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   Total

            75  points


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

Instructions/Please read carefully!

This is a closed 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)

A function  f  of  4  variables  is given by the set of  minterms ((m(..)) and the set of Don't cares (d(…)), as follows:

 

f  = (m(4,5,6,8,9,10,13)  +  d(0,7,15).

(4 points) a) Using the Quine-McCluskey method  find the set of prime implicants of  f.

(2 points) b) Show the covering table and the essential prime implicants.

(2 points) c) Give the Petrick function equivalent to the covering table.

(2 points) d) Give ALL minimal sum-of-products expresions of  f.

__________________________________________________________________________


Your Name______________________________________________________

Question 2 : CMOS Circuits/Transmission gates  (10 points)

(4 points) a)
Draw the pull-up-network and the pull-down-network for the CMOS circuit producing the following Boolean function:




F(A, B, C, D, E) =  AB + DE + ACE + DCB.



Assume true and complemented variables available as inputs.

(6 points) b) See next page)

___________________________________________________________________



Your Name____________________________________________________

Question 2 : CMOS Circuits/Transmission gates  (10 points)

(6 points) b) Using the fewest number of transmission gates (T-gates), draw the

network that will pass  input  X  to output  F  if and only if  the condition  AB + DE +ACE +DCB is true. 

X                                                                        F


                           A     B    C     D    E

_______________________________________________________________


Your Name_______________________________________________________

Question 3 : VHDL  (15 points) 
a) Using only MULTIPLEXER, AND, OR and NOT gates, draw a gate level schematic of an implementation of the circuit described in the VHDL code shown below. 

(5 points)

ENTITY midterm IS


PORT(mode

: IN STD_LOGIC_VECTOR(2 downto 0);



X         : OUT STD_LOGIC_VECTOR(1 downto 0);

Y

: OUT
STD_LOGIC);

END midterm;

ARCHITECTURE a OF midterm IS

BEGIN

X <= "01" WHEN mode="001" ELSE


     "10" WHEN mode="010" ELSE


     "11" WHEN mode="100" ELSE 

           "00"; 


Y <= X(0) AND mode(0);

END a;
b)  Using Selected Signal Assignment, write a complete VHDL description of the circuit that implements the following Boolean function:
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Assume that the circuit is implemented with a 4:1 Multiplexer, using W(0) and W(1) as select inputs. 

Hint: Use Shannon's Expansion Theorem with respect to W(0) and W(1).

                                                                   Continue Question 3 on the next page (
Your Name_______________________________________________________

Question 3 : VHDL (15 points) (Continued)
a) Remember that conditional assignment statements map to multiplexer trees with the first condition nearest the output.


















b) Shannon's expansion theorem gives: 
[image: image2.wmf]F = [W(1)W(0)]W(2) + [W(1)W(0)]W(2)+ [W(

1)W(0)]W(2)+ [W(1)W(0)]1


ENTITY midterm2 IS


PORT(W

: IN STD_LOGIC_VECTOR(2 downto 0);

F

: OUT
STD_LOGIC);

END midterm2;

ARCHITECTURE a OF midterm2 IS

BEGIN


WITH W(1 downto 0) SELECT

F <= not W(2) WHEN "00",


     W(2)     WHEN "01",


     not W(2) WHEN "10",

           "1"     WHEN OTHERS; 

END a;
Your Name_______________________________________________________

Question 4 : Combinational Circuit Design Problem (15 points) 

A safety deposit box of a certain bank opens with two out of four keys.

The box opens when any one of these combinations occur:

1.-
The president's key, A, and any one of the remaining  3 keys, B, C, or D 

           open the safety deposit box.

 2.-
When key A is not available, then any two of the remaining  3 keys will open            the safe.

(5 points) a)  Give the truth table of a function  F(A, B, C, D) such that when F is 

                      asserted, the safety deposit box opens.

(5 points) b)  Using  the fewest number of EX-OR, AND and OR gates draw a three

                      level logic circuit producing  F .

(5 points) c)  Using ONLY one 4x1 MUX ,two AND gates and one EX-OR gate, 

                      draw the circuit producing   F. Variables A,B should be the control
                      variables of the 4 x 1  MUX.

___________________________________________________________________
           

Your Name_______________________________________________________

Question 5 : Factorization/Decomposition  (10 points)

The INHIBIT-gate is define as  g =  (x + y  and its symbolic representation is  

                                     x

                                                                     g =  (x + y  

                                     y


You are given two 2-input INHIBIT gates, one AND gate and one INVERTER.

(8 points) a) Draw the circuit producing the 2-inputs EX-OR function.

(2 points) b) How many different solutions to this problem do you think there are?

Hint: The following block diagram may help you if you realize that the output function F, i. e. the EX-OR function,  is equal to INHIBIT(x, y), where x, y are functions of a,b. Can you find x, y as functions of  a, b ?


              a                                  x                            F = (a b  +  a(b  = EX-OR (a,b) 

              b                                  y                          


____________________________________________________________________________

PLEASE, SEE SOLUTION TO THIS PROBLEM ON NEXT PAGE (
Your Name_______________________________________________________

Solution to Question 5 : Factorization/Decomposition  (10 points)


Your Name______________________________________________________

Question 6 : Circuit Implementation Strategies/LUTs(10 points)
(6 points) a) Program the following PLA device to produce the functions:



F1  = (C B(A + C (B + D(B(A



F2  =   C  +  A(B



F3  =   B(A  +  C B  + D(B

Hint: Rewrite the algebraic expressions of F1, F2, F3 and program the 6 terms of the AND array. 

___________________________________________________________________






                        Question 6 part b on next page (
Your Name______________________________________________________

Question 6 : Circuit Implementation Strategies/LUTs(10 points) (Continues)

 (4 points) b)  Draw a circuit producing the function  F = AB + DE +ACE +DCB

                          using only three 4-input LUTs.

__________________________________________________________________________
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