Advanced VLSI Design: 2022-23
Lecture 11
Arithmetic Circuits: Part-1

By Dr. Sanjay Vidhyadharan
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CMOS 28T Adder

A B ﬂ?;w Sum E:L?‘

0 a Q 0 0

0 a 1 1 0

0 1 0 1 o

0 1 1 0 1

1 0 a 1 0

1 0 1 0 1

1 1 a a 1 i
1 1 1 1 1

il

Carry(CY) = AB+ BC + AC

Sum(S) = ABCBC + ABC + ABC + ABC =

CY = AB+ C(A +B) Simplified
S=CY(A+ B+ C)+ ABC | Expressions
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CMQOS 28T Mirror Adder

BCi
00 01 11 10

L =
w
N

Carry =AB + BC+CA=AB + C(A+ B)

Pull — Down Network for Carry Bar = AB + C(A + B)

Pull — UP Network for Carry Bar = A'B' + B'C' + C'A’
=A'B'+ C'(A'+ B')

10/22/2022 3

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



CMQOS 28T Mirror Adder

' Mz M3 Mii Mi2 Mi3 M9
12 12 12 4 4 4 6
_EA +Ves ﬂE’ +Ves ilE—WBB ME— +Ves BE—+U53£[E— +Ves _BIME.;.E_ +Vee M&i l._k?' e
S 6 -
M4 MS M14 ilE— +Ves ”lzﬁF_EMI_
12 C 12 4 Mz Couth . -\Ves
3 | 6 1
":— +Ves _AlE— +Ves __E— +Vese Cl_nlE— e |
Wz =
Cin WG T M7 Couth, 1 .
) %E-Uas
- 3 _
|F‘—6-VBB _&J '6-‘4'33 JE— Vs Mz
B -Ves megr= 2
L T M3 Mi0 16 Mi7 K18 JME#E_?) z-'.P +vBB
6 6 .6 2 ) ) 1w —SUM—
_AE—-UBB _B‘E_'VBB _BE—-UBB A E_'UBBilE_‘UBBCM Ves _AlE_a'UBB SUIM- ai’:_ Vs
A 1
1012212022 Carry Delay is 2 and Sum Gate Delay is 3 A
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Full Adder

Multiplexer based FA

g ?i a,b;
0
Cout™ ™ S 1
: Cin
Gt::ut%<z | Ci |
Si S

_ Sum 2 Gate Delays
=abc, +abc +abe, +abc =a,®b Dc Carry 2 Gate Delays

[ [N [

¢, =ab.c, +a1.bjc,. +ab.c, +ab,.c,

i+1
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CMOS XOR and XNOR

Matched 2-input XOR gate. 2-input XNOR gate.
B —C|4 4|0— B T T
. :| |: B —O — B
A —O 4 4 O— A B B
A — O— A
[ Y L _
— - Y
A—|2 2| A
B N | A — A
B —|2 2|— B B B
| | B B
A B Y o o
0 0 0
o 1 1
1 0 1
1 1 0
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CMOS XOR
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Transmission Gate XOR
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Full Adder

R
ot b
|

O

o
c
—
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Ripple Carry Adder

3.2 Db a4 b,. 4
-

[ | S |
O |—|| | I O |—Ir |
| I
L | I L |
"—l - I I "{ bl I
I : I
— Ic. — |
l:'\'c:ut < : I t : \Cin
[ I
N I BN
| . . S ———— _ e — — I

Delay of such an adder is 2N gate delays from C,, to C

out
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Carry Bypass or Carry Skip Adder

P, G, P, G, P, G, P; Gy
y 1 R | +y 4 3

Ci._,'l:l Co.l.l Cﬂ..l Cﬂ.! Cu..’n
FA p— FA pP—| FA FA p—

Py G, Py G P, G, P; Gj

| BP=P P,P,P;
Ci.;l] Co0 'Co,l Co.2
FA FA o FA p—» FA
Co
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Bit 4-7

Setup

Bit8-11

&

Setup

Carry Bypass or Carry Skip Adder

Bit 12-15

Carry

g

Setup

Carry

—P Propagatio .:.: Prnpngatiuﬁ" t:

V

Sum Sum

Design N-bit adder using N/M equal length stages
e.g. N=16M=4
What is-the critical path?

