cell which drives the next | ookahead

| ocation, fanout is greatly reduced. As has been before discussed, although
the present ArVEREUDH WHECH INCIAHES GREIJ SWATH HIGH FANOUT REQEIREMENTSCLA
bi nary adder, one of ordinary skill in the art readily recognizes that the
present invention coul d be UWHICEeHASTA RERUCED/RED uits and that use
woul d be withj e, spirit and scope of the present invention. Al though the
pr esent inveanghgﬂgi been described in

A circuit (100) is provided that reduces the RC delay due to the high fanoth
5 requirements of a particular cell in the circuit (100). The reduction is accomplished by
providing a copy of a cell which has the high fanout requirements and then utilizing that
cop.y to drive a cell which is part of a faster path in the circuit (100). In so doing, the
fanout required for the various functions of the circuit (100) is greatly reduced. The
circuit (100) provides for significant advantages as the size of the circuit (100), such as
10 an adder or the like increases. |

Fig. 3
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accordance with the enbodi nents shown, -one.of ordinary skill in the art

will readily recognize that there could be variations to the enbodi nents
and those variations 14 would be within the spirit and scope of the
present inventi-on. Accordingly, many nodifications may be nmade by one of
ordinary skill in the art w thout departiis/ygg fromthe spirit and scope of
t he appended cl ai ns. REPLACEMENT SHEET Date :30 NOV 1996 - 15- CLAI Ms:
1. An adder circuit conprising: - -
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a plurality of cells; the plurality of cells béing separated into a first
group of cells having a high fanout requirenent and a second group of cells
havi ng a hi gher speed capability; a copy of at |east one cell fromthe
first group of cells; and neans for cou%V ng either one of the at |east one
cell and the copy to the second group o g |1's having the higher speed

capability. 2. . The circuit of claim1 in which each of the plurality of
cells conprises a | ookahead ceﬁl 3. The circuit of clagm1 in which
each of the plurality f cel@ s} conprises a carry cell. 4. ¢ ®©The circuit

of claim3 in which the[@ddeN i rcuit- conprises a carFy‘fb eX head (CLA

bi nary adder circuit. 5% TH& circuit of claim4 in wh]{® each of the
plurality of cells cofprises a | J e ciréuit of claim
5 in which the firstgrp@d hd-cell's are | ocate&dd gy7" a power of two

156
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PG

bit boundary of the ciwmbudt. 7. e it of claiméHdewhich the
copy of at |east one | 055 head cell fr® e first o coupled to a
| ookahead cell in th@aslan‘.cnd group Wi T4 a subset of “the |hi gh fanout
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8. A carry | ookahead (CL'A) adder c'orrpri sing: a plurality of

propagat e/ generate (PG cells; a plurality of
the plurality of L cells being coupled to an associ ated one of the
| east one of the L cells being a copy of a L cell

plurality of PG cells; at
wi th a high fanout requirenent;

ei ther 3A@ of the L cel
driving a L cell which does not have a high fanout regyirenent; and t he

ot her one of the L celgiand the copy driving the hkghjfanoﬁi equi renment ;
plurality of carry (C) ~gells; each of the plurality¥ o} C ceall & being
coupled to an associ gtedwpe of the plurality of L ce)lis; qgi’a plurality
of sum (S) cells; each& £~ &plurality of S cellsgBng doupked to an.
associ ated one of the plrpl K—of C cells and to an—e5soga one of the
plurality of PG cellsv 48 %c CtA—adter—of—etaif in|which the at
| east one of a L cellstare’ | otategon a power of two ‘$\€cu1§?ry.of t he
adder. 10. The CLA a¥ of cl&FY in which the\RPRy Uflhe at | east
one cell being coupl éﬁg@- ang celT NI Ch TS a subge f tjfelk gh faneut
requirenent. 11. A carry Ngok aBesd( CLA) adder S s ag; 2
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REPLACEMENT SHEET Date :30 NOV 1996 -16 - a plurality of propagate/generate -
(PG cells; a plurality of | ookahead (L) cells, each of the plurality of L
cells being coupled to an associated one of the plurality of PGcells; a
plurality of .carry (C) cell's; each of the plurality of C cells being
coupled to an associated one of the pl#/A ity of L cells, at |east one of
the C cells being a copy of a Ccell with a high fanout requirerrent ei t her
one of the C cell and the copy driving a C cell whiclk does:not have a high
fanout requirenent; a@l fhe other one of the C celd &py driving
the hi gh fanout requirgrert; and a plurality of -stR 7 .each of.the

