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= Baysys 3 Seven-Segment Dr|ver
= refresh_generator
= digit_driver
= segment_driver

3.3v LEDs
r—w— W19 U16 R0 wvnpi-
BTNL E{9 D1 )
T17 U19 LD2
BTNR V1 LD3 1%
Buttons T18 W18 D4 i
BTNU u15 LDS ¥
u17 U14 DS vy -
BTND V14 LD7 s 1
LDE ‘)
W3 LD10,, &
Artix-7 U3 12101y 3
aav P3 %}im—b’ﬁ- &
SWO —o—wv— V17 lg? LD14,,, o j 2 ® i '
L1 —LD15,, g5 7-segment - ! e — ! 4
| SW1m—o—w— V16 ssv Display 'l:LKlOOHHz 0 0 ol i i Y
| sw2r—o—w— W16 W4 'ANG ’ ' l ’ ' WS ; % ; ! T N ™)
V4 —w— ANZ . @, - = ‘H'v ~BTNL U18)

| SW3 Zo—wn— W17

| SW4 —o—mv— W15

== EASYS 3 i

| SWET—o—w— V15 s

LDS LD8 LD? LD6 LD5 N S LD1 LDO
& N j P ff WD WD iwa) i(um !(uw i<u14> Bws i(um i(uns> ‘<u1s> i(ElS) e
13 suiZ  SuWilT - SWIgT  SWS SUS~  Su4 " WO =

| SWE —o—wv— W14

— | SW7 r—o—w— W13

Switches

| sSwr—o—wmn— V2

[ SW8mo—w— T3

1SW10m—c—wA— T2
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seven_segment_driver_top.v

digit_driver digit drv(
.refresh_in(w_refresh_out],

2 module seven_seg_driver_top( '—BﬁoR w— T17 wg %W“Df‘

. Lnput clk. Subine o Buttons +—o 5 w— T18 W18 -LD4 5

25 input [15:0] sw, slide switches BTNU U15 D5 g

26 output [6:0] seg, | ED segments o w— U17 U14 D8 -

27 output [3:0] an | ED anodes ETHE V14 LD7 sy 4]

gl= 3. L o5 w— U118 V13 Ml

29 o EWHC V3 %m—ﬁ—

- . , . W3 LU0, g

3C wire [1:0] w_refresh_out; Artix-7 U3 LD11L,, 5

31 wire [3:0] w_anode_select; 33V p3 _LD12,,, 5|

" = . . . B ) B T D1 e
wire [E:G] .w_S.egment_seleclt, 4] 7 SWos VA7 r; W
wire [3:0] w_switches_out; CLKIOOMHz BTNL T TR

(WS> (W13 SW1 r—o—v— V16 L1 —2wst 7-segment

refresh_generator ref gen( O 3.3v_ Display
celk(elk), N SW2 r—o—vw— W16 W4 —w— AN3
.reset(btnC), BAS ¥ S 3 Sl W7 V4 —m———FAN2
.refresh_out(w_refresh_out) LDS LD8 LD? LDé LDS Ug —ww {LAN1
) SW4 —o—vi— W15 Uz —w ,\lAwo

