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nmodul e Test_Bench
/1
Local_reg_and_net_declarations
Generate_waveforms_using_initial_&_ always_statements
Instantiate_module_under_test
Monitor_output_and_compare_with_expected_values
endnodul e

11.2

1)
2)

11.2.1

initial
initial
begin
Reset = 0;
#100 Reset = 1,
#80 Reset = 0
#30 Reset =1
end

11-1 Initial
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initial
begin

Reset = 0;

Reset = #100 1;
Reset = #80 O;
Reset = #30 1,

end
Reset
0 100 180 210
11-1 initial
initial
begi n
Reset <= 0;
Reset <= #100 1;
Reset <= #180 O;
Reset <= #210 1;
end
initial 11-1
always initial
always always
paramet er REPEAT_DELAY= 35;

i nteger CoinValue;

al ways
begi n

end

11.2.2

CoinValue= 0;
#7 CoinValue = 25;
#2 CoinValue = 5;
#8 CoinValue = 10;
#6 CoinValue = 5;
#REPEAT_DELAY;

11-2

CoinValue
|o|25 5|10l 5 ]olzslsllo
0 7 9 17 23 58 65 67 75
11-2 aways

initial
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assign # (PERIOD/ 2) Clock = ~ Clock;
Clock (
) z z X ~X X Clock X
Clock initial
initial
Clock = 0;
Clock ( initial

modul e Gen_CIk_A(CIk_A);
out put CIK_A;
reg CIk_A;
parameter tPERIOD = 10;

initial
Clk_A = 0;

al ways
# (tPERIOD/2) Clk_A = ~ CIk_A;
endnodul e

11-3

Ck_A |

modul e Gen_Clk_B(CIk_B);
out put CIk_B;
reg Start;

initial
begi n
Start = 1;
#5 Start = 0,
end

nor #2 (Clk_B, Start Clk_B);
endnodul e
11 2
initial Start 1 0( x ) 5
Start 0 4 11-4

always
modul e Gen_Clk_C(CIk_C);
paranmeter tON = 5, tOFF = 10;
out put CIk_C;
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reg Clk_C;

al ways
begin
# tON Clk_C= 0;
# tOFF  Clk _C= 1,
end
endnodul e

Start

Clk_B

11-4

01 initial

Cik_C 0

11-5

initial

0 5 10 15
11-5
nodul e Gen_Clk_D (CIk_D);

out put CIk_D;
reg Clk_D;

30

paranmeter START_DELAY = 5, LOWTIME = 2, HIGH TIME = 3;

initial
begi n
CIk_D = 0;
# START_DELAY ;

forever

begin
# LOW_TIME;
Clk D = 1;
# HIGH_TIME;
Clk D = 0;

end

end
endnodul e

11-6
repeat

forever



Chinaspub.com

Verilog HDL

modul e Gen_Clk_E (CIk_E);
out put CIk_E;
reg Clk_E;
paraneter Thburst = 10, Ton = 2, Toff = 5;

initial
begin
Clk_E = 1' bO;

repeat ( Tburst)
begin
# Toff Clk_E= 1'b1;
# Ton Clk_E= 1'bO;

end
end
endnodul e
S nnnn
o! 1012 1517 20 22 25
11-6
Gen _Clk E Tburst Ton Toff

nodul e Test;
wire Clk_Ea, CIk_Eb, Clk_Ec;

Gen_Clk_E G1CIlk_Ea);
/1 10 2 5

Gen_CIk_E # (5, 1, 3) CIk_Eb);
/I 5 1 3

Gen_Clk_E # (25, 8, 10) CIlk _Ec);

/1 25 8 10
endnodul e
Clk_Eb 11-7
!
Clk_Eb |

0, 34 7 8 1112151619 20

11-7
11-8
nodul e Phase (Master_Clk, Slave_Cbk

out put Master_Clk, Slave_Clk;
reg Master_CIlk;
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wire Slave Clk;
parameter tON = 2, tOFF = 3, tPHASE_DELAY= 1,

al ways
begin
#tON Master_Clk= 0;
#tOFF Master_Clk= 1;
end

assi gn #tPHASE_DELAY Slave_Clk Master_CIlKk;

endnodul e
—."-_' o | Master_Clock
2 5 7 10 12 15
Loz o 1 ’_Slave_Clock
0 3 6 8 1 13
11-8
11.3
11.3.1
2-4

