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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 : CMOS Circuit Technology (10 points)

(3 points)
a) 
Produce a  2 x 1 multiplexer circuit using only TG’s (transmission gates)                                      and inverters.

(2 points)
b)  
Produce a  4 x 1 multiplexer circuit using only two 2 x 1 multiplexers.

(5 points)        c)
Produce a  4 x 2 encoder using only  4 x 1 multiplexers and EXOR gates

                                  as needed.

ANSWER

a)                                                                                b)
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Your Name_______________________________________________________

Question 1 : CMOS Circuit Technology (10 points) (Continues)

c)

Z0 = I0 I2 ( I3  I1)

Z1 = I0 I1 ( I3  I2)


[image: image4.emf]0

1

2

3

0

1

2

3

0

I3

I1

I2

I0 I2

I0 I1

4 x 1 MUX

Z0

Z1


Your Name_______________________________________________________

Question 2 :Boolean Logic Theory (15 points)

(5 points)
a)  Produce the two-level minimal NAND-NAND circuit of the function

                        F(A,B,C,D,E) =  A BE  + A B E  + A C D E + A C D E + A C E D + ACE D

(5 points)        b)  Factor  F in such a way that it can be produced with a multilevel circuit

                            using only two  2-input OR gates and two 2-input AND gates.

(5 points) 
c)  Draw the multilevel circuit produced in b). 

________________________________________________________________________

ANSWER

a)
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                     F(A,B,C,D,E)min = A B + A C D + A C E

b)       FA,B,C,D,E) = A(B +(C(D+E))

c) 
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Your Name_______________________________________________________

Question 3: VHDL  (20 points)

a) (6 points) Write a complete VHDL description of a combinational circuit that determines the index of the highest ‘one’ bit in a 8-bit binary number X. Use a single conditional signal assignment statement. Assume that the index for the LSB is 0 and the index for the MSB is 7. (for example, if X=00001011 then the answer would be “3”).

__________________________________________________________________

Your Name_______________________________________________________

Question 3 : VHDL (20 points) (CONTINUES)

b) (14 points) Write a complete VHDL description of a day/month counter, which has a count enable input, a leap year input, an asynchronous reset input, and outputs the day and month. When the count is enabled the counter should increment the day count (and perhaps the month count) on the positive clock edge. If the leap year input bit is high then it is assumed that Feburary has 29 days, otherwise it has 28 days. Assume that January is represented as the binary value 0000 and December as 1011. The first day of the month should be represented as 00001 (not zero).

(Don’t worry if you can’t remember how many days a given month has – just make a guess, marks won’t be taken off for that)

Your Name_______________________________________________________

Question 4 : Combinational Circuit Synthesis (15 points)

At night, a security guard is suppose to walk from room to room in a building having  four 

rooms. Create a motion detector circuit which will detect the following conditions:

1.-  Exactly one motion sensor being equal to  1, meaning, motion has been detected in one room.

2.-  No motion sensor is equal to 1, meaning, the guard is either sitting or sleeping and no intruder 

      is present in the building.

3.-  Two or more sensors are equal to 1, meaning, there must be an intruder or intruders in the

      building.

The circuit to be designed has four inputs, S1,S2, S3, S4, one input per sensor, and three outputs, 

Z1, Z2, Z3, corresponding, respectively, to each one of the mentioned three conditions. Each 

output is set to   1  when the corresponding condition occurs, otherwise, it is set to  0.

The following block diagram represents the circuit to be designed.
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(5 points)        a)         Produce the truth table of the three output functions.

(10 points)      b)
Draw a circuit producing the three output functions using fewest                            number of 4 x 1 MUX’s.

HINT: Use the complement of the function followed by an inverter whenever you think this

           implementation is better than the one obtained using the true function.