Ll
Ll

.
l
L
Ll
L

-
I

.switches in(sw),
.anode_select(w_anode_select), . SW7 r—o—w— W13 w7 JW"%I
.switches_out(w_switches_out) g""_'f = We s
) witches ] SW8—o—w— V2 us
o V8 —w-L
. SW9 r—o—wwv— T3 CE
seqment_driver segment_drv( N
chex(w_switches out), SW10—o—wi— T2 pove
.segment_out (w_segment_select) s R P
1'.: SW11—o—ww— R3 w —A
O
. SW12r—o—nn—
asslgn an = w_anode_select; | ° e
assign seg = w_segment_select: [sW137——w— U1
endmodule o
SW14——o—nw— T1
5
SW15~—o—m— R2
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Digit Refresh Generator
3.3v LEDs
o o w— W19 U16 120 w3t
BTNL E19 LD1 .. B
o w— T17 U19 02w
SR V19 LRS-
Buttons "¢ w— T18 w18 LDA .. gt
Sl U15 L2
o LD6 144
23 module refresh generator( BTND v %‘Hi LOT
24 input clk, Lo A U18 Vi3 L8 il |
25 input reset, BTNC V3 LR
26 output [1:0] refresh_out W3 L0, 5
27 ) Artix-7 U3 LQlLy
o5 ' iy P3 LDiZ i
" !013 -
29 bits [17:0] overflow every 2.62ms SWO —o—wv— V17 E LD14 ,,, g5
30 ) bits [19:18] form a 4-bit counter that increments every 2.62 o {1 —LD15.,, 5| ’
1 O reg [19:0] refresh_counter = 0 S RS 3.3V E;?i':}""t
2 o always @ (posedge clk) SW2 —o—vi— W16 '
- ; {SW2 g AN3
O if(reset == 1) (- SV So—w—IWA7 U4 —mw AN
5 o refresh_counter == 0; ° N
3 else | SW4 mo—w— W15 Uz —w ,\lAwo
7 O refresh_counter == refresh_counter + 1; SW5 —o—ai— V15
) end ' ° |
o assign refresh_out[1:0] = refresh_counter[19:18]; | SWE To—aw— W14 I 1] I-LI1.
N SW7T —o—hih W13 W7 —'w\,il
41 endmodule Slide s W6 8
Switches S\W8 —o s Vz UB CcC
o V8 —w D
_ﬂo‘ o—ww— T3 us CE
218 - 262,144 _SW103~0—'-M-— 2 U7
- - o _’\M
Overflow time in ms = 262,144 / 100,000,000,000 = 2.62144ms [sWiTeo—va— R3 o L
[SWiz—o—w— W2
[sW13—o—w— U1
SW1dr—o—ww— T1
SW15m—o—An— R2 6
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2.62ms Per Digit Refresh Period :

0.000000000 ms 2, 000000000 ms 4.000000000 ms 6. 000000000 ms . 000000000 ms 10. 000000000 ms 12. 000000000 ns 14.000000000 ms

W clk 1
> W sw[15:0] 0000 [eTeTele]

40

~ I 5eq[6:0]
wl [6]
M [5]
m [4]
wl [3]
M 2]
m [1]
M [0]
~ B an[3:0]
wml [3]
H 2]
M1
wl [0]
~ B w_refresh_out[1:0]
o [1]
12 [0]
~ M w_anode_select[3:0]
o [3]
e [2]
e [1]
s [0]
~ M w_segment_select[6:0]
e [6]
8 [3]
e [4]
o [3]
8 [2]
o [1]
o [0]
> M w switches out[3:0]

R Wl el el

HD»—n»—nﬂ_Io»—'n—-D»—n»—-acoooocn—-g

£
[=]
i
=]

o o o o o o o -
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AN3
I |

.

AN2

AN1
|

Common anode

ANO
I

I—1. 11 =1L 1.

[ I I I
CACBCCCDCECFCGDP

Four-digit Seven
Segment Display

set_property
set_property
set_property
set _property
set _property
set_property
set_property

set_property
set _property
set _property
set_property

-dict {
-dict {
-dict {
-dict {
-dict {
-dict {
-dict {

-dict {
-dict {
-dict {
-dict {

FACKAGE_PIN
FACKAGE_PIN
FACKAGE _PIN
FACKAGE_PIN
FACKAGE _PIM
FACKAGE _PIM
PACKAGE_PIMN

FACKAGE _PIN
FACKAGE_PIN
FACKAGE _PIM
FACKAGE _PIM

W7
W
La
va
LS
VS
Uz

Lz
L4
V4
W4

Individual cathodes

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

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

[ 23 1

[get_ports {seg[0]}]
[get_ports {seg[1]}]
[get_ports {seg[2]}]
[get_ports {seg[3]}]
[get_ports {seq[4]}]
[get_ports {seq[5]}]
[get_ports {seq[6]}]

