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LIBRARY ieee ;
USE ieee.std logic_1164.all ;
ENTITY mux circuit IS
PORT (A, B & IN STD.LOGIC ;
x : in std logic_vector(l downto 0);
£ : OUT STD_LOGIC) :
END mux_circuit ;

ARCHITECTURE final OF mux circuit IS

BEGIN
WITH x SELECT
f <= '0' WHEN "00", -- this could be omitted
A  WHEN "O01",
B WHEN "10",
LA WHEN S
'0' WHEN OTHERS;
END final ;
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LIBRARY ieee ;
USE ieee.std_logic 1164.all ;

entity barrel shifter is
port( clk, CLEAR : in std_logic;
LOAD_ENABLE, SHIFT_ENABLE, MODE : in std logic;
num : in integer range 0 to 7;
data_in : in std_logic_vector (7 downto 0);
data:out : out std_logic_vector (7 downto 0));
end barrel shifter;

architecture Q3 of barrel shifter is
signal I_Data : std_logic_vector (7 downto 0);
signal zero : std _logic_vector (7 downto 0);
begin
data_out <= I Data;
zero <= "00000000";
process(clk, CLEAR)
begin
if CLEAR = 'l1l' then
I_Data <= "00000000";
elsif clk='l' and clk'EVENT then
if LOAD_ENABLE = 'l' then
I_Data <= data_in;
elsif SHIFT_ENABLE = 'l' then
if MODE = '1l' then
I_Data <= I_Data(7-Num downto 0) & zero(Num downto 0);
elsif MODE = '0' then
I_Data <= zero(Num downto 0) & I Data(7 downto Num);

end if; -- if MODE
end if; -- if LOAD_ENABLE
end “if; ——= f reset

end process;
end Q3;
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    Total

         180 points

[image: image19.png]a) The maximum prime factor of an 8-bit number is 127. There are 31 possible
prime factors. The simplest factoring algorithm is to try each of these 31 numbers
and divide them into the input value. If the remainder is zero, then the number is a
factor. You will need some way to output the results. There are a number of ways to
do this; one is to store all the factors in a set of 4 registers (why 4?), another is to
output a 31-bit binary number whose bits indicate the presence of one of the 31
possible prime factors. We will implement the former idea. The factor output
registers will be initialized to a value of '1' as a default value.

input_reg prime_number |(¢——— INIT

counter By ICeally

]if PC_EN
v

DIVIDER factor factor factor factor
register 1 register 2 register 3 register 4
REMAINDER FRI_EN F1 FR2_EN F2 FR3 EN F3  FR4 EN F4
—» INIT
factor counter |«€— INIT REMAINDER ——p{ controller o
[ FCOUNT FCOUNT ——»  FRI_EN
€ FC_EN CLOCK =9 — FR2_EN
\ » FCeqd FC_EN =P > R3 EN
e —» FR4 EN
—>» DONE
RESET —b




[image: image20.png](PCeq127+FCeq4=0) *
(REMAINDER>0)

(PCeq127+FCeq4 0) *
REMAINDER=0)

PCeq127+FCeqd=1

RESET=1 FLOAD

[FC_EN]
[FR1_EN *(FCount=0)]
[FR2_EN *(FCount=1)]
[FR3_EN *(FCount=2)]
[FR4_EN *(FCount=3)]

DONE

[DONE]




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)

(5 points)
a)
Write the logic function produced by the following transmission gate circuit.

[image: image21.png]LIBRARY ieee ;
USE ieee.std logic_1164.all ;

entity factors is
port( clk, reset : in std logic;
PCeql27, FCeg4 : in std_logic;
FCount : in std_logic_vector (1l downto 0);
remainder : in std logic_vector(7 downto 0);
INIT, DONE : out std_logic;
frl en, fr2_en, fr3_en, fr4_en : out std logic);
end factors;

architecture Q10 of factors is
type state_type is (RESET, DIVIDE, FLOAD, PCount, DONE) ;
signal state : state_type;
begin
process (clk, reset)
begin
Hiffreset = 1 Lsthen
state <= RESET;
elsif clk='1l' and clk'EVENT then
case state is
when RESET =>
state<=DIVIDE;
when DIVIDE =>

if remainder="00000000" then state<=FLOAD;

elsif PCeql27='l' or FCeqg4='l'
then state <= DONE;

else state<=FCount; end if;

when FLOAD =>
state<=DIVIDE;

when PCount =>
state<=DIVIDE;

when DONE =>
state <= DONE;

end case;

end Hfs ~— Rffreset
end process;

process (state) -- output logic
begin
INIT <= '0'; -- provide defaults
FR1_EN <= '0';
FRZ EN <= '0k:
FR3_EN <= '0';
FR4_EN <= '0';
EC EN <= _.'0¢;
BCEEN: <=0,




(5 points)
b)
Draw the equivalent CMOS circuit showing clearly the PULL-UP-NETWORK and the 

PULL-DOWN-NETWORK.

