Advanced VLSI Design: 2021-22
L_ecture 10
Arithmetic Circuits: Part-2

By Dr. Sanjay Vidhyadharan
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The Binary Multiplication

101010 Multiplicand

------
rrrrr

e

------

1011 Multiplier
AND operation
Partial Products
000000
+ 101010

111001110
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The Array Multiplier

AOB3 AOBZ AOBl AOBO
AlB3 AlBZ AlBl AlBO
AZB3 AZBZ AZBl AZBO
AB, A;B, A;B, AB,
AB, AB, AB; AB; A, ABg AiBleBo

A,B, A,B,

A3By
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The Array Multiplier

MBit X NBit—>P=(N+M—-1) A.B;

A,B; A,B, AlB,  AB; A;Bo

A3B, AsBo

! ) \’ v v
P, Ps Ps P, P, P, P, P,
Require (N — 1) M — Bit Adders Require M X N AND Gates

Cmul = [(M - 1) + (N - 2)]tcarry + (N - 1)tsum + tand
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The Carry-Save Multiplier

|

v

Vector Merging Adder

“’ \4 Y \ N A\ \ \
P, Ps Ps P, Ps P, Py Py
Require N M — Bit Adders Require M X N AND Gates

bmut = tana + (N — 1)tcarry *+ tmerge
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Multiplier Floorplan

| HA Multiplier Cell

FA Multiplier Cell

Vector Merging Cell

X and Y signals are broadcasted
through the complete array.
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Transmission Gate XOR

B
J B
—C_)| M2
y — . 4
F E—
4‘ Mi j M3/M4

-
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Adder Cells in Array Multiplier

Pt 8

Identical Delays for Carry and Sum
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Sequential Multiplier

B: 10110110
A: 10010100

00000000
00000000
10140110 |
00000000
10110110
00000000 |
00000000| |
10410110 | | | |5

110100100111000
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Booth Algorithm

Register A (initially 0)

‘ Shift right
WAL e
clfen] 7 @ —fael - 4|

' Multiplier Q

Add/Noadd

j/ control
|

n-hit
adder <

$

Control
sequencer

MUX

0

m, e mgy

Multiplicand M

(a) Register configuration
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Booth Algorithm

Example:
3x5

M A Q

Initial Condition ~ 0011 00000 0101
ck f(load) ~ o011 eoo11 o101 1

cik) (Shift Right) 0011 . 00001 1010
ck f(load) ~ 0011  ooo01 =~ 1010 @ 2

cik} (Shift Right) . 0011 00000 1101
cik f(Load) " 0011  ooo11 = 1101 3

cik) (shift Right) ~ 0011 00001 1110
ck f(load) ~ o011  oooo1 = 1110 | 4

cik) (shift Right) 0011 00000 1111
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Comparators

* 0’s detector: A= 00...000
 1’s detector: A=11...111

* Equality comparator;: A=B

* Magnitude comparator: A <B
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1°s & 0’s Detectors

* 1’s detector: N-input AND gate
* 0’s detector: NOTs + 1°s detector (N-input NOR)

B
B

- allones

> > > >
1]

PN

D—L allzeros
)

Fr T PP

0 5

L}C}D—C}D— allones

»r 2P zr rr
Y
i 7
——
Y
[:57

=
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Equality Comparator

 Check if each bit 1s equal (XNOR, aka equality gate)
* 1’s detect on bitwise equality

oD
B[2]

Al2] jDO* 5 A=B
ER A
o D
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Magnitude Comparator

1 0 1
1 1 0
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Magnitude Comparator

1 0 1
1 1 0
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Magnitude Comparator

1-Bit Comparator A, By | Gy | Ly | E
Ao 00| 0|01

B, 01,010

Let G, Indicate greater, L, indicate 10| 1,00
Lesser and E, Indicate equal 1111 0lo] 1

Go=AyBy’
Lo=Ay’ By

Eq= (A @ Bpy)’ = (Ay O By) =(Gy + L)’
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Magnitude Comparator

