EECS 427
Lecture 7: Adders
Reading: 11.1 — 11.3.3
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Last Time

 Sizing & Interconnect
* Today:
— Introduction to Adders.
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Full Adder

A B
v
Cin—] azlélér | .Cout | A | B | ¢ | s | ¢ zz;};
Sv'u o ol o | o] o 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
1 0 1 0 1 propagate
1 1 0 0 1 generate
1 1 1 1 1 generate
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The Binary Adder

A B
v

Cin__. Full .
n adder Cout

Sum

S=A®BOC;
= ABC; + ABC; + ABC; + ABC

C0 = AB+BCi+ACi
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Express Sum and Carry as a function of
P,G,D

Define 3 new variables which ONLY dependon A, B WHY?
Generate (G) = AB
Propagate (P) =A ® B
Delete = Z E
C,(G,P) = G+ PC,

S(G,P) = POC;

Can also derive expressions for S and C, based on D and P
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The Ripple-Carry Adder

A, By A, B, A, By A; B,
Vo Vi Vo (2!
Cio Coo0 Co Coz Cos
> Ea FA FA FA —
(=Ci1)
Y Y ) '
S s, S, S,

Worst case delay linear with the number of bits
t; = O(N)
tadder = (N'1)tcany + tsum
Goal: Make the fastest possible carry path circuit
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Complementary Static CMOS Full
Adder

VDD C: _q
i

28 Transistors
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Summary So Far...

* Instruction set and general 2-stage pipeline
structure of the baseline processor
— Covered in discussion last time

« Adders are a critical part of any digital

processor

— Adder design requires an architecture/topology
(ex: ripple carry) and a bit cell design (ex: std.
static CMOS)

— More architectures and cell designs...coming up
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Next...

 Better full adder design

» Better adder architectures vs. ripple
carry adder (RCA)
— Carry skip adder
— Linear Carry select adder
— Square root carry select adder
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Complementary Static CMOS Full

Adder Revisited
Voo ¢4 A
e [
5

28 Transistors
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Inversion Property

j—
— v
De—
o+— %

U+
L 9

§(4,B,C;) = S(4,B,C))

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

EECS 427 F08 Lecture 7 11

Minimize Critical Path by Reducing
Inverting Stages Along Carry Path

Even cell Odd cell
A, B, A, B A, B, A; B,
b Yoy b Yy
Cio Cop Co,1 Coy2 Coy3
—>1 FA b—>d FA > FA p—>9 FA —>
¥ { ¥ {
Sy S; S S

Exploit Inversion Property

Allows us to remove inverter in carry chain - at what cost?
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A Better Structure: Mirror Adder

Vop
T
Vop Vbp |: P‘A
aqf ndf 5 sqfsqfedl b
) ' :l Delete : [ )
"0"-Propagate A _ .
C.‘D -cl-l S |G|‘I rlo-clg
! | |—| i |
"1"-Propagate A_! |_Ci
:I Generate I:
A-[ B A—|| B ci-li [l—A
o
24 transistors
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Mirror Adder Details

* NMOS and PMOS chains are completely symmetric.
Maximum of 2 series transistors in carry generation

* In layout = critical to minimize capacitance at node C,.
Reduction of junction capacitances is particularly important

 Capacitance at node C, is composed of 4 junction
capacitances, 2 internal gate capacitances, and 6 gate
capacitances in connecting adder cell

* Transistors connected to C; are closest to output

* Only optimize transistors in carry stage for speed
Transistors in sum stage can be small
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Mirror Adder

Stick diagram of layout

%
N AN
A : A lC,
P NN BN B K N RV B
S

DD

GND

EECS 427 F08 Lecture 7 15

e
f Egg g « 2 possible layouts
of mirror adder

» (a) corresponds
roughly to last
slide’s stick diagram

» Layout (b) is
datapath-oriented
(ex. M2 can easily

o § i
i
run horizontally

e QJ across cell)
W Py o e, W W
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Sizing Mirror Adder

Vbp
I
6 A
Vbp [b_
4 d|4 d|4 6 |b-8B
0-Propagate [
’—ol 4 6 |P-c _
1 . S
1 |
L( 2 3 |c
1-Propagate |:
= = 3 I_B
- L
Fanout (effective) ~2 -
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Transmission Gate Full Adder

VDD

P
S5
Voo G
_ P I S Sum Generation
A |A C
1

B _ i Vbp
A
II C,Carry Generation
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Manchester Carry Chain

DD _Tl_ ¢°_d]_

3 Hco

C. 0—
|
al

o]