) c 55
plurality of S cells,-l%gé_ﬁc egupt-ed—t-o—an—asseet atcd e o 8tr%>e.pl urality. of
Ccells and to an ass®@hk=a R&Cdg ne of the pl uralltycco PSS C ® 12. The
CLA adder of claim11 bhi i 1 he at | east one of'_\ﬁ‘ c are | ocated on
a power of two bit bYasp@any qts {he adder. 13. E A B¥des of claim 12
i n which the copy of ¢t at | eas e cell being € 0 jzf—’C cell which
is a subset of the hjghddnout rgﬁn’gr nent oy S L
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14. The binary CLA adder of claim 12 in which a portion of the L and C
cells at a power of two bit boundaries are copied and are coupled to L and
C cells respectively which are a subset of a high fanout requirenent. 15.
A binary carry | ookahead (CLA) adder conPrl sing: a plurality of

propagat e/ generate (PG cells; a pl ural P{y y of | ookahead (L) cells, each of
the plurality of L cells being coupled to an associ ated one of the
plurality of PG cellsg; at Legst one of the L cells being; Gopy of a L cell
which is at a power & twoBi] boundary; the copy of -the ¢el | being

coupled.to an L cel | Whi 'h'—'ag a subset of ‘the high fanout; I equirenent of
the L cell at a power, t |t boundary; and the at |epS8t @ne L cell
bei ng coupl ed to a né&t—adj dace C of ¢ yy (O cells;
each of the pluralityNab|C cell e{'sng coupl ed to an asspgifated one of t he
plurality of Lcell%’,g | east ond O C cells being dgy of a C cell
which is at a power o bit bounda@ the Cop &’: g€l | being
coupled to a C cellc,,wh gk has—a—subser—g} |t he hi gh fanoufarjequirement tof
the Ccell at a powercxm w@ b|t bouno@ A= at le @ne of the C
cell being coupled to\ - eXt{adj acent ®fgdl|; and a plurfky 1’_y of sum (S)
cells; each of the plytallity [S iLng coupl ed to|% @ssoci ated one
of the plurality of Gtefls amd to an@aiglcg fhjplurality of PG
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cells. 16. The binary CLA adder of claim 15 in which a portion of the L
and C cells at a power of two bit boundaries are copied and are coupled to
L and C cells respectively which are a subset of a high fanout requirenent.
REPLACEMENT SHEET Date: 30 NOV 1996 - 17- 17. A binary carry | ookahead
(CLA) adder conprising: a plurality of §/Bpagate/generate (PG cells; a
plurality of |ookahead (L) cells,” each of the plurality of L cells being
coupled to an associated one of the plurality of PG cells; at |east one of
the L cells being a copy of a L cell which is at a power of two bit
boundary; the copy of the lj cell for driving a first portion of the _
subsequent associated Lj Gellls; and the at |least one L cell for driving a
second portion of subsepuent associated L cells; a plurality of carry (O
cells; each of the plurpfty of C cells being coupled to an associ ated one
of the plurality of L cel®g\ at |east one of the Ccells being a copy of a

%
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Ccell which is at a power of two bit boundary; the copy of the C cell for
driving a first portion of subsequent associated C cells; and the at | east
one C cell for driving a second portion of the subsequent associated C .
cells; and a plurality of sum(S) cells;,each of the plurality of S cells
bei ng coupled to an associ ated one of t é7plurality of Ccells and to an

associ ated one of the plurality of PG cells. 18. An adder circuit
substantially as herei nbefore described with reference to any one of Figs.
3-6B of the acconpanying draw ngs. 19. A carry | ookahead adder

substantially as hereinbefore degcriped wth reference to any one of Figs.
3-6B of the acconpanying drawing$.3 | TH S SHEET HAS BEEN Thi s. Sheet Has.
Been Repl aced 18 .other one of thed( cell and the copy driving the high
fanout requirenment; and a plural iH—pf sum (S) cells; each of the plurality

