Unit-5 Verilog Program -Combinational and Sequential
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Verilog Program

Test bench code
@ 10

DUT/UUT

o/p
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Understand the meaning of following code.

module test_wave();

reg A, B;

initial

begin //Start of initial block

A = 1'b0; // both a and b are initialised at 0" time unit

B =1'bl;

#5 A =1'bl; //A changes at 5% time units

#8 B = 1'b0; //B changes at 5 + 8 = 13 time unit

#10{B, A} = 2’'bl0; //again both B & A changes at 5 + 8 + 3 = 23 time
unit. See the use of concatenation {}.

end //End of initial block

endmodule

Use of ‘for'loop to generate a test pattern.

mdule for loopl();

reg [3:0] din;
integer i;
initial
g i i+1)
i=0: i<= » = 1
for;{;-u' =13 //multiple statements must be
. encapsulated within begin.end
B & //increment ‘i’ after the delay of 10
FLas time units
and //end of the for loop
end
endmodule

Digital Electronic(Dr Amit S. Rajput) Page 1



A, e 150,000 na
G DT fmfufutu
10080C .L._U—_E*ET—L‘_

Module Instantiation

There are two types of instantiation constructs in Verilog

Positional Instantiation:

child_module_name [optional_instance_name] (comma_seperated_list_of the signals) ;
Child module name is the name of the black box to be instantiated.

Named Instantiation: Both child- and parent- module port names are used in this method of
instantiation. Therefore, the order of ports is immaterial.

child_module_name [optional_instance_name] (.child_port 1(parent_port 1),
.child_port_2 (parent _port_2),...);

Q.1. Write a structural Verilog to implement gets Given in Figure Also write
Test bench to test of the behavior of the gates.

A A ol
B NO B h_Oin—1>)—0 iu—l >—E°1
C c 03

module basic_gates (A, B.C,in, N_O, A_O, O, 01, 02, 03); */ include all module basic_gates_tb();

input and output terminals /* reg A, B, €, in;
wire N 0, A_0, 01, 02, 03/

o1, 02, 03); //DUTis instantiated using

input A, B, G, in; basic gates u (A, B, C, in, N O RO positional instantiation
intkial //Bpplying stimuli to 3 input gates
output N_O, A_0,0,01,02,03; begin

A, B, €} = 3'b000;
410 (a, B, €} = 3'B00R;
nor (N_O, A,B,C);  //first terminal is always output than write inputs o i zi = g::m‘:
Ko (A 5, ¢) = 3'b100;
#10 (a, B, ¢} = 3'b101;
and (A_O, A, B,C),‘ #10 (a, B, ¢} = 3'b110;

M0 (a, B, ¢} = 37bI11L;
&nd

not (O,in) ;
. 2;1::31 //Applying stimuli to 1 input gataes
buf (01, 02, 03,in); in = 1'b0;
2 moim
Endmodule bl
endmodule
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Q.2. Write a structural Verilog code to implement half adder circuit shown in
Fig. write the test bench to verify the functionality of design.
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//use of concatenaticn (} operator.
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module half adder (A, B, S, C);
input A, B;
output S, C;

xor (S, A, B);
and (C, A, B);

endmodule
module half adder tb():

reg a, b;
wire s, ¢©;

half_adder u (.A(a), .B(b), .S(s), .C(c));

iﬁitial

pegint R
{a,h} = 2'd0;
j10 {a,b} = 2'dl;
ji0 {3,b} = 2°d2;

gnd

End-gdulﬂ |

Waveform

m

Value 20.000 ma
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instantiation
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Q.3. Write a structural Verilog code to implement half subtractor circuit shown

in figure. Also write test bench.

//DUT is instantiated using named

Ao-——‘)
D
B e 7,

module half_lﬁbtractnr (p, B, D, C)y

input A, B;
output D, C;
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module half subtractor_th (4

Teg a, b;
wire g, ¢;

half subtractor u (.A(a). -B(B), B{d), -Cleh)

initia]
begip

- =F Aarimal fombare

//DUT is instantiated using
named instantiation




module half subtractor (A, B, D, C}:

input R, 3.-'_ :it_:ial
output D, C; gin

wor (D, A, B);
not {l_ba.r, A); #10 {a,b} = 2'd1;

. #10 (a,b} = 2'd2;
and (C, L_b-lr. B); #10 [:.h] = 2'd3;
end

endmodule

endmodule

mwil BUDLIACTOL U L.8\@4 ¢ 7170 s ittt L TR BT

named instantiation

la,b) = 2'd0; /[/use of decimal numbers

Q.4.Write a structural Verilog code to implement 4:1 multiplexer circuit. Also

write test bench code.

[O c }

]lc
S| o—>0

- }

module mux 4 1 (S0, S1, 10; 11, 12; I3; X);
input S0, S1, 10, 11, I2, I3;
output Y;

not (sl _bar, S1);

not (s0_bar, S0);

nand (y0, 10, sl bar, s0_bar);
hand (yl, 11, sl _bar, S0);
hand (y2, 12, s1, s0_bar):
nand (y3, 13, S1, SO);

Rand (Y, Yo, yi, y2, y3)/

endmodule

Module mux 4 1 tb ():
fey 80, s1, 10, I1, I2, I3
Wire vy,

mmx_q_l u (so, s1, 10, I1, I2, I3, Ty
initia)
begin

181, s0) = 27 q0;
{13, 12, 11, 10} = 4’n0:

#15 10
#15 10

~I0;
~I0;

#20{s1, S0} = 2/d1;
#15 I1 = ~I1;
#15 I1 = ~11;

#20{s1, S0} = 2'4d2;
#15 12 ~I2;
#15 12 ~I2;

#20(s1, s0} = 2'd3;
#15 13 = ~13;
= ~13;

endmodule
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Behavioral (Algorithmic) Coding Examples

Write behavioral Verilog code to implement positive edge triggered D flip-flop.
module d_FF (input clk, d, output reg q, output q bar) ;

assign q_bar = !q;

always @ (posedge clk)
q <=d;

endmodule

Test bench
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podule d_FF_tb )i

reg clk, di
wire 9/ q_bar;

4 FF u {clk, d, q, g bar);

always
410 clk = ! elk:

initial
begin
clk = 1'b0;
d=1b0;
$35d = 'd;
§28 d = 'd;
§12d = !d;
$20 d = d;
end
endmodule

write behavioral code to implement negative edge triggered T Flip flop with

synchronous active low clear input.

module T #{input clk, T, Clear, cutput reg )

always @ (negedge clk)
begin
if (~Clear)
g = 1'b0;
else if (T)
q = s
end

endmodule

module T ff th();

reg clk, T, Clear;
wire gq;

T f u (clk, T, Clear, q);

always
#10 clk = ! clk;

initial

begin
clk = 1'b0;
Clear = 1'bl;
T = 1'bl;

#15 Clear = 1'bh0;

#33 Clear = 1'b1;

#30 T = 'T;

§27 T = IT;

end

endmodule
jo 000 na |
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