McGill University
Department of Electrical and Computer  Engineering
Course: ECSE 323  -Digital Systems Design
FALL 2008
Assignment #2

(with solutions)

TOPIC:  CMOS CIRCUITS

PART I .-CMOS CIRCUITS

1.-  a)  
A Boolean function is said to be self-dual if it is equal to its dual.


Find a function g(A,B,C) that will make  the function  F


F (A,B,C) = (A B C + A C + BA  + g(A,B,C)


self-dual.

b) 
Give a CMOS fully-complementary circuit that produces  F. In other words, give the pull-up and pull-down networks of the CMOS circuit producing  F.   

ANSWER
a)   We find  g(A,B,C) by solving the following equation  F(A,B,C)  =  FD (A,B,C).

F (A,B,C) = (A B C + A C + BA  + g(A,B,C)
FD (A,B,C) = ((A + B + C) (A + C) (B + A) gD  = (BA + CB + CA) gD  .

F(A,B,C)  =  FD (A,B,C).

(A B C + A C + BA  + g  = ((A + B + C) (A + C) (B + A) gD  = (BA + CB + CA) gD 

To find g(A,B,C)  such that this equation is satisfied, we use a two entry map relating the logic space (A,B,C), (columns of the map),  with the logic space (g, gD ), (rows of the map), such that an entry in the map, (a dot), will indicate that the equation is satisfied for the valuation of the variables (A,B,C; g, gD) corresponding to its column and row. Such a map is shown below
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Since gD  must be the dual of  g, we select in the map one entry per column satisfying the duality condition. One of the possible selections produces the following map of  g(A,B,C)  

	  AB

C
	00
	01
	11
	10

	0
	0
	0
	1
	0

	1
	0
	1
	1
	1


g (A,B,C) = A B + A C + B C.

Let us show that   F ,with such  a function g, is self dual.

F (A,B,C) = (A B C + A C + BA  + g(A,B,C)

F (A,B,C) = (A B C + A C + BA  + A B + A C + B C =  A B + A C + B C
FD (A,B,C) = (A + B)(A+C)(B+C) = (A + BC)(AB + C) = AB + AC  + BC

F (A,B,C) = FD (A,B,C).

b)

Since the pull-up network (PUN) is the dual of the pull-down network (PDN), the fully complementary CMOS circuit producing  F  has the same configuration for the PUN part as for the PDN part. However, the PUN part uses pMOS transistors and the PDN uses nMOS transistors. The resulting circuit producing  F is the following 
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2.- 
Given the following function  F

F(A,B,C,D) = A B C + A C D + A B D + B C D.

Using ONLY true variables as inputs, draw the pull-up and the pull-down networks of the CMOS fully complementary circuit producing  the function  F.
______________________________________________________________________

ANSWER

We produce (F and then use an inverter to transform (F into F. In this manner we use only true variables as inputs.
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3.-
a) Give the function  Z(A,B,C,D) produced by the following circuit
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b) Draw the logic diagram of the above circuit using AND, OR, NOT conventional logic symbols.

ANSWER

a)

                                       ___________

  Z = (A + B) C D ,  Z = (A + B)(C D) ,   

  Z =((A(B) + ((C +(D) , 

b)

Depending on the algebraic expression used, there exist several logic circuits producing  Z.  One of them is 
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4.-
Consider the function  F (A,B,C,D) = A + B + C + D.


a) Give the Shannon expansion with respect to A, B.


b) Draw an nMOS circuit realizing  F .

Hint: Design a MUX with control variables A,B.
____________________________________________________________________ 

ANSWER
a)

F(A,B,C,D) = 
F(0,0,C,D) (A(B + 
F(0,1,C,D)(A B + 
F(1,0,C,D) A(B + 
F(1,1,C,D) A B.
F(A,B,C,D) =  (C + D) (A(B + 
(1) A B + 
(1) A(B + 
(1) A B.
b)

Using a 4 x 1 nMOS MUX  and C+D nMOS circuit we obtain the following circuit
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                                            4 x 1 nMOS  MUX
5.- 
a) Derive the function  Z   generated by the following circuit 


[image: image6.emf]Vcc

A

B

Z

GND



b) Draw a CMOS fully complementary circuit realizing the function  Z  of part a)

c) What are the advantages and disadvantages of both circuits of part a) and 

    part b), which produce the same function Z ?  
________________________________________________________________________
ANSWER
a)

The function produced by the given circuit is   Z  = A ( B.

b)

(Z = A B +(A(B

 Z = (A B + A(B
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d) 
The circuit is part a) passes  B to Z with the same strength as received at the input. In other words, the circuit in part a) does not regenerate the fan-out of  Z. However, the circuit in part b) has full fan-out of  Z because the output  Z is either connected to VDD or to GND. The output  Z  never receives directly, neither the signal A nor the signal B.
PART II.- Transmission gates
6.-  To save pins in IC packaging a memory chip manufacturer uses the same pins for address and for data. Consider the following 16-word by 4-bit-per-word memory chip. You are to design a switching circuit, T, that will allow the delivery of either the address or the data to the input pins of the memory chip under the control of the single variable  C, such that if C = 0, the address is delivered and if C = 1 the data are delivered.
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a)  Give the logic description of  T , by means of a truth table,.


b)  Draw the circuit  T  in terms of transmission gates (TG) and inverters.

Use the fewest number of  TG’s and inverters. 
________________________________________________________________________
ANSWER
a)  

	C
	I3    I2    I1   I0

	0
	A3  A2  A1  A0

	1
	D3  D2  D1  D0


b) 
The T circuit is 
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*******************END OF ASSIGNMENT # 2******************
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