[get_ports {an[0]}]
[get_ports {an[1]}]
[get_ports {an[2]7}]
[get_ports {an[3]}]

OMMUO W>

module sseq display |

input [3:0] hex_in,

output reg [6:0] seg_out

]

always @t

begin

case (hex_in)
4'h0: seg_out =
4'hl: seg_out =
4'h2: seg_out =
4'h3: seg_out =
4'h4: seg_out =
4'hS: seg_out -
4'h&: seg_out -
4'h7: seg_out =
4'h8: seg_out =
4'h9; seg_out =
4'ha: seg_out =
4'hb: seg out =
4'hc: seg_out =
4'hd: seg_out -
4'he: seg_out -
4'hf: seg_out =

default: seqg out =

endcase

Xilinx Design
Constraint File

ll:ll:ll:llll:l‘:
|:|1 |:||:||:||:|1 H
' bl:ll:ll:ll:llll:l‘:
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Digit Refresh Generator — 4-Digit Scan Time :

Continuing

0. 000000000 ms 2, 000000000 ns 4.,000000000 ms &, 000000000 ms S, 000000000 ms 10. 000000000 m= 12, 000000000 ms 14, 000000000 ms

ol clic s
> B sw[15:0] 7777 5000
v M seq[6:0] x i

[

¥

(o}

[

[

[

(o)

[6]
[3]
[4]
[3]
[2]
1]
[0]

~ W an[3:0]
M [3]
M 2]
(1]
m [0]
~ Mw_refresh_out[1:0]
o [1]
1 [0]
v M w_anode_select[3:0]
e [3]
8 [2]
s [1]
e [0]
v B w_segment_select[6:0]
e [6]
8 [5]
e [4]
a [3]
e [2]
e [1]
e [0]
> M w switches out[3:0]

><><><><><><><><§§c:|—-»—-»—nmiooo»—'»—n»—'m><><><><><><><
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Digit Driver

u16
E19 L )
N _ o w— T17 U19 -LD2 v -
23 module digit driver( BTNR V19 LD3 i
24 input [1:0] refresh_in, Buttons o & wi— T18 W18 L4 -
25 input [15:0] switches_in, B U15 28w}
26 output reg [3:0] anode select, BTND w— Ui 3]2 T I
27 output reg [3:0] switches_out - — U18 V13 LD IDM [ ]
28 BTNC V3 %ﬁ_
29 ); W3 L1053
30 I:::I H-I.IW'E;']'IS @1‘2 ATtiX-? U3 M‘V\fv—ﬁ:—
31 begin e P3 LEF ;
32 O case(refresh_in) [ sworo—w— V17 E LD14,,,
33 2'bhoa: 5 LD15,,, »3
34 begin SW1 r—o—v— V16 =1 E-_segl,ment
E _ = Isplay
35 . anode_select = 4'b1110; SW2r—o—w— W18 S
: @) switches out = switches in & 16'hOOCOF; .
7 end | SW3 —o—w— W17
2'bol: o
38 begin Ve ’ W15
ac @] anode_select = 4'b1101; 1 SW5 —0—v— V15
41 . switches out = (switches in & 16'hOCFQ) == 4;
42 end | SW6 —o—wwv— W14
43 2'bl0: o
A4 ) begin —_— SW7 —o—wa— W13
45 'E:E' anode_select = 4'b1011; 1 Switches [ | g8 mo—mw— V2
il L switches_out = (switches_in & 16'hOFOD) == 8; .
47 end | SWo—o—w— T3
4E 2'b11: °
£] begin el Uz
500 O anode_select = 4'b0111; SW11leo—w— R3
51 § switches out = (switches in & 16'hFO00) == 12; ' N
52 end [SW12—e—wa— W2
52 endcase o
5 end SN S
55 endmodule [SWiar—o—w— T1
10
SW15~—o—m— R2
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Digit Driver — Anode 0

seven_seg_driver_top_behav.wcfg*

0.008EEAREE ms

0. 0002EEA00 ms 2.000000000 mns 4, 0E0000000 ms 6. 000000000 ms 5. 000000000 ms 10. 002000000 ns 12.000000000 ms 14. 000000000 ms

