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Brief Outline

𝑎 𝑏
𝑐 𝑑

∙
𝑥
𝑦 =

𝑎𝑥 + 𝑏𝑦
𝑐𝑥 + 𝑑𝑦

Input:

• 𝑎, 𝑏, 𝑐, 𝑑, 𝑥, 𝑦 → 4-bit unsigned each

Product:

• 𝑎𝑥, 𝑏𝑦, 𝑐𝑥, 𝑑𝑦 → 8-bit unsigned each

Output:

• (𝑎𝑥 + 𝑏𝑦), (𝑐𝑥 + 𝑑𝑦) → 9-bit unsigned

What we need:

• 4 × 4 Multiplier

• 8-bit Adder

• Banks of D-Latch

Adder Type:

• Carry-lookahead Adder (CLA)



4x4 Unsigned Multiplier



continued…



Propagate & Generate (PG) Logic

A B Cin Cout S P G

0 0
0 0 0

0 0
1 0 1

0 1
0 0 1

1 0
1 1 0

1 0
0 0 1

1 0
1 1 0

1 1
0 1 0

0 1
1 1 1

Propagate:

• Cout is true if Cin is true.
P = A⨁B

Generate:

• Cout is true.
G = A ∙ B

____________________________

S = A⨁B ⨁Cin = P⨁Cin
Cout = G + P ∙ Cin



continued…

• Generalized formula:
𝐶𝑖+1 = 𝐺𝑖 + 𝑃𝑖 ∙ 𝐶𝑖

• For 4-bit CLA unit:
𝐶1 = 𝐺0 + 𝑃0 ∙ 𝐶0
𝐶2 = 𝐺1 + 𝑃1 ∙ 𝐶1

= 𝐺1 + 𝐺0 ∙ 𝑃1 + 𝐶0 ∙ 𝑃0 ∙ 𝑃1
𝐶3 = 𝐺2 + 𝑃2 ∙ 𝐶2

= 𝐺2 + 𝐺1 ∙ 𝑃2 + 𝐺0 ∙ 𝑃1 ∙ 𝑃2 + 𝐶0 ∙ 𝑃0 ∙ 𝑃1 ∙ 𝑃2
𝐶4 = 𝐺3 + 𝑃3 ∙ 𝐶3

= 𝐺3 + 𝐺2 ∙ 𝑃3 + 𝐺1 ∙ 𝑃2 ∙ 𝑃3 + 𝐺0 ∙ 𝑃1 ∙ 𝑃2 ∙ 𝑃3 + 𝐶0 ∙ 𝑃0 ∙ 𝑃1 ∙ 𝑃2 ∙ 𝑃3

Remember:
𝑃𝑖 = 𝐴𝑖⨁𝐵𝑖
𝐺𝑖 = 𝐴𝑖 ⋅ 𝐵𝑖



4-bit CLA unit (unoptimized)

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

Transistor Count

Gate #Unit FET/unit Total FET

XOR2 8 6 48

AND2 8 6 48

AND3 3 8 24

AND4 2 10 20

AND5 1 12 12

OR2 1 6 6

OR3 1 8 8

OR4 1 10 10

OR5 1 12 12

Aggregate Count 188

Note: Inputs are unavailable in complemented form.



Road to Optimization

Transistor Count

Gate #Unit FET/unit Total FET

XOR2 2 6 12

AND2 1 6 6

Aggregate Count 18

Transistor Count

Gate #Unit FET/unit Total FET

XNOR2 2 6 12

NAND2 1 4 4

Aggregate Count 16



continued…

XOR2 Designs

16 T 12 T

12 T 12 T

6 T10 T 4 T
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XNOR2 Layout

Ref: J. Wang, S. Fang, and W. Feng, “New efficient designs for XOR and XNOR

functions on the transistor level,” in IEEE Journal of Solid-State Circuits, vol.

29, no. 7, pp. 780-786, July 1994, doi: 10.1109/4.303715.

