VLSI Design: 2021-22
L_ecture 16
Arithmetic Circuits: Part-1

By Dr. Sanjay Vidhyadharan
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Microprocessor Design

Pads for Bus Control, Clock, Reset, Interrupts, Testing and Power Supply

Add ress Data
out Rn Shifter ALU In/out
Buffer Reg

Internal B Bus
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ALU Design

addsub32
a[31:0] rﬂ—: z
b[31:0] >
aluc[3:0] | ,2uCl2] | ; > r[31:0]
3
aluc[3:0]
Jaluc[2] T %000 ADD
x100 SUB
x001 AND
| aluc[2] x101 OR
x010 XOR
x110 LUI
aluc[2]
Ia'”°[3] 0011 SLL
0111 SRL
aluc(1:0] 1111 SRA
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Half Adder

X X
B

A Carry Sum y 0 1 y 0 1
.,---.—-..
0 0 0 0 0[s 0, 1 : ol o | o
AN
£ 1 T
O 1 O x i1 1o 1l o |1
"---, .— —'
1 0 0 J
b
1 1 1 0 | S=xy' + Xy C=xy

X \ Sum=XY’ '+ X Y=XPY
HS Carry = XY
v 7.

Time Delay for the Half Adder?
1 gate delay

A gate delay of an xor for the half sum
4>7 co A gate delay of an AND gate for the carry out
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Full Adder

Full-adder can also implemented with two half adders and one OR gate.

S=AeB®DC,
Cout =AB + BCin + ACin
=AB + C, (A+B)
=AB + C, (A @ B+AB)
=AB+ C, (A @ B)+C, AB=AB(1+C,)+C, (A D B)
=AB+ C, (A @ B)
Half adder Halfadder
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Carry= AB+C;,(AsB)
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A B I::?;nr Sum E:L?
0 v ] 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 o 0 1
1 1 1 1 1
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CMOS 28T Adder

A B ﬂ?;nr Sum C:Ltr’

o | o|lo]o]| o

o | ol 1]1]o
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o | 1|10 |1

1lolol] 1] o

1o 1]a]1

1|1 ]ofal i

1 1] 1 1|1 s E

Carry(CY) = AB+ BC + AC

Sum(S) = ABC. "+ 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

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')
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CMQOS 28T Mirror Adder

. H-?__ M3 Mit M2 M13 Ll —_
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Ripple Carry Adder

This Is called Ripple Carry Adder, because of the
construction with full adders are connected In cascade.

Az B3 A2 B2 AgN, B Ao Bo

S T A A S SN

&3 | Full Adder | C2 | Full Adder, 1 1 1 Full Adder [ €0 | Full Adder | Cin

D C E A
S3 S2 S1 So

4-bit Ripple Carry Adder

Delay= 4 X Full Adder Delay = 8 Gate Delays
Delay= (N-1) t...v + tom

carry 10
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Carry Look-Ahead Adder

1-bit CLA
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Carry Look-Ahead Adder

CLA

CLLB
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Carry Look-Ahead Adder

C,= G +P(G+PsCy)
= G, +P,G,+P4P,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,P,C,

C,=G;+P;G,+ P4P,G, +P3P,P, G, +P,P,P, P, Cy
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Carry Look-Ahead Adder

16
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Carry Look-Ahead Adder

8 Blt FuII Adder

Delay 2 X 3 =6 Gate Delay
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Ripple Carry Adder

8 Bit Full Adder

Az Bs A2 B2 A1 B4 Ao Bo

l l l l l l l l Az Bs Az B2 A1 Bt Ao Bo
Cs _ C2 |Fynadder | ©1 | Funl Adder | €0 | Full Adder | Cin .
| Full fdder 1« T e e T e C3 | euil Adder e C2 | Full Adder | C1 | Full Adder |, 0 | Funl Adder [ Cin
< b < c < B < A <
S3 S2 S1 So S3 s S1 So

4-bit Ripple Carry Adder L
4-bit Ripple Carry Adder

Delay = 8 X 2 Gate Delay
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Carry Look-Ahead Adder

