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0

‘timescale 1ns / 1lp

module nand_component (c,a,b);

initial begin

$display("NAND Usage");

end
input a,b;
modulo

output c;

wire d;
risultato da and a not.

and al(d,a,b);
not nl(c,d);

endmodule
module test_bench();

reg A,B;
wire C;

nand_component nandl(C,A,B);

initial begin

A=1'b0 ; B=1'b0 ;
#50 S$display("A=%b ,
simulazione con guei
A=1'b0 ; B=1'bl ;
#50 Sdisplay("2=%b ,
A=1'bl ; B=1'b0 ;
#50 $display("A=%b ,
A=1'bl ; B=1'bl ;
#50 $display("A=%b ,

end

endmodule

B=%b, NAND=%b\n", A,B,C);
valori procede per 50ns

B=%b,

B=%

B=%

b,

b,

NAND=%b\n", A,B,C);

NAND=%b\n", A,B,C):

NAND=%b\n", A,B,C);

//a e b sono gli input del
//c & 1l'output del modulo

//d serve per trasferire il

//#50 significa che la

-
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‘timescale lns / lps
module nand_component (c,a,b);
initial begin

Sdisplay ("NAND Usage");

end

input a,b; //a e b sono gli input del
modulo

output c; //c & 1l'output del modulo

assign ¢ = !(a && b);
endmodule
module test bench();

reg A,B;
wire C;

nand_component nandl(C,A,B);

initial begin

A=1'b0 ; B=1'b0 ;

#50 $display("A=%b , B=%b, NAND=%b\n", A,B,C); //#50 significa che la
simulazione con gquei valaori procede per 50ns

A=1'b0 ; B=1'bl ;

#50 $display("A=%b , B=%b, NAND=%b\n", A,B,C);

A=1'bl ; B=1'b0 ;

#50 Sdisplay("A=%b , B=%b, NAND=%b\n", A,B,C);

A=1'bl ; B=1'bl ;

#50 $display("2A=%b , B=%b, NAND=%b\n", A,B,C);

end

endmodule
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‘timescale 1lns / lps
module nor_ component (c,a,b);
initial begin
Sdisplay("NOR Usage");
end

input a,b; //a e b sono gli input del

modulo
output c¢; //c & 1'output del modulo
wire d; //d serve per trasferire il

risultato da and a not.

or ol(d,a,b);
not nl(c,d):;

endmodule
module test bench() ;

reg A,B;
wire C;

nor_component norl(C,A,B);
initial begin

A=1'b0 ; B=1'b0
e 7

#50 $display("A=%b , B=%b, NAND=¢b\n", A,B,C); //#50 significa che la
simnlazione con gquei valori procede per 50ns
A=1'b0 ; B=1'bl ;
#50 Sdisplay("A=%b , B=%b, NAND=%b\n", A,B,C);
=1'bl ; B=1'b0 ;

#50 $display("A=%b , B=%b, NAND=%b\n", A,B,C);
A=1'bl ; B=1'bl ;
#50 $display("BA=%b , B=%b, NAND=%b\n", A,B,C);

end

endmodule

P
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module test bench() ;

reg A,B;
wire C;

nor #(10,15) norl(C,A,B):; //rise=10, fall=11
//la transizione della nor
comincia con un ritardo di 10
ns e termina con un ritardo
di altxri 5ns

initial begin

A=1'b0 ; B=1'b0 ;
#50 $display("BA=%b , B=%b, NAND=%b\n", A,B,C); //#50 significa che la
simulazione con gquei valori procede per 50ns

A=1'b0 ; B=1'bl ;

#50 $display("A=%b , B=%b, NAND=%$b\n", A,B,C);:
A=1'bl ; B=1'b0 ;

#50 $display("A=%b , B=%b, NAND=%b\n", A,B,C);
A=1'bl ; B=1'bl ;
#50 S$display("A=2%b

B=%b, NAND=%b\n", A,B,C);

end
endmodule

A-
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module latch SR(Q,QN,S,R);

input S,R;
output Q,QN;

assign Q=!(R|QN) ;
assign ON=!(S]Q);

endmodule
module test_bench() ;

reg s,r;
wire q,qn;

latch_SR 11(q,qn,s,r);

initial begin

s=1'b0 ; r=1'bl ;
#50 $display("s=%b ,
s=1'bl ; r=1'b0 ;
#50 $display("s=%b ,
s=1'b0 ; r=1'b0 ;
#100 $display("S=%b ,
s=1"b0 2 r=1"bl

#50 $display("s=%b ,
end

endmodule

R=

§b

’

0=8b,
Q=%b,
=50,

Qn=%b\n",

Qn=%b\n",

Qn=%b\n",

s,r,q,qn) ;

s,r,q,qn);

sb\n", s,r,q,qn);

s,r,q,qn) ;

