


Basic theme: you have a timing violation if the data changes during setup or hold time.  
If the clock is 50ns and the hold and setup time cover 5ns, that's 10%.







Min Max 

OR/AND 2ns 6ns 

NOR/NAND lns 3ns 

NOT lns 2ns 

XOR/XNOR 4ns 9ns 

DFF: Min Max 

Clock to Q lns 5ns 

Set-up time 4 ns 

Hold time 6 ns 

5. Assuming the input A always arrives 2ns after the rising edge of the clock, answer the following
questions. [10 points] · 
a) Where do inverter pairs need to b� added needed to ensure that there are no hold time violations?

Add them in a way that maximized the frequency this circuit can be clocked at. If there is more
than one way to add inverter pairs which maximizes the frequency of the circuit, add as few as
possible. You may not make any changes other than adding inverter pair(s). [5]

b) What is the lowest clock period that could be safely used to clock this circuit ( after taking into
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account the changes you made above)? show our work. [5]
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module Bob(
  input B,
  input CLK,
  output Y,
  output X
);

reg   Q0, Q1;
assign Y = Q0 & B;
assign  X = Q1;

always@(posedge CLK) begin
 Q0 <= B | ~X;
 Q1 <= Y;
end

endmodule