XNOR2 Schematic

XNOR2 Transient Analysis



continued…

NAND2 Schematic NAND2 LayoutNAND2 Stick Diagram



continued…

SPG unit Schematic SPG unit Layout

NAND2

XNOR2

XNOR2



continued…

Observation:

• 𝑆 is slowest, 𝐺 is fastest.

• 𝑃 , 𝐺 can be directly used for next PG blocks instead of 𝑃 , 𝐺. (But how?)

𝐴

𝐵

𝐶𝑖𝑛

𝑆

𝑃

𝐺

SPG unit Transient Analysis



PG Logic: 1st Stage

𝐶1 = 𝐺0 + 𝑃0 ∙ 𝐶0

= 𝐺0 + 𝑃0 ∙ 𝐶0

= 𝐺0 ∙ 𝑃0 + 𝐶0 → OAI21

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

6T instead of 12T



continued…

OAI21 Schematic OAI21 LayoutOAI21 Stick Diagram

OAI21 Transient Analysis



PG Logic: 2nd Stage

𝐶2 = 𝐺1 + 𝐺0 ∙ 𝑃1 + 𝐶0 ∙ 𝑃0 ∙ 𝑃1

= 𝐺1 + 𝐺0 ∙ 𝑃1 + 𝐶0 ∙ 𝑃0 ∙ 𝑃1

= 𝐺1 ∙ 𝐺0 + 𝑃1 ∙ 𝐶0 + 𝑃0 + 𝑃1
↪ OAI321

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

12T instead of 22T



continued…

OAI321 Schematic OAI321 LayoutOAI321 Stick Diagram

OAI321 Transient Analysis



PG Logic: 3rd Stage
𝐶3 = 𝐺2 + 𝐺1 ∙ 𝑃2 + 𝐺0 ∙ 𝑃1 ∙ 𝑃2 + 𝐶0 ∙ 𝑃0 ∙ 𝑃1 ∙ 𝑃2

= 𝐺2 ∙ 𝐺1 + 𝑃2 ∙ 𝐺0 + 𝑃1 + 𝑃2 ∙ 𝐶0 + 𝑃0 + 𝑃1 + 𝑃2
↪ OAI4321

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

20T instead of 34T



continued…

OAI4321 Schematic OAI4321 LayoutOAI4321 Stick Diagram

OAI4321 Transient Analysis (cropped)



PG Logic: 4th Stage
𝐶4 = 𝐺3 + 𝐺2 ∙ 𝑃3 + 𝐺1 ∙ 𝑃2 ∙ 𝑃3 + 𝐺0 ∙ 𝑃1 ∙ 𝑃2 ∙ 𝑃3 + 𝐶0 ∙ 𝑃0 ∙ 𝑃1 ∙ 𝑃2 ∙ 𝑃3

= 𝐺3 ∙ 𝐺2 + 𝑃3 ∙ 𝐺1 + 𝑃2 + 𝑃3 ∙ 𝐺0 + 𝑃1 + 𝑃2 + 𝑃3 ∙ 𝐶0 + 𝑃0 + 𝑃1 + 𝑃2 + 𝑃3

↪ OAI54321 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

30T instead of 48T

C4



continued…

OAI54321 Schematic OAI54321 LayoutOAI54321 Stick Diagram

OAI54321 Transient Analysis (cropped)



4-bit CLA unit
Layout Schematic

DRC & LVS
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CLA4 Transient Analysis (cropped)

Transistor Count

Gate #Unit FET/unit Total FET

SPG 4 16 64

INV 1 2 2

OAI21 1 6 6

OAI321 1 12 12

OAI4321 1 20 20

OAI54321 1 30 30

Aggregate Count 134

instead of 188



Project Progress

Completed

• CLA4 unit
• Layout & Schematic

• NAND2

• INV

• XNOR2

• OAIs

Remaining

• 4 × 4 Multiplier
• #CLA4 unit needed → 5

• #AND2 unit needed → 16

• 8-bit Adder
• #CLA4 unit needed → 2

• Bank of D-Latches



Questions?
Concerns?

Comments?