“timescale 1ns / 1ns

modul e Dec2x4 (A, B, Enable, ¥
input A, B, Enable;
output [0:3] Z;
wi re Abar, Bbar

not # (1, 2)
VO (Abar, A,
V1l (Bar, B);

nand # (4, 3)
NO (Z [O], Enable, Abar, Bb3ar
N1 (Z [1], Enable, Abar, B
N2 (Z [2], Enable, A, Bba,
N3 (Z [3], Enable, A, B,
endnodul e

nmodul e Dec_Test;
reg Da, Db, Dena
wire [0:3] Dz;

/1
Dec2x4 D1(Da, Db, Dena, Dy
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initial
begi n
Dena = 0
Da =0
Db = 0
#10 Dena
#10 Da = 1
#10 Db = 1
#10 Da = 0
0
p

1
=

#10 Db =
#10 $sto
end

I
al ways
@ (Dena or Da or Db or Dz)
$display ("At time %t, input is %b%b%b, output is ,%b"
$time, Da, Db, Dena, Dg

endnodul e
At time 4, input is 000, output is 1111
At time 10, input is 001, output is 1111
At time 13, input is 001, output is 0111
At time 20, input is 101, output is 0111
At time 23, input is 101, output is 0101
At time 26, input is 101, output is 1101
At time 30, input is 111, output is 1101
At time 33, input is 111, output is 1100
At time 36, input is 111, output is 1110
At time 40, input is 011, output is 1110
At time 44, input is 011, output is 1011
At time 50, input is 001, output is 1011
At time 54, input is 001, output is 0111
11.3.2
D

nodul e MSDFF (D, C, Q, Qbal;

input D, C;

out put Q, Qbar;

not
NT1 (NotD, D)
NT2 (NotC, C)
NT3 (NotY, Y)

nand
ND1 (D1, D, Q,
ND2 (D2, C, NotD,
ND3 (Y, D1, Ybar
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ND4 (Ybar, Y, D2,
ND5 (Y1, Y, Notg,
ND6 (Y2, NotY, Not(,
ND7 (Q, Qbar, Y3,
ND8 (Qbar, Y2, Q;
endnodul e
nodul e Test;
reg D, C;
wire Q, Qb;
MSDFF M1(D, C, Q, Qb;
al ways
#5 C = ~C;
initial
begin
D =0;
C =0;
#40 D = 1;
#40 D = O;
#40 D = 1;
#40 D = 0;
$st op;
end
initial
$ monitor ("Time = % ::", $ne, "C=%, D=%, Q%,
Q=%", C,D, Q, Qb);
endnodul e
Ti me= 0:: =0, =0, Q=x, Qb=x
Ti me= 5:: C=1, D=0, Q=x, Qb=x
Ti me= 10:: C=0, D=0, Q=0, Qb=1
Ti me= 15:: C=1, D=0, Q=0, Qb=1
Ti me= 20:: C=0, D=0, Q=0, Qb=1
Ti me= 25:: C=1, D=0, Q=0, Qb=1
Ti me= 30:: C=0, D=0, Q=0, Qb=1
Ti me= 35:: C=1, D=0, Q=0, Qb=1
Ti me= 40:: C=0, D=1, Q=0, Qb=1
Ti me= 45:: C=1, D=1, Q=0, Qb=1
Ti me= 50:: C=0, D=1, Q=1, Qb=0
Ti me= 55:: C=1, D=1, Q=1, Qb=0
Ti me= 60:: C=0, D=1, Q=1, Qb=0
Ti me= 65:: C=1, D=1, Q=1, Qb=0
Ti me= 70:: C=0, D=1, Q=1, Qb=0
Ti me= 75:: C=1, D=1, Q=1, Qb=0
Ti me= 80:: C=0, D=0, Q=1, Qb=0



Verilog HDL Cmna'bubocom

Ti me= 85:: C=1, D=0, @1, Qb=0
Ti me= 90:: C=0, D=0, @0, Qb=1
Ti me= 95:: C=1, D=0, @0, Qb=1
Ti me= 100:: C=0, D=0, Q=0, Qb=1
Ti me= 105:: C=1, D=0, Q@=0, Qb=1
Ti me= 110:: C=0, D=0, Q=0, Qb=1
Ti me= 115:: C=1, D=0, Q=0, Qb=1
Ti me= 120:: C=0, D=1, Q=0, Qb=1
Ti me= 125:: C=1, D=1, Q@=0, Qb=1
Ti me= 130:: C=0, D=1, Q@=1, Qb=0
Ti me= 135:: C=1, D=1, @1, Qb=0
Ti me= 140:: C=0, D=1, Q@=1, Qb=0
Ti me= 145:: C=1, D=1, Q=1, Qb=0
Ti me= 150:: C=0, D=1, @=1, Qb=0
Ti me= 155:: C=1, D=1, Q=1, Qb=0
11.4
$readmemb ( )
3 “ test.vec”
A B v Sum
01001 0;100§o
01 Oll%llop
Cin Cout
A B

nodul e Adderl1Bit (A, B, Cin, Sum, Coyt
input A, B, Cin;
out put Sum, Cout

assign Sum = (A~ B ) ~ Cin;
assign Cout = (A~B )| (A &Cin) | (B & Cin)
endnodul e

modul e Adder3Bit(First, Second, Carry_In,Sum_Out, Carry ut
input [0:2] First, Second
i nput Carry_In;
out put [0:2] Sum_Out;
out put Carry_Out;
wire [0:1] Car;