_________________________________________________________________________________________

a) Z = (A [(B C + B(C ] + A [(B(C + B C ] = A ( B ( C.
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Your Name__________________________________________________________________________________

Question 2 :Boolean Logic Theory (15 points)

Find  h = h(x1,x2)  such that the following network structure can produce the function  

f (x1,x2,x3,x4) = (m (1,2,5,6, 9,10,12,15)


[image: image23.png]a) i) An LFSR running in autonomous mode (with no external input) will
generate different pseudo-random numbers on each clock transition,
provided the flipflops are initialized to a non-zero value. These pseudo-
random values can be used as test vectors in a random testing scheme.
ii) an LFSR can be used to compute signatures by feeding the test vector
response bit stream to be analysed into the feedback XOR chains.

b) 1 - Configuration of FPGA devices. 2- Testing of PCB traces and
device interconnections. 3 — Writing of Flash memory devices.




(5 points) 
a)   Give the algebraic expression of   f.

(5 points) 
b)   Give the algebraic expression of  h.

(5 points)
c)   Give the minimal sum-of-products logic circuits corresponding to H and  G.

_________________________________________________________________



Your Name______________________________________________________________________________

Question 3 : VHDL (20 points) 
a) (10 points) Using a single selected signal assignment statement, write a complete VHDL description of a circuit that implements the Boolean function  f (x,A,B)= [x(0)x(1) + x(0)A +x(1)B]. Use x(0) and x(1) as the select inputs. Draw the equivalent multiplexer circuit.

b) (10 points) Using a process block, write a complete VHDL description of an 8-bit synchronous barrel shifter circuit (a barrel shifter shifts left or right by N bits at a time, where N is an input number.  In addition to a 3-bit N input, the barrel shifter should have 8 bit parallel data input and outputs, synchronous  SHIFT_ENABLE and LOAD_ENABLE inputs, an asynchronous CLEAR, and a mode input which is 1 for left shift and 0 for right shift. LOAD operations should have precedence over SHIFT operations.

_________________________________________________________________________________________

                                                                                                                            Continue Question 3 on next page….

Your Name______________________________________________________________________________

Question 3:VHDL (20 points) 


Your Name__________________________________________________________________________________

Question 4 : Combinational Circuit Synthesis (15 points)

Design a 4-bit combinational shifter circuit. This circuit has no memory elements and is purely combinational. It has 4 inputs I = (I1,I2,I3,I4) and 4 outputs  P = (P1,P2,P3,P4) and 2 control lines  S1 and S2. Each one of the four modes of operation of the shifter is selected by the corresponding values of  the control lines as described in the following table

	Mode selection
	Shifter function

	S1  S2
	

	0    0
	Ii  =  Pi for all i (i = 1,2,3,4)

	0   1
	Shift right,  (P1,P2,P3,P4) = (0,I1,I2,I3) 

	1   0
	Shift left,  (P1,P2,P3,P4) = (I2,I3,I4,0)

	1   1
	Rotate  (P1,P2,P3,P4) = (,I4, I1, I2,I3)


(5 points) a)  Give the algebraic expression of  P as a function of  I and S1,S2.

(5 points) b) Draw the minimal combinational circuit using only NAND gates 

(5 points) c)  Draw the circuit of the outputs using  only  4 x 1  multiplexers and the fewest number of gates.

_________________________________________________________________________________________

Your Name______________________________________________________________________________

Question 4 : Combinational Circuit Synthesis(Continued)


Your Name_______________________________________________________

Question 5 : Testing of Combinational Circuits (15 points)

For the following circuit


(5 point)

a)
Give the check points.

(5 points)
b)
Give the test(s) for fault 4/1 using the path-sensitizing method.

(5 points) 
c)
Give the minimal test sets using the covering table and the Petrick function.


________________________________________________________



You Name_____________________________________________________________________________

Question 6: Sequential circuits (15 points)
Analyze the following circuit


(5 points)
a) 
Prove with a state-transition-diagram (4 states) that this circuit is a latch. Give the 



characteristic and excitation equations (or tables) of this latch.




(5 points)
b) 
Using the given latch circuit, draw the circuit of a J-K type latch.




(5 points)
c) 
Using the given latch circuit, draw the circuit of a T-type latch.                              