3
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of S,ce€lls.Being, coupled to an associ ated one of the pluralit

and to.an associated one of the plurality of PG cells. 13. The| gLA. aa(ﬁr _________ 1996 .
claim12 in which the at |east one of a Ccells are located o £

two bit boundary of the adder. 14. The CLA adder of claim 13 in which t he

copy of the at |east one cell being coupl ed3t 0 a Ccell which is a subset

of "'the high f anout r equi rement. 15. The binary CLA adder of claim13 in

whi ch a porti on and C cells at a power of two bit boundaries are

copi ed and ar &8 b‘ﬁ eotOLexéSH&g Eresess @CWE%&& i Tq presomt inyention addsessescsuchf

a high fanout amegdi rement. 16. A binary carry |ookahead (CLA) adder

comprising: a GhuEhRY of TREMRRAENTIGR"S 3t (PO cells;

According to one aspect of the invention there is provided an adder circuit
comprising:

a plurality of cells; the plurality of cells being separated into a first group of
cells having a high fanout requirement and a second group of cells having a higher
speed capability;

a copy of at least one cell from the first group of cells; and

means for coupling either one of the at least one cell and the copy to the
second group of cells baving the higher speed capability.

_ According to another aspect of the invention there is provided a carry
lookahead (CLA) adder comprising:

a plurality of propagate/generate (PG) cells;

~ a plurality of lookahead (L) cells, each of the plurality of L cells being coupled
to an associated one of the plurality of PG cells; at least one of the L cells being a copy
of a L cell with a high fanout requirement; either one of the L cell and the copy driving
a L cell which does not have a high fanout requirement; and the other one of the L cell
and the copy driving the high fanout requirement;

a plurality of carry (C) cells; each of the plurality of C cells being coupled to
an associated one of the plurality of L cells; and

a plurality of sum (S) cells; each of the plurality of S cells being coupled to an
associated one of the plurality of C cells and to an associated one of the plurality of PG

cells.

According to another aspect of the invention there is provided a carry
lookahead (CLA) adder comprising: |

a plurality of propagate/generate (PG) cells; _

a plurality of lookahead (L) cells, each of the plurality of L cells being coupled
to an associated one of the plurality of PG cells;

a plurality of carry (C) cells; each of the plurality of C cells being coupled to
an associated one of the plurality of L cells, at least one of the C cells being a copy of a
C cell with a high fanout requirement; either one of the C cell and the copy driving a C
cell which does not have a high fanout requirement; and the other one of the C cell and
the copy driving the high fanout requirement; and

a plurality of sum (S) cells; each of the plurality of S cells being coupled to an
associated one of the plurality of C cells and to an associated one of the plurality of PG
cells.



. | _ FrPLACEME TSHEET
Thi s, Sheet Has' Bgen Replaced 19 a plurality of |ookahead (L)|/ce

the plurality of L cells being coupled to an associ ated one fDétE'e 3 U

plurality of PGcells; at |least one of the L cells- being a tepy—of

cell which is at a power of two bit boundary; the copy of the L ceII bel ng
coupled to an L cell which has a subset of he high fanout requirenent of
the L cell at a power of two bit boundary' and the at. |l east one L cell

bei ng coupled to a of carry (C) cells;

t cent. L cell pluralit
each of the plurali t&’(“ r&aéi Q. fipother aspect %ﬁlﬁll’éwnpen re $ueyideda bgrey earry he
plurality of Llookdhiead (@LA)&kl:tcanprmﬁg-t he C cells being a copy of a C cell
which is at a power c of the C cell being
coupled to a C cell as aB%%@g%%r%érlﬁ%)%ﬂéh fanout requirenent of
the Ccell at a powe?rpllﬂ itnef Jopkahsad, Hedogells, each of Fre pleralityaeft L oelts befing tamupl2d
cel | being coupladsiRided@it ofalt plfdlity of PG cells; at least one of the L cells being a copy
of a L cell which is at a power of two bit boundary; the copy of the L cell being
coupled to an L cell which has a subset of the high fanout requirement of the L cell at a
power of two bit boundary; and the at least one L cell being coupled to a next adjacent
L cell;

a plurality of carry (C) cells; each of the plurality of C cells being coupled to
an associated one of the plurality of L cells, at least one of the C cells being a copy of a
C cell which is at a power of two bit boundary; the copy of the C cell being coupled to
a C cell which has a subset of the high fanout requirement of the C cell at a power of
two bit boundary; and the at least one of the C cell being coupled to a next adjacent C
cell; and
a plurality of sum (S) cells; each of the plurality of S cells being coupled to an
associated one of the plurality of C cells and to an associated one of the plurality of PG
cells. :
| According to still another aspect of the invention there is provided a binary
carry lookahead (CLA) adder comprising:

a plurality of propagate/generate (PG) cells;