AdderilBit
Al (First[2], Second[2], Carry_In,Sum_Out 2], Car[1])
A2 (First[1], Second[1], Car[1], Sum_Out[1],Car[0]),
A3 (First[0], Second[0], Car[0], Sum_Out [0], Carry_Out)
endnodul e

nodul e TestBench
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paranmeter BITS = 11, WORDS= 2
reg [1: BI TS] Vmem [ 1: WORDS] ;
reg[ 0: 2] A,B,Sum_EXx;
reg Cin, Cout_Ex
i nteger J;
wire [0:2] Sum
wi re Cout;
/1
Adder3Bit F1 (A, B, Cin, Sum, Cout
initial
begi n
$readnenb ("test.vec', Vmenm
for (J =1; J <= WORDS; J =J + 1)
begi n
{A, B, Cin, Sum_Ex, Cout_Ex= Vmem [J]
#5; 1/ 5
if ((Sum! == Sum_Ex) | | (Cout ! = = Cout_EX))
$display ("****M smatch on vector % *****mem [J])
el se
$display ("No m smatch on vector %b"Vmem [J])
end
end
endnodul e
Vmem
$readmemb “ test.vec” Vmem for

No m smatch on vector 01001001000
No m smatch on vector 01001111100

115

$fdisplay $fmonitor $fstrobe

mon.Out”

modul e F_Test_Bench;
paranmeter BITS = 11, WORDS= 2;
reg [1: BITS] Vmem [ 1: WORDS];
reg [0:2] A, B, Sum_Ex
reg Cin,Cout_Ex
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integer J;
wire [0:2] Sum;
wire Cout;

/1
Adder3Bit F1 (A, B, Cin, Sum, Cout

initial
begi n: INIT_LABLE

i nteger Mon_Out_File;

Mon_Out_File= $fopen ("mon.out");
$readmenb ("test.vec', Vmenm

for (J =1; J <= WORDS; J = J + 1)

begi n
{A, B, Cin, Sum_Ex, Cout_Ex= Vmem [J];
#5; I/ 5
if ((Sum ' = = Sum_Ex | | (Cout ! = = Cout_BX
$display ("****M smatch on vector % ****%mem [J]);
el se

$display ("No mi smatch on vector %b"Ymem [J]);

/1 :
$f di splay (Mon_Out_File,"Input = %b%b%b, Outpet¥%h¥%b",
A, B, Cin, Sum, Cout
end
$fcl ose (Mon_Out_File);
end
endnodul e

“mon.out”

I nput = 0100100, OQutput = 1000
I nput = 0100111, CQutput = 1100

11.6

11.6.1
Div

modul e Div (Ck, Reset, TestN, Ena
input Ck, Reset, TestN
out put Ena;
reg [0:3] Counter;

al ways
@ ( posedge Ck) begin
if (~Reset)
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Counter = 0;

el se
begin
if (~ TestN)
Counter = 15;
el se
Counter = Counter + 1
end
end
assign Ena = (Counter = = 15) ? 1: O;
endnodul e

nodul e Div_TB;
i nteger Out_File;
reg Clock, Reset, TestN
wi re Enable;

initial
Out_File= $fopen ("out.vec");

al ways
begin
#5 Clock = 0;
#3 Clock = 1;
end

Div D1 (Clock, Reset, TestN, Enab)le

initial
begin
Reset = O;
#50 Reset = 1;
end

initial
begi n
TestN = O;
#100 TestN = 1;
#50 TestN = O;
#50 $fclose (Out_File);
$fini sh; /1l
end
I

initial
$fmonitor (Out_File, "Enabl e changed to % at time % 'Epnable, $tine);
endnmodul e

out.vec”

