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            75  points


Please write down your name:       ANSWER   KEY           
Please write your student ID: ______________________________________

Instructions/Please read carefully!

This is a close book exam. No books or notes are allowed. You may use a standard calculator.

All work is to be done on the attached sheets and under no circumstance are booklets or loose sheets to be used. Write your name at the top of every sheet.

Read the question carefully. If something appears ambiguous, write down your assumption. The points have been assigned according to the formula that  1 point = 1 exam minute, so please pace yourself accordingly.

Your Name_______________________________________________________

Question 1 :Boolean Logic Theory (10 points)
The prime implicants of the function   F(A,B,C,D) = (m(0,4,6,7,10,11,15) are given below.

(5 points) 
a) Produce the covering table of  the minterms of  F and give the essential prime                      implicants.

(5 ponts) 
b) Apply the Petrick function to the reduced covering table and give ALL minimal       two-level sum-of-products expressions of   F.
___________________________________________________________________________

ANSWER:
       Prime implicants                                      Covering table
	                        A  B  C  D 

	P1: (7,15)       -    1   1   1

	P2:  (11,15)    1    -   1   1

	P3:  (10,11)    1    0   1   -

	P4:  (0,4)        0    -   0   0

	P5:  (4,6)        0    1   -   0

	P6:  (6,7)        0    1   1   -

	                        A  B  C  D 
	0   4   6   7   10   11  15

	P1: (7,15)       -    1   1   1
	               x                 x 

	P2:  (11,15)    1    -   1   1
	                           x     x

	P3:  (10,11)    1    0   1   -
	                     x    x

	P4:  (0,4)        0    -   0   0
	x   x

	P5:  (4,6)        0    1   -   0
	     x   x

	P6:  (6,7)        0    1   1   -
	          x   x


Essential prime implicants:   P3 =   A(B C

                                                                                                                  P4 = (A(C(D                          
	                        A  B  C  D 
	0   4   6   7   10   11  15

	P1: (7,15)       -    1   1   1
	               x                 x 

	P2:  (11,15)    1    -   1   1
	                           x     x

	P3:  (10,11)    1    0   1   -
	                     x    x

	P4:  (0,4)        0    -   0   0
	x   x

	P5:  (4,6)        0    1   -   0
	     x   x

	P6:  (6,7)        0    1   1   -
	          x   x



	                        A  B  C  D 
	   6   7    15

	P1: (7,15)       -    1   1   1
	        x     x 

	P2:  (11,15)    1    -   1   1
	               x

	P5:  (4,6)        0    1   -   0
	   x   

	P6:  (6,7)        0    1   1   -
	   x   x


                        Reduced covering table                                                                  
Petrick function corresponding to the reduced table

PR = (P5 + P6)(p1 + P6)(P1 + P2) = (P1P5 + P6) (P1 + P2P6)
     = P1P5 + P1P6 + P2P6 + P1P2P5P6.
Minimal two-level sum-of-products expressions:

Fmin = P3 + P4 + P1 + P5 ; Fmin = P3 + P4 + P1 + P6; Fmin = P3 + P4 + P2 + P6

Fmin = A(B C  +(A(C(D  + B C D + (A B(D  

Fmin = A(B C  +(A(C(D  + B C D + (A B  C    

Fmin = A(B C  +(A(C(D  + A C D + (A B  C.                         
Your Name_______________________________________________________
Question 2 : Application of Boolean Logic Theory (10 points)
(4 points)         a)  Using the Shannon expansion , show that the function

                                       f (A,B,C,D) = (m(1,2,4,7,8,11,13,14)
                            Can be written in the form   F (A,B,C,D) = A ( g(B,C,D)
(4 points)
b)  Repeat a) such that  g(B,C,D) = B ( h(C,D).




