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Full-Adder
Carry
. A B C; S C, status
Cin

0 0 0 0 0 delete

0 0 1 1 0 delete

0 1 0 1 0 propagate

0 1 1 0 1 propagate

1 0 0 1 0 propagate
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Bit-Sliced Design
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The Binary Adder
A B
v V
Cin—. Full |
adder Cout
'
Sum
S=A®B® Ci
= ABC; +ABC; +ABC, +ABC
CO = AB+BCi+ACi
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Express Sum and Carry as a function of P, G, D The Ripple-Carry Adder

Define 3 new variable which ONLY depend on A, B

Generate (G) = AB Cio : : _C‘:3
Propagate (P)=A &®B
Delete= A B
Co(G’ P) =G+ PCi Worst case delay linear with the nhumber of bits
S(G,P) = P® C; tg = O(N)
tadder ~(N- 1)tcarry *tsum
Ca(;] glso derive expressionsfor S and C, basedon D Goal: Make the fastest possible carry path circuit
an
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Complimentary Static CMOS Full Adder Inversion Property

i

S(4,B,C;) = S(4,B,C)

C,(4,B,C;) = C(4,B,C))

28 Transistors
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Minimize Critical Path by Reducing Inverting Stages The better structure: the Mirror Adder

Generate (G) =AB

A
Even Cell Odd Cdl Propagate (P)=A @ B g
Delete= A B Voo Voo p-a
AT, -
"'0"'-Propagate A _ C.
(oh -‘1] ¥ ﬁ I)- s
A g e
"1"-Propagate :I Generate
S Y T e
Exploit Inversion Property = = |— B
Note: need 2 different types of cells 24 transistors
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The Mirror Adder Quasi-Clocked Adder
*The NMOS and PMOS chains are completely symmetrical. This Vb Vop
guarantees identical rising and falling transitions if the NMOS and PMOS P4
devices are properly sized. A maximum of two series transistors can be Bﬁ B
observed in the carry-generation circuitry. C‘ﬂ
*When laying out the cell, the most critical issue is the minimization of B P
the capacitance at node C,. The reduction of the diffusion capacitances P S
is particularly important. A P Dﬁ‘ ¢ G :}Ci
v ™~ o
*The capacitance at node C, is composed of four diffusion capacitances, P T
two internal gate capacitances, and six gate capacitances in the B 4 F
connecting adder cell . Voo
A
*The transistors connected to C,; are placed closest to the output. Pﬂ P
*Only the transistors in the carry stage have to be optimized for optimal P
speed. All transistors in the sum stage can be minimal size. - =
Signal Setup Carry Generation Sum Generation
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Manchester Carry Chain Sizing Manchester Carry Chain

Discharge Transistor
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Speed (normalized by 0.69RC) Area (in minimum size devices)
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Carry-Bypass Adder Manchester-Carry Implementation
Py G Py G, P, G, P; G
v 4 +y 3 v 4 + 4
Cio FA Cop FA Coy FA Coa FA Co3
] ] ] _’ Pg P P, P3 BP —
L L L - L
CL[] 1 T 1 T [ T L T [ Co 3
| G GY Gh GJ
Py G P G P G P G.
N S ! 1r

Co3

Multiplexer

Idea: If (PO and P1 and P2 and P3 = 1)
then Cq3 = Cq, else “kill" or “generate”.
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Carry-Bypass Adder (cont.) Carry Ripple versus Carry Bypass

Bit0-3 Bit4-7 Bit 811 Bit12-15 tP
ripp le adder

bypass adder

4.8 N
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Carry-Select Adder Carry Select Adder: Critical Path

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

PG | |

" —p "Q" Carry Propagation

JL |

"t o, '"1" Carry Propagation
Co k1 » Multiplexer » Cok+3

1 Py
i

Ss- 1

l | Carry Vector

Sum Generation
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Linear Carry Select

Bit0-3 Bit 4.7 Bit 811 Bit 12-15
| Setup | | Setup Setup Setup |
g ¢ "g" ¢ "y ¢ g
vuT"j arry | ng? vuw“j ary ngw ‘( arry |
“1" Carry __{

1" Carry "1" Carry "1" Carry
nlu By ul.'