_____________________________________________________________________________

Your Name_______________________________________________________

Question 4 : Combinational Circuit Synthesis (15 points) (Continues)

a)

ANSWER

S1  S2  S3  S4
 Z1  Z2  Z3

0    0    0    0
0     1     0

0    0    0    1
1     0     0

0    0    1    0
1     0     0

0    0    1    1
0     0     1

0    1    0    0
1     0     0

0    1    0    1
0     0     1

0    1    1    0
0     0     1

0    1    1    1
0     0     1

1    0    0    0
1     0     0

1    0    0    1
0     0     1

1    0    1    0
0     0     1

1    0    1    1
0     0     1

1    1    0    0
0     0     1

1    1    0    1
0     0     1

1    1    1    0
0     0     1

1    1    1    1
0     0     1
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Your Name_______________________________________________________

Question 4 : Combinational Circuit Synthesis (15 points) (Continues)

b)
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Your Name_______________________________________________________

Question 5 : Testing of Combinational Circuits (15 points)

(7 points)
a)
Find the  fault table of the following circuit 
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(8 points)
b)
From the fault table, obtained in  a), find the minimal fault detection test set                                   (FDTS).

______________________________________________________________________

a)

        F  =  A  B C,   

        F1/0 = 0,         F1/1 = BC,   

        F2/0 = 0,         F2/1 = AC,  

        F3/0 = A B,    F3/1 = 0,        

        F4/0 = C,      F4/1 = 0,   

        F5/0 = 0,         F5/1= 1.

                                                        FAULT TABLE

ABC
1/0
1/1
2/0
2/1
3/0
3/1
4/0
4/1
5/0
5/1

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

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

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

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

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

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

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

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

b) Minimal fault detection test set (FDTS):

     {110,100,010,111}

You Name_______________________________________________________

Question 6: Sequential circuits (15 points)

You are given a maximum of three 2 x 1 Multiplexers  and as many inverters as needed.

Using only the fewest number of these components as building blocks, produce the circuits corresponding to   

(5 points)
a)   A JK-type latch

(5 points)
b)   An RS-type latch

(5 points)
c)   A D-type latch and a T-type latch

________________________________________________________________________

ANWER

a) The characteristic equation of a JK-type latch is

Q+ = K J [Q] + K J[1] + KJ [0] + J K [Q]               

The corresponding circuit is 
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b) The characteristic equation of a RS-type latch is

Q+ = R S [Q] + R S[1] + RS [0] + R S [x] 

      = R S [Q] + R S[1] + RS [0] + R S [0]                     with the condition RS = 0

Povided that R and S are not simultaneously equal to  1, the corresponding circuit  is

You Name_______________________________________________________

Question 6: Sequential circuits (15 points) (continues)


[image: image15.emf]S

2 x 1

MUX

2 x 1

MUX

Q

!Q

0

1

R


                                        RS-type latch

c)  The characteristic equation of a T-type latch is  Q+ = T[Q] + T[Q ]

     The characteristic equation of a D-type latch is  Q+ =  D[Q] + D[Q]

     The corresponding circuits are:
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                              T-type latch                                                      D-type latch

Your Name_______________________________________________________

Question 7: Register and Counter Design (15 points)

Design a 4-bit up counter by using a 4-bit register and an incrementer-by-1 circuit. The incrementer-by-1 circuit is to be produced by cascading four Half-Adder circuits. A Half –Adder circuit is a binary adder that adds one input bit, Ai,  with an incoming carry bit, Ci-1  and produces the sum, Si  = Ai + Ci-1 , where the  +  sign means arithmetic plus.  

(5 points)
a)
Draw the incrementer-by-1 cascaded circuit 

(5 points) 
b)
Draw the 4-bit register assuming D-type edge-trigger type flip-flops 

(5 points)
c)
Draw the complete circuit, including the generation of an end-count output signal, tc, and a count-up enable signal, cnt. 

___________________________________________________________________________

ANSWER

a)
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Your Name_______________________________________________________

Question 7: Register and Counter Design (15 points)

b)

4-bit REGISTER WITH PARALLEL LOAD
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Your Name_______________________________________________________

Question 7: Register and Counter Design (15 points)(continues)

c)
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Your name ______________________________________________

Question 8: Circuit Implementation Strategies/Logic arrays(15 points)

Consider the following Boolean function:




F(A,B,C,D) = A  B  C  D

(7 points) 
a)  Write  the expressions required to implement F with the given PLD.

