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CMOS 28T Adder
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CMOS 28T Mirror Adder

𝐶𝑎𝑟𝑟𝑦 = 𝐴𝐵 + 𝐵𝐶 + 𝐶𝐴 = 𝐴𝐵 + 𝐶 𝐴 + 𝐵

𝑃𝑢𝑙𝑙 − 𝐷𝑜𝑤𝑛 𝑁𝑒𝑡𝑤𝑜𝑟𝑘 𝑓𝑜𝑟 𝐶𝑎𝑟𝑟𝑦 𝐵𝑎𝑟 = 𝐴𝐵 + 𝐶 𝐴 + 𝐵

𝑃𝑢𝑙𝑙 − 𝑈𝑃 𝑁𝑒𝑡𝑤𝑜𝑟𝑘 𝑓𝑜𝑟 𝐶𝑎𝑟𝑟𝑦 𝐵𝑎𝑟 = 𝐴′𝐵′ + 𝐵′𝐶′ + 𝐶′𝐴′

= 𝐴′𝐵′ + 𝐶′(𝐴′ + 𝐵′)
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CMOS 28T Mirror Adder
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Carry Delay is 2 and Sum  Gate Delay is 3 
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Full Adder

Multiplexer based FA

Sum  2 Gate Delays

Carry 2 Gate Delays
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CMOS XOR and XNOR

Matched 2-input XOR gate. 2-input XNOR gate.
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CMOS XOR
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Transmission Gate  XOR



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

10/22/2022 9

Full Adder

Cout

.
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Ripple Carry Adder

Delay of such an adder is 2N gate delays from Cin to Cout
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Carry Bypass or Carry Skip Adder
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Carry Bypass or Carry Skip Adder
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Carry Ripple versus Carry Bypass
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Carry Bypass or Carry Skip Adder

𝐷𝑒𝑙𝑎𝑦 = 𝑘 ∗ 𝑇𝐶𝑎𝑟𝑟𝑦 +
𝑁

𝑘
− 1 𝑇𝑆𝑘𝑖𝑝 + 𝑘 ∗ 𝑇𝑆𝑢𝑚

𝑇𝑆𝑘𝑖𝑝 = 𝐺𝑒𝑛𝑒𝑡𝑎𝑖𝑛𝑔 𝑃 𝑎𝑛𝑑 𝑜𝑛𝑒 𝐴𝑁𝐷 𝑔𝑎𝑡𝑒 𝐷𝑒𝑙𝑎𝑦
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Carry Increment Adder 

RCA - 64

CIA-16+8+8+8=40
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Carry Look-Ahead Adder

1-bit CLA

AB
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Carry Look-Ahead Adder

CLA

CLLB

C1=G0+P0C0
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Carry Look-Ahead Adder

C2=G1+P1C1

C2 = G1+P1(G0+P0C0)

= G1+P1G0+P1P0C0
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Carry Look-Ahead Adder

C2= G1+P1G0+P1P0C0
C1=G0+P0C0
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Carry Look-Ahead Adder

C3=G2+P2G1+ P2P1G0 +P2P1P0C0

C4=G3+P3G2+ P3P2G1 +P3P2P1G0 +P3P2P1P0C0

C2= G1+P1G0+P1P0C0

C1=G0+P0C0
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Carry Look-Ahead Adder

C4

C0

4 Gate Delay for C4

4 Gate Delay for S3

3 Gate Delay for G3

2 Gate Delay for P3
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Carry Look-Ahead Adder

8 Bit  Full Adder

Delay = 4 + 4 = 8 Gate Delay for C7

= 4 + 4 = 8 Gate Delay for  S7
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Carry Look-Ahead Adder

16 Bit  Full Adder

one unit of time

additional 2 units of time

8

6 Delays for C16 
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Carry Look-Ahead Adder
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Carry Look-Ahead Adder
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Carry Look-Ahead Adder
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Manchester Carry Chain
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Linear Carry-Select Adder



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

10/22/2022 29

Square Root Carry-Select Adder

𝑡𝑎𝑑𝑑 = 𝑡𝑠𝑒𝑡𝑢𝑝 +𝑀𝑡𝑐𝑎𝑟𝑟𝑦 + 2𝑁 𝑡𝑚𝑢𝑥 + 𝑡𝑠𝑢𝑚
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Square Root Carry-Select Adder

𝑁 = 𝑀 + 𝑀 + 1 + 𝑀 + 2 + 𝑀 + 3 +⋯ .+(𝑀 + 𝑃 − 1)

𝑁 𝐵𝑖𝑡 𝑎𝑑𝑑𝑒𝑟, 𝑀 − 𝐵𝑖𝑡𝑠 𝑖𝑛 𝐹𝑖𝑟𝑠𝑡 𝑆𝑡𝑎𝑔𝑒 , 𝑃 − 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑡𝑎𝑔𝑒𝑠

𝑁 = 𝑀𝑃 +
𝑃(𝑃 − 1)

2 sn = n/2(2a + (n-1)d)

Series:  a, a+d, a+2d,……,a+(n-1)d

𝑁 =
𝑃2

2
+ 𝑃(𝑀 −

1

2
)

𝑀 ≪ 𝑁 𝑒.𝑀 = 2 𝑎𝑛𝑑 𝑁 = 64

𝑁 ≈
𝑃2

2
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Adder Delays - Comparison
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Carry Save Adder

X:    1 0 0 1  : 9

Y:    1 0 0 1 : 9

Z:    1 0 1 1 : 11

S:    1 0 1 1

C:        1 0 0 1

Sum:   1 1 1 0 1    : 29
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Serial Adder

Initialize to 
0



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

10/22/2022 34

Parallel Prefix Adder

Dot Operator
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Parallel Prefix Adder

Kogge–Stone

C0 C1 C2 C3
S

0
=

P
0


C
in

S
1
=

P
1


C
0

S
2
=

P
2


C
1

S
3
=

P
3


C
2

2 X 2 = 4 Gate Delays

2 X log2(4)

1 Gate Delay

1 Gate Delay

2 Gate Delays
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Parallel Prefix Adder

Kogge–Stone

C0 C1 C2 C3

S
0
=

P
0


C
in

1 Gate Delay

1 Gate Delay

2 X 3 = 6 Gate Delays

2 X log2(8)
S

7
=

P
7


C
6

C0 C1 C2 C3 C4 C5 C6 C7 2 Gate Delays
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Parallel Prefix Adder

Kogge–Stone

Routing is Complex

Large Fanout
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Parallel Prefix Adder

Kogge–Stone

8-bit KS adder calculating only C7

8-bit Brent–Kung adder
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Thank you