-
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module latch SR_CLK(Q,QN,S,R,CLK) ;

input S,R,CLK;
output Q,0ON;

assign Q=~((R&CLK) |QN) ;
assign QN=~((S&CLK) |Q) ;

endmodule
module test_bench() ;

reg s,r,clk;
wire gq,qn;

latch_SR_CLK 11 (g,gn,s,x,clk);
initial begin
s=1'b0 ; r=1'bl ; clk=1'bl ;
#50 $display("sS=%b , R=%b, CLK=%b, Q=%b, Qon=%b\n", s,r,clk,q,qn);

s=1'bl ; r=1'b0 ; clk=1'k
#50 $display("S=%b , R=%b, CLK=%b, 0=%b, Qn=%b\n", s,r,clk,q,qn);

s=1'b0 ; r=1'b0 ; clk=1'bl ;
#100 Sdisplay("S=%b , R=3%b, CLK=%b, O=%b, Qn=%b\n", s,r,clk,q,qn);
s=1'b0 ; r=1'bl ; clk=1'bl ;

#50 $display("s=%b , R=%b, CLK=%b, 0=%b, Qn=3%b\n", s,r,clk,q,qn);
s=1'bl ; r=1'b0 ; clk=1'b0 ;

#50 Sdisplay("s=%b , R=%b, CLK=%b, 0=%b, Qun=%b\n", s,r,clk,q,qn) ;

end

endmodule

-
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module latch_SR_EDGET(Q,QN,S,R,CLK);

input S,R,CLK;
output Q,QN;

wire Q1,Q1N;

assign Ql=~((R&CLK) |QLN) ;
assign QIN=~((S&CLK) |Ql) ;

assign Q=~((Q1N&(~CLK)) IQN) ;
assign QN=~((Ql&(~CLK)) Q)

endmodule
module test_bench();

reg s,r,clk;
wire q,qn;

latch_SR_EDGET 11(g,qn,s,r,clk);

initial begin

clk=1'bl;
s=1'b0 ;
r=1'bl ;

#10 clk=1'b0;
#50 $display("s=%b , R=%b, CLK=%b, 0=%b, Qn=%b\n", s,r,clk,q,qn);

clk=1'bl;

s=1'bl ;

r=1'b0 ;

#10 clk=1'b0;

#50 $display("S=%b , R=%b, CLK=%b, Q=%b, On=%b\n", s,r,clk,q,qn);

clk=1'bl;
s=1'b0 ;

r=1'b0 ;

#10 clk=1'b0;

#50 $display("S=%b , R=tb, CLK=%b, Q=%b, On=%b\n", s,r,clk,q,qn);

clk=1'bl;
s=1'bl ;
r=1'b0 ;

#50 $display("S=%b , R=%b, CLK=%b, Q=%b, On=%b\n", s riclkyqan):
end

endmodule

-
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module latch D(Q,ON,D,CLK) ;

input D,CLK;
output Q,QN;

assign Q=~(((~D)&CLK) |QN) ;
assign QN=~((D&CLK) |Q) ;

endmodule
module test_bench();

reg d,clk;
wire g,qn;

latch D 11(q,qn,d,clk);

initial begin
d=1'b0 ; clk=1'bl ;
#50 $display("D=%b, CLK=%b, Q=%b,
d=1'bl ; clk=1'bl ;
#50 $display("D=%b, CLK=%b, Q=%b,
d=1'b0 ; clk=1'b0 ;
#100 $display("D=%b, CLK=%b, Q=%b,

end

endmodule

On=%b\n", d,clk,q,an) ;

QOn=%b\n", d,clk,q,qn):;

on=%b\n", d,clk,q,qn);

-
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module latch_ D EDGET(Q,QN,D,CLK) ;

input D,CLK;
output Q,0ON;

wire Q1,Q1IN;

assign Ql=~(((~D)&CLK) |Q1lN) ;
assign QIN=~((D&CLK) |Q1) ;

assign Q=~((Q1N&(~CLK)) |QN) ;
assign QN=~((Ql&(~CLK)) Q) ;

endmodule
module test_bench() ;

reg d,clk;
wire q,qn;

latch D _EDGET 11(q,qn,d,clk);
initial begin

clk=1'bl;

d=1'b0 ;

#10 clk=1'b0;

#50 $display("D=%b, CLK=3%b, 0=%b, Qn=%b\n", d,clk,q,qn);

clk=1'bl;

d=1'bl ;

#10 clk=1'b0;

#50 $display("D=%b, CLK=%b, Q=%b, Qn=%b\n", d,clk,q,qn);

clk=1'bl;
d=1'bl ;
#50 S$display("D=%b, CLK=%b, Q=%b, On=%b\n", d,clk,q,qn);

end

endmodule

-
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module FlipFlop D Rise(Q,QN,D,CLK) ;

input CLK, D;

output Q,0QN;

reg Q;

assign QN=~Q;

always @ (posedge CLK) begin
Q <= D;

end

endmodule
module FlipFlop D Fall(Q,QN,D,CLK) ;
input CLK, D;
output Q,0ON;
reg Q;
assign QN=~Q;
always @ (negedge CLK)
Q <= D;
endmodule

module test bench();

reg d,clk;
wire q,qn;

FlipFlop D Fall ffl(q,an,d,clk);

initial begin

clk=1'bl;
d=1'b0 ;
#10 clk=1'b0;