CL;L | CL‘A ‘ CL|A ‘ CL‘A ‘
helle el ello s sl g0 e ] |
n 4 r G,
L I G,
9 P : y G,
1[;—[|= . G,
IR j I
P, | I
P, ¢ . F
Pl 1 T
Py ¢ 1 !
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Carry Bypass or Carry Skip Adder

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

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

P, G, P, G, P,\ & P; Gy

| BP=P P,P,P;
Ci.;l] Co0 Goa Co.2
FA FA 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

]

Setup

Carry

—P Propagatio .:.: Prnpngatiuﬁ" t:

V

Sum Sum

Design N-bit.adder using N/M equal length stages
e.g. N=16,M=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

o

tp ,
ripple adder

4.8 N
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Manchester Carry Chain

T T L __T[L
g
JTL—T | T[L
g dF
T T L ____TJ[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

- db 1|8

Co,15
Sum Gene ratiat\ Sum Ge nemtiarl Sum Gene ratiur! | I Generatic
So.3 Sy 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

I [ |

|$[|| Cﬂrr}’ ) ?. |1E'qn CHIT}' . # n{ " CHIT}'

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 — Numberof Stages

N=M+M+1D)+M+2)+M+3)+--.+(M+P—-1)

Series: a, a+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
2 ( 2)
M <K N (e.M =2 and N= 64)
PZ
N =~ —
2
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Adder Delays - Comparison

50.0
4DD - ﬁpple hWdder
300 P
o
............... oy
N 2N B
 — I
— Jr
.............. [
10,0 P 7 i —
0.0 L | |
0.0 20.0 40.0 —
i
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Serial Adder

Initialize to Accumulator B A

0 si X
a :
v | Ful

'y, Adder ¢ s
g i
Addend Register /- [ '

N . —@ D
Clock Serial Adder cK ¢ !
=t
—
Clock _J

Block Diagram of a 4-bit Serial Adder with Accumulator
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4 Bit-Adder Subtractor

Add 4 & -3 Add -4 & -5 Add -8& 4 Add 4&4
0100 1100 1000 W Decimal. | 2's comp.
1101 1011 0100 0100 ! gL
1 0001 10111 1100 1000 6 0110
5 0101
B; A; B, A, B, A, By Ao 4 0100
3 0011
2 0010
M 1 0001
N —— = — 0 0000
_O =
-1 ol
r Y Y Y -2 1110
Gy & & G, Co =3 1101
C FA - FA - FA < FA - ] 1100
=5 1011
J, l l 1 ~6 1010
S S 5 5 -7 1001
¥ ﬂ -8 1000

Overflow
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Binary Coded Decimal

General digital systems

User enters decimal > BCD i/p—> Binary i/p => compute Iin binary
-> Binary o/p - BCD o/p = Decimal output shown to user

+5VDC

16

IC1
7446

j “T 0nec

rl'ffi

Press the button to recognize 7-
segments digitals

I
[ I % T N 7 B S |

7
(I

R1to R7 =220 ohm

...||_ .
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Binary Coded Decimal

BCD addition
4+ 5 4 0100
50101
9 1001 Expected Result
4+ 8 4.0100

81000
1100 Isthis expected Result ?

Expected answer 0001 0010
Is BCD of 12 31
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Binary Coded Decimal

BCD addition
4+ 8 4 0100
8 1000

Greater than 9

0110 Add correction of +6

00010010
1 9 = To skip 6 invalid
states (10 - 15) BCDs
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Binary Coded Decimal

BCD addition
9+9 90 1001
9 1001

Carry outgenerated 10010 Expected result ?
0110 Add correction of +6

00011000
1 8

After addition if-carry out Is generated or If sum Is greater
than 9 there is need for correction
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Binary Coded Decimal

BCD addition 0000
Addend Augend O O O 1
[l
Garr:nut e Bu:i-bi::uzfallel Y " Carry in 0011
F oy 0100
:,._ P e O 1 O 1
- =3 0110
. 1

| NS | 0111
SR 1000

C (output adder Cin
h:asr;v} Cq T T TT — 1 O O 1
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Thankyou
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