1. Emulate expl in lab1 (a full adder s+cout=x+y+cin) with the following
parameters.

1.1 1/0:
/0 X y cin S cout
LOC V17 V16 W16 U16 E19

1.2 Circuit Diagram:

.y _______J I cout

1.3 Verilog HDL Coding:

23 Cimodule fulladder(

24 ontput =, 5L

25 outont cout,

26 input  x,

27 input W,

o8 input  cin CAITY I

29 1

an

il azzign focout, =} = x + v + cin;
32

33 Sendmodule



1.4 Testbench Verification:

22 imodule fulladder_test();

24 output

25 wire s

26 wire cout; CarT

27

28 mput

20 eg x; augend

30 reg v; addend

3l eg cin; ar

32

33

| fulladder DNT(

35 s8],

36 ccouticonty, ar

a7 xfxd, augend
3B yivd, addend
i0 .cinfcind T

40 1

41

42

43 initial fein, v, x} = 0;
A4 always #10 fcin, v, x} = {cin, v, x} + 1;
45

46 | endmodule -~

Name Yalue

=
1 cont

"4
"%

| cin

1.5 I/O Pins Assignment:

Name Direction  Package Pin 16D 3td

=-[E Al ports (5

itz (5

: In WG w LVCMOR33* -
i comt OUT E19 w LVCMOR33% -
QOuT T4 w LVCMOR33* -
In V17 w LVCMOR33% -
In Via w LVCMOR33* -




1.6 Synthesis and Implementation:
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2. Derive a BCD (i[3:0]) to 7-segment display decoder (D_ssd[7:0]), and also use
four LEDs (d[3:0]) to monitor the 4-bit BCD number. (Other values of i outside
the range will show F).

2.11/0:

inputs:  1[3:0]

outputs: D_ssd[7:0]
d[3:0]

2.2 Circuit Diagram:

| [30]

N4

D_ssd[7:0] d [3:0]



2.3 Verilog HDL Coding:

53 Cmodule BCD_to S5 decoder(

24 output veg [7:0] D_==d,

25 o tput [%:0] d,

26 input [3:0] i

27 1

2a

20 A four LEDs to momitor the 4-bit BCIY number

30 azzign d = 1i;

)|

32 HBCD to Y-segment display decoder

330 always @ (1)

34 hegin

35 = caze (1)

3a 0: D ssd = 8'0OO00OOOL_1; &0
37 l: I ==d = 8'B1001111_1;

A a: I_ssd = 8'b0O010010_1; 2
it 3: D ==d = 8'hO0O00O110_1;

40 4: I _==d = 8'b1001100_1; 4
41 5 D s=d = 8'bOLO0L00_L; &5
42 f: D s=d = 8'BOLO00O00_L1; &4
43 7 D s=d = 8'0OO01LLL_1; &7
44 a: D ssd = 8'hOOOOOOO_L; &8
45 a: I ==d = 8'BOO0OOLO0O_L; &9
46 defanlt: D =s=d = 8'00111000_1; +F
47 ¢ endcaze

4a p enid

49

&0 Sendmodule HEBCD to_ 5581V decoder



2.4 Testbench Verification:

23 imodule BCD_to_SR0_decoder_test();
24 output

25 wive [7:0] I_s=d; mment d v decods
o5 wive [3:0] d; LEDs to momitor

27

28 imput

a0 reg [3:0] 1; d-hit BCD number

an
31
32 BCD_to 380 _decoder DT

33 I ==d (D _s=d), segment display decode

i J0dy, four LEDs to momitor the 4-bit BCD number
5 Jiid 4-bit BCD number

36 B

v
a3
a0 initial

4 1=10;

41 alwavs

42 #lDi=1+1;
43
44 ¢ endmodule BCD to 550 decoder test

& ns
I
L



2.5 I/O Pins Assignment

Name Direction Package Fin  IAD 3td
=G Al ports (16)

2 d 4 ouT LVCMOZ33% -
e A3 ouT W19 » LVCMOZ33% -
i 4[] ouT 19 w LYCMOZ33* =
i 1] ouT E19 » LVCMOZ33% -
e A0 CuT mia » LVCMOZ33% -

B4 Dossd )  OUT LVCHMOZ33% -
s D_ssd[7] OUT W7 » LYCMOZ33% -
- D_ssd[6] OUT WA » LYCMOZI3% =
@ D_ssd[5] OUT s » LYCMOZ33% -
-« D_ssd[4] OUT Vi » LYCMOZI3% =
@ D_ssd[3] OUT U5 » LYCMOZ33% -
- D_ssd[2] OUT W5 = LVCHMOE:3* -
-« D_ssd[1] OUT 7 = LVCHMOE33* -
- D_ssd[0] OUT Kl = LVCHMOE:3* -

E-E 4 IN LVCHMOE33* -
2 1[3] IN w17 = LVCHMOE:3* -
2 1[2] IN Wia = LVCHMOE33* -
2 111 IN ¥lia = LVCHMOE:3* -

&= 0] IN V17 = LVCHMOE33* -

2.6 Synthesis and Implementation:
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3. Derive a binary (i[3:0], 0-9, a, b, ¢, d, e, f) to 7-segment display decoder
(D[7:0]), and also use four LEDs (d[3:0]) to monitor the 4-bit binary number.

