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ig. 4-5 Implementation of Half-Adder
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Fig. 4-19 2-to-4-Line Decoder with Enable Input
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HDL &3fj] 4-1
(2EFARSEAR ER FV R e )

//Gate-level description of a 2-to-4-line decoder
//Figure 4-19
module decoder_gl (A,B,E,D);
input A,B.E;
output [0:3]D;
wire Anot,Bnot,Enot;
not
nl (Anot,A),
n2 (Bnot,B),

HDL #3751 4-1
(Zfﬁﬁﬁiﬁjﬁﬁﬁﬁg E[':j I Fgﬁﬁ )

n3 (Enot,E);
nand
n4 (D[0],Anot,Bnot,Enot),
n5 (D[1],Anot,B,Enot),
n6 (D[2],A,Bnot,Enot),
n7 (D[3],A,B,Enot);
endmodule

20



HDL #5f3] 4-2
(415 7 ik 8 AT [
= |

/IGate-level hierarchical description of 4-bit adder
/I Description of half adder (see Fig 4-5b)
module halfadder (S,C,x,y);

input x.,y;

output S,C;
//Instantiate primitive gates

xor (S,x,y);

and (C,x,y);

HDL & fy] 4-2
(45 5 IR B8 R )

endmodule
//Description of full adder (see Fig 4-8)
module fulladder (S,C,x,y,z);

input x,y,z;

output S,C;

wire S1,D1,D2;
//Outputs of first XOR and two AND gates
//Instantiate the halfadder

halfadder HA1 (S1,D1,x,y),
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(415 7 ik 8 AT [
= _________———————————— |

HA2 (S,D2,51,z);
or gl(C,D2,D1);
endmodule
//Description of 4-bit adder (see Fig 4-9)
module _4bit_adder (S,C4,A,B,C0);
input [3:0] A,B;
input CO;

#= HDL #3fy] 4-2

(45 5 IR B8 R )

output [3:0] S;
output C4;
wire C1,C2,C3; //Intermediate carries
//Instantiate the fulladder
fulladder FAO (S[0],C1,A[0],B[0],CO0),
FA1 (S[1],C2,A[1],B[1],C1),
FA2 (S[2],C3,A[2],B[2],C2),
FA3 (S[3],C4,A[3],B[3],C3);
endmodule
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Fig. 4-32 2-to-1-Line Multiplexer with Three-State Buffers
module muxtri (A, B, select, OUT);

input A, B, select;

output OUT;

tri OUT;

bufifl (OUT, A, select);

bufif0 (OUT, B, select);
endmodule

sclect

out
=
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* Verilog HDL3E 5=

# 4-10 Verilog HDL EWMF

il N

binary addition : = i {i v ik
binary subtraction ; = ik fi i &
bit-wise AND | 4z L&y BEX
bit-wise OR ; & &) % %K
bit-wise XOR : it A e B F KB X
bit-wise NOT ! ) L fnik X
equality - & %

greater than | X ¥

less than | /] #>

concatenation ; it &

conditional ; % # &

AVl s—e | +

g
&t

HDL #3f3] 4-3
(AU T R A

//Dataflow description of a 2-to-4-line decoder
/ISee Fig.4-19
module decoder_df (A,B,E,D);
input A B.E;
output [0:3] D;
assign D[0] = ~(~A & ~B & ~E),
D[1]=~(~A & B & ~E),
D[2] =~(A & ~B & ~E),
D[3]=~(A & B & ~E);
endmodule




HDL #3fy] 4-4
(408 7 Y SYR AR

//Dataflow description of 4-bit adder
module binary_adder (A,B,Cin,SUM,Cout);

input [3:0] A,B;

input Cin;

output [3:0] SUM;

output Cout;

assign {Cout,SUM} = A + B + Cin;
endmodule

HDL #3fj] 4-5
(N P R AR

//Dataflow description of a 4-bit comparator.
module magcomp (A,B,ALTB,AGTB,AEQB);
input [3:0] A,B;
output ALTB,AGTB,AEQB;
assign ALTB = (A <B),

AGTB = (A > B),
AEQB = (A ==B);
endmodule
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//Dataflow description of 2-to-1-line multiplexer
module mux2x1_df (A,B,select,OUT);

input A,B,select;

output OUT;

assign OUT =select ? A : B;
endmodule

= BT

* HDL #afy] 4-7
Q150%™ B P =SB T )
//Behavioral description of 2-to-1-line multiplexer
module mux2x1_bh(A,B,select,OUT);
mput A,B,select;
output OUT;
reg OUT;
always @ (select or A or B)
if (select==1) OUT = A;
else OUT =B;

endmodule
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HDL #3(7] 4-8

//Behavioral description of 4-to-1- line multiplexer
//Describes the function table of Fig. 4-25(b).
module mux4x1_bh (10,i1,i2,i3,select,y);

input i0,i1,i2,i3;

input [1:0] select;

output vy;

HDL #3fy] 4-8

always @ (i0 or il or i2 or i3 or select)

case (select)
2'b00: y =10;
2b01:y=1l;
2'b10: y =12;
2bll:y=13;

endcase

endmodule
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Stimulus module Design module
module testcircuit module circuit (A, B, C);
reg TA, TB; > input A, B;
wire TC; output C;
circuit cr (TA, TB, TC);

Fig. 4-33 Stimulus and Design Modules Interaction

HDL #3751 4-9
CRIFRES [T14-6FF 1251 27 5F)

//Stimulus for mux2x1_df.
module testmux;
reg TA,TB,TS; //inputs for mux
wire Y; //output from mux
mux2x1_df mx (TA,TB,TS,Y);
// instantiate mux
initial
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begin
TS=1;TA=0;TB =1;
#10 TA=1;TB =0;

#10 TS =0;
#10 TA=0; TB =1;
\i ll end
J N\
HDL #a {3 4-9

(RIS ETIA-G 08 57
initial
$monitor("select = %b A = %b B = %b
OUT = %b time = %0d",
TS, TA, TB, Y, $time);

endmodule
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//Dataflow description of 2-to-1-line multiplexer
//from Example 4-6
module mux2x1_df (A,B,select,OUT);

input A,B,select;

output OUT;
assign OUT =select ? A : B;
\l‘ . endmodule
J \
HDL #3 5] 4-9

ORISR SA-6FFtr A28 %7 38)

Simulatiom log:

select=1 A=0 B=1 OUT=0 time=0
select=1 A=1 B=0 OUT=1 time=10
select =0 A=1 B=0 OUT=0 time=20
select =0 A=0 B=1 OUT=1 time=30
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//Gate-level description of circuit of Fig. 4-2
module analysis (A,B,C,F1,F2);

input A,B.C;

output F1,F2;

wire T1,T2,T3,F2not,E1,E2,E3;

or gl (T1,A,B,C);

and g2 (T2,A,B,0C);

#= HDL #3fy] 4-10

2 SRR MR )

and g3 (E1,A,B);
and g4 (E2,A,C);
and g5 (E3.B,C);
or g6 (F2,E1,E2,E3);
not g7 (F2not,F2);
and g8 (T3,T1,F2not);
or g9 (F1,T2,T3);
endmodule
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//Stimulus to analyze the circuit
module test_circuit;
reg [2:0]D;
wire F1,F2;
analysis figd2(D[2],D[1],D[0],F1,F2);
initial
begin

HDL =#3{7] 4-10
ERE 3 N2 e TiEl ik )

D = 3'b000;
repeat(7)
#10D=D + 1'bl;

end

initial
$monitor ("ABC = %b F1 = %b F2 =%b ",

D, F1, F2);
endmodule

33



34