a plurality of lookahead (L) cells, each of the plurality of L cells being coupled
to an associated one of the plurality of PG cells; at least one of the L cells being a copy
of a L cell which is at a power of two bit boundary; the copy of the L cell for driving a
first portion of the subsequent associated L cells; and the at least one L cell for driving
a second portion of subsequent associated L cells;

a plurality of carry (C) cells; each of the plurality of C cells being coupled to
an associated one of the plurality of L cells, at least one of the C cells being a copy of a
C cell which is at a power of two bit boundary; the copy of the C cell for driving a first
portion of subsequent associated C cells; and the at least one C cell for driving a second
portion of the subsequent associated C cells; and

a plurality of sum (S) cells; each of the plurality of S cells being coupled to an
associated one of the plurality of C cells and to an associated one of the plurality of PG
cells.



Ccell; and*apluraljty of sum(S) cells; each of the plural

REPLACEMENT SHEET
ty ofag
bei ng coupled to an associated one of the plurality of C cel @amda-ti)c@ym
associ ated one of the plurality of PG cells. 17. The binary ot

claim16 in which a portion of the L and C cells at a power of two bit
TH' 'S SHEET HAS BEEN Thi s Sheet Has Been Repiqced 20 boundaries are copied
and are coupled.to L and C cells respectively which are a subset of a high

fanout requir egREF DESCRIFPIIN gHWDHAW&gd (CLA) adder conprising: a
plurality of propagate/generate (PG cells
Figure 1 is a block diagram of a first embodiment of a conventional 16 bit
binary adder.
Figure 2 is a block diagram of a second embodiment of a conventional 16 bit
binary adder.
Figure 3 is a block diagram of a first embodiment of a 16 bit binary adder in
accordance with the present invention.
Figure 4 is a block diagram of a second embodiment of a 16 bit binary adder
- in accordance with the present invention.
Figure 5 is a block diagram of a third embodiment of a 16 bit binary adder in
- accordance with the present invention.
Figure 6A-6B are block diagrams of a portion of a 128 bit binary adder in
accordance with the present invention.
DESCRIPTION OF THE INVENTION
The present invention relates to the improvement in an integrated circuit that
includes cells that have large
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a plurality“of lookahead (L) cells, each of the plurality ofl|l FRE&CEMENTRIIEET
coupled to an associated one of the plurality of PG cells; da? s; ﬂnmw\sss
the L cells being a copy of a'L cell which is at a power of Lo hi{ =~ .

boundary; the copy of the L cell for driving a first portion of the
subsequent associated L cells; and the at Iemast one L cell for driving a
second portion.of subsequent associated L cells; a plurality of carry (O
cells; each ofctAgma.urality of C cells being coupled to an associated one
of the plurality of L cells, at |east one of the C cells being a copy of a
Ccell which is at a-powerAlbaddeqgirgyit comprisiag:y: the copy of the C cell for

one. G ael T T orft Lyl g o ceaont Ror oo Caer cife &petafd fldfa HAE eliyr 17!
ol 1s: and a 50k ViR BiEtChARH it mh s Acond gHB S GFUs PO hishet | <
bei ng coupl ed speedagapability;i at ed one of the :
a copy of at least one cell from the first group of cells; and
means for coupling either one of the at least one cell and the copy to the
second group of cells having the higher speed capability.

2. The circuit of claim 1 in which each of the plurality of cells comprises
a lookahead cell.

3. The circuit of claim 1 in which each of the plurality of cells comprises
a carry cell.

4, The circuit of claim 3 in which the adder circuit comprises a carry
lookahead (CLA) binary adder circuit.

5. The circuit of claim 4 in which each of the plurality of cells comprises
a lookahead cell.

6. The circuit of claim 5 in which the first group of lookahead cells are
located on a power of two bit boundary of the circuit.

7. The circuit of claim 6 in which the copy of at least one lookahead cell

from the first group being coupled to a lookahead cell in the second group which is a
subset of the high fanout requirement.

8. A carry lookahead (CLA) adder comprising: _

a plurality of propagate/generate (PG) cells; :

a plurality of lookahead (L) cells, each of the plurality of L cells being coupled
to an associated one of the plurality of PG cells; at least one of the L cells being a copy
of a L cell with a high fanout requirement; either one of the L cell and the copy driving
a L cell which does not have a high fanout requirement; and the other one of the L cell
and the copy driving the high fanout requirement;

a plurality of carry (C) cells; each of the plurality of C cells being coupled to-

- an associated one of the plurality of L cells; and

a plurality of sum (S) cells; each of the plurality of S cells being coupled to an
associated one of the plurality of C cells and to an associated one of the plurality of PG
cells.