(2 points)
c)  Draw the circuit producing   f   using only 2-input EX-OR gates
______________________________________________________________________
ANSWER 
a)   f (A,B,C,D) = (m(1,2,4,7,8,11,13,14) = (A (m(1,2,4,7) + A (m(0,3,5,6) = A ( (m(1,2,4,7)
b)  g (B,C,D) = (m(1,2,4,7) = (B (m(1,2) + B (m(0,3) = B ( (m(1,2)

c)  h (C,D) =  (m(1,2) = C ( D.

     f  (A,B,C,D)  = A (  B ( C ( D.
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Your Name_______________________________________________________

Question 3 : VHDL  (15 points) .

a) (5 marks) List at least 5 errors in the following VHDL description:

LIBRARY ieee;

USE ieee.std_logic_1164.ALL;

ENTITY assign2 IS


PORTS(



A, B
 : IN
STD_LOGIC_VECTOR(3 downto 0),



C     : IN    STD_LOGIC;



X, Y
 : OUT
STD_LOGIC);

END a;

ARCHITECTURE a OF assign2 IS

SIGNAL I1, I2 : STD_LOGIC;

BEGIN

    C <= A(1) and B(1);


X <= '1' WHEN A = "110" ELSE '0';

    WITH B SELECT

        I1 <= C WHEN "1111",



     1 WHEN "1110",

              X WHEN OTHERS;

    I2 <= A(0) xor I1;

    Y => I1 or I2;

END a;

1. “PORTS” should be “PORT”

2. “a” should be “assign2”

3. “C” is an input port, and therefore cannot be on the LHS of an assignment statement

4. WHEN A = “110” – A has four bits, but is being compared to a 3-bit value

5. 1 WHEN “1110” : the value being assigned must be of the same type as the signal on the LHS. Hence this should be written as ‘1’ WHEN “1110”

6. IN “X WHEN OTHERS”, X is an output port and hence cannot appear on the RHS of an assignment statement

7. The assignment operator is backwards in the last assignment statement
                                                                   Question 3 continues on next page ---(
Your Name_______________________________________________________

Question 3 : VHDL  (15 points) (Continued…)
b) (10 marks) Write a complete VHDL description of the circuit shown below. Assume that the two inputs in_A and in_B are 8-bits each.
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LIBRARY ieee;

USE ieee.std_logic_1164.ALL;
LIBRARY lpm;

USE lpm.lpm.components.all;

ENTITY q3b IS


PORT(in_A, in_B : IN STD_LOGIC_VECTOR(7 downto 0),



eq_neq     : IN    STD_LOGIC;



comp       : OUT
STD_LOGIC);

END q3b;
ARCHITECTURE a OF q3b IS

SIGNAL I1 : STD_LOGIC;

BEGIN


comp <= I1 XOR eq_neq;


inst: LPM_COMPARE generic map(lpm_width => 8)



port map(dataa => in_A, datab => in_B, aeb => I1);

END a;
You could also use a component for the XOR gate, but it is simpler just to use the built in VHDL XOR operator.
Your Name_______________________________________________________
Question 4 : CMOS Circuit Technology Design (15 points)
In this problem you are asked to compare two CMOS circuits which produce the same logic gate.

(5 points)  a)  What logic gate does the following circuit produce?
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(5 points) b)  Give a fully complementary CMOS circuit (Pull-up and pull-down circuit        

                     components) producing the same logic gate than in part a).

(5 points) c) Which one of the two logic gate circuits do you think will perform better? Justify your                     answer. 

ANSWER
a)                                                          b)
	VA  VB
	Vf

	  L    L
	L

	  L    H
	H

	  H   L
	H

	  H   H
	L
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c) Circuit a) passes VA or VB to  Vf, which may be week input signals,  while circuit b) passes either Vdd or GND to Vf  thus producing full fan-out capability.
Your Name_______________________________________________________

Question 5 : Combinational Logic Circuit Implementation Methods(15 point)

Given the following function
f(A,B,C,D) = A(B C + A D + A C

Implement the function using

(5 points)
a) Fewest number of 4 x 1 multiplexers

(5 points) 
b) The PLA-like structure given below

(5 points) 
c) Fewest number of 3-input look-up table components

_________________________________________________________________

ANSWER

a) 

	  AB

CD
	00
	01
	11
	10

	00
	0
	0
	0
	0

	01
	0
	0
	1
	1

	11
	0
	0
	1
	1

	10
	0
	0
	1
	1

	
	h0
	h1
	h3
	h2
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Your Name_______________________________________________________

Question 5 : Combinational Logic Circuit Implementation Methods(15 point) (continued)
c)    

f(A,B,C,D) = A(B C + AD + AC = (A [0] + A[D + C]

