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Address 

out 

Buffer

R0 R1 Rn Shifter ALU

Control word Decoder

State 
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Clock-Phase 

Generators

PC

Data 
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Reg

Internal A Bus

Address Pads Data Pads

Pads for Bus Control, Clock, Reset, Interrupts, Testing and Power Supply

Instruction Pre-fetch Register

Bus Controller

Microprocessor  Design

Internal B Bus

Control Store
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ALU Design
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Half Adder

Sum = X•Y’ + X’•Y = X ⊕ Y 
Carry = X•Y

X

Y
HS

CO

Time Delay for the Half Adder?
1 gate delay
A gate delay of an xor for the half sum
A gate delay of an AND gate for the carry out
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Full Adder

Full-adder can also implemented with two half adders and one OR gate.

S = A⊕B ⊕ Cin

Cout = AB + BCin + ACin

= AB +  Cin (A+B) 

= AB +  Cin (A ⊕ B+ AB)

= AB +  Cin (A ⊕ B) + Cin AB = AB(1+ Cin) + Cin (A ⊕ B) 

= AB +  Cin (A ⊕ B)
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Full Adder
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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

12

6

12

12

6 6 6

6
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Ripple Carry Adder

This is called Ripple Carry Adder, because of the

construction with full adders are connected in cascade.

Delay= 4 X Full Adder Delay = 8 Gate Delays 

Delay= (N-1) tcarry +  tsum
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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



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

15

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
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Carry Look-Ahead Adder

8 Bit  Full Adder

Delay = 2 X 3 = 6 Gate Delay
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Ripple Carry Adder

8 Bit  Full Adder

Delay = 8 X 2 Gate Delay
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Carry Look-Ahead Adder
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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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Manchester Carry Chain
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Linear Carry-Select Adder
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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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Serial Adder

Initialize to 
0
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4 Bit-Adder Subtractor

Add  4 & -3

0100

1101

1 0001 

Add  4 & 4

0100

0100

1000 

Add  -8 & 4

1000

0100

1100 

Add  -4 & -5

1100

1011

1 0111 

Overflow

4 Bit-Adder Subtractor
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Binary Coded Decimal

General digital systems

User enters decimal → BCD i/p→ Binary i/p → compute in binary

→ Binary o/p→ BCD o/p→ Decimal output shown to user
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Binary Coded Decimal

BCD addition

4 + 5 0 1 0 0

0 1 0 1

1 0 0 1

4

5

9 Expected Result

4 + 8 0 1 0 0

1 0 0 0

4

8

1 1 0 0 Is this expected Result ?

Expected answer

is BCD of 12

0001 0010
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Binary Coded Decimal

BCD addition

4 + 8 0 1 0 0

1 0 0 0

4

8

1 1 0 0

Add correction of +6

= To skip 6 invalid

states (10 - 15) BCDs

0 0 0 1 0 0 1 0

0 1 1 0

1 2

Greater than 9
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Binary Coded Decimal

BCD addition

9 + 9 1 0 0 1

1 0 0 1

9

9

1 0 0 1 0 Expected result ?

0 0 0 1 1 0 0 0

0 1 1 0

1 8

Add correction of +6

Carry out generated

After addition if carry out is generated or if sum is greater

than 9 there is need for correction
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BCD addition 0 0 0 0

0 0 0 1

0 0 1 0

0 0 1 1

0 1 0 0

0 1 0 1

0 1 1 0

0 1 1 1

1 0 0 0

1 0 0 1

1 0 0 0

1 0 0 1

0 1 1 0

0 1 1 1
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Thank you