____________________________________________________________________________________

Your Name___________________________________________________________________________________

Question 7: Counter Design (15 points)
Design a 3-bit self-starting synchronous binary counter. This counter operates as shown in the following table:

	Clear (Cl)             Load (Ld)              Count (Ct)
	 A+       B+       C+

	0                           X                           X                             
	0          0         0

	1                           1                            X
	IA         IB        IC     (load)

	1                           0                            0
	A         B         C     (no change)

	1                           0                            1
	Present state + 1


where  IA  ,IB  ,IC  are the input lines and  A, B, C the outputs of the counter.

(5 points)
a)
Give the next-state equations of the counter.

(5 points)
b)
Give the excitation equations of the D-type flip-flops.

(5 points)
c)
Draw clearly the complete circuit.

Hint: Use a MUX to implement the LOAD function. Assume edge-trigger D-type flip-flops with asynchronous clear
_________________________________________________________________________________________


Your name ________________________________________________________________________________

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

Using the PAL schematic shown on the  next page, which has 4 inputs and 5 outputs, two of which may be folded, 

produce the following functions:





f1 =  A D  + (A  B C





f2 =  A D  + A B C  + B C(D





f3 =   B C  + B D.

(7 points)
a)
Decompose the functions so that they can be produced with the given PAL. 

(8 points) 
b)
Complete the PAL program by marking clearly the required connections.




Not all connections are needed.
____________________________________________________________________________
                                                    Continue Question 8 on next page -------------(
Your name ______________________________________________

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


Your Name_______________________________________________________________________________

Question 9: Finite State Machine Design(15 points)

Design a Mealey type Finite State Machine that will convert  SERIALLY a 3-bit binary input message into a 3-bit Gray code output message. Assume that the most-significant-bit of the message enters the unit first and that, after the third cycle, the machines returns to the initial state and becomes ready to accept serially the next 3 binary bits.

The code conversion table is shown below:

	Binary Code
	Gray Code

	0   0   0
	0   0   0

	0   0   1
	0   0   1

	0   1   0
	0   1   1

	0   1   1
	0   1   0

	1   0   0
	1   1   0

	1   0   1
	1   1   1

	1   1   0
	1   0   1

	1   1   1
	1   0   0


(5 points)
a)  Give the minimal state-transition-diagram of this FSM. (5 States are needed)

(3 points)
b)  Give the ONE-HOT ASSIGNMENT state-transition-table.

(4 points)
c)  Give the complete circuit  using D-type flip-flops and AND, OR, NOT gates.

(3 points)
d)  Give the formula to compute the maximum clock rate of this  FSM.

____________________________________________________________________________

  


                                                                       Continue Question 9 on next page  -------------(
Your Name_______________________________________________________________________________

Question 9: Finite State Machine Design(15 points) (Continues)



Your Name_______________________________________________________

Question 10 : Design of Sequential Systems (20 points) 
Using a synchronous Datapath/Controller approach, design a system that can factor (find all prime divisors of) a user-supplied 8-bit unsigned number using a serial algorithm. Assume that you have available to you an 8-bit divider module (with quotient and remainder outputs) as well as any other datapath elements that you might need.

a) (5 points) Draw the block diagram for the system, showing all of the datapath elements and all control signals.

b) (5 points) Draw the state-transition diagram for the controller.

c) (10 points) Write a complete VHDL description of the system.

____________________________________________________________________________









 Continue Question 10 on next page….

Your Name_________________________________________________________________________________

Question 10 (continued)


Your Name_________________________________________________________________________________

Question 10 (continued)



Your Name__________________________________________________________________________________

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

Consider the two following FSM’s, M and  N, whose state transition tables are shown below

            M State Transition Table                                                         N State Transition Table                           

	Present State
	Next  State

X = 0      X =1
	Outputs

Z                  

	S0
	S3
	S1
	0

	S1
	S0
	S1
	0

	S2
	S0
	S2
	1

	S3
	S0
	S3
	1

	Present State
	Next  State

X = 0      X =1
	Outputs

Z                  

	A
	E
	A
	1

	B
	F
	B
	1

	C
	E
	D
	0

	D
	E
	C
	0

	E
	B
	D
	0

	F
	B
	C
	0


(5 points)
a)
Reduce  M  to a minimum number of states

(5 points)
b)
Reduce  N  to a minum number of states

(5 points)
c)
Show by inspecting the reduced tables, that  N is equivalent to M. 

____________________________________________________________________________
 

Your Name_______________________________________________________

Question 12 : Testing of Sequential Circuits (10 points)
a) (5 points) Explain how LFSR circuits can be used to i) generate test vectors, ii) compute signatures of circuit responses to the test vectors.

b) (5 points) Give 3 applications of the JTAG interface.
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