1-Bit Comparator Gy= AyBy’
AO
B Lo=Ao By

Eq= (G + Lo)” = (Ay D By)’
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Magnitude Comparator

2-Bit Comparator Bil AIl BIO Ai)
A AA, 1-Bit 1-Bit
A 5B Comp Comp
1 0 | | | |
L, E; G, Ly B Gy

A=B WhenA,=B,and A,=B,

AND
E=E,.E, [ J
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Magnitude Comparator

i A
2-Bit Comparator B|1 All Blo i)
1-Bit [ 1-Bit J
A AA Comp Comp
B BB R ]
1 0 L, E; G, L, Ey Gy
E, G
A>B WhenA,;>B,;0R
When A, = B, and'A, > B, ano | G,
|
G=G, +Ey Gy [OR]
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Magnitude Comparator

2-Bit Comparator B|1 : Blo i
1-Bit [ 1-Bit ]

A AA Comp Comp

B BB BE ]
1 0 L, E; G, L, Ey Gy

El LO
A<B WhenA,;<B;0R
When A, = B, and A, < B, o | L,

L=L,+E,. L, | OR'
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Magnitude Comparator

1-Bit Comparator

2-Bit Comparator
G=G,+E, G, L=L,+E; L, E=E. E

3-Bit Comparator

E=E,.E,. E,
L=L,+E, Li+E, E,. L,
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Magnitude Comparator

4-Bit Comparator

DG"' E; E=E, .E.E
B

B

-

U

'LZ E2 L = L3+ E3.L2+ E3.E2. L]. + E3.E2. El' LO

_EDO—
Azg
B ‘ 'G s
2 ‘ 2 } D (A<B)
S\ oP
B _—
: O+,
B4 D—“ Gy $ )=
-
‘ L M7
Ag 0 =4 (A>B)
E, oP
| )G g
Bo 0 le _)
L= (A=B)
- oP
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Shifters

Logical Shift:
— Shifts number left or right and fills with 0’s
« 1011 LSR 1=0101, 1011 LSL1=0110

 Arithmetic Shift:
— Shifts number left or right. Rt shift sign extends
« 1011 ASR1=1101 1011ASL1 =0110

* Rotate:
— Shifts number left or right and fills with lost bits
« 1011 ROR1 =1101 1011 ROL1=0111
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The Binary Shifter
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Multi-bit Shifters

» Cascade one-bit shifters?
« Complex, unwieldy, slow for larger number of shifts

* Two other types of shifters
— Barrel shifter

— Logarithmic shifter
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The Barrel Shifter

) L—[' I!]—E' !]_[I I}'II_IIT >_E3 Shift by 0 to
A, Sﬂi‘“zj- iT @F gﬂ' 3 bits
LTy I,_,_.l o >— b,
A '“”’f_'fmgj:w”'fr" l:l:- EZI' ——:DataWire'
']_[' l:l_l:' |]_[| ']_I:T >— B, " :Control Wire
N waigj:«- ;'I' ;'I' gn-
D
I il

Sho Shl Sh2

W

h3

Area dominated by wiring
Propagation delay is theoretically constant
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The Barrel Shifter

45

Sho  Shi  Sh2  sh3
Width,,_,~2p. M

Buffer

p,, = metal/poly pitch
M = no. of shifts
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Logarithmic Shifter

f log,M stages

Shd Shd

Sh2 Sh2

Shl Shl

e Shifter with maximum shift width M consists O

4 ar & AT E O O O O o E i O O E i O O O O L

S EEH E L. S LEETEEE RE R

FE EF F ERF B F FF Er F g
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Shifter Using Mux

Parallel outputs

i

Ay Ay Ag Ay
Clear ™ Q Q Q Q
L A D A D A D A D
ol Dc
) ———» ks *
441 41 ;Lx 4.1
S MUX - ML . MUX
3 210 3 2 1| 'l'.|l 3 2 ‘I| {|:l 3 2 '1| E|J
Serial
input for Searial
Shiﬂ:—fight input for
shift-left
g Iy I Iy
. Parallel input
4/10/zvuce ralielinputs 30
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Thankyou
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