9. The CLA adder of claim 8 in which the at least one of a L cells are
located on a power of two bit boundary of the adder.

10. The CLA adder of claim 9 in which the copy of the at least one cell
being coupled to an L cell which is a subset of the high fanout requirement.

11. A carry lookahead (CLA) adder comprising: :
) R
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one of the plurality of PG cells. 19. A circuit substantia

her ei nbef ore described with reference to any one of Figs 3-6M# %?t

as3 0 _NOV 19%

fﬁé ------------------------

acconpanyi ng draw ngs. 20. A carry | ookahead adder substanti al
herei nbef ore described with reference to anygone of Figs 3-6B of
acconpanyi ng drawi ngs. This Sheet Has Been Repl aced

ly as
t he

a plurality 6f propagate/generate (PG) cells;

a plurality of lookahead (L) cells, each of the plurality of L cells being coupled
to an associated one of the plurality of PG cells;

a plurality of carry (C) cells; each of the plurality of C cells being coupled to
an associated one of the plurality of L cells, at least one of the C cells being a copy of a

' C cell with a high fanout requirement; either one of the C cell and the copy driving a C
cell which does not have a high fanout requirement; and the other one of the C cell and
the copy driving the high fanout requirement; and

a plurality of sum (S) cells; each of the plurality of S cells being coupled to an
associated one of the plurality of C cells and to an associated one of the plurality of PG
cells.

12. The CLA adder of claim 11 in which the at least one of a C cells are
located on a power of two bit boundary of the adder.

13. The CLA adder of claim 12 in which the copy of the at least one cell
being coupled to a C cell which is a subset of the high fanout requirement.

14. The binary CLA adder of claim 12 in which a portion of the L and C
cells at a power of two bit boundaries are copied and are coupled to L and C cells
respectively which are a subset of a high fanout requirement.

15. A binary carry lookahead (CLA) adder compnsmg

a plurality of propagate/generate (PG) cells;

a plurality of lookahead (L) cells, each of the plurality of L cells being coupled
to an associated one of the plurality of PG cells; at least one of the L cells being a copy
of a L cell which is at a power of two bit boundary; the copy of the L cell being
coupled to an L cell which has a subset of the high fanout requirement of the L cell at a
power of two bit boundary; and the at least one L cell being coupled to a next adjacent
L cell;

a plurality of carry (C) cells; each of the plurality of C cells being coupled to
an associated one of the plurality of L cells, at least one of the C cells being a copy of a
C cell which is at a power of two bit boundary; the copy of the C cell being coupled to
a C cell which has a subset of the high fanout requirement of the C cell at a power of
two bit boundary; and the at least one of the C cell being coupled to a next adjacent C

“cell; and
a plurality of sum (S) cells; each of the plurality of S cells being coupled to an
associated one of the plurallty of C cells and to an associated one of the plurality of PG
cells. :
' 16. The binary CLA adder of claim 15 in which a portion of the L and C
cells at a power of two bit boundaries are copied and are coppled to L and C cells

respectively which are a subset of a high fanout requirement.
[T
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17. A Biﬁary carry lookahead (CLA) adder comprising:

a plurality of propagate/generate (PG) cells;

a plurality of lookahead (L) cells, each of the plurality of L cells being coupled
to an associated one of the plurality of PG cells; at least one of the L cells being a copy
of a L cell which is at a power of two bit boundary; the copy of the L cell for driving a’
first portion of the subsequent associated L cells; and the at least one L cell for driving
- a second portion of subsequent associated L cells;

a plurality of carry (C) cells; each of the plurality of C cells being coupled to
an associated one of the plurality of L cells, at least one of the C cells being a copy of a
C cell which is at a power of two bit boundary; the copy of the C cell for driving a first

_portion of subsequent associated C cells; and the at least one C cell for driving a second

portion of the subsequent associated C cells; and

a plurality of sum (S) cells; each of the plurality of S cells being coupled to an
associjated one of the plurality of C cells and to an associated one of the plurality of PG
cells. .

18. An adder circuit substantially as hereinbefore described with reference
to any one of Figs. 3-6B of the accompanying drawings.

19. A carry lookahead adder substantially as hereinbefore described with
reference to any one of Figs. 3-6B of the accompanying drawings.
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