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Top Module

module gates_top

{
input [15:0] sw,
output [15:0] led,
output [3:0] an

)i

GATE Instantiations

andGate gateAND
{
.alswl0]]),
blswll]),
y(led[O])

1
nandGate gateMAND
{

alswldll,
bsw[s]),
y(led[2])

¥
orGate gateOR
(
alswl2]),
b(sw[3]),
.y (led[1])
E

norGate gateNOR
(
alswlgl),
blswl7]),
.y (led[3])
)
exorGate gateEXOR
(
.alswlal),
b (sw[9]),
.y (led[4])
E
exnorGate gateEXNOR
(
.alswllo]),
biswlll]),
.y (led[5])

b

goo gov §
Sus Su e SHIT SUZ
[_—'l

GATE Modules

module andGate(
input a,
input b,
output y

2

anﬁtf:é,bﬁ;
endmodule

module nandGate(
input a,
input b,
output y

H

ESSlJH ¥ = ~(a & b);

endmadule

module orGate(
input a,
input b,
output y

arEf;é:b}j
endmodule

module norGate(
input a,
input b,
output y
assign y = ~(a | b);
endmodule

module exorGate(
input a,
input b,
output y

xor(y,a.b);
endmodule
module exnorGate(
input a,
input b,
output y

2

assign y = ~(a ™ b):

endmodule

11
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module gates top
(
input [15:0] sw,

output [15:0] led,

output [3:0] an
):

aeéiqn én = 4;Ei111; -

andGate gateAND
(
.alswlo]),
blswll]).
y(led[B])
E

module andGate(
input a,
input b,
output y
1

anﬂtf:é,bﬁj -

endmodule

Field-Programmable Gate Array (FPGA) Primer

AND Gate - Basys-3-Master.xdc
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set_property
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[get_ports {sw[0]}]
[get_ports {sw[1]}]
[get_ports {sw[2]}]
[get_ports {sw[3]}]
[get_ports {sw[4]}]
[get_ports {sw[5]}]
[get_ports {sw[6]}]
[get_ports {sw[7]}]
[get_ports {sw[8]}]
[get_ports {sw[9]}]
[get_ports {sw[10]}]
[get_ports {sw[11]}]
[get_ports {sw[12]}]
[get_ports {sw[13]}]
[get_ports {sw[14]}]
[get_ports {sw[15]}]

[get_ports {led[0]}]
[get_ports {led[1]}]
[get_ports {led[2]}]
[get_ports {led[3]}]
[get_ports {led[4]1}]
[get_ports {led[5]}]
[get_ports {led[5]}]
[get_ports {led[7]}]
[get_ports {led[8]}]
[get_ports {led[9]}]
[get_ports {led[10]}]
[get_ports {led[11]}]
[get_ports {led[12]}]
[get_ports {led[13]}]
[get_ports {led[14]}]
[get_ports {led[15]}]
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module gates_top
{
input [15:0] sw,

output [15:0] led,

output [3:0] an
):

aaéiqn én = 4;Eilil;

andGate gateAND
{
.alswlO]),
blswlll),
y(led[@])

module andGate(
input a,
input b,

output y

¥
and(y,a.b};

endmodule

Field-Programmable Gate Array (FPGA) Primer

AND Gate — Generated Schematic

sw[15:0] D—p— >

an_OBUF[3]_inst J
0

sw IBUF[O] inst L
| “o - L
OBUF
IBUF led OBUF[0]_inst_i 1 led_OBUF[0]_inst
sw_IBUF[1] inst L . .
| it (1l_ o 0 | > ™ led[15:0]
11 OBUF
IBUF LUT2
Cell Properties ? OO0 X

led OBUF[O] inst_i 1

1 10 ©O=I0&I1

= = O O
= O = O
= O O O

Edit

LUT Equation...

Power Mets

Cell Pins

Truth Table

13
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AND Gate — Simulation View

22 module gates_top - 200,000 ns
23 {

24 input [15:0] sw,
25 output [15:0] led,
26 output [3:0] an

azﬁiqn an = 4;hllllf

andGate gateAND
34 {
3 .alswlO]),
3E blswlll),
37 y(led[0])

22 module andGate(
22 input a,
24 input b,
25 output y

)
28 and(y.a.b);
20 endmodule

14
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Switch x ON = LED x ON

230 module sw_to_led topl(
' input [15:0] sw,

module sw_to_led top(
input [15:0] sw,

25 E output [15:0] led E output reg [15:0] led

— ): : : | 230 module sw_to_led(

P . i 5 lyays @* 24 input [15:0] hex_in,

i Grways € - always @ 25 . output reg [15:0] led out

29 ¢ egi : begin 5 ! , -

30 led[0] == sw[O ! led[@] == sw[0O]; ! !

