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Ripple Carry Adder

slow, less hard ware
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Delay in Ripple-Carry Adder

Let ... = propogation delay through a logic gate,
assuming the same delay for inverters (normally
inverter has less delay).

Half adder propagation delays
Laa = 3 tgate HA {Si =x, Dy,

tcarry =1 tgate ¢, =X, 9);

Full adder propagation delays

Lad =3t§ate 5;=x,Dy,Dc,
t =2¢ F4

carry gate C;=X; @), +Xx, 8C_+Yy 0C,

Ripple-Carry Adder (/7-bits)
taa = [1+(n-2)2] Lo+ 3 £

gate
— X
= 2N tgate
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Fully Parallel Three-Bit Adder

Use minimal level of logic to achieve fast speed

Co = XoVo (4.30)
So = X0 DYy
C) =XV1Co TXY1CoTX Yy CotXy Vi€

=X e Dy

=X H Oy () (4.31)
s1 = x,8y,D¢

= X,D,® xog

Cy = X1, H(x,D),)c

= X0, 0000 X1y @y ) (xey)] (4.32)
s, = x,®Dy,Dc,

= 2,01, B[x1 (DY ) (xoVo)]
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Delay for a Fully Parallel Adder

Assuming a three-level realization:

t;\dd =3 tbate

However, the fan in requirements become
impractical as nnincreases.

Gate count large, cost high.
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Carry Look-Ahead Adders -- Basic Idea

Xy, + %G1 + YiG.1= Xy; + (X + V)G
Xy, + xyiG,+ Xy G4+ X)G,+ X' VG,
Xy, t+ xy/ G, + x'yG,

Xy, + (X} + X%'¥)G,

Xy + (X% © )G,

Recall that ¢

Let g. = X [carry generate]
P =Xy [carry propagate]

Then C=0g+ pcG,

S =P G,
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3 Bit Carry Look-Ahead Adders

First Level Abstraction

Co = 8o (4.35)
So = Do

¢y =g, T P16
=gt P18 (4.36)
$;=p; D¢

C, =8, TPy
=g, t py(g; T P1&)

=g, T D281 T P2P18 (4.37)
s, =p, D¢
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First Level 3 Bit Carry Look-Ahead Adder

U—% J () ?p

(a) (b)
T —e
NER—
CLAcircui(tC)
l ‘| el




Ahead Adders

i — i
Pi=x; Dy,
1 gate delay
for pi & gi
cl = g0+ (p0-ch)
2= gl+(pl-g0)+(pl-p0-cO)

2 P

for ci (CLA
oren(CLA) F(p3-p2-pl-p0- cO)
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4 Bit Carry Look-

First Level Abstraction

3= g2+ (p2-gl)+(p2-pl- g0)+(p2-pl- pO- c0)
2 gate delay cd = g3+(p3-g2)+(p3-p2-g1)+(p3-p2-pl - g0)



Delay for First Level Carry Look-Ahead Adder

Adder modules (assuming XOR=2 gate delay, inverter has no delay)
— — 4 — i=Xx.y., Dl =X : . =P, ,
tg_tgate’ tp_ts_Ztgate 8 XiVi P xl@yl Si pl®cl-1
cl = g0+ (p0-cO)
CLA module 2 = gl+(pl-g0)+(pl-p0-co)
3= g2+ (p2-gl)+(p2-pl-g0)+(p2-pl-po - cO)

t.=2 Loate et = g3+ (p3-g2)+(p3-p2-gl) +(p3-p2- pl- g0)
+(p3-p2-pl:-p0-cl)

Overall

tadd - 2tgate (p & g) +2 tgate (CLA) + 2tgate (Sum) =6 tgate

CHA t CFA ) UMlastbit
Ripple Adder Delay = [1 + (n - 2)2] t,,+ 2t,,=(2n-)*t,,.
HA {Si:xl’@yi FA {Si:xi@yig_)cil
TN C;=X 0, +X,0C 1), ¢,

Full Parallel Adder Delay = 3t

ELEC 2200, FDAI

gate ,

assuming 3-level with infinite fan-in.