ty = toepup + Mteyy + (NM—I)tbypaSS + Mty + toum > 1.e. O(N)
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Carry Ripple versus Carry Bypass

e

4.8 N
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Carry Bypass or Carry Skip Adder

a, b, a b,

Sy bm Ay bmm i Qr-m a(r—ljk b (r-1)k azmb

e |

S
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a(7:0) b(7:0) cin a(15:8)b(15:8)
N N N

Carry Increment Adder

a(23:16) 11-(23_-15)5,- a(31:24)b(31:24) [
vFE OV ¥ Jui

ELECTRICAL

ELECTRONICS

COMMUNICATION

RCA RCA RCA RCA
8bit &bit 8bit 8bit
cl ‘tumli?:ﬂ) lsum](li:s) ‘Eumuza;m}
sum(7:0) p—
IHCTEII'IEI][ c2 Increment C [I]CI'EII’IEI][
E circuit a circuit _g' circuit
sum(15:8) sum(23:16) sum(}l?:m}
.:)ZJ D) D[ JDJ
T b= CIA-16+8+8+8=40
D_(:;Lt
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Carry Look-Ahead Adder

1-bit CLA
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Carry Look-Ahead Adder

CLA

CLLB

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Carry Look-Ahead Adder

C,=G+P(G+PyCy)
=G, +P,G,+P P, Cy
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Carry Look-Ahead Adder

C,= G,+P,G,+P,P,C, C1=Gp*+PCy
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Carry Look-Ahead Adder

C=G+tPCy

C,= G +P,G,+P,P,Cy

C3=G,+P,G + P,P, Gy +P,P,PC,

C,=G3+P;G,+ P,P,G, +P3P,P, G, +P;P,P,P,C,
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Carry Look-Ahead Adder

3 Aj A B, Ay B A
| | | | | | | |
Co CLA CLA
S A A A
_1 Sy (G P |G 8 |G P |G (G P |G So |Gy Ro| |
¥ o E"'F"E"'""T}""P“
BaPs
H ’

3 Gate Delay for G,

| -
2 Gate Delay for P, | GJ—G

4 Gate Delay for C, —CH

4 Gate Delay for S, = Cﬁ%*
| { . _C— Carry Lookahead :
O T -
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Carry Look-Ahead Adder

8 Bit Full Adder

2 Az 1M
|| ||

CLA CLA CLA

_________________________________________________________________

IS
K=

Delay = 4 + 4 = 8 Gate Delay for C,
=4 + 4 = 8 Gate Delay for S, -
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Carry Look-Ahead Adder

16 Bit Full Adder

< < < <
4—‘015 one unit of time
PG CLL < PG CLL < PG CLL < PG CLL <
C12 C8 C4
additional 2 units of time
p3 g3 c3 p2 g2 c2 pl1 g1 c1 p0 g0
J c4 CLL c0 (&
P* G*
C16 ‘L l
Delay =

= 3= Delay in producing Pi,Gi

= 5 = Delay in producing Pi*,Gi*

=5 = Delay in producing C4,CB,C‘I2,
7 = Delay in producing ¢15

= 8 = Delay in producing S15

10/22/2022 23

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Carry Look-Ahead Adder

Delay of a k-bit Carry-Lookahead Adder

Tlmkahead-adder — 4‘10g4 k‘

k Tlonkahead-addcr Tripple—carry-adder
4 4 8
16 ] 32
32 12 64
64 12 128
128 16 256
256 16 512

10/22/2022 24

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Carry Look-Ahead Adder

PO
P1 —
cin—|
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Carry Look-Ahead Adder

CL;L | CL‘A ‘ CL|A ‘ CL‘A ‘
helle el ello sl al @8 e ] |
i .
L [ G,
9 F y G,
1[;—[|= . G,
D D L =
P, | I
P, ¢ . F
SR 1 T
Py ¢ 1 !
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Manchester Carry Chain

T T L __T[L
g
JTL—T | T[L
g
T T L __T[L
a JF
T 1 T L[

% O
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Linear Carry-Select Adder

Bit 0-3 Bit 4-7 Bit 8-11 Bit 12-15

Setup Setup Setup

| 1|8

Co,15
Sum Generatiat\ Sum Generatiarl Sum Generatiur! | : L_
So.3 S47 Sg.11 S12.15
ada= Iseﬁ;p + [J%] Tearry + MUy ¥ cum
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Sguare Root Carry-Select Adder

Bit 0-1 Bit 2-4 Bit 5-8 Bit 9-13

Setup Setup Setup

& [ 1!