31 ! led[1] <= swil ; led[1] <= swll]: o8 | ctivate on anv input change

32 | led[2] <= sw(2 : led[2] == swl[2]: 5g alwéfé_ﬂ* T

3¢ - end 30 ¢ begin _

35 sw_to_led hextoled( iz caae{g?ﬁﬁfn) led out <= LED OFF

o -hex_in (sw), 33 16'h1: led out == LED @

2 Jed_out(led) 34 16'h2: led out == LED 1

g ) - . 35 16'ha:  led_out <= LED 2

390 endnodule 39 0)_endnodule Gy 3¢ 16'he:  led_out <= LEC
——t “ T =iih jimy | e X\\_\NX 37 16'h10:  led_out == LED 4

16'hz0:  led out
16'h40:  led out
16'had:  led out
16'h1o0:  Tled out
16'h200:  led_out
16'h400:  led out
16'hs00:  led out

| UNIVERSITY PROGRAM b [x

BTNC <uxa)

Y * 44

[T

L S O O A T T T T T T T T 1

257 D6 LDS LD4 - T -
g I " Al LD:E;;) ;u(sua) Iinaum I-.D?UH) L|<um s 'u.us) ' us . IS 16 h]_-': L led_out == meL s
P !‘U) 4! o ; ”a)suu! <P3;u“| (Uafsulu! sus~ Sus- s SusT  SuS  sud } 45 16'h2000: led out == LED 13
T TR | - ' S . —
# . e f——_ﬂ | R 4 16'h4000: led out == LED 14
/ - - | B il | j | | 48 16'h2000: led out == LED 15

default: Tled out
endcase

R T 52 endmodule

’! ¥ § « , & , A ! s o1 end
L wn ‘_mz) e (TH. G GAD - GAD  CAB WD an e @e wwn i - e
ol X o 2 Tl

-,
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Seven-Segment Display Pin Assignments

Common anode

AN3 AN2 AN1 ANOD
I | | I

.
Ny Ty A Y

[ I I I
CACBCCCDCECFCGDP

2501 module sseqg display |
26 input [3:0] hex_in,
2 output reg [6:0] seg_out

Ll a

31 always @t
32 begin
33 case (hex_in)

34 4'h0;: seg_out == 7' digit ¢
35 4'hl: seg out == 7 digit 1
. : ; 36 4'hZ: seg out == 7 digit 2
FDLII'-dIgIt Seven | DP 37 4'h3: seg:nut <=7 digit 3

i 3 4'h4: seg_out == 7' digit
Segment DISD'EI'}.I' 3 4'hS: seg out == 7' digit 5
4 4'hG: seg_out == 7' digit 6
o 41 4'h7: seg_out == 7' Jigit 7

Individual cathodes 42 jﬂ seq_out <= 7/ digit

S0+ set_property -dict { PACKAGE PIN W7  IOSTANDARD LVCMOS33 } [get_ports {segl0]l}] A a4 4'ha §§3—Etlt o 7
51 ' set_property -dict { PACKAGE_PIN W&  IOSTANDARD LVCMOS33 } [get_ports {seg[l]}] B 45 4'hb: seq out <= 7'bO0000LL; digit B
52 ! set_property -dict { PACKAGE_PIN U8  IOSTANDARD LVCMOS33 } [get_ports {seg[2]}] C a 4'hc: seg_out <= 7'bl000110; digit C
53 set_property -dict { PACKAGE PIN V& IOSTANDARD LVCMOS33 } [get_ports {seg[3]}] D a7 A'hd: seq_out <= 7'b010000L; digit L
54 | set_property -dict { PACKAGE_PIN US  IOSTANDARD LVCMOS33 } [get_ports {seg[4]}] E 48 A'he: seg_out <= 7'bO000L10; digit E
S5 | set_property -dict { PACKAGE_PIN VS  IOSTANDARD LVCMOS33 } [get_ports {seg[5]}] F 49 A'hf: seq out <= 7'bO0OI110; tigit F

