LAB4 1
Construct a 4-bit synchronous binary up counter (b3b2b1b0) with the 1-Hz clock
frequency from lab2 and use 4 LEDs for display.

I/O | ferystal | b3 | b2 | bl | b0
Site| W5 | V19 |U19 | E19 | Ule6

specification:

output:
b[3:0] // binary value

input:
ferystal //' 100M Hz global clock
rst n / active low reset

circuit diagram:

M\coﬂjsta\ fout clk-IHz elk b1

|00MH2z to |Hz L-bit binor
'frequenc) o[ivioler' wr counte

top: 3= 47 B - A R T EE T P 5%

b[3:0]

53 module LAB4 1( ToP

24 output [3:0] b, LEDs display hinary 40000 - 4BI111
o5 input forvstal , 100M Hz | clock

26 input r=t_n

27 hF

a0 wire clk_lH=; I Hz 50% duty clock

24

30 frequency_divider_100M FIV 100M Hz to 1 Hz frequency divider
3 Sout{clk_1Hz), 1 Hz 3% duty clock

a2 feorvstal (forvstal ), 100M Hz zlobal clock

33 crat_nfrst_n)

34 hF

35

A counter_up_binary_4bit COUNTER( 4-hit hinary up counter

k) -g(by, himary 450000 - 451111

iz] .clkiclk_1H=), 1 Hz 30%% duty clock

39 crat_nlrzt_nd

40 hF

41

42~ endmodule



100M Hz to 1 Hz 50% duty frequency divider:
A g SOM > £ @455 @ TFF o+

23
24
25
26
27
28
29
a0

3E
32
33 E

34
35
36

37

38
38

400
41 E
420
43
44
45
4
47
48

40

Emu:n:lule frequency_divider 100M( 100M Hz to I Hz 50% dut

output reg fout, outpit Tequency
input forvstal , crvstal frequency
input r=i_n active low resst
b

reg [26:0] counter;

meyrr e e &

alwaws @ (posedge forvstal or negedze rst_n)

hegin
if (~rzt_n)
counter == 1; reset
elze
counter == {counter = 50_000_000% 7 (counter + 1) - (13;
e

always @ (pozedge forvstal or nepedge rst_n)

4-bit binary up counter:

93

24
25
26
27
28
29

e
5 W
32 ¢

33
34
35

%

37

B L

module counter_up binary_dhit(

hegin
if ~rzt_n)
fout <= 1; resat
elze hegin
if (counter == 1)
fout «= ~fout; 30% duty
and end
%endmndule frequency_divider 100M

output weg [3:0] g,
input clk, clock
input ret_n active low resst
b
alwaws @ (posedge clk or negedge rst_n)
hegin
if (~r=zt_nd
q <= 0; reset
elze
Q=g+ 1; add 1
end,
endmodule counter_up binary 4hit



implement:

@b ouT LVCMOE33*
ﬂ b[2] QuT via » LVCHMOz33*
4@ b[2] OuT [N = LVCHMO333*

,f b[1] OUT E19 = LYCMO333#
@b OUT UG ~ LYCMOgS33%
7 Scalar pouts (2)

Er ferystal 1N Wh = LYCMOR33*
b rstn IN Y17 » LYCMOR33*
conclusion:
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LAB4 2

Combine the 4-bit synchronous binary up counter from exp1 with a binary-to-

seven-segment-display decoder (from lab2-exp3) to display the binary counting

in 7-segment display.

specification:

output:

SSD cathode[7:0] // individual cathodes of seven segment display

input:

ferystal

rst n

circuit diagram:

// ' 100M Hz global clock

// active low reset

Mﬂ—%r\jsm Fout olk-Hz clk b \\HB:O] Limw] ssp !—\g——'
1+-
100MHz to |Hz Lpit binar L-bit Limw-j +o
'freguehq divider wF count SSD decoder

top: #¢ "%*ﬁ&%é_i - ARG R e R AV EE D LR BIEEE -
23 Cinodule LAB4_2(

24
25
26
27
29
29
a0
a1
32
i3
34
35
5
37
33
39
40
41
42
43
44
45
46
47

output [¥:0] B30 _cathode,

input forvstal ,
input rzt_n

I

Vrire clk_1Hz;

wive [3:0] binarv_4bit;

frequency_divider_I0OM FD{
fouticlk_1H=),
frorvstal(forvstald,
cret_n{rst_n)

X

counter_up_binary_4bit COTWTERS
cglhinary_4hit],
.clkiclk _1H=3,
_rzt_nlrzt_n)

X

binary_to_RS30_decoder DECODER(
DERED _cathode ),
_ifhinary_4hit)
I

48 endmodule

SSD_cathode[7:0]



