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Question 1 
a) Find all Syntax and Semantic errors in the following VHDL code.                                      
b) Draw the state diagram represented by the following VHDL code. Show all inputs and 
outputs clearly:                                                       
                                                                                                                           Line number
entity demo is:        ---------------------------------------------------------------------------1
   port ( clk, in1, reset   in  std_logic;     --------------------------------------------------2
             out1:                 out  std_logic)     ------------------------------------------------3
      end demo;                                                   ------------------------------------------------4
      architecture count of demo is                   ------------------------------------------------5
      type state_type is (s0,s1,s2,s3);   --state declaration       ---------------------------------6
      signal current_state, next_state:state_type;                     ---------------------------------7
     begin                                                                                 ---------------------------------8
           case  state is            ------------------------------------------------------------------------9
                            when s0 => if in1= ‘1’  then                   ---------------------------------10
                                               next_state <= s1;  end if;      ---------------------------------11
                             when s1=> if in1= ‘0’   then                  ---------------------------------12
                                                next_state<= s2;   end if;      --------------------------------13
                             when s2=> if in1= ‘1’   then        -----------------------------------------14
                                                next_state<= s3;   end if;       --------------------------------15
                             when s3=> if in1= ‘1’ then       ---  ---------------------------------------16
                                                next_state<= s0;   end if;      ---------------------------------17
           end case;                   ----------------------------------------------------------------------18
         end if;                           ---------------------------------------------------------------------19
     end process;                      ---------------------------------------------------------------------20
     P1:  process (clk, reset)   -- clocked process       -------------------------------------------21
      Begin                                                                       ----------------------------------------22
      if reset = ‘1’ then                                                    ----------------------------------------23
                      state<=s0;                                                 ---------------------------------------24
           elsif clk’event and clk= ‘1’ then                        ---------------------------------------25
                      current_state<= next_state;                     ----------------------------------------26
           end if;                                                                 ----------------------------------------27
      end process;                                                             ---------------------------------------28
      P2: process ( current_state)   -- Combinational process   ---------------------------------29
Begin                                                            -----------------------------------------------------30
          case state is                                         -----------------------------------------------------31
                 when s0=>  out1 = “0000”;         -----------------------------------------------------32
                 when s1=>  out1 = “0000”;        ------------------------------------------------------33
                 when s2=>  out1 = “0000”;        ---------------------------------------------------- -34
                 when s3=>  out1 = “0000”;        ------------------------------------------------------35
          end case;                                           ------------------------------------------------------36
        end process;                                        ------------------------------------------------------37
end count;                                                   -------------------------------------------------------38
Question 2
a) What are the 3 common methods that FPGAs implement their combinational logic function? What is the advantage of the Look Up Table method?  
b) A certain FPGA uses Look Up Table (LUT) for implementing its logic blocks. Its LUTs can implement any Boolean function of 4 variables.

Consider the function

            Z = (A.(B + C)) + ( B.D ) + ( E.F.G.H.I )

We can use four LUTs to implement Z as follows:

                LUT1 :  Z = Z1 + ( B.D ) + Z3

                LUT2 : Z1 = A. ( B + C )

                LUT3: Z2 = H.I

                LUT4 : Z3 =  E.F.G.Z2
i) What is the length of the critical path? (in terms of 2 to 1 MUX  delay) and the area in terms of 2 to1 MUX area.
ii) Find a better assignment in terms of area and critical path.

iii) Other companey uses different LUT, Implementing  the function with 3 variriables  LUT . Calculate the new Delay and area.       
Question 3
a) What are the advantages of the Booth algorithm?                 

b) Using Booth multiply A*B                                    

A =  –20,      B = 15
You may use the following model as a Booth decoder

Ej = –2Bi + Bi-1 + Bi-2
c) Give a circuit that can add the booth partial products.      
Question 4

A communication channel comprises three lines A, B for data and line C for synchronization. Design a coincidence detector which will generate an output z=1 when 3 successive bits on line A are exactly equal with the corresponding bits on line B. the detector is to maintain this output after the first coincidence irrespective of any input.
Question 5
 The circuit shown in the Figure 1. On page 4, has been initialized at t = -(. The arrival time of inputs A, B, and C is -( sec. The first active edge of the clock of R1 register arrive at t = 0 sec. The signal skew (tcs) in the clock path is 2 ns. Each F/F has:

Register switching time, tcq = 6 ns, set up time, tsu = 4 ns, hold time, th = 2 ns. For other gates use the table after Question 6.
a) Determine the arrival times, required times and the slack times for all nodes identified in the figure. Assume a clock rate of 50 MHz.

Do you anticipate any timing problem?                               
       b)   Determine the maximum speed of operation.                      
       c)   Analyze the circuit and identify any timing violation or timing problem if the 

      clock skew tcs = -7 ns. 
Question 6
For the  circuit shown in Fig.1, the timing characteristic of the gates and the flip-flops are listed below. The circuit operates at a supply voltage of 5V(10% in an ambient temperature range of 0 to 70 (C with a power dissipation 0f 1.5 W. The thermal resistance of the package is 40 (C/W and the process cariation factor is (30%. Determine:

a) The critical path in the circuit. What will be the delay this path of this path?

b) Maximum speed of operation for the worst conditions.

Notes:
1. Temperature degrading factor M=1.5

2. K1, K2 are input and output degrading factors.

	 Component
	Tp (ns)
	Input Loading (UL)
	K1 (ns/UL)
	K2 (ns/fo)

	Inverter

NAND

XOR

2:1 MUX

D-FF (tsu=0.5, th=0.2ns)
	 0.15

0.2

0.3

0.4

0.7
	1

2.5

2

1.5

2
	0.08

0.1

0.12

0.14
0.15
	0.1

0.12

0.13
0.15

0.2


TJ = Tamb + Φ Ta  * Pd                                      
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    ,          KP = 1+ 0.01 * fP   ,            Kt = (Tj / Ta) -1.5
 K’ = KT * KV *K p   ,                     
TJ  and Ta   are    the junction  and ambiant temperatures,  Φ is the package resistance in C/W.  

KT , KV , K p   are the temperature, voltage and process derating factors,

                                                   Fig. 1  Questions 5 and 6
Appendix A

1. tcs,max   < tCQmin + tCLmin + tsu.min
2. Tmin (  tCQmax + tCLmax+ tsUmaxR2 –tcsmin
3. thmaxR2 < tCQmin + tCLmin - tcsmax
                       tCL = tLogic + tinterconnecis 
delays:
tcs is clock skew   , tCQ  ic clock to output,   tCL  is the interconnection,    

tsu   the set up time of the flip flop  ,  T is the clock period,  th  is the hold time
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