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 Basic operations of switches

 Switch logic circuits

 Systematic design methodologies
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nMOS Switches 
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nMOS Switches
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pMOS Switches
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pMOS Switches
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TG Switches
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TG Switches
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Basic Logic Circuits
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Basic Logic Circuits
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f/f’ Implementation

 f/f’implementation (FCMOS)

 f function (pull-up network (PUN)

 f’function (pull-down network (PDN)
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f/f’ Implementation

 A two-input NAND gate example
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f/f’ Implementation

 AND-OR-Inverter (AOI)
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Switch Logic Circuits

 Why the following logic circuit cannot work correctly?

 Another example

Can the right logic circuit correctly

implement the switching function?

f(x, y, z) = xy + yz + yz

f

y z

V
DD

x

V
DD

V
DD



Department of Electronic Engineering, NTUST, copyright@2009~2011,  Ming-Bo Lin

Ratioless Logic DesignVLSI System Designs

2-20

Syllabus

 Basic operations of switches

 Switch logic circuits

 Switch logic circuits

 Basic rules

 Shannon’s expansion theorem

 Residues of a switching function

 Systematic design methodologies



Department of Electronic Engineering, NTUST, copyright@2009~2011,  Ming-Bo Lin

Ratioless Logic DesignVLSI System Designs

2-21

Basic Rules

 Rule 1 (node-value rule)

 The function or a signal summing point must always be 
connected to 0 or 1 at any time

 Rule 2 (node-conflict-free rule)

 The function or a signal summing point must never be 
connected to 0 and 1 at the same time

Please always remember these two rules. 
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Basic Rules

 Rule 1 

 Correct logic function

 Rule 2 

 Distinguishes ratioless logic from ratioed logic 

 Ratioless logic

 Both rules are confined 

What is ratioless logic?
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Shannon’s Expansion Theorem

 Shannon’s expansion theorem

Proof: Trivial.

1 2 2 1 0 1 2 1 1 2 1 0

1 2 1 1 2 1 0

( , , , , , ) ( , , , ,1, , , , , )

( , , , ,0, , , , , )
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Shannon’s Expansion Theorem

 An example

f (x, y,z)  xy  xz  yz

 x  f (0, y, z) x  f (1, y,z)

 x  (yz) x (y  z  yz)

 xyz  xy  xz
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Residues of a Switching Function

 Let

For all 

 Residue of f(X) with respect to Y, denote fY(X)

 Set all complementary literals equal to 0

 Set all true literals equal to 1

1 2 2 1 0

1 2 2 1 0

{ , , , , , }
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Residues of a Switching Expression

 Example

( , , , ) ( )f w x y z wxy wxy wx yz wxyz wxy    
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Residue Map --- General Form

 Let X = {xn-1, …, x1, x0}
Y = {ym-1, …, y1, y0} 
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Residue Map Example

 f (w, x, y, z) = Σ(0, 1,3, 5, 6, 10, 14). 



Department of Electronic Engineering, NTUST, copyright@2009~2011,  Ming-Bo Lin

Ratioless Logic DesignVLSI System Designs

2-31

Residue Map Example

 f (v, w, x, y, z) = Σ (1, 7, 9,11, 13, 22, 25, 26, 27, 30, 31) + 
Σ (15, 17, 19, 23) 
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Residue Map Example

 f (w, x, y, z) = Σ (0, 1, 2, 3, 4, 6, 11, 12, 15)
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Residue Map Example
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Syllabus

 Basic operations of switches

 Switch logic circuits

 Systematic design methodologies

 Tree network

 0/1-x/x’-tree network

• 0/1-tree network
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Systematic Design Methods

 Tree networks

 Uniform-tree network

 Freeform-tree network

 0/1-x/x’-tree network

 0/1-tree networks

 General 0/1-tree network

 f/f’ paradigm
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Tree Networks

 Basic design method
 Repeatedly apply Shannon’s expansion theorem 

 Trivial literals (x and x’) 

 Types of tree networks

 Freeform-tree network

 Uniform- tree network
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Tree Networks

 Implementations

 Using CMOS switches

 Using nMOS switches
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Freeform-Tree Network

 Example

 Let

f (w, x, y,z)  (wx  xyz wyz)

( ) ( )

[ (1) ( )] [ ( ) ( )]

{ (1) [ ( ) (0)]} { [ (0) ( )] ( )}

g f wx x yz wyz

w x x yz w x yz yz

w x x yz w y xz y z

w x x y z y w y x x z y z

   

   

   

     
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Freeform-Tree Network
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Uniform-Tree Network

 Example

 Let

( ) ( )

[ (1) ( )] [ ( ) ( )]

{ (1) [ ( ) (0)]} { {[ (0) ( )] [ ( ) ( )]}}

g f wx x yz wyz

w x x yz w x yz yz

w x x yz w x yz x yz yz

w x x y z y w x y y z x y z y z

   

   

    

      

( , , , ) ( )f w x y z wx x yz wyz  
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Uniform-Tree Network
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Syllabus

 Basic operations of switches

 Switch logic circuits

 Systematic design methodologies

 Tree network

 0/1-x/x’-tree network

• 0/1-tree network
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0/1-x/x’-Tree Networks

 0/1-x/x’network

 Apply Shannon’s expansion theorem

 Literals x, x’and/or constants 0/1 

 Constraints:

is the set of any combinations of Y such that RY(X) = s , 
where s  {0, 1, x, x’}

0 1

0 1

1x x
Y Y Y Y

x x
Y Y Y Y

f f f f

f f f f 





U U U

I I I

s
Yf
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0/1-x/x’-Tree Networks

 General paradigms
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0/1-x/x’-Tree Network Example

 Realize the following switching function

f (x, y, z)  xy  xz  yz
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0/1-x/x’-Tree Network Example

 Example

( , , , ) ( )f w x y z wx x yz wyz  

( , , , )

(0,  1,  2,  3,  4,  11,  12,  15)

g f w x y z wx x yz wyz   

 

0
Yf wxy wx y 

1
Yf wx y wxy wx  
z

Yf wxy wxy wy  
z

Yf wx y wx y x y  
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0/1-x/x’-Tree Network Example (continued)

 The resulting logic circuit is as follows:
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Syllabus

 Basic operations of switches

 Switch logic circuits

 Systematic design methodologies

 Tree network

 0/1-x/x’-tree network

• 0/1-tree network
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0/1-Tree Networks

 General paradigm



Department of Electronic Engineering, NTUST, copyright@2009~2011,  Ming-Bo Lin

Ratioless Logic DesignVLSI System Designs

2-50

0/1-Tree Network Example

 Example

f (w, x, y, z)  (wx  yz)

g(w, x, y, z)  f  wx  yz

g  f  (wx  yz)  (w  x)(y  z)
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Pitfalls of Shannon’s Expansion

yxxyxyxf  1),(