Static :
Dynamic
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Manchester Carry Chain

sImplement P with pass-transistors
sImplement G with pull-up OR kill (delete) with pull-down (note inversion)
*Use dynamic logic to reduce complexity and speed up

Vv,

,,(’H#'de.'JPd'delflm

& 7 = j L 7 = s

2 60045 61045 eﬁi o]
L LT L s
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Carry-Bypass Adder

Py Gy Py Gy P, G P; G Also called
Cip Cop Con Cop Cos
—» FA |—| FA |— FA —| FA [—

Idea: If (PO and P1 and P2 and P3 = 1)
then Co3 = C; , else “delete” or “generate”
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Carry-Bypass Adder (cont.)

B|t0 3 B|t4 7 B|t8 11 Bit 12-15
Setu Setu Setu Setu
Carry Carry Carry Carry
propagation| propagation, propagatlon propagation,
Sum Sum tsum l
M bits
tadder = setup + Mtcarry + (N/ M- 1)tbypass + (M 1)tcarry sum

Inner blocks do not contribute to worst-case delay since they
have time to compute while bits 0-3 are propagating
(assuming they have a generate or delete)

Block sizes can be made non-uniform (HOW?)
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Carry Ripple versus Carry Bypass

EECS 427 F08

ripple adder

bypass adder

4.8

Lecture 7
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Carry-Select Adder

Setup

L JL

"0" Carry Propagation

JL ]

"1" Carry Propagation

-L JL

Multiplexer

Carry Vector

Sum Generation
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Lecture 7

Basic idea:
Precompute both
possibilities, choose
when C,;, available

L 5 Coxss

24
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Carry Select Adder: Critical Path

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

Setup | | Setup | | Setup | | Setup
& & I &

0 —>| 0- Carry | 0—>| 0-Carry | 0—>| 0-Carry | 0 —>| 0- Carry
£ 4 4 £

1—>| 1-Carry | 1—>| 1-Carry | 1—>| 1-Carry | 1—>| 1-Carry
£ JL 4 JL 4 L &4 Il

Multiplexer Multiplexer Multiplexer Multiplexer
Ci,O 4L Co,3 4L Co,7 4L Co,1 1 JL Co,1 5
|Sum Generation| |Sum Generation| |Sum Generation| |Sum Generation|
So-3 S47 Sg 11 Si12-15
tadd = tsetup + Mt carry + (N/ M) tmux sum
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Linear Carry Select

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

Setup Setup Setup Setup
i "0" Carry " "0" Carry "0" Carry " "0" Carry
]

o "1" Carry ‘ "17'{ "1" Carry | 4,{ "1" Carry ‘ ,{ "1" Carry |
%(5)@ ©) TL(S)QL ) jL(s)iL ) 1(5)@

4-‘ Multiplexer F»‘ Multiplexer ~—»‘ Multiplexer F»‘ Multiplexer ~—>
Cigp
1 il 1L 1

Sum Generation

Sum Generation Sum Generation Sum Generation

50-3 54-7 S8-11 s12-15 (10)

tadd = tsetup +M *tcarry + (N/ M) tm sum
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Square Root Carry Select

Bit 0-1 Bit 2-4 Bit 5-8 Bit 9-13 Bit 14-19

‘ Setup Setup Setup Setup

|| “
" C " C
Hﬂ"—.( arry ‘ 'vo'n" arry | . e w

”0_”>| "o" Carry| “.0_,,( "0" Carry

o8 ] N AL _JdL ]

o "1" Carry o "1" Carry " "1" Carry wfr "1" Carry
3163 @) (&) (] (7)
@) o) (6) ) QL iL
_.I Multiplexe .( Multiplexer | [ Multipl | [ Multiplexer |_
Cio T | | | | I

Sum Generatipn Sum GeneratioT ‘ Sum Generation

Sum Generation | Sum

So-1 Sr4 Ss.g So.13 S14-19 (9)

tadd = tsetup + Mtcar}"y + ( v ZN )tmux + tsum
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Adder Delays - Comparison

50 I I

40 - Ripple adder _|
= |
T
o 30 —
©
< Linear select
c 20
=

10 Square root select

0 | | |
0 20 40 60
N
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Summary

« Many topologies for adders

— Variants on carry lookahead (not discussed) are
dominant today

» For 16-bit addition, complex techniques such
as carry lookahead do not offer much benefit

— Carry select and carry bypass yield good
performance in this case

» Adder cells may use mirror structure or
transmission gates
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