100M Hz to 1 Hz 50% duty frequency divider:

#3F) 50M > & #— i TFF

Emu:u:lule frequency_divider 100M(

23

24 output reg fout,

25 input forvstal ,

26 input rzt_n

27 hF

o8 reg [26:0] counter;

29

a0 count for S0M times

A0 alwavs @ (pozedge forystal or
320 begin

330 if {~rst_n)

34 counter == 1;

35 alze

38 : counter == {counter «
7L el

a3

i creat 0% duty output

40 always @ (pozedge forvstal or
41 f hegin

421 if (~rst_n)

43 é fout == 1;

44 f elze hegin

45 f if (counter == 13

46 f fout == ~fout;

47 f end. end,

48

40 f endmodu ]

4-bit binary up counter:

23

negedge rst_n)

50_000_000% 7 (counter + 1) - (13;

negedge rat_n)

module counter_up binary _dhit( A UL
24 output weg [3:0] g,
25 input clk, cloc
26 input rst_n ctive Jow I
27 hF
2a
29 I-bit binary up coumter
306 alwayvs @ (pozedge clk or negedge rst_n)
kil f hezin
32 if {~rst_n)
X q <= 0; rese
| elze
35 Q=g+ 1; dd
36 E e,
v
E'I'Idml:ldu.].e .....................

B



4-bit binary to SSD decoder:

23 module binary_to B30 _decoder(

24 output weg [F:0] T, 758

25 input [3:0] 1

26 1

27

23 binary (-9, 3, b, ¢, d, g 3 to 7-segment display decoder
29 always @ (1)

0 begin

k3l : caze (1)

32 0: D = 8'hO000001_1;

33 l: I =8'blo0il1l_1;

34 a: I =8'h0010010_1; ,

35 3: I =8'ho000110_1;

36 4: I =8'blo0110o0_1;

kY 5 I =8'h0100100_1;

g f: I = 8'hO100000_1; i

el 7: D =8'bo001111 1, 7

a0 a: D = 8'hO000000_1;

41 a: I = 8'hO000100_1;

42 10: 0 = 8'h0001000_1;

43 11: I =8'bl100000_1;

44 12: I =8'b0110001_1; c

45 13: I =8'bl0o00o0in_1; d

46 14: I =8'hO110o000_1;

47 15: D =8'b0111000_1;

48 defanlt: I = 8'hO000000_0; all om
49/ endcaze

&0 : end

51

52 ¢ endmodu]le bimary to 550 decoder
implement:

@ 38D _cathode (5)  OUT LVCMOR33%
<ol BAD_cathode[7] OUT W » LYCMOz33%
<ol BAD_cathode[d] COUT Wea » LYCMOZ33#
o] BAD_cathode[5] COUT s » LYCMOz33%
woel] BAD_cathode[4] OUT ¥a » LYCMOZ33#
<ol BAD_cathode[3] COUT s » LYCMOz33%
<ol BAD_cathode[2] COUT V5 » LYCMOZ33#
<ol BAD_cathode[1] OUT 7 » LYCMOz33%
woal] BAD_cathode[0] COUT Ui} » LYCMOZ33#
3 woalar ports (2

E,. forstal i) W5 » LYCMOZ33#

@ rstn IN V17 ~ LYCMOS33%



conclusion:

- - M- RER- B BRI A B B E o
EHE AR BT BREEVEEORE o 2 RIS DR -
ZED NS mﬁs?l DT - BB TES R BRI ETE o

A



LAB4 3
Construct a single digit BCD up counter with the divided clock as the clock
frequency and display on the seven-segment display.
3.1 Construct a BCD up counter.
3.2 Construct a BCD-to-seven-segment display decoder (from lab2-exp2).
3.3 Combine the above two together.
specification:
output:
SSD_cathode[7:0] // individual cathodes of seven segment display

input:
ferystal // ' 100M Hz global clock
rst n // active low reset

circuit diagram:

4
100MHz to |Hz BCD wp counter - BCD to SSD decoder
'frequencj divider = :

top: #-fAE B A 4 - AR PREIE T BCD L o i E 0 LR REEE

chgs‘h\j ‘FOY'\Jsto'l ‘Fou.‘t olk_]HZ. clk BRCD/ EBCD[SZO] - 3\ éSSD—CO-‘tL\OJe[’]:O]

23 [ module LAB4_3( TOP

a4 output [7:0] 380 _cathode, mdividual cathodes of seven segment display
25 input forvstal, 100M Hz zlobal clock

