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Outline
• Introduction

• The Binary Adder

• Single-bit Adder Design

• N-bit Adder Design
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A Generic Digital Processor
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Building Blocks
• Arithmetic unit

– Bit-siliced datapath (adder, multiplier, shifter, comparator, 
etc.)

• Memory
– RAM, ROM, Buffer, Shift registers

• Control
– Finite state machine (PLA, random logic), Counters

• Interconnect
– Switches, Arbiters, Bus
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Bit‐sliced Design

2019‐10‐02 5TSTE 86/Deyu Tu

Bit 3

Bit 2

Bit 1

Bit 0

R
eg

ist
er

A
dd

er

Sh
ift

er

M
ul

tip
le

xe
r

Control

D
at

a-
In

D
at

a-
O

ut

Tile identical processing elements



Bit‐sliced Datapath
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Half Adder
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Full Adder
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The Binary Adder
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Express S and C0 as a function of G, D, P
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Three new variables which ONLY depend on A, B
Generate (G) = AB

Propagate (P) = A  B

Delete (D) = A B

Can also derive expressions for S and Co based on D and P



Full Adder Design I
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Complementary static CMOS, 32 Transistors



Full Adder Design II
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Full Adder Design III
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Transmission gate, 24 Transistors



Full Adder Design IV
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Complementary Pass-Transistor Logic, 32 T



Full Adder Design V

2019‐10‐02 15TSTE 86/Deyu Tu

Dual-rail Domino



Full Adder Design VI
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Mirror Adder, 24 Transistors



Inversion Property

2019‐10‐02 17TSTE 86/Deyu Tu



Carry Propagate Adders
• N-bit Adder
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The Ripple‐Carry Adder
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Worst case delay linear with the number of bits

Goal: Make the fastest possible carry path circuit
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Minimize Critical Path
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Exploit Inversion Property
(2 different cells needed)



Carry Generation and Propagation
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Manchester Carry Chain
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Stick Diagram of Manchester Carry Chain
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Sizing Manchester Carry Chain
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Carry‐Bypass/Skip Adder
• Carry-ripple is slow through all N stages

• Carry-bypass allow carry to skip over groups of n-bits
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Carry‐Bypass Adder
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Carry‐Bypass Adder
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Carry Ripple vs. Carry Bypass

2019‐10‐02 28TSTE 86/Deyu Tu



Carry‐Select Adder
• Anticipate both possible values of the carry input

• Select the correct values when the carry input arrives
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Carry‐Select Adder
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Carry‐Select Adder: Critical Path
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Linear Carry Select
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Square Root Carry Select
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Comparison of Adder Delay
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Carry‐Lookahead Adder
• Compute G for many bit in parallel
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Concept of Lookahead
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Co k f A k Bk Co k 1–   Gk P kCo k 1–+= =

AN-1, BN-1A1, B1

P1
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• • •
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P0Ci,0 Ci,1

A0, B0



Topology of Lookahead

2019‐10‐02 37TSTE 86/Deyu Tu

Co k Gk Pk Gk 1– Pk 1– Co k 2–+ +=

Co k Gk Pk Gk 1– Pk 1–  P1 G0 P0 Ci 0+ + + +=

Expanding Lookahead equations:
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Logarithmic Lookahead Adder

2019‐10‐02 38TSTE 86/Deyu Tu

A7

F

A6A5A4A3A2A1

A0

A0
A1

A2
A3

A4
A5

A6

A7

F

tp log2(N)

tp N



Carry Lookahead Trees
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Co 0 G0 P0Ci 0+=

Co 1 G1 P1 G0 P1P0 Ci 0+ +=

Co 2 G2 P2G1 P2 P1G0 P+ 2 P1P0Ci 0+ +=

G2 P2G1+ = P2P1  G0 P0Ci 0+ + G 2:1 P2:1Co 0+=

Can continue building the tree hierarchically.



Tree Adder
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16-bit radix-2 Kogge-Stone tree
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Tree Adder
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Sparse Trees
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Brent‐Kung Tree
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Carry‐Save Adder
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Summary
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Design as a Trade-Off: Area – speed – power 
requirements should be verified in early design phases 
to choose the right structure
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