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Differential Equation (1) 
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Differential Equation (2)
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Differential Equation (3)
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Combinational Circuits 

Adder Example
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Boolean Algebra
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= ( x̄ y + x ȳ + xy)Ci + x y
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Full Adder in Qucs
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4-Bit Adder in Qucs



Delay Background 20 Young Won Lim
10/20/15

adder_tb.v

`timescale 1ns/100ps

module adder_tb;

reg signed [3:0] i, j, k, flag;   

wire signed [3:0] S;

adder4 A4 (i, j, 1'b0, Co, S);

initial
begin
    $dumpfile("test.vcd");
    $dumpvars(0, adder_tb);
end 

initial
begin 
  i = -4'd8;
  j = -4'd8;

  repeat (16)
  begin
    repeat (16)
    begin
     
      k = i + j;

      flag = {i[3], j[3], k[3]};
      #1

      if ((flag == 3'b110) || (flag == 3'b001)) 
$display("i=%d j=%d k=%d S=%d OV", i , j, k, S);

      else
$display("i=%d j=%d k=%d S=%d", i , j, k, S);

      
      j = j + 4'b1;
    end
    i = i + 4'b1;
  end
 
end // initial begin

endmodule
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Gate Delay

adder4.v, fa_gate.v fa_flow.v

module adder4(A, B, Ci, Co, S);
   input [3:0] A, B;
   input Ci;

   output Co;
   output [3:0] S;

   wire[3:1] C;

   fa  fa0 (A[0], B[0], Ci,   C[1], S[0]);
   fa  fa1 (A[1], B[1], C[1], C[2], S[1]);
   fa  fa2 (A[2], B[2], C[2], C[3], S[2]);
   fa  fa3 (A[3], B[3], C[3], Co,   S[3]);

endmodule

module fa(a, b, c, Co, S);
  input a, b, c;
  output Co, S;

  wire P, S, G, PC;

  xor #0.1 U1 (P, a, b);
  xor #0.1 U2 (S, P, c);
  and #0.1 U3 (G, a, b);
  and #0.1 U4 (PC, P, c);
  or  #0.1 U5 (Co, G, PC);
endmodule

module fa(a, b, c, Co, S);
  input a, b, c;
  output Co, S;

  wire P, S, G, PC;

   assign #0.1 P = a ^ b;    
   assign #0.1 S = P ^ c;    
   assign #0.1 G = a & b;    
   assign #0.1 PC = P & c;  
   assign #0.1 Co = G | PC;  
endmodule

fa_gate.vadder4.v fa_flow.v

iverilog adder_tb.v adder4.v fa_gate.v
vvp a.out 

iverilog adder_tb.v adder4.v fa_flow.v
vvp a.out Gate Level Simulation
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adder4.v, fa_behav.v, fa_arith.v

module adder4(A, B, Ci, Co, S);
   input [3:0] A, B;
   input Ci;

   output Co;
   output [3:0] S;

   wire[3:1] C;

   fa  fa0 (A[0], B[0], Ci,   C[1], S[0]);
   fa  fa1 (A[1], B[1], C[1], C[2], S[1]);
   fa  fa2 (A[2], B[2], C[2], C[3], S[2]);
   fa  fa3 (A[3], B[3], C[3], Co,   S[3]);

endmodule

module fa(a, b, c, Co, S);
  input a, b, c;
  output Co, S;

  reg P, S, G, PC, Co;

   always @(a or b)  
     #0.1 P = a ^ b;   
   
   always @(P or c) 
     #0.1 S = P ^ c;    

   always @(a or b) 
     #0.1 G = a & b;   
   
   always @(P or c) 
     #0.1 PC = P & c;   

   always @(G or PC) 
     #0.1 Co = G | PC; 

endmodule

module fa(a, b, c, Co, S);
  input a, b, c;
  output Co, S;

  reg S, Co;

   always @(a or b or c)  
     #0.1 {Co, S} = a + b + c;
    
endmodule

adder4.v fa_behav.vadder4.v fa_arith.v

iverilog adder_tb.v adder4.v fa_behav.v
vvp a.out 

iverilog adder_tb.v adder4.v fa_arith.v
vvp a.out 

Behavioral Level Simulation
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Output

