PAGE  
1
                                                                        McGILL UNIVERSITY



                          

Electrical and Computer Engineering Department

ECSE-323A








                   Winter   2004

SECOND MIDTERM EXAM ANSWER KEY

______________________________________________________________________________

Question 1 : Sequential Circuits (10 points)

A U-V flip-flop behaves according to the following description

If  U-V is  00  the output Q complements

If  U-V is  01  the output Q is set to  1

If  U-V is  10  the output Q is reset to  0

If  U-V is  11  the output Q does not change.

(5 points)
a)
Complete the following table and use don’t care values where possible
	Q
	Q+
	U
	V

	0
	0
	
	

	0
	1
	
	

	1
	0
	
	

	1
	1
	
	


(5 points) 
b) 
Draw the circuit of a J-K flip-flop using a U-V flip-flop  and fewest   
                              number of gates.

	Q
	Q+
	U
	V
	J
	K

	0
	0
	1
	x
	0
	x

	0
	1
	0
	x
	1
	x

	1
	0
	x
	0
	x
	1

	1
	1
	x
	1
	x
	0

	Q
	Q+
	U
	V

	0
	0
	1
	x

	0
	1
	0
	x

	1
	0
	x
	0

	1
	1
	x
	1


ANSWER: a)                                        

	   JK

Q        00          01           11           10

	0
	x
	x
	0
	x

	1
	x
	x
	0
	1


	   JK

Q           00           01         11          10

	0
	1
	1
	0
	x

	1
	x
	x
	0
	1


                                    U = (J +(K                                                                               V = (K
There are many solutions depending on the values given to the don’t cares. One solution is the following: 
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Question 2 : Registers (10 points)

Draw the circuit of a 4-bit multimode parallel-load register which produces the following functions depending on the values of the mode selection variables s1, s2
	Mode selection

s1, s2
	Function to be performed

           for  i = 1,2,3,4

	0   0
	Ri (  Ii

	0   1
	Ri (  EX-OR (Ri,Ii)

	1   0
	Ri (  NAND( Ri, Ii )

	1   1
	R (  NOR (Ri, Ii)


where  {R4, R3, R2, R1} is the 4-bit register and  {I4, I3, I2, I1} the 4 input lines.

Use  4 x 1 multiplexers for mode selection and the fewest number of gates possible.

Marking Scheme: 2 point for each correct mode and 2 points for a neat readable drawing.

________________________________________________________________

ANSWER


The complete circuit is composed of four identical logic circuit slices, each one of them contains one flip-flop, Ri, of the register {R4, R3, R2, R1}. Following we show only one of the four logic circuit slices. (i = 1,2,3,4).
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Question 3 : Analysis of Synchronous Sequential Circuits  (15 points) 
Given the following circuit


[image: image3.wmf]J

Q

Q

K

SET

CLR

J

Q

Q

K

SET

CLR

X

Z

y

1

y

2

Clock


(5 points)
a)
Produce the excitation equations of the flip-flops

(5 points)
b)
Produce the state-transition-diagram of the circuit

(2 points)
c)
Is this circuit a MOORE or a MEALY type Finite State Machine?




Reason your answer.

(3 points)
d)
If tp = 10 ns, tg = 5 ns, tsu = 5 ns, what is the fastest clock rate for the circuit to function 

                                          properly?  (tp = flip-flop propagation delay, tg = gate propagation delay and  tsu = flipflop                 set-up time).

______________________________________________________________________________ 
a)
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b)

	Present State
	Next state : y1+y2+
	Output  Z = x  y1 y2

	y1 y2
	x = 0        x =1
	x = 0            x = 1

	0 0
	0 0           0 0
	0                  0

	0 1
	0 0           1 0
	0                  0

	1 0
	1 1           1 1
	0                  0

	1 1
	0 1           1 1
	0                  1


c) 
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d)  f = 1/(tp + 3tc + tsu ) = ( 1/30) x 109 = 0.033 x 109 = 33 MHz

Question 4 : Counter Design(15 points) 

Using  the  74X163  4-bit programmable counter, with synchronous CLEAR and LOAD inputs, whose block diagram is shown below, and the fewest number of  gates possible,  draw a circuit of a counter having 4 different counting sequences depending on the values of two mode selection variables s1 , s2 . The 4 counting sequences of the counter are the following

	Mode selection, s1 , s2
	Counting sequence of the counter

	0 0
	0 to 15, (0,1,2,..,15,0,1,2,…15,0,1,2,..)