3.11/0:

inputs:  1[3:0]

outputs: D[7:0]
d[3:0]

3.2 Circuit Diagram:

[[30]

N4

’L}harj to  SSD decoder

\l\ 3 N4

D [7:0] 4 [3:0]




3.3 Verilog HDL Coding:

23 module binary_to 330 decoder(

24 output veg [7:0] D,

25 output [2:0] d,

26 input [3:0] 1

27 i

2a

29 use four LEDs to momitor the 4-bit binary number
0 azzign d = 1;

31

32 binary (0-9, 3, b, ¢, d, &, {) to 7-segment display decoder
330 alwavs @ (1)

340 hegin

35 : caze (1)

26 0: 0= 8'h0000o0t_1;

37 1: 0= a'bloniill_1;

28 2: 0= a'bo0iooio_t; Z
20 3 0= a'booo0iin_t; k
40 4: I = 8'bl001100_1; 4
41 5: 0= a'b0i00inn_1; 5
42 G 0= a'b0100000_1; 4]
43 7 0= a'boo0iill_1; 7
44 g: 0= 8'hO000ono_1; :
45 a: 0= a'bo000inn_1;

4a 10: 0= a'hoo0ioon_1; 2
47 11: 0= a'bll00000_1; E
4a 12: 0= a'b0iioo0l_1; c
40 13: 0= a'blooo0io_1; d
50 14: 0= a'b0lio000_1; e
51 15: 0= a'w0iitoon_t; or
52 default: 0 = 8'B0O111000_1; o7
5iL endcazse

o4 ; emnid alwa

55

56 - endmodule bimary_to 550 decoder



3.4 Testbench Verification:

23
24
25
26
27
28
20
30
3
32
X
34
35
el
7
25
aa
40
41
42
43
44

module binary_to_ 380 _decoder_test( )

W

vrive [¥:0] DI;

veg [3:0] 1;

binary_to_%eD_decoder DUT

Dy, 7-segment display decode

Jaldd, four LEDS to momnitor the 4-hit binary number

i hi
5

initial
1=10;
always
#1001 =1+ 1;

endmodi ]l e

vave [3:0] d; e

B0 g
.
I



3.5 I/O Pins Assignment

Wame Divection  Package Pin 140 3t
- Al ports (16)

O-4g D@ OoUuT LYVCHOE33* -
-7 D[7] CUT Wy + LWCMOS33% -
- D[R] CUT e - LWCMOS33% «
g D[5] COUT LA + LWCMOS33% -
g D[] COUT 8 + LWCMOS33% ~
g D[3] COUT 5 - LVCMOS33% -
g D[] COUT 5 - LVCMOS33% -
g D[1] OUT 7 - LVCMOS33% -
g D] COUT Kl » LVCMO333%

- d iy OUT LVCHMO233% -
g d[3] OUT 19 » LVCMOS33%
- d[2] CUT mia - LVCMO333% -
g d[1] OUT E13 » LVCMOS33%
- d[0] CUT Tia » LVCMO333% -

=2 i) N LYCMOZ33* -
e i[3] IN w17 » LVCHMO333* -
e i2] N Wia - LVCMOS33% -
e i1] N Y16 = LVCMO333% -

- i0] IN Y17 » LVCHMOZ33% -

3.6 Synthesis and Implementation:
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4. (Bonus) Design a combinational circuit that compares two 4-bit unsigned
numbers A andB to see whether A is greater than B. The circuit has one output X
such that X =0if A<B and X =1if A> B. (let A[3:0], B[3:0] be controlled by 8
DIP switches, the binary numbers are displayed on 8 LEDs. The result X is on
another LED.)

4.1 1/0:

inputs:  A[3:0],
B[3:0],

outputs: X
LEDI[7:0]

4.2 Circuit Diagram:

A[3:0] BIL3:0]

NS
.

" b
4-bit Comp arator

a>]o a=]o a<l:

yi

T Vi

X AL3:0] BI3:0]

—————
LED[7: 0]




4.3 Verilog HDL Coding:

23
24
25
26
a7
28
20
30
3
32
332

S endmodule

Smodule comparator]
output [7:0] LED, &% LEDs displaving 4

output W,
input  [3:0] &,
input  [3:0] B
bk

assign B = (4 = BY; S E=0:

4.4 Testbench Verification:

23
24
25
26
27
28
20
a0
31
3z
33
34
35
5
37
33
30
40
41
42
43
44
45
45

module comparator_test();

L'LLLLUL

veg [3:0] A: PR
veg [3:0] B: 4-hit

compa rator OT(
CLED{LED},
KD,
A,

-B(E}

hF

initial
{4, B} = 10;
always
#2 [a, Bl =&, B} + 1;

endmodule

wive [7:0] LED: /7 IEDs displavis
wrire H; X[ ifA 7E

azzign LED = {&, Bl; 08 LEDsdiplaving




4.5 1/0 Pins Assignment

Wame

——
e
.
AESRiESans
i
—
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G Al ports (17)
BB A )

[=-[En Scalar portz (1)

e ]3]
e A[2]
e A[1]
e A[0]

E-Ey B )

= B[3]
= B[2]
= B[1]
= B[0]

El-4g LED (8]

-l LED[7]
<] LEDI[]
] LEDI[S]
-] LEDI[4]
-] LEDI[3]
-] LEDI[2]
-] LED[1]
-] LEDI[O]

il

Durection  Package Pin

IN
N
IN
N
IN
N
IN
N
IN
N
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT

ouT

Wiz
14
Y15
Wik

W17
Wia
16
Y17

14
1714
15
wig
19
713
E19
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