#50 Sdisplay("D=%b, CLK=%b, Q=%b, Qn=%tb\n", d,clk,q,qn);

clk=1'bl;
d=1bl :
#10 clk=1'b0;

#50 $display("D=%b, CLK=%b, Q=%b, Qn=%b\n", d,clk,q,qn);
end

endmodule

A=
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module MUX21 (INO,IN1,SEL,OUT) ;

input INO,IN1,SEL;
output OUT;
wire OUT;

assign OUT = (SEL) ? IN1 : INO;
endmodule
module test_bench() ;

reg in0,inl,sel;
wire out;

MUX21 ml(inO,inl,sel,out);

initial begin

in0=1'bl ; inl=1'b0 ; sel=1'b0;
#50;
in0=1'bl ; inl=1'b0 ; sel=1'bl;
#50;
end
endmodule

-
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module MUX41 (INO,IN1,IN2,IN3,SELO,SEL1,OUT) ;

input INO,IN1,IN2,IN3,SELO,SEL1;
output OUT;

assign OUT = (INO& (~SEL1) & (~SELO)) | (IN1& (~SEL1) &(SELO)) | (IN2& (SEL1) & (~SELO0)) | (IN3&(
SEL1) &(SELO)) ;

endmodule
module test bench() ;

reg in0,inl,in2,in3,sel0,sell;
wire out;

MUX41 ml(in0,inl,in2,in3,sel0,sell,out);
initial begin

in0=1'bl ; inl=1'b0 ; in2=1'bl ; in3=1'b0 ;
selO=1"b0 ; 0
#50;
selO=1'bl ; sell=1'bC ;
#50;

sel0=1'b0 ; sell=1'bl ;
#50;

selO=1'bl ; sell=1'bl ;
#50;

end

endmodule

.
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module DEMUX14 (IN,SELO,SEL1,0UTO0,0UT1,0UT2,0UT3) ;

input IN,SELO,SEL1;
output OUTO,0UT1,0UT2,0UT3;

assign
assign
assign
assign

endmodule

OUTO
OUT1
ouT2
OUT3

IN&(~SEL1) & (~SELO) ;
IN&(~SEL1) &(SELO) ;
IN& (SEL1) &(~SELO) ;
IN&(SELL) & (SELO) ;

module test_bench() ;

reg in,selO,sell;
wire outO,outl,out2,out3;

DEMUX14 dl1(in,sel0,sell,out0,outl,out2,out3);

initial begin

#50;
selO=1"'bl

#50

end

endmodule

)7

; sell=1'b0

; sell=1'b0

; sell=1'bl

; sell=1"bl

’

-
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module DEC38 (IN,OUT) ;

input [2:0] IN;
output [7:0] OUT;

wire [7:0] OUT ;

assign OUT = §8'b00000001 << IN;
endmodule
module test_bench() ;

reg [2:0] in;
wire [7:0] out;

DEC38 dl(in,out);

initial begin

’

~.

end

endmodule

-
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module ENC83(IN,OUT) ;

input [7:0] IN;
output [2:0] OUT;

reg [2:0] OUT;

always @ (IN) begin

case (IN
ouT =
: OUT
ouT
ouT
ouT
ouT =
: OUT
: OUT = =
endcase
end
endmodule
module test_bench();
reg [7:0] in;
wire [2:0] out;
ENC83 el(in,out);
initial begin
in=8'b00000001 ;
#50;
in=8'b00000010 >

end

endmodule

-
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module PENC42 (IN,OUT,V);

input [3:0] IN;
output [1:0] OUT;
output V;

reg [1:0] OUT;
reg V;

always @ (IN) begin

OUT[0] = IN[3]|(IN[L]&(!'IN[Z]));
OUT[1] = IN[2]|IN[3];
V = IN[O]|IN[1]|IN[2]|IN[3];
end
endmodule

module test bench();
reg [3:0] in;
wire [1:0] out;
wire v;

PENC42 pel(in,out,v);

initial begin

in=4"'h0000 4
#50;
in=4'b0001 ;
#50;
in=4'b0010 ;
#50;
in=4'b0100 ;
#50;
in=4'b1000 ;
*‘ ’
end
endmodule

-
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module Quadrante(X,Y,CLK,Q)

input [2:0] X;
input [2:0] Y;
input CLK;

output [1:0] Q;

reg [1:0] Q;

always @ (CLK) begin

if ((X[2]==0)&(Y[2]1==0))
assign Q = 2'b0
else if ((X[2]1==1)&(Y[2]==0))
assign Q =
else if ((X[2]==1)&(Y[2]==1))

else if ((X[2]==0)&(Y[2]==1))

assign Q = 2'bl0;

T

assign Q = 2'bll;

end

endmodule

module test_bench() ;
reg [2:0] x;
reg [2:0] y:

reg clk;
wire [1:0] g7

Quadrante ql(x,y,clk,q);

initial begin

clk = 1'bl;

* < X
o

#50;
clk = 1'bl;
X = ;
y= ;
#50;
clk = 1! )7
#50;

clk = 1'bl;
= 3'blll;

x
y = 3'bl1l1;
P

clk = 1'b0;
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#[’w“»;

end

endmodule

2
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