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Carry Lookahead Adder
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Propagated and Generated Carries
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Invert
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Variable Block
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Variable Block
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Variable Block
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Variable Block
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Carry Lookahead Adder
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Carry Equations

Cl+1 — Gl+ Plcl

Cq :@"'@Co Cq :@"'@Co
c; = Gy+ Pyc c; = Gy+ PGy + Pycy
C3:’6 +@ C, CBZ@"'@@"'@:@'F@CO

c, = G,+ P,c — .+ P Q @Q Q
4 \__7 N , 9/ 3 C 4 — \\\w }w + ‘\\7; /\- G ) + P 2 G + G + P C 0 -

Go+ Pycy = ¢

G, + PG+ P,Pyc, = ¢

G,+ P,G,+ P,P,Gy+ P,P,Pyc, = ¢4

G,+ P,G,+ P,P,G,+ P,P,P,G,+ P,P,P,P,c, = c,
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Carry Equations into Gates (1)

Ci,1 = G;+ Pic;
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Fan-in number: small
Stage number: large
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Carry Equations into Gates (2)

Go+ Pocy = ¢

G, + P,G,+ P,P,c, = ¢,

G,+ P,G,+ P,P,Gy+ P,P,P,c, = ¢4

G,+ P,G,+ P,P,G,+ P,P,P,G,+ P,P,P,P,c, = c,

G, G, —)
Go c, P,G, P.G,
Poco P,P,G, c, P.P,G, c,
P,P,P,c, P,P,P,G,
G, P,P,P,P,c,
PG, c,
Fan-in number: large
P1Poc Stage number: small
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Full Carry Lookahead

AND2, OR2 G,+ P,c, = c,
AND3, OR3 G,+ P,G,+ P,P,c, = c,
AND4, OR4 G,+ P,G,+ P,P,G,+ P,P,P,c, = ¢,
ANDS5, OR5 G,+ P,G,+ P,P,G,+ P,P,P,G,+ P,P,P,P,c, = c,
AND32, OR32 = Cq
AND33, OR33 = Cq

Large number of fan-in : Impractical

High Radix Addition (2°g)
Multi-level Lookahead
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4-bit Carry Lookahead Logic — interface

All Gi's Pi's are computed

simultaneously from a; and b;

each ci's takes 2 gate delays

G, = a;b,
— L A A A A
P, = a;+b, c, c, C, Co
-~ D - D - D - p
€4 )
4-bit Carry Lookahead Logic
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4-bit Carry Lookahead Logic — boolean equations

All Gi's Pi's are computed
simultaneously from a; and b;

each ci's takes 2 gate delays

G, = a;b,
P. = a+b, AC3 ACZ Acl ACO
' 'y ' '
c c,|=  Carry Lookahead Logic ) @ + @Co Cy
)= G + PG +PPGy + PyPPyc,
C= Gt PGyt PPIG,+ PUPLPGy+ PP, Puc,
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4-bit Carry Lookahead Logic — POS

All G's Pi's are computed each ci's takes 2 gate delays

simultaneously from a; and b;
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4-bit CLA

a, b, a, b, a, b, a, b,

e,

G; = ayb; G, = a,b, G, = a;'b, Gy, = ay'by, Ppartal

P, = a,+ b, P, = a,+b, P, = a,+b, P, = a,+b, Ful
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Multi-level Carry Lookahead

3 2 1
10987654321098765432109876543210

High Radix Addition (2°g)
Multi-level Lookahead
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Multi-level Carry Lookahead
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Contiguous Multi-level Carry Lookahead

C, C,
< 4-bit Lookahead =
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1 1
C C
‘i 5-bit Lookahead 4712 (;(;2i iP G2
i i Group G's & P's
GG, PG
Lo bebarbi
C16 . Co
C, Cg €4 noneed ) < 4-bit Lookahed =
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Group Carry Lookahead Logic

C, = @ +PG +@@CO

@ @@ @@@ @@@
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GG and PG (1)

¢, = Go+ Pyc

c, = G, + P1:G0+ Poco]

c; = Gyt P2:G1+ Pl[GO-I- POCOH

c, = Gg+ P3_G2+ PZ[G1+ PI[GO+ Poco]

—

c, =|G;+ P,G,+ P,P,G,+ P,P,P,G,p+|P,P,P,Pjc, = |GG4+|PGc,

+ P4[c4]
+ PS;G4+ P4{C4H
¢; = Gg+ Pg Gy + PS[G4+ P4[c4]H
cs = Go+ P,/ G+ Py|Gy+ PJ[G,+ P[c]]

¢y =|G,+ P,Gg+ P,P,G.+ P.P,P.G,I+ P7P6P5P4|c4 = |GG |+ [PG e,
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GG and PG (2)

cg = Gg+ PB[Cg]
Cio — G9+ PQ[G8+ PS[CSH
Cyy = G+ Py Go+ P9[G8+ PS[CS]H

Cp, = G+ P|Gy+ PlO[G9+ P9[G8+ PS[CBH:]

C12 — G11+ P11G10+ P11P10G9+ P11P1P9G8

+

Ciz3 = G+ P12:C12]

Cy = Gzt P13_:G12+ P12{C12H

Cis = G5+ P15_G13+ P13[612+ Pl?[clzm

Cig = Gyt P16_G15+ P15[Gl3+ P13[G12+ PlZ[ClZHH

C16 = G16+ P16G15+ P16P15G14+ P16P15P14G13
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P16P15P14P13

Carry Lookahead 26
Adder (2A)

P11P10P9P3C8 = GGz'I' PG2C8

Young W. Lim
11/30/22



Critical Path In the Carry Lookahead Logic

All Gi's Pi's are computed each ci's takes 2 gate delays
simultaneously from a; and b;
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Critical Path in the 4-bit CLA

a, b, a, b,
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Critical Path in the Group Carry Lookahead Logic

Cqy Cq ! c,
G, P, c, G, P, c, G, P, c, G,
Ci6 .. c, @ + @ ¢, C,
c; G, + + Py Poc,
c; = G, +P.G; + PPiGy + PPyPoc,
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Carry Skip Adder

k-1)A_ J

(R-2) Dgyip J L%J

Oklobdzija: High-Speed VLSI arithmetic units : adders and multipliers
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