[young@ubook WorkSpace]$ iverilog adder_tb.v adder4.v fa_gate.v 
[young@ubook WorkSpace]$ vvp a.out
VCD info: dumpfile test.vcd opened for output.
i=-8 j=-8 k= 0 S= 0 OV
i=-8 j=-7 k= 1 S= 1 OV
i=-8 j=-6 k= 2 S= 2 OV
i=-8 j=-5 k= 3 S= 3 OV
i=-8 j=-4 k= 4 S= 4 OV
i=-8 j=-3 k= 5 S= 5 OV
i=-8 j=-2 k= 6 S= 6 OV
i=-8 j=-1 k= 7 S= 7 OV
i=-8 j= 0 k=-8 S=-8
i=-8 j= 1 k=-7 S=-7
i=-8 j= 2 k=-6 S=-6
i=-8 j= 3 k=-5 S=-5
i=-8 j= 4 k=-4 S=-4
i=-8 j= 5 k=-3 S=-3
i=-8 j= 6 k=-2 S=-2
i=-8 j= 7 k=-1 S=-1
i=-7 j=-8 k= 1 S= 1 OV
i=-7 j=-7 k= 2 S= 2 OV
i=-7 j=-6 k= 3 S= 3 OV
i=-7 j=-5 k= 4 S= 4 OV
i=-7 j=-4 k= 5 S= 5 OV
i=-7 j=-3 k= 6 S= 6 OV
i=-7 j=-2 k= 7 S= 7 OV

i=-7 j=-1 k=-8 S=-8
i=-7 j= 0 k=-7 S=-7
i=-7 j= 1 k=-6 S=-6
i=-7 j= 2 k=-5 S=-5
i=-7 j= 3 k=-4 S=-4
i=-7 j= 4 k=-3 S=-3
i=-7 j= 5 k=-2 S=-2
i=-7 j= 6 k=-1 S=-1
i=-7 j= 7 k= 0 S= 0
i=-6 j=-8 k= 2 S= 2 OV
i=-6 j=-7 k= 3 S= 3 OV
i=-6 j=-6 k= 4 S= 4 OV
i=-6 j=-5 k= 5 S= 5 OV
i=-6 j=-4 k= 6 S= 6 OV
i=-6 j=-3 k= 7 S= 7 OV
i=-6 j=-2 k=-8 S=-8
i=-6 j=-1 k=-7 S=-7
i=-6 j= 0 k=-6 S=-6
i=-6 j= 1 k=-5 S=-5
i=-6 j= 2 k=-4 S=-4
i=-6 j= 3 k=-3 S=-3
i=-6 j= 4 k=-2 S=-2
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Waveform (1)
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Waveform (2)
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$dumpvars()

    $dumpfile("filename.vcd")
    $dumpvar dumps all variables in the design.
    $dumpvar(1, top) dumps all the variables in module top, but not modules instantiated in top.
    $dumpvar(2, top) dumps all the variables in module top and 1 level below.
    $dumpvar(n, top) dumps all the variables in module top and n-1 levels below.
    $dumpvar(0, top) dumps all the variables in module top and all level below.
    $dumpon initiates the dump.
    $dumpoff stop dumping.
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vvp

NAME

       vvp - Icarus Verilog vvp runtime engine

SYNOPSIS

       vvp [-sv] [-Mpath] [-mmodule] [-llogfile] inputfile [extended-args...]

DESCRIPTION

       vvp  is  the  run  time  engine that executes the default compiled form
       generated by Icarus Verilog. The output from the  iverilog  command  is
       not  by  itself executable on any platform. Instead, the vvp program is
       invoked to execute the generated output file.
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Sequential Circuits 

Latches
Flip Flops
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NOR-based SR Latch States
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Master-Slave D FlipFlop – Rising Edge
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D Latch & D FlipFlop

Level Sensitive  D Latch

Edge Sensitive D FlipFlop

D

Q

Q

CK

D

CK

Q

D

Q

Q

C

D

Q

CK=1 transparent
CK=0 opaque

CK=1→0  transparent
else opaque



Delay Background 37 Young Won Lim
10/20/15

Resolution Time 
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