A input rzt_n active Jow reset

27 b

a0 wrire clk_1H=; I Hz 500% duty clock

o0 wire [3:0] BCD; hinarv-coded decimal

20

21 frequency_divider_I100M FI{ 100M Hz to 1 Hz 500% duty frequency divider
32 Sout{clk_1Hz), I Hz 50%:d loch

33 frorvstal(forvstal ), I00M Hz 2

34 cret_n{rst_n) active Jow reset

35 b

i3]

a7 counter_wp BCD COMMTER( BCD up counte r

kt=] CBCTICBCTY, BCT

30 .clkiclk_1H=), I Hz clock

a0 _rat_nlrst_n) active Iow reset

41 b

42

43 decoder _BCT_to 350 DECODER( BCD to 550 decoder

44 BBl _cathode(35D _cathode]d, [7-:0] mmdividual cathodes of seven segment display
45 CBCTICRCT ) BCL

46 e

47

48 - endmodule [ARL 3



100M Hz to 1 Hz 50% duty frequency divider:
#| S0M > FRisd 3| - B TFF o

23
24
25
26
27
28
29
a0

3E
32
33 E

34
35
36

37

38
38

400
41 E
420
43
44
45
4
47
48

40

Emu:n:lule frequency_divider 100M( I00M Hz to 1

output reg fout, ——

input forvstal , crvstal frequency

input r=i_n active low resst
I

reg [26:0] counter;

meyrr e e &

alwaws @ (posedge forvstal or negedze rst_n)

hegin
if (~rzt_n)
counter == 1; reset
elze

counter == {counter = 50_000_000% 7 (counter + 1) - (13;

end

a0 U A0 OULY QUL

always @ (pozedge forvstal or nepedge rst_n)

hegin
if ~rzt_n)
fout <= 1; resat
elze hegin
if (counter == 1)
fout «= ~fout; 30% duty
end end

BCD up counter:

23
24
25
26
27
28

29 1
300
AL

32
33
34

35

36
37

Emn:u:lule counter_up BCOT

outpet xeg [3:0] BCD,

input clk,
input rzt_n
b

alwaws @ (posedge clk or negedge rzt_n)
hegin
if (~rzt_n)
BCD == 0O;
elze
BCD == (BCD < 9% 7 (BCD + 1) :
e

:endmudule

%endmndule frequency_divider 100M



BCD to SSD decoder:

23 module decoder BCD_ to 335D

a4 autpet reg [7:0] 550 _cathode, individual cathodes of seven segr 115
25 1 input [3:0] BCD BCL

%N

27 |

280 always @ (BCD)

200 hegin

0 E caze (BCD

31 n: S8l _cathode = 8'bOOOOOOT 1

32 l: S50 _cathode = 8'H1001111_1;

33 2: Bel_cathode = 8'w0O010010_1; o2
k| 3: 30 _cathode = 8'hOOOOL10_1;

35 4 99T cathode = B'b1001100 1:

36 & S8l _cathode = 8'bO1O0100_1;

2 f: S50 _cathode = 8'bO100000_1; 4]
3B T: S8l _cathode = B'WO00LI11 1; o7
i a: S3D0_cathode = 8'hOOOOOOO_1 ;

40 g: S8D_cathode = B'HO0OOIO0_1:

41 defanlt: 380 _cathode = 8" hOOOO000_0; all on
42 endcaze

43 ; e

44

45 O endmodule decoder BCDY to S50

implement:

@ 39D _cathode (31 OUT LYCMOS33%
<@ 35D _cathode[7] OUT W7 ~ LYCMOS33%
< 95D _cathode[5] OUT W ~ LYCMO833%
<@ 35D _cathode[5] OUT U ~ LYCMOS33%
i) 3D _cathode[4] OUT Vi ~ LYCMOS33%
<@ 95D _cathode[3] OUT s ~ LYCMOS33%
< 95D _cathode[2] OUT ¥5 ~ LYCMO833%
<@ 95D _cathode[1] OUT U7 ~ LYCMOS33%
< 95D _cathode[0] OUT V7 ~ LYCMO833%
3 wealar ports (20

@ forystal i) W5 » LYCMOE33%*
L@ rtan N 717 ~ LYCMOg33*
conclusion:

G- AT - AT B e e o @ LA BCD - 2 A
WPl 2 t6en™ - BRERA E L A £ %2 F > 4o counter up BCD eh%
34 47005 o gt 0 FIL P EEOEES § 4 0 Flpt A F RAc - B e
At TR RS E 0 R R T R B e
decoder BCD to SSD &% 31 3| 41 {7 #77% o



LAB4 4

Construct a single digit BCD down counter with the divided clock as the clock
frequency and display on the seven-segment display.

4.1 Construct a BCD up counter.

4.2 Construct a BCD-to-seven