H clk
> B sw[15:0]
> W seq[6:0]
~ B an[3:0]
E)|

[1]

~ Mw_refresh_out[1:0]
8 [1]

i)

> Mw_anode_select[3:0]

> M w_segment_select[6:0]

> M w_switches_out[3:0]
4 btnC

NI jf} ©c oo rr oy
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ul clk
> W sw[l15:0]
» W seg[6:0]
~ M an[3:0]
M [3]
M 2]
m [1]
wl [0]
v B w_refresh_out[1:0]
8 [1]
4ol
> Mw_anode_select[3:0]
> Mw_segment_select[6:0]
> M w_switches_out[3:0]
4 btnC

0000

0.000000000 ms

|2.GGGG
L

Field-Programmable Gate Array (FPGA) Primer
Verilog and Seven-Segment Displays

Sponsored By

Digit Driver — Anode 1

2. 622430000 ms
0000 ms

12.000000000 ms

14.000000000 ms

. 000000000 ms

10.0032000000 ms

4. 000000000 m:

6. 000000000 ms

o o B olHFlo R H o +F FH o &
[=] [=]

K [leTe]e]
K EXe)
e d b 7 e X d
|
J
[¢] 1 2 E] ] X 1
J
3 d b 7 3 X d
K 40
[¢]
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Digit Driver — Anode 2

seven_seg_driver_top_behav.wcfg*

QO W @ 9 ) [ T« of -
BEEE ms

2.622430000 ms
Name Value |G.GGGGGGGGG ms |2.GGGGUGGGG ns |4.GGGGGGGGG m |6.GGGGGGGGG ms |8.GGGGGGGGG ns |10.GGBGGGGGG ms |12.GGGGGGGGG ns 14.000000000 ms
L L L L L L L L L L L L L

M clk 1
> W sw[15:0] 4 Poo0
K 40

> M seq[6:0]
~ W an[3:0]
i [3]
o [2]
o [1]
o [0]
~ Bw_refresh_out[1:0]
o [1]

4]

» M w_anode_select[3:0]

D’D'—‘I\Jl—"—‘Dl—‘Ug

I
[=)

> M w_segment_select[6:0]
> M w_switches_out[3:0]
4 btnC

[=]

[=]

13

2.6214400008 ms

I -2, 000000000 ms 0. 000000000 ms 2,000000000 ms 4. 000000000 m &, 000000000 ms . 000000000 ms 10, 0000RE00A ms 12, 00000
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Digit Driver — Anode 3

seven_seg_driver_top_behawv.wcfg*

o W a a X [ [« of -T

310000 ms

2.622430000 ms

|G.GGGGGGGGG ms 2. 000000000 ms 4, DEEE00000 ms
L

Name Value |6. 020000000 ms |Ei. 0OOCOREE0 ms
T T T B R TR B S IS N T B L P T TR N T N R TR T R B

Sponsored By

|10.GGBGGGGGG LE
T L

|12.GGGGGGGGG mns 14.000000000 ms
L L

W cli 1

[e[e¢]

> B sw[15:0] K

» ¥ seg[6:0]

K 40

~ B an[3:0]

w [3]

m [2]

m [1]

wl [0]

~ B w_refresh_out[1:0]

o [1]

4[]

N L i i = T
[=]

> Mw_anode_select[3:0]

iy
[=]

> Ww_segment_select[6:0]

[=]

> M w_switches_out[3:0]

& btnC

[=]

So0000 ms

2, 000000000 ms

4, 000000000 m:;

