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The full adder is 

THE essential 

building block for 

almost all critical 

datapath operations! 

S = ABC + (A+B+C) Co

useful for reducing 

circuit complexity !
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Carry-Propagate Adders
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Carry-Propagate Adders
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Carry-Propagate Adders

Basic idea: try to do the carry propagation quickly, 

independently of the result for each bit and then enter 

the fast carry into partial adders which operate otherwise 

independently on parts of the sum
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Area model: 

3 simple gates (1x) and 2 complex (XOR) gates (2x) => 7

Delay model: 2 simple gates AB->CO => 2
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Carry-Propagate Adders



14

Analysis of carry propagation
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Idea: If (P0 and P1 and P2 and P3 = 1)

then Co3 = C0, else “kill” or “generate”.

Carry-Skip Adders
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Carry-Skip Adders

𝑡𝑎𝑑𝑑𝑒𝑟 = 𝑡𝑠𝑒𝑡𝑢𝑝 + 𝑀𝑡𝑐𝑎𝑟𝑟𝑦 +
𝑁

𝑀
− 1 𝑡𝑏𝑦𝑝𝑎𝑠𝑠 + 𝑀 − 1 𝑡𝑐𝑎𝑟𝑟𝑦 + 𝑡𝑠𝑢𝑚
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Carry-Select Adders
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Analysis of carry propagation

carry 

recurrence
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Carry-Lookahead Adder (CLA)
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Manchester Carry Chain Circuit

Dynamic circuit

Clocked operation !
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CLA from combined (prefix) Generate Propagate Signals

• Define individual sub-adders each comprise multiple bits

• Fore each sub-adder define propagate signal 𝑷𝒊 and a 

generate signal 𝑮𝒊

Unrolling keeps growing 

the fanin and fanout  and 

leads to CLA adder

𝐺0, 𝑃0𝐺1, 𝑃1

𝑃1 = 𝑝8𝑝9𝑝10𝑝11𝑝12𝑝13𝑝14𝑝15
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Hierarchical CLAs with two levels

• Objective: decompose the carry propagation into multiple 

levels of logic

• Keep the hierarchical structure in two levels: fanin and 

fanout still grow but more slowly with each level
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Merging Generate and Propagate Signals

• How to merge signals from two subsequent stages

𝒊 𝒋 + 𝟏 𝒋 𝒌

𝒊 𝒌

𝑺𝒕𝒂𝒈𝒆 𝒍 − 𝟏

𝑺𝒕𝒂𝒈𝒆 𝒍
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