(5)JL (S)Q‘L © iL(ﬂJ'L . J.L(s)J.L o JL“) J_L
ci,_-l Multiplexer |_.| Multip lexer H Multiplexer }_-( Multip lexer |_.
| 1L 1L

)
| Sum Generation | Sum Generation ‘ Sum Gemmﬁnn‘ ‘ Sum Generation
So3 S4r Sg11 S1215 (10)
Yyaa= setup [N]tc"" Ty +M Lum
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Adder Delays - Comparison

50.0 T T T
" ripple add
400 | Tippleaddet -
300 F J
o
= linear select
200 F . EEE R
----I"'J -
10.0 square root select
L 1 i 'l i 1
c)'GO.O 20.0 40.0 60.0
N
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Square Root Carry Select

Bit0-1 Bit2-4 Bit5-8 Bit9-13 Bit 14-19

Setup | Setup Setup Setup
I

L I° 1 1 1l
i i S Wi 2 [ i S
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i,0
' !

| - . .
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So.1 S.4 Ss.g Sy.13

t +Pt

add = setup carry” (2N, mux* sum
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LookAhead - Basic ldea

A,B; An-1Bn1
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Look-Ahead: Topology The Array Multiplier

- - -
o o ) q
™ Gs Zg
X X I Y1
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Go
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>0——  Cos
Po
X
P1
P2 F FA
Ps + 1 Z~ l Zs ] Zs IZ4 l Zs
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The MxN Array Multiplier

__Critical Path Carry-Save Multiplier

| O O R

HA FA FA 1+ HA

FA FA |« FA HA < Critical Path 1
¢ Critical Path 2

I Il | 1 Critical Path 1 & 2
h

FA © | FA FA HA

Lopute M -1+ (N2, +(N-Lt g, +(N-1t ., Lot =N -Vloyryy and* tmerge)

m carry
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Adder Cells in Array Multiplier

Identical Delays for Carry and Sum
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Multipliers —Summary

- Optimization Goals Different Vs Binary Adder
- Once Again: Identify Critical Path

- Other possible techniques
- Logarithmic versus Linear (Wallace Tree Mult)
- Data encoding (Booth)
- Pipelining

FIRST GLIMPSE AT SYSTEM LEVEL OPTIMIZATION
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Multiplier Floorplan

% HA Multiplier Cell
Zy
. FA Multiplier Cell
Z, Vector Merging Cell
X and Y signals are broadcasted
Zy through the complete array.
> Co)
( ¥ ¥ ¥
Zy Zs Zy Z3
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The Binary Shifter
Right mnop Left
T TTL
A . TT1LC B;
Ay
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4x4 barrel shifter

The Barrel Shifter

_

Data Wire
- : Control Wire

Buffer

z

Shl

Sho

Width,,,.., ~ 2 p, M

Area Dominated by Wiring

Topic 9-34

© Prentice Hall

E4.20 Digital IC Design

Nov-22-10

Topic 9-33

© Prentice Hall

E4.20 Digital IC Design

Nov-22-10

0-7 bit Logarithmic Shifter

Logarithmic Shifter
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Design as a Trade-Off Layout Strategies for Bit-Sliced Datapaths
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Layout of Bit-sliced Datapaths Layout of Bit-sliced Datapaths
(a) Datapath without feedthroughs () Adding feedthroughs  (c) Equalizing the cell height reduces
and without pitch matching (area =3.2 mm?) the area to 2.2 mm?.
out (area =4.2 mm?).
N
" Control signals _—
= ; | et 'J‘ Vpp (M2)
Control
slice
Bit3
_____ Bit2
"""" Bit 1
bus2 Bit 0
i / & ; \ 3 =  GND (M2)
mu);f reg0 regl \ adder buffer
Jeedthrough routing channel
Nov-22-10 E4.20 Digital IC Design © Prentice Hall Topic 9 -39 Nov-22-10 E4.20 Digital IC Design © Prentice Hall Topic 9 - 40