I“ LA} Carr&r . ?. ‘Ilg{!‘i‘l‘ Carr}, . # IH " Carr},

I 1L

I'lli‘l‘ CE]T}I, 1‘!11‘!‘ CEII.rF

Sum Generatio Sum Generati Sum Generatioh

tadd = tsetup + Mtcarry + (V 2N)tmux + tsum
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Sguare Root Carry-Select Adder

N Bit adder, M — Bits in First Stage, P — Number. of Stages

N=M+M+1D)+M+2)+M+3)+--.+(M+P—-1)

Series: a, at+d, at+2d,...... ,at(n-1)d
B P(P—-1)
N =MP + 5 s, = Nn/2(2a + (n-1)d)
N = P + P(M L
= +P(M-3)
M<K N (e.M =2and N.= 64)
PZ
N =~ —
2
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Adder Delays - Comparison

50.0
400 @
300 P
o
............... R
N Z (< N B
 — I
prm
.............. o
100 P ™ —
0.0 L | |
0.0 20.0 40.0 —
|
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Carry Save Adder

X: 1001 :9
Y. 1001 :9
Z. 1011 :11
S. 1011
C: 1001
Sum: 11101 :29 4 Bit Carry Save Adder
R |
= Ripple Carry Adder 4-bit
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Serial Adder

Initialize to Accumulator T N\ St

0 g s 1
Eh ; :
| Ful
| Adder i
Addend Register
: /'; Q D f
Clock Serial Adder ; cK{}
=
—
Clock —
Block Diagram of a 4-bit Serial Adder with Accumulator
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Parallel Prefix Adder

Dot Operator

(Go, Py) o (G, Py) = (Go.1, Por)
Goq1 = G+ PGy
Py.y = PoP,y
(GU:PO) O (GI:PI) — (Gl +P1G0:«P0Pl) C, = G+ PGy + PoP Gy,

(61:3:}3]:3) o (Gz:ﬁaPE:S) — (Gl:ﬁapl:ﬁ)
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Kogge—Stone

10/22/2022
ELECTRICAL

Parallel Prefix Adder

P,®C,
P,®C,
P,®C,
P,®C,

=1 Gate Delay

1=

Y

So

£
0O S

)

&

} 2 Gate Delays

— 2 X 2 =4 Gate Delays
2 X log,(4)

—

GO G1 G2 G3
PO P1 P2 Ps} 1 Gate Delay

35

ELECTRONICS COMMUNICATION INSTRUMENTATION



Parallel Prefix Adder

Kogge—Stone
) o
Sa? . ]» 1 Gate Delay

} 2 Gate Delays

- 2 X 3 =06 Gate Delays
2 X log,(8)

GO GI G2 @3 G4 G5 G6 G7
PO PI P2 P3 P4 P5 P6 P7 :|‘ 1 Gate Delay
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Parallel Prefix Adder

Kogge—Stone

QZB Q:Q 0:'10 o1 Q:12 0:13 0:14 0:15

\

aﬁizéi il
[ ey
024 0:34 1:44 254 364 474 584 6:94 7104 8:114 9:1241013 Li114 4 121
Bropnospapsssvd
0:1] 1:2| 2:3| 3:4] 4:5| 5:6| 6:7| 7:8| 8:919:10[10:11|11:12|12:13[13:1414:15
ANAAAAAAAANAAAN

Routing is Complex

Large Fanout
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Parallel Prefix Adder

Kogge—Stone

{0

8-bit Brent—Kung adder

GO GI G2 G3 G4 G5 G6 G7 GO Gi G2 .G8 G4 G5 G6 G7 fof 4 1 F lies
PO Pt P2 P3 P4 P5 P6 P7 PO PI P2 .P3 P4 P5 P6 P7 - T

0:24 0:4% 0:5
8-bit KS adder calculating only C, ) /

0:7"
=
" =1

e 9

8

GO GI G2 G3 G4 G5 G6 G7
PO P1 P2 P3 P4 P5 P6 P7

<
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Thankyou
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