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5. Laboratory assighments

« Comparators
« Parity generators/checkers
« Adders



Lab5_ 1a assignment:

Comparators for 2-bits numbers

* Create a new HDL project (Lab5_1)
* Add a new Verilog source (Lab5_1.v)
e Edit the Lab5_1.v file according with description bellow.
- mmmmm- B - t B
* Add and adapt the constraints file Nexysx.UCF P e S SRas
* Generate the configuration file, test the circuit and fill the

0 1
table.

0 0 1 0

module compare_2 (outputreg A_It B, A gt B, A eq_B,
input [1:0] A,B);

always @ (A or B)

begin
A It B=0;
A gt B=0;
A eq B=0;

if A==B) A _eq B =1;
else if (A>B) A gt B=1;
else A lt B=1;

end

endmodule



Lab5 2: Parity generator

* Create a new HDL project (Lab5_2)
* Add a new Verilog source (Lab5_2.v)
and edit it according with description

bellow

* Add a new Verilog text fixture file
(Lab5_2 tf.v) and add the stimulus
e Simulate the circuit

module oddparity_for (output reg parity, input [7:0] data);

integer k;
always@(data)
begin

parity = 1;

for (k =
begin

end
endmodule

7

s k<=7; k=k+1)
if (data[k] ==

parity = ~parity;
end
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module oddparity testc:

ff Inp
reg [7

uts
:0] data:

ff Cutputs

wire p

arity:;

ff Imstantiate the Unit Under Test (UUT)
oddparity for uut |
.parity(parity),

.da
):
intege
initia

ta(data)

r i:
1 begir

ff Initialize Inputs

dat

a = 0;

Sf Wait 100 ns for global reset to

10
for
beg
end
end

endmodule
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#50 data =i:

2

55;

i = i+l)

finish



Lab5 2: Parity generator simulation
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Lab5_ 2: Parity generator implementation

« Add and adapt the constraints file Nexysx.UCF
« Generate the configuration file and test the circuit.

...........................................



Lab5_3: 1-bit full adder
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* Create a new HDL project (Lab5_3)
* Add a new Verilog source (half _add.v)

module half_add (output sum, carry, input a, b);
Xor (sum, a, b); // exclusive OR
and (carry, a ,b); // AND

endmodule




Lab5 3a: 1-bit half adder simulation

« Add a new Verilog text fixture file (half_add_test.v)
« Specify the stimulus signals
« Simulate the circuit and verify the results

#100

#100

#100




Lab5_3b: 1-bit full adder

Structural description of 1-bit full adder
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Full adder built from two half _adders:
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Lab5_3b: 1-bit full adder

* Add a new Verilog file (full_add.v)
« Specify the full adder model as in the next figure

M1 M2
. wl sum_out
a_n a sum a sum ~
b i w2 w3
_In b carry b carry —'| carry out
) o—
carry_in

_cin| Al B _sum Cout

module full_add (output sum_out, carry_out, input a_in, b_in, carry_in);
wire wl, w2, w3;

half_add M1 (.a(a_in), .sum(w1), .b(b_in), .carry(w2));
half_add M2 (.sum(sum_out), .b(wl), .carry(w3), .a(carry_in));

or (carry_out, w2, w3);
endmodule

« Add and adapt the constraints file Nexysx.UCF
« Generate the configuration file and test the circuit.
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Lab5 4: 1-bit full adder

// A version : 'G——————j .
module addl full (input a, b, cin, output cout, s); © 2B j:: F::j::}__?
xor3 m xor(.i0(a), .il(b), .i2(cin), .o(s)); T

wire a0, al, az; o =0

and2 m and0(.1i0(a), .il(b), .o(a0));

and2 m andl(.i0(a), .il(cin), .o(al)); e Gout
and2 m and2(.i0(b), .il(cin), .o(a2)); EE} ———{:L/ £
or3 m or(.10(a0), .il(al), .i2(a2) , .o(cout)) i

endmodule R

// B version
module addl full (input a, b, cin, output cout, s);
assign s = a * b * cin;

assign cout = (a & b) | (a & cin) | (b & cin);
tnimecuis “cn| Al B sum cou

// C version

module addl full (input a, b, cin, output cout, s);
assign {cout, s} = a + b + cin;

endmodule

Create a new HDL project (Lab5_4)

Add a new Verilog source (add1_full.v). Use one of the tree
source from above

Add and adapt the constraints file Nexysx.UCF

Generate the configuration file and test the circuit.
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Lab5_5a: 4-bits adder

A 4-bit adder can be built using four 1-bit full adders

Ripple carry adder

A; Bs A, B, A, B, A, Bo
A B C, A B Ci, A B C, A B C,
Cout X Cout X Cot = Cout X
si— | | | |
C, C, Co
S;3 Sy Si So

* Create a new HDL project (Lab5_5a)
 Add a new Verilog source file
* Use the structural description to create a 4-bit adder (next slide)



Lab5_5a: 4-bits adder

Create a new HDL project (Lab5_5a)

Create a new Verilog source file add4.v with the content as bellow
Add a copy of the source created in the previous project (addl1_full.v).
Add and adapt the constraints file Nexysx.UCF

Generate the configuration file and test the circuit.

module add4 (input [3:0] a, b, output [4:0] s);

wire [3:0] c;

addl full addO(.a(a[0]), .b(b[0]), .cin(1'p0), .cout(c[O]), .s(s[O]));
addl full add1(.a(a[1]), .b(b[1]), .cin(c[O]), .cout(c[1]), .s(S[1]));
addl_full add2(.a(a[2]), .b(b[2]), .cin(c[1]), .cout(c[2]), .S(S[2]));
addl_full add3(.a(a[3]), .b(b[3]), .cin(c[2]), .cout(s[4]), .S(S[3]));
endmodule




Lab5_5b: 4-bits adder behavioral

» Create a new HDL project (Lab5 5b)
» Create a new Verilog source file add4.v with the content as bellow

« Add a copy of the source created in the previous project (addl_full.v).

module add4 (input [3:0] a, b, output [4:0] S);
assigns=a+b;
endmodule

« Add and adapt the constraints file Nexysx.UCF
« Generate the configuration file and test the circuit.