(8 points) 
b)  Using the given PLD schematic produce the function F.
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ANSWER

a)       F(A,B,C,D)  =  R1(A,B)  R2(C,D), where R1(A,B) = A  B and R2(C,D) = C  D.

b)
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Your Name_______________________________________________________

Question 9: Finite State Machine Design(15 points)

Design a Mealy-type FSM whose state transition diagram is shown below
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Use the state assignment: A=00, B=01, C=10, D=11.

(5 points)
a)  Give the state transition table of this FSM.

(5 points)
b)  Give the excitation tables of the JK-type flip-flops of  this FSM. 

(5 points)
c)  Draw the complete circuit using NAND gates.

____________________________________________________________________

ANSWER

a)




Excitation Table

Present State
Next State : y1+ y2+ 
Output :   Z
      Jy1          Ky1          Jy2           Ky2

            y1 y2
  X= 0        X=1
X=0        X=1
X=0  X=1 X=0 X=1 X=0  X=1 X=0  X=1

A         0  0
01             00
0            1
0         0       *     *      1      0        *      *

B         0  1
01             10
0            0
0         1       *     *      *      *        0      1

C         1  0
00             00
0            0
*         *       1     1      0      0        *      *

D         1  1
00             00
0            1
*         *       1     1      *      *        1      1

Your Name_______________________________________________________

Question 9: Finite State Machine Design(15 points)(continues)
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c)
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Question 10 : Design of Sequential Systems(20 points) 

You are to design a datapath/controller style system that implements a 5-letter anagram generator. An anagram of a word is a re-ordering of the letters in the word (e.g. an anagram of TRANSISTOR is STAR IS TORN). The system should have as input five 5-bit vectors (corresponding to the letters to be rearranged), a 1-bit START input, a clock input, an asynchronous RESET input, a 1-bit DONE output, and five 5-bit outputs corresponding to the rearranged letters. Each time the START line goes high, the system should rearrange the inputs by swapping letters {1 and 2}, {3 and 4} and then swapping {1 and 5} and {2 and 4}. Once completed the swapping, the system should assert the DONE output. 

For example, if the original pattern of letters was ABCDE, then after all the swapping is complete the output pattern should be ECDAB. 

(10 points)
a) Draw the datapath for the system, showing all control signals.

(10 points)
b) Draw the state transition diagram for the system controller FSM.  

Your Name_______________________________________________________

Question 10 (continued)

Your Name_______________________________________________________

Question 11 :Optimization of Finite State Machines (15 points) 

Reduce to a minimum number of states the following state transition diagram:
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(5 points) 
a) Produce the sate transition table and the  first  and second state partitions

(5 points) 
b) Produce the third and following state partitions

(5 points) 
c) Produced the minimal state transition diagram.

__________________________________________________________________________

ANSWER

a) 

   Present state
                     Next state



Input X = 0
Input X = 1
OUTPUT  Z

A
B
C
0

B
D
B
1

C
E
C
1

D
D
A
0

E
E
A
0

First partition based on equal outputs : [A D E]  [B C]

Second parttion based on 0-sequencers and 1-sequencers : [A] [D E] [B C] 

Third partition based on 0-sequencers and 1-sequencers:    [A] [D E] [B C]

D is equivalent to E  and  B is equivalent to C

Your Name_______________________________________________________

Question 11 :Optimization of Finite State Machines (15 points)(continues)

c) Minimal state transition diagram
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Question 12 : Testing of Sequential Circuits (10 points) 

a) (4 marks) Draw a 5-bit ALFSR. 

b) (4 marks) Initialize the circuit to 00001 and simulate for 32 clock cycles. Give a table showing the state values (i.e. the values stored in the flipflops) after each clock cycle. 

c) (2 marks) Does the ALFSR that you drew have the maximal length property? How do you know?

ANSWER  KEY
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