Delay for First Level Carry Look-Ahead Adder

Adder modules (assuming XOR=1 gate delay, inverter has no delay)

t,=t,=t=t gi=x,y, pi=x; Dy, $;=p; © ¢4

S gate
cl = g0+ (p0-cO)
CLA module 2 = gl+(pl-g0)+(pl-p0-co)
3= g2+ (p2-gl)+(p2-pl-g0)+(p2-pl-po - cO)

cd=g3+(p3-g2)+(p3-p2-gl)+(p3-p2-pl-gl)
+(p3-p2-pl-p0-c0)

tc =2 tgate

Overall
tadd = tgate (p & g) +2 tgate (CLA) + tgate (Sum) =4 tgate

Cha t Cpy + SUM i g {Sl‘ =y

Ripple Adder Delay =[1+(n - 2)2] t, .+ t... =XV

D2ty rafi 7225,

gate C;=X, 0, TX,0C  +),0C,
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16 Bit Carry Look-Ahead Adders

Second Level Abstraction

Carryln

!

a0 —| Carrvin
b —e

» ResultO-3
a1 —
Bl ———= ALUO — —n -
az2 ——»» PO b———» pi |
b:23 e GO b &i
a ._* L
b3 —» " S RS
Ci |
- e =T = o= B

o

adq4 —»| Carryln i
g — —» Resultd—7
as —

s —me

i
a i !

asc ——» ALU PLlb——a pi+ 1 f
D6 — G1L pP—— gi+ 1 i
ay ——b ¥
———- 1
R c2 : i
PR ES— —f Cf+ 2 i

ag ——» Carryln : i

b — - — » Result8—11

a9 ——— ; i

he —e
alo ———

2 ————— pi+ 2

b10O —» G2 F—————  gi + 2
all ———» : ;
b1l —» c3 ) i

R s ci+ 3

alz —» Carryln i i

bl —» - —s Resultd>2-15
alld —» 1
bl3s —»
ald —

PP 3
b1a4 — Gz b—> i+ 3 7
als —— ca | . I
b15 — gy ‘%fj‘"r :



16 Bit Carry Look-
Ahead Adders

Second Level Abstraction

PO=p3-p2-pl-pl
Pl=p7 -p6-po>-pd
P2 = pl1-pl0-p9- p8
P3 = pl5-pl4-pl3 - pl2
1 gate delay for Pi

~ GO

GO = g3+ (p3-g2)+(p3-p2-gl) +(p3- p2 - pl-g0) 2 gate delay
Gl = g7+(p7-g6)+(p7-p6- g5) +(p7 - pb - po- gd)  for Gi
G2 = gll+ (pl11-gl0) + (pll- pl0-g9) + (pll-pl0-pY- g8)

G3 = g15+ (p15- gl4) + (p15 - pl4 - g13) + (p15 - pl4 - p13 - gl2)
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16 Bit Carry Look-
Ahead Adders

Second Level Abstraction

Delay for 2 level CLA=

1 gate delay for pi & gi +

2 gate delay for Pi & Gi +

2 gate delay for Ci +

2 gate delay for ci in last unit +

< C1 - GO+ (P0-c0) 1 gatedelay for sum

g3 &

£ 9 = G1+(P1-G0)+(P1- PO c0)
3 = G2+ (P2-G1)+(P2-P1-GO) + (P2 P1- PO c0)

) eatedelay  C = G3+(P3-G2) + (P3-P2- GI) +(P3-P2-P1-G0)
or ¢ +(P3-P2-P1-P0- )
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Delay for Second Level Carry Look-Ahead Adder

Adder modules (assuming XOR=2 gate delay, inverter has no delay)

t =t t =t.=2 gi=xy, pi=x; Dy, $; =p; D ¢,y

g gate® °p S gate
cl = g0+ (p0-c0)
2 =gl+(pl-g0)+(pl-p0-c0)
15t level CLA module: ¢, =2 Loate 3= g2+ (p2-gl)+(p2-pl-g0) +(p2-p1- pO- cO)

cd = g3+(p3-g2)+(p3-p2-gl)+(p3~p2-pl-gO)
+(p3-p2-pl-p0-cl)

