Exemple typique:

module counter_tb(); 

reg enable;
reg reset; 

reg clk_reg; 

wire clk; 

wire [3:0] count; 

initial begin 

clk = 0; 

reset = 0; 

$display( "Reset" ); 

#10 reset = 1; 

#10 reset = 0; 

$display ( "Enable" ); 

#10 enable = 1; 

#20 enable = 0; 

$display ( "End of simulation" ); 

            #10 $finish; 

end 

always 

#5 clk_reg = !clk_reg; 

assign clk = clk_reg; 

initial begin 

$counter_monitor(top.clk,top.reset,top.enable,top.count); 

end 

counter inst( 

clk (clk), 

reset (reset), 

enable (enable), 

count (count) 

); 

endmodule
module counter(out, clk, reset);

  
output [7 : 0] out;


 input     clk, reset;


reg [7: 0]   out;


 wire       clk, reset;

  
always @(posedge clk)


    out <= out + 1;


 always @reset


    if (reset)


        assign out = 0;


    else


           deassign out;

endmodule 

module test();

  reg reset = 0;

  initial begin

     # 17 reset = 1;

     # 11 reset = 0;

     # 29 reset = 1;

     # 11 reset = 0;

     # 100 $stop;

  end

  reg clk = 0;

  always #5 clk = !clk;

  wire [7:0] value;

  counter c1 (value, clk, reset);

  initial

     $monitor("At time %t, value = %h (%0d)",

              $time, value, value);

endmodule 

module two_bit_counter(IN,OUT,CLK,RST,ENABLE);

input IN,CLK,RST,ENABLE;

output OUT;

wire OUT;

reg [1:0] state;

reg [1:0] next_state;

always @(posedge CLK)

begin


if (~RST)



state<=2'b01;


else



state<=next_state;

end

always @(state or IN)

begin


case (state)



2'b00: if (IN) next_state=2'b01;



2'b01: if (IN) next_state=2'b10; 

else next_state=2'b00;



2'b10: if (IN) next_state=2'b11; 

else next_state=2'b01;



2'b11: if (~IN) next_state=2'b10;


endcase

end

assign OUT=ENABLE?state[1]:1'bz;

endmodule

module two_bit_tester();

reg IN,CLK,RST,ENABLE;

wire OUT;

two_bit_counter twob_counter(.IN(IN),.OUT(OUT),.CLK(CLK),.RST(RST),.ENABLE(ENABLE));

initial

begin


CLK=0;


ENABLE=0;


IN=0;


RST=0;


#30


RST=1;


ENABLE=1;


#200


IN=1;


#200


IN=0;

end

always

begin


#20 CLK=~CLK;

end

endmodule

GATE LEVEL MODELING

module FullAdder(X, Y, Cin, Cout, Sum);
input X, Y, Cin; // input terminal definitions

output Cout, Sum; // output terminal definitions

wire w1, w2, w3, w4; // internal net declarations

xor #(10) (w1, X, Y); // delay time of 10 units

xor #(10) xor2(Sum, w1, Cin); // with instance name

and #(10) (w2, X, Y);

and #(10) (w3, X, Cin);

and #(10) (w4, Y, Cin);

or #(10, 8)(Cout, w2, w3, w4); // 3 input or (rise time of 10, fall 

// time of 8)

Endmodule

module Adder4(A, B, Cin, S, Cout);

input[3:0] A, B;

input Cin;

output[3:0] S;

output Cout;

wire c1, c2, c3;

// 4 instantiated 1-bit Full Adders

FullAdder fa0(A[0], B[0], Cin, C1, sum[0]);

FullAdder fa1(A[1], B[1], C1, C2, sum[1]);

FullAdder fa2(A[2], B[2], C2, C3, sum[2]);

FullAdder fa3(A[3], B[3], C3, Cout, sum[3]);

endmodule
module stimulus();
// declare variables

reg[3:0] A, B;

reg C_IN;

wire [3:0] SUM;

wire C_OUT;