	0 1
	0 to 7,   (0,1,2,…,7,0,1,2,…,7,0,1,2…)

	1 0
	0 to 9,   (0,1,2,…,9,0,1,2,…,9,0,1,2…)

	11
	0 to 12, (0,1,2,..,12,0,1,2,…12,0,1,2…)


Use  4  4x1 multiplexers for counting mode selection. Assume that the counter is self-starting, meaning that the counter will always fall into the correct selected counting sequence after certain number of counts have elapsed.

Marking scheme:  
3 points for each correct counting mode and 3 additional points for a neat and readable drawing of the circuit.

NOTE: CLR (CLEAR) and LD (LOAD) are synchronous inputs, meaning, that they affect the counter on the following rising edge of the clock. ENP and ENT should be  1  for the counter to be ENABLED. QD is the most significant bit of the counter. RCO is the Ripple-Carry-Output signal.

__________________________________________________________________________________________
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Question 5 : Finite State Machine Design (10 points)
Design a Mealy type FSM, having one input  X  and one output  Z . The output Z is to be 1 when the sequence 101 been received at the input X  and  0  otherwise. Assume overlapping sequences.

Example:  X = 0  0  1  0  1  1  1  0  0  0  1  0  1  0  1  0  0  1  0  1  0  0……

                            Z = 0  0  0  0  1  0  0  0  0  0  0  0  1  0  1  0  0  0  0  1  0  0……

(4 points)
a)
Produce a state-transition diagram of this FSM and make it self-starting.

(3 points)
b)
Produce the state-transition-table showing to with the D input excitations                                                                       of the flip-flops.

(3 points)
c)
Draw the complete circuit.

a)                                                                                       

                                                                                    b)         
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	Present State
	Next state : y1+y2+
	Output  Z = x  y1 y2

	       y1 y2
	x = 0        x = 1
	x = 0            x=1

	A :  0 0
	  0 0           0 1
	0                  0

	B :  0 1
	  1 0           0 0
	0                  0

	C :  1 0
	  0 0           0 1
	0                  1

	D :  1 1
	  0 0           0 0
	0                  0
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c)
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 Question 6 : VHDL (15 points)
Write the architecture block for a VHDL description of a complex 7-bit shift register, with the following features: 

· asynchronous clear

· synchronous parallel load (with enable)

· synchronous serial shift in with selectable shift direction (left or right) (with enable)

· a 3-bit count output which indicates how many '1'-bits are in the register

The parallel load should take precedence over the serial shift. There is only one shift_in line and one shift_out line, which are used for both shift directions.

a) (3 marks) Draw the symbol for the register, showing all inputs, outputs, and control signals, as well as the number of bits for each signal.








(continued on next page…)

 Question 6 : VHDL (continued…)
b) (12 marks) Write the architecture block for the VHDL description of the register.

architecture mt2 of shiftreg is

begin


process(clock, aclr)


begin



if aclr = '1' then




count <= "000";




Q <= "0000000";



elsif clock='1' and clock'EVENT then




if LD_EN = '1' then  -- parallel load





Q <= Data;





count <= Data(6)+Data(5)+Data(4)+

Data(3)+Data(2)+Data(1)+Data(0);




elsif dir='1' then  -- right shift





Q <= S_In & Q(6 downto 1);





S_Out <= Q(0);





count <= count + S_In – Q(0);




else   -- left shift





Q <= Q(5 downto 0) & S_In;





S_Out <= Q(6);





count <= count + S_In – Q(6);




end if; 



end if;


end process;

end mt2;
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