Cl = GO+(P0-c0)
PO=p3-p2-pl-p0 GO = g3+ (p3-g2) + (p3-p2- 1) +(p3 - p2-pl-g0) C2 = GL+(PL-GO) +(P1-P0- )
Pl= p7-p6-p5- pd s= v '
p/-po-po-p Gl:g7+(p7-g6)+(p7-p6-g5)+(p7 p6 - p5-g4) 3= G2+ (P2-GI)+ (P2 P1-GO)+ (P2 PL-PO- 0)

P2= pll-pl0-pY-p8

P3= pl5 pl4-pl3-pl2 27 ¢11 + (pl1- gl0) + (p11-p10-g9) + (p11-pl0-po - g8) Ol = 3 (P5.G2) = (13- P2- Gl + (B3 - PL-P1-CO)

G3 = gl5+ (p15-gld) + (pl5-pld-gl3) + (pl5-pl4d - pl3- gi2) +(P3-P2-P1-P0-c0)

2nd level P, G module: t, . =2t
2nd level CLA module: t,=2t,,,

Overall: 7,4 =2¢,,,.(p &g) +2t,, (P& G) +21¢,,(2" CLA)+2 t
(1%t CLA) + 2¢_,,. (Sum of MSB) =10 ¢

gate gate

gate

gate
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A 16 Bit Adder with 2-level CLA Logic, max 4 fan-in, and 10 gate delay

Bit-12

R e e R e R R N R
%1 zj,t 1bit 1bit 1bit 1bit 1bit 1bit 1bit 1bit 1bit 1bit 1bit 1bit 1bit 1bit 1bit
Sl FA FA FA FA FA FA FA FA FA FA FA FA FA FA FA
SIS IR IR AN PR PR RN AR PN N s PRt LI P NI RN 4R N 44
| Level 1CLA, max4fan-in  cy« Level 1 CLA, max 4 fanin Gy«| |  Level 1 CLA max 4 fan-in Coe- Level 1 CLA, max 4 fan-in G|«
P G P G c, P G P G ‘
‘ Level 2 CLA Logic with maximum 4 fan-in co‘
X, &Yy, Co
¢ L Assuming XOR=2 gate delay, and
_ maximum fan-in = 4 inputs.
2t 8i =X
gate Pi=x; Dy,
D g (1) Two level CLA with 4 modules in one group.
v Total delay: ¢, = Ztgate p&g+ 2tgate P&G)
PO= p3-p2-pl-p0 GO = g3+ (p3-g2)+(p3-p2-gl) +(p3-p2-pl-80) +2t (Z“d CLA)"‘Zt (lst CLA)+21‘
2t Pl= p7 p6-p5-p4 Gl = g7 +(p7 - g6) +(p7 - p6 - 5) +(p7 - P6 - P5 - 84) gate gate gate
gate | P2= pl1-pl0-p9- p8 G2 = gl1 +(pl1-gl0) + (p11-pl0-g9) +(pll-pl0-p9- g8) (Sum of MSB) =10 tgate
P3 = pl5-pl4-pl3 pl2 G3 = gl5+ (p15- gl4) + (pl5- pl4- gl3) + (pl5- pl4-pl3-gli2)
5 L G (2) Ripple Adder Delay:
=[1+Mm-2)2] t, + 2t . =QCn-1)*t, =31t
C1=GO+P0C0 CHA T CFA t SUMlastbzt
2tgate C12=G1+P1GO+P1POCO B
Cssz"'PzG 1+P2P 1Go+P2P ] PoCo (3) Full Parallel Adder Delay: cannot be
implemented with 4-inputs.
VCO 2tgate
C,=g,+P.C Ciq >
1 90 Mo~0 4» i-1c. & S.
2tgate C,=94+P19,+P1PoC, s pXOIic [ g
C3=9,%P291+P2P190+P2P1PCy ELEC 2200, FDAI




