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ABSTRACT

A new approach to the design of high-speed
adders using the carry look-ahead principle is
presented. These techniques discuss a new
organization for the carry-chain, with minimal area
impact, which minimizes the latency while
maintaining modularity., Application of these
techniques to a 96-bit adder, implemented in a
CMOS process with 1.0 um design rules, shows a
critical path delay of 4.5 ns.

INTRODUCTION

Carry look-ahead (CLA) addition has become
one of the more popular techniques for
implementing fast adders because of the resulting
speed, area, and modularityl. However, as the word
size of the adders increase, the conventional carry-
chain delay easily limits cycle time. In an attempt to
decrease carry-chain delay, new circuit techniques
have been applied to CLA addition®. This paper
discusses a new organization for the carry-chain to
minimize latency. As an example, a 96-bit adder
design will be discussed.

The recursive method of CLA addition is well
known. In general, fan-in limits carry look-ahead to
groups of four bits. Because of this, multi-level look-
ahead structures are used for larger words. Fig. la
shows the structure for a 64-bit conventional CLA
carry-chain in a group size of four, and the CLA
equations are shown in Fig. 1b. Each carry-block
generates three local carry-out terms from the P,G
terms and the carry-in. Fig. 1c shows a circuit
implemention of a 4-bit group PG-block and carry
block. There are three levels of delay 1o the most
significant carry-out term. The PG-block generates

the 4-bit group P,G terms.

The critical path for the adder which is
highlighted in Fig. lais:

AB -Gy -G3.0-Gis5.0-Cip-C32-Cyg- Csp- Csg
- Ce0 - Co1 - Co2 - Co3 - S63

MODIFIED CLA STRUCTURE

Fig. 2a shows the modified CLA structure. The
PG-block here generates intermediate group P terms
(P5.0, P1.0) and group G terms (Gs.g, Gi.g), in
addition to the 4-bit group P,G terms. A Manchester
chain structure is used in the generation of the group
G terms to reduce the transistor count. The carry-
block generates three local carry-out terms (Cq, Cy,
C3). The associated circuit structure for the PG-
block and carry block is shown in Fig. 2b. The
generation of the intermediate group PG terms
means the delay to any carry-out term is only one
level.

The critical path for the modified CLA structure
which is highlighted in Fig. 2a is:

AB-Gg-G3.9-Gis5:0-Ga7:0- Cag-Cop - Co3 - Sg3

Table 1 details the timing associated with each
of the above critical paths. These timing numbers
are based upon a I um design rules CMOS process
(Logr=0.8 um), 5.0 V, 25° C. As can be seen, the 64-
bit modified CLA addition is faster than the
conventional 64-bit addition. The reason for the
faster speed is the availability of the intermediate
group P,G terms at every PG-block, which enabled
the most significant carry-out term delay of every
carry-block to be a one-level delay. The PG-block of
the modified CLA design has 41 transistors as
opposed to 19 transistors for the conventional CLA
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design. However, this will minimally impact area
because these transistors arise in the intermediate
Peao | |Gean

bits, which will not be the limiting factor in , - Praso __ Poaue
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Figure 1a. Conventional CLA Structure
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P = A @ B (propogate)

G = A B (generate)

Cq (carry-in)

Cy=Gp+CyPy

Co =Gy +Cy-P1 =Gy + GgPqy + Co-Py-Py

C3=Gp + CyPy =Gy + Gy-Py + Gg-Py-Pp + Co-PgPy-P2

Cy=Gg + CyP3=G3+GyP3+Gy-Py-Py + GgPy PPy + Cp-Py-Py-PyPy
=Gap + CoPag

Cg = G7:4 + C4P7:4 = G7.4 + G3:0P7:4 + Co-PagPrs

Cig=Gisp + CoPiso
Csa= Gezo + CoPeso

Sp=P,®C,

Figure 1b. Carry-Lookahead Equations
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Figure 1c. Circuit Implementation of Conventional

4b Group PG and Carry Blocks

Pg3 —
Gz~
Pg2 —*
Gigp —p{
Pgy —#
Gg1 =
Pgo —=
Ggp—

Psg—+
Pss—
Gap—»

Py —»

Pes.as

Gg3:48

Gyg—»

P47—¢>

Gap—a-f

Pgy —p

Gig—»|

Pqg—p
Gyp—~
Py =

Gg -

'

Py

!

25.5.3

PAdidddd

CARRY BLOCK

S
Gsaiss| O |Gisous
o
:j o
a
Pss:50 |
I:]Gss:sz
Ps1:48.
N
G108 L— 8
d
@
Cus
T [ Paro I—-;I
—_Lb Garo
Caz
| — P:M:O
Crs
Pisiap 1 Pis:0 Piso
™
Gis:12 Giso L—JGis0
D Ci2
Py P10
|
Giig o [Guo
{:J & Csg
P24 g Pro
Gr4 G7.0
I:—‘ Cq
Pao Pso —;
Gao LGy

Figure 2a. Modified CLA Structure

Co



D oST PUE AS = QA Wi $53001d SOND Wil ('] 103 sonsLeroerey) SUpULL ' 9qEL

CK

! . (sN)
90 SE°0 gE0 €0 Lo 60 60 ¥0 bw__wo NZEERE)
SNG'P = WVLOL - : ivd H3Qqav v10
£9g .69y | £85-08) | 0958y | 8vg. Olvg 0ivg - 0Slg|0Slg . OEn | 08p-O0p | Op-gly | oo i a31HIaon
. . . . . . (SN) ¢ )
90 s£0 SE'0 se0 s€0 S€0 s€'0 S€0 S€°0 €0 590 $9°0 ¥0 AVI3a ¥l 34NDId
SN¥'S =TWLOL ivd ¥30av V10
mwm, - mmO mmo - mm.U Nw.U - _‘w.U wmQ - DmQ DwO - %y omQ - NmO mmO - m.vO m.vQ - Nmnv NGU - 0—0 w—o - o”m_.mu o“m.mu - Ounmv Qmmu - 0mu onlu -a'y WOILIHD IWNOILNIANOD
- el
& S S farr
e
L
=
P L L =
Kl r T < I T T + 21 o o -
f 0 -
lﬂ Iﬂ _lﬁ G 2 g 2 &
: T -3 i i
o . o L o= _ _
& & o} oM 2
A A g 23 23
< w & o] &
= g £3
D o4 — P QP S PR @] Qxa N XX
5 | 5 T T 15 T il iy £.5 888 Se—§ 288 S
- Q o220
[5) EfZ <
|‘_ “ﬁ “ﬂ - m & m b m
1 LS 2. 3 &
< @ <
ED 3 )
o P el
—
1=3 Q e - p
8 & : =g I P
9 @] o o
r « « o [+]
R ] o & = =
VO < < o
j&'lrﬁlv IH~'F.HH_||r—|.V l“—llWH]'hlnv .
T T T T T T T T T T T K
_ I N
[«
Pt
=
o
i
& &' G d &

Cin
Figure 3. 96-Bit Adder
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