[D + C] = (C [D] + C[1]
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F(A,B,C,D) = (A[0]  + A[D + C]  = x y +(x g , where g = z = D + C  and y = 0

	x   y    z
	f = x y + (x g

	A  0    g
	

	0   0    0
	0

	0   0    1
	0

	0   1    0
	1  don’t care

	0   1    1
	1  don’t care

	1   0    0
	0

	1   0    1
	1

	1   1    0
	0 don’t care

	1   1    1
	1 don’t care


Your Name_______________________________________________________

Question 5 : Combinational Logic Circuit Implementation Methods(15 point) (continued)
g = D + C is of the form  g = (x [y] + x[z]  where x = C ; y = D ; z = 1

	x   y    z
	g = (x [y] + x[z]

	C  D    1
	

	0   0    0
	0 don’t care

	0   0    1
	0

	0   1    0
	1  don’t care

	0   1    1
	1  

	1   0    0
	0 don’t care

	1   0    1
	1

	1   1    0
	0 don’t care

	1   1    1
	1 


                                                                                   Please, see next page for other solution(
Your Name_______________________________________________________

Question 5 : Combinational Logic Circuit Implementation Methods(15 point) (continued)
Solution using only one 3-input LUT
f(A,B,C,D) = A(B C + AD + AC = AC((B + 1) + AD = AC + AD

	x   y    z
	f = x y + x z

	A  C    D
	

	0   0    0
	0

	0   0    1
	0

	0   1    0
	0

	0   1    1
	0

	1   0    0
	0

	1   0    1
	1

	1   1    0
	1

	1   1    1
	1
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Your Name_______________________________________________________
Question 6 : Combinational Circuit Design (15 point)

Using full-adders and gates as needed, design a two-digit modulo-5 adder. The block diagram of the adder is shown below
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The two input digits, X,  (X = 0, 1,2,3,4), Y, (Y = 0,1,2,3,4) and the sum digit S (S=(X+Y)mod 5, S = 0, 1,2,3,4) are coded in binary thus
	X
	X2  X1 X0
	
	Y
	Y2  Y1 Y0
	
	S
	S2  S1 S0

	0
	0     0    0
	
	0
	0     0    0
	
	0
	0     0    0

	1
	0     0    1
	
	1
	0     0    1
	
	1
	0     0    1

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

	3
	0     1    1
	
	3
	0     1    1
	
	3
	0     1    1

	4
	1     0    0
	
	4
	1     0    0
	
	4
	1     0    0


The carry-out bit, Cout , equals  1 whenever the sum digit S = X + Y exceeds 4, otherwise it equals 0.

The addition and carry-out tables are shown below

	  X

Y
	0
	1
	2
	3
	4

	0
	0
	0
	0
	0
	0

	1
	0
	0
	0
	0
	1

	2
	0
	0
	0
	1
	1

	3
	0
	0
	1
	1
	1

	4
	0
	1
	1
	1
	1


	  X

Y
	0
	1
	2
	3
	4

	0
	0
	1
	2
	3
	4

	1
	1
	2
	3
	4
	0

	2
	2
	3
	4
	0
	1

	3
	3
	4
	0
	1
	2

	4
	4
	0
	1
	2
	3


         S = (X+Y) mod 5                                                      Carry-out bit:  Cout
Your Name_______________________________________________________
Question 6 : Combinational Circuit Design (15 point) (continued)

(5 points)
a)   Draw the binary adder circuits.
(5 points)
b)   Produce the carry-out logic.
(5 points)        c)   Draw the complete circuit.
_______________________________________________________________________

ANSWER

To design a 2-digit modulo-5 adder we follow the same concept used in designing a BCD adder, namely, that the binary sum, B,  B = X + Y,  must be corrected whenever it exceed the modulo – 1 value, that is to say, whenever it exceeds  4. In our case here, this correction consists of adding  3  to the result, B, i.e.  S = B + 3 whenever B > 4, otherwise no correction is needed and S = B. The carry-out will be generated whenever B > 4 or  when B = X + Y generates a carry, as in the case  when X = 4, Y= 4.

The carry-out logic function, Cout , is   Cout = (Binary Carry-out bit) +  B1B0 +B1B2. 
	B1B0

B2
	00
	01
	11
	10

	0
	0
	0
	1
	0

	 1
	0
	0
	1
	1


The complete circuit is shown bellow
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***************END OF MIDTERM WINTER 2007 ANSWER KEY*****************
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