//Instantiate 4-bit Full Adder

Adder4 FA1(A, B, C_IN, SUM, C_OUT);

initial

begin

$monitor($time, “A=%b B=%b Cin=%b, -> Sum = %b Cout=%b\n”, A, B, C_IN,   SUM,C_OUT);

end

// stimulate inputs

initial

begin // sequential block begins

A = 4’d0; B = 4’d0, C_IN = 1’b0; // 0 + 0 + 0

#10 A = 4’d2; B=4’d2; // 2 + 2 + 0

#10 A = 4’d5; B=4’d8; // 5 + 8 + 0

#10 C_IN = 1’b1 // 5 + 8 + 1

end

endmodule
DATAFLOW MODELING

module mux4_to_1(in, out, sel);

input [3:0] in;

output out;

input [1:0]sel;

// continuous assignment with delay

assign #10 out = (~sel[1] & ~sel[0] & in[0]) |

(~sel[1] & sel[0] & in[1]) |

( sel[1] & ~sel[0] & in[2]) |

( sel[1] & sel[0] & in[3]);


Endmodule
module Adder4(A, B, Cin, S, Cout);

input[3:0] A, B;

input Cin;

output[3:0] S;

output Cout;

assign {Cout, S} = A + B + Cin; // concatenation

endmodule
BEHAVIORAL MODELING

module ClkGen();

reg clk;

initial

clk = 1’b0;

always

#10 clk = ~clk;

initial

#1000 $finish; //or $stop to end simulation

endmodule
module mux4_to_1(in, out, sel);

input [3:0] in;

output out;

input [1:0]sel;

reg out;

always @(sel or in)

begin

case(sel)

2’b00: out = in[0];

2’b01: out = in[1];

2’b10: out = in[2];

2’b11: out = in[3];

default: out = 1’bx;

endcase

end

endmodule
module Latch(D, C, Q)

input D, C;

output Q;

reg Q; // output must preserve values

initial

Q = 1’b0;

always @(C or D)

begin

if(C == 1'b1)

   #10 Q = D;

end

endmodule
module DFF(D, C, Q, QN, CLRN, SETN)

input D, C, CLRN, SETN;

output Q, QN;

reg Q, QN; // output must preserve values

initial

begin

Q = 1’b0;

QN = 1’b1;

end

always @(negedge CLRN or negedge SETN or posedge C)

begin

if(CLRN == 1’b0)

begin

#10 Q = 1’b0;

QN = 1’b1;
end

else if(SETN == 1’b0)

begin

#10 Q = 1’b1;

QN = 1’b0;

end

else

begin

#10 Q = D;

QN = ~D;

end

end

endmodule
module RCC(Q, CLK, RESET);

output [3:0]Q;

input CLK, RESET;

TFF tff0(Q[0], CLK, !RESET);

TFF tff1(Q[1], Q[0], !RESET);

TFF tff2(Q[2], Q[1], !RESET);

TFF tff3(Q[3], Q[2], !RESET);

endmodule

module TFF(Q, CLK, RESET);

output Q;

input CLK, RESET;

wire D, QN;

DFF dff(D, !CLK, Q, QN, RESET, 1’b1);

assign D = QN;

endmodule
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Il existe deux principaux types d’objets:

· Les nœuds (wire), utilisés en représentation structurelle uniquement.

· Les variables (reg,integer), utilisés en représentation comportementame  uniquement

wire ou reg ?:

· Pour la logique combinatoire ayant une expression simple : wire et affectations continues

· Pour la logique séquentielle, ou combinatoire ayant une expression complexe : reg, processus et affectations procédurales.

<= : affactation différées non bloquante.
= : affectation immédiates

assign : la valeur de la sortie ne dépend pas du temps

Le type wire n’est utilisable que dans 2 cas :

· pour connecter des modules entre eux

· pour modéliser de la logique combinatoire

Pour modéliser la logique séquentielle, un autre type existe : reg.

En effet, les reg mémorisent la dernière valeur qui leur a été affectée.
L’utilisation des type reg implique forcément l’instanciation de processus.

Un compteur est un processus séquentiel dont la valeur doit être mémorisée entre chaque coup d’horloge, il faut utiliser un type reg.