56 . set_property -dict { PACKAGE_PIN U7  IOSTANDARD LVCMOS33 } [get_ports {seg[6]}] G 5C default: seg_out <= 7'b1111111; digit OFF

51 endcase

Foo a - L PACK = - [ 23 1 a1t nortc

50 | set_property -dict { PACKAGE PIN U2  IOSTANDARD LVCMOS33 } [get_ports {an[0]}]
51 | set_property -dict { PACKAGE PIN U4 IOSTANDARD LVCMOS33 } [get_ports {an[1]}]
52 | set_property -dict { PACKAGE PIN V4  TOSTANDARD LVCMOS33 } [get_ports {an[2]}] 16
52 | set_property -dict { PACKAGE PIN W4  IOSTANDARD LVCMOS33 } [get_ports {an[3]}]
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222 module sseq topl

23 input [3:0] sw,
24 output [6:0] seq,
25 output [3:0] an
28 1

29 assign an = 4'b1110;

32 ssed;display di;piéf(-.
33 chex_in(sw),
34 .seqg_out(seqg)

¥

endmodule

Hex-to-Seven-Segment

Top Module

set_property -dict { PACKAGE PIN V17

2501 module sseqg display |

26 input [3:0] hex_in,

2 output reg [6:0] seg_out
2E )i

31 always @*

32 begin
33 case (hex_in)
34 4'h0: seg_out -

35 4'hl: seg_out =
36 4'h2: seg_out =<
37 4'h3: seg_out =
; : seg_out =
: seq out =

seq_out =

-
oo

set_property
set_property
set_property

-dict {
-dict {
-dict {

FACKAGE _PIM
PACKAGE _PIN
FACKAGE_PIN

Vig
WleE
W17

IOSTANDARD LVCMOS33 } [get_ports {sw[0]}]
TOSTANDARD LVCMOS33 } [get_ports {sw[1]}]
TOSTANDARD LVCMOS33 } [get_ports {sw[2]}]
TOSTANDARD LVCMOS33 } [get_ports {sw[3]}]

©oseg_out -
©oseg_out -
seg_out -

50 set_property -dict { PACKAGE_PIN W7
51 ' set_property -dict { PACKAGE_PIN W6
52 ' set_property -dict { PACKAGE PIN US
53 ) set_property -dict { PACKAGE PIN V8
54 | set_property -dict { PACKAGE _PIN US
set_property -dict { PACKAGE PIN V5

IOSTANDARD LVCMOS33 }
IOSTANDARD LVCMOS33 }
TOSTANDARD LVCMOS33 }
IOSTANDARD LVCMOS33 }
TIOSTAMDARD LVCMOS33 }
TOSTANDARD LVCMOS33 }

[get_ports {seg[0]}]
[get_ports {seg[1]}]
[get_ports {seg[2]}]
[get_ports {seg[3]}]
[get_ports {seq[4]}]
[get_ports {seg[5]}]

: seg_out =
11 seg_out =
: seqg_out -
l: seg_out <
= seq out =<
49 4'hf: seg_out =
5C default: seg_out -
1 endcase

o

TSI

L

[
).
o e L o A A - Y

A A A A A A A v
L || | (e (| | | | | | | | A | R [ B |

5 set_property -dict { PACKAGE_PIN U7  IOSTANDARD LVCMOS33 } [get_ports {seg[&]}]
0 : set_property -dict { PACKAGE PIN U2  IOSTANDARD LVCMOS33 } [get_ports {an[0]}]
1| set_property -dict { PACKAGE PIN U4 IOSTANDARD LVCMOS33 } [get_ports {an[1]}]
52 | set_property -dict { PACKAGE PIN V4  IOSTANDARD LVCMOS33 } [get_ports {an[2]}]
53 . set Froperty -dict { PACKAGE-PIN W4  IOSTANDARD LVCMOS33 } [QEt-PortS {an[3]}]

Xilinx Design
Constraint File
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Hex-to-Seven-Segment
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module sseq_display (
input [3:0] hex_in,
output req [6:0] seg_out

i

always @
begin

case(hex_1in)

4'ho:

q hl:

Tz

—t

T m D m D |~

Rl el el e el ol ol

endcase
end
endmodule

Lo L

seq_out
seq_out
seg_out
seg_out
seg_out
seg_out
seq_out

¢ seq_out
v seg_out
v seg_out
: seq_out
: seq_out
¢ seq_out

seq_out

e: seq_out
f: seq_out
default:

seqg_out

Aaonoon N N A A .iln. L T T T T S T Y
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Debouncing Pushbuttons

dffd
.
D = 0_reg
btnC [ > K an[3:0]
clk » : C —> led[15:0]
dbclk_enable fl.clk_enable CE Q <
D
clk dbne_clk out
i RTL_REG
dbne_clk ~ p
d_flipflop_en
23 module dbne_clk( dFfL 23 module d_flipflop_en(
24 input clk, - 24 input clk,
25 output dbnc_clk_out D (] Q reg 25 input ff_clk_enable,
26 ¥ oIk 26 input D,
27 reg [26:0] counter = 0; overflows at 134,217,727 + 1 » : = C 27 output req Q=0
28 always @ (posedge clk) " ficlk_enable CE O 0 26 ¥
29 begin o 29 always @ (posedge clk)
36 counter <= (counter >= (100000000-1)) ? O:counter + 1; 30 begin
31 end RTL_REG 31 if(ff_clk_enable == 1)
37 i = — _ = 1 REIT:T . p, - . )
32 _ assign dbnc_clk_out = (counter (100000000-1)) ? 1'b1:1'bO; d fipfiop_en 32 0 == D;
33 endmodule - - 33 end
dff2 34 = endmodule
'l
8] h Q reg
clk . c
ff_clk_enable CE O o
D
RTL_REG
d flipfiop_en
| N
o ledo i
i . 0
= "Ry o .
BTND l ¢ RTL AND
(Ul?)!ﬁ-t ; b 4 : w_Q2_bar_| 19
LD4 Wy i {>o 4
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Debouncing Pushbuttons

dffo
-"B ™
D 0O re
23 module debounce_top( btnC [ clk — an[3:0]
24 input clk, clk i fM_clk_enable - 0 — > led[15:0]
e input btnC dbclk_enable CE Q
26 output [15:0]1led, e dbne clk out D
27 output [3:0]an ' RTLREG
28+ )i dbnc_clk L. - )
2C turn off 7-segnent anodes d_flipflop_en
3 assign an = 4'b1111; dffL
32 wire w_clk_enable; o @ Q reg N
33 wire w_00,w_0Ql.w_0Q2.w_Q2 bar; oIk
34 o . =
55 | dbnc_clk dbelk_enable( : ficlk_enable CE Q 0
36 clkiclk), 8]
37 .dbnc_clk_out(w _clk_enable)
gl ¥ RTL REG
20 ¢ d_flipflop_en dffo( - - -
ac “clk(clk). d_flipflop_en
41 JFf_clk_enable(w_clk_enable), dff2
42 1 .D(btnC), 1] ]
43 1 .Qlw_go) D Q_reg
44 iF clk c
15+ d_flipflop_en dffl{ ff_clk_enable *EE o 9
46 clkiclk),
47 Jf_clk_enable(w_clk_enable), b
4e D EW_G@?' : RTL_REG
—I: -I:I W I:Il:l L5 -~
S ) d flipflop_en 57 led[1] on as long as biC is depresse
51+ d_flipflop_en dff2( [ % 58 . assign led[1] = w_Q2;
52 clklclk), led0 | - led[0] on for 1 second
53 1t _clk_enable(w clk_enable], 0 —0 assign w_Q2_bar = ~w_Q2:
54 Diw qQ1), 1 } 1 assign led[0] = w 01 & w_02 bar;
55 .Q(w_qQ2) RTL AND 52 ¢ assign led[15] = w_QO;
56 ) , 53 | assign led[14] = w_01:
10 W_CI'EE_‘bEH’_I 54 1 assign led[13] = w_Q2; 20
{>° 55 .+ assign led[12] = w_Q2_bar;
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0. 000000000 ms

0, 000000000 ms 2,000000000 ms 4, 000000000 ms &, 000C0R000 ms S, 000000000 ms
o [clk
W btnC
~ M led[15:0]

Please consider the resources below: ‘s

w [13]

e Xilinx.com 4 i

wo[11]

w [10]

 digilent.com o

w [8]

» Basys 3 Reference Manual i im

W [3]
wl [4]
w [3]
H [2]
W [1]
w [0]
~ B an[3:0]
w [3]
w [2]
W [1]
w [0]
8 w_clk_enable
e w_QO0

aw Q1

1
0
0
0
1
0
0
£
1
1
1
1
0
0
0
0
1
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