Enabl e changed to x at time 0
Enabl e changed to 0 at time 8
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Enabl e changed to 1 at time 56
Enabl e changed to 0 at time 104
Enabl e changed to 1 at time 152
11.6.2
FSM
(factorial) 11-9
> Reset ———>
© ———> Stat ————>
——> Clock ——]
TEST ——> ;i ——
BENCH (e [;c Oyt umm—
[(@uemmsemmm Fxp Oui <@ FACTORIAL
C Ok—— pme «—
11-9
Reset Data Start
Done Fac_Out Exp_Out
Fat_Out * 250 Data 1 20
Start Done
“tinescale 1ns / 1ns
modul e FACTORIAL (Reset, StartSig, Clk, Data, Done,
FacOut, ExpOuf
i nput Reset, StartSig, Clk
input [4:0] Data;
out put Done;
output [7:0] FacOut, ExpOut;
reg Stop;
reg [4 : 0] InLatch;
reg [7: 0] Exponent, Resulit
i nteger I;
initial Stop = 1;
al ways
@ (posedge CIk) begin
if (( StartSig = = 1) && Gtop = = 1) && Reset = = 1))
begi n
Result = 1;

Exponent = 0;
InLatch = Data;
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Stop = 0;
end
el se
begin
if (( InLatch> 1) && (Stop = = 0)
begi n
Result = Result * InLatch
InLatch = InLatch 1;
end

if (InLatch < 1)

Stop = 1;
/1
for (I =1; I <=5; | =1 + 1)
if (Result >256)
begin
Result = Result / 2;
Exponent = Exponent 1;
end
end

end

assign Done = Stop

assign FacOut = Result

assign ExpOut = Exponent;
endnmodul e

nodul e FAC_TB;
paranmeter IN_MAX = 5, OUT_MAX = 8;
parameter RESET ST = 0, START_ST= 1, APPL_DATA ST = 2,
WAIT_RESULT_ST = 3;
reg Clk, Reset, Start
wi re Done;
reg [ IN_MAX-1 : 0] Fac_Out, Exp_Out
i nteger Next_State;
par amet er MAX_APPLY = 20;
i nteger Num_Applied;

initial
Num_Applied= 1;

al ways
begi n: CLK_P
#6 Clk = 1;
#4 Clk = 0;
end
al ways

@ (negedge CIKk) I
case (Next_State)
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RESET_ST:
begin
Reset = 1
Start = 0
Next_State = APPL_DATA_ST
end
APPL_DATA_ST:
begin
Data = Num_Applied
Next_State = START_ST

end
START_ST:
begin
Start = 1;
Next_State = WAIT_RESULT_ST;
end
WAIT_RESULT_ST:
begi n
Reset = 0;
Start = 0;
wait (Done = = 1)

if (Num_Applied = =
Fac_Out *('h0001 <<Exp_Out))
$display ("Incorrect result from factorial™,
"model for input value %d", D3ata

Num_Applied = Num_Applied 1;

if (Num_Applied < MAX_APPLY)
Next_State = APPL_DATA_ST
el se
begin
$di splay ("Test completed successfully.
$finish; //
end
end
defaul t:
Next_State = START_ST
endcase

/1
FACRORIAL F1(Reset, Start, Clk, Data, Done,
Fac_Out, Exp_Ouk
endnodul e

11.6.3

11-10
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nmodul e Count3_Is(Data, Clock, Detect3_]Js
i nput Data, Clock;
out put Detect3_lIs;
i nteger Count;
reg Detect3_1s

initial
begin
Count =0
Detect3_Is= 0;
end
al ways
@ (negedge Clock) begin
if ( Data = = 1)
Count = Count + 1;
el se
Count =0

if (Count >= 3)
Detect3 Is = 1
el se
Detect3_Is=0
end
endnodul e

nodul e Top
reg Data, Clock
integer Out_File

/1
Count3_lIs Fl(Data, Clock, Detect;

initial
begin
Clock = 0;

forever
#5 Clock = ~ Clock
end

initial

begi n
Data = 0
#5 Data = 1,
#40 Data
#10 Data
#40 Data =
#20 $stop; /1

end

I
e e
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initial
begin
/1
Out_File = $fopen ("results.vectors")
$frmonitor (Out_File,"Clock = %, Data = %, Detect = %",
Clock, Data, Detect);

end
endnodul e
COUNTO
11-10
3ns 10ns
11-11 Verilog HDL
0{ -2 5 10 15 17 22 27 30ns
16 23
11-11
ClockV Gen_Clk_D Clk_D( 11-6 )
15ns [ ]
10010
1 0
ClockA ClockB ClockA 10 ns ClockB 40
ns 1ns
2ns ClockB ClockA
4 /
4 (<,<=,>,>=) ALU

32
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9. N
[
10. 0 1
11. Count_Flag 1 ( )
MAX_COUNT OverFlow MAX_COUNT Count_Flag
0
12. Gray 3 Reset O
4
13. T 1 0 1
0 specify T 2ns

3ns
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