I -2, 000000000 ms Q. 000000008 ms

&, 000000000 ms

5. 000000000 ms 10, 000000000 ms 12, 00000
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Segment Driver

o e w— W19 U16 R0 v
BTNL E19 LD1 ., B
—oo w— T17 U19 D2 vrpi-
BTNR V19 L3 v\ pi
. Buttons +—«¢ w— T18 w18 LD4 i
23 module segment_driver( ElD U15 %«M—N}
24 input [3:0] hex, =% w— U17 LiTay- - —w¥h
25 output reg [6:0] segment_out V14 el
- auth ' - Lo m— U18 VA3 DB il |
26 ) BTNC V3 LD9 .
) w3 LD10,,. Bt
p: ) activate on any input change Artix-7 U3 -121L 53
29 O always @* i P3 LRiZwpi
- wers ¥ B N3 LD 4
3G ) begin SWO —o—w— V17 P1 D14,
1 Q case(hex) N L1 —LD15, 4
2. O 4'h0: segment_out == digit © | SW1 So—w—giiiE say E';:?:;em
- @ 4'hl: segment out == digit I o :
4 - . SW2 —o—ih—
L 4'h2: segment_out == digit 2 ) I Wib
5 Q 4'h3: segment_out == 7'b0110000; digit 3 [ SW3 ro—w— W17
5 L 4'h4: segment_out == 7'b0OOL10OGL; digit o
7. O 4'h5: segment_out <= 7'bO0LOOLO; digit 5 } SW4 co—w—aiiIS
O 4'hG: segment_out == digit 6 I
— - . 5 V1
L 4'h7: segment_out == digit 7 | N 2
4 Q 4'h3: segment_out == digit & | SW6 —o—wv— W14
41 - 4'hD: segment_out == digit 9 o
a2 O 4'ha: segment_out <= digit A Stide | SW7 Fo—w—giii
43 . O 4'hb: segment_out == digit B Switches [T 52 Vo
4 Q 4'hc: segment_out == digit C | N
45 'E:E' 4'hd: segment_out == digit [ | SW9r—o—ww— T3
a6+ O 4'he: segment_out == 01g1it E o]
a7+ Q 4'hf: segment_out == digit F $SWI103 T2
4 L default: segment out == etments OFF SW11e—o—vw— R3
endcase .
5 and 1SW12r—o—wn— W2
51 endmodule o
SW13z—o—w— U1
SWidr—o—w— T4
SW1s——o—w— R2 1>
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Segment Driver

Force Clock: /seven_seg_driver_top/clk X

Force Constant: fseven_seg_driver_top/fsw X Force Constant: fseven_seg_driver_top/btnC x

Enter parameters below to force the signal to a Enter parameters below to force the signal to a Enter parameters below to force the signal to a
constant value. Assignments made from within HDL constant value. Assignments made from within HDL constant value. Assignments made from within HDL
code ar any prewgu&.ly applied constant or clock code or any previously applied constant or clock code or any previously applied constant or clock force '
force will be overridden. force will be overridden. will be overridden.

Signal name: [seven_seg_driver_top/clk Signal name: [seven_seq_driver top/sw Signal name: [seven_seq_driver_top/btnC

Value radix: Hexadecimal A WValue radix Hexadecimal v Value radix Hexadecimal w

Leading edge value: 1 Force value: 0x3210 Eorce value: 0

Trailing edge value: 0 Starting after time offset: |Ons Starting after time offset: |Ons

Starting after time offset: | Ons Cancel after time offset: Cancel after time offset:

Cancel after time offset;

Duty cycle (%): 50 o P P

Period: 10ns = =

(?2) oK Cancel

16
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Segment Driver - 0

seven_seqg_driver_top_behav.wcfg

Q W @ @ X ¥ = 4 = 2

Name Value 0.00000C0EA ms 2,00000000Q ms 4, 000000000 ms 6. 000000000 ms 3. 000000000 ms 10.002000000 ms 12.00000000C ms 14.,000000000 ms

W clk
> M sw[15:0]
~ ¥ seg[6:0]
[6]
[5]
[4]
[3]
2]
1]
[0]
B an[3:0]
& w_refresh_out[1:0]
% w_anode_select[3:0]

module segment_driver(
input
output segment_out

segment_out ==
ment_out -
ent_out
ant_out -
ment_out -
ent_out
ent_out -
ment_out -
ent_out
ent_out
ent_out -
ent_out
ent_out
ent_out
ent_out

& w_segment_select[6:0]

& w_switches_out[3:0]

ngﬁmomxxxxxxxggmm
™
™




Field-Programmable Gate Array (FPGA) Primer

Continuing

Education Sponsored By iiw
Center conporarion &5 _4

Segment Driver - 1

p b
L) O c
]G]0 &
e.laoloatlaetlaac? mso |2.IGOIEJEJ“0t;)GE3 nso 4.|00Flet?at;)ool ns &, 0D0EEEEAE ms 5, 000000000 ms 10, 0E2EE0000 ms 12, DOEEE000E ms 14, 000000000 ms
o clk 1
> B sw[15:0] 3210
M seq[6:0] 79 e : 7o {
6] 1
m [5] 1
wl (4] 1
m [3] 1
Ml [2] 0
W 1] 0
0] 1
» W an[3:0] d e d
> M w_refresh_out[1:0] 1 <] : ll
> Mw_anode_select[3:0] d e : d'
» M w_segment_select[6:0] ] 79 40 : 74
> M w_switches out[3:0] | 1 o : T

b |

]
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Segment Driver - 2

9. () )
elelel 6!
0. 0000000008 ms 2. 00OOPeREE ms 4.000000000 m &. 000000000 ms 5. 0D000EED ms 10. 0OP0B0000 ms 12.00000000C ms 14, D00EEO00D ms
d clie 1 e
> W sw[15:0] 3210
M seg[6:0] 24 o : 7 ——=3 i
m [6] 0
m [3] 1
wl [4] 0
H 3] 0
H 2] 1
1] 0
H 0] 0
> W an([3:0] b 3 d b
> M w_refresh_out[1:0] 2 [£] I T : Z
> Mw_anode_select[3:0] b e : cII : b
» M'w_segment_select[6:0] | 24 40 : e : 24
> W w switches_out[3:0] | 2 o : T : 2
4 jptnc | 0
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Segment Driver - 3

seven_seg_driver_top_behav.wcfg

7.865310000 ms

2, 000000000 ms 4, 000E00000 ms 5, 0000000008 ms S, 000R00000 ms 10, 0030000008 ms 12, 00000000C ms

> M sw[15:0]
Y
« W segi6:0] : ; : ¥ ¥ = b4 3 i{ 10 ¥

(6] : module segment_driver(
(5] input [3:0] hex,
[4] output reg [6:0] segment_out
[3] i
[2]
[y
[0]

> ¥ an[3:0]

> M w_refresh_o

always @t
begin
case (hex)
4'h0: segment_out -
4'hl: segment_out -
4'h2: segment_out -
‘AHT:: segment_out -
¢ segment_out -
¢ segment_out -
5: segment_out -
¢ segment_out -
2 segment_out -
J: segment_out -
a: segment_out -
1 segment_out -
¢ segment_out -
1: segment_out -
= segment_out -
f: segment_out -
default: segment out -
endcase
end
endmodule

P N T T T T TaTaTaTaTaTaT ey
| N R I I N I I A N N A A I I A I I A I A N A I )
L T T R T N N T A L T L W W N N

> M w_anode_sel

7'b1111001;
7'b0100100;
'b0110000;
'bOE11001 ;

> Mw_segment_ o

on

o o L A T A 4

bOOOOL10;
'b0001110;
7'b1111111;
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MORE TO COME..
Thank you for attending!!!

Diagram x Address Editor x| Basys-3-Master.xdc x 700
e H ¥ O Q i B A C U Default View v =

Please consider the resources below:
e Xxilinx.com

* digilent.com J
« Basys 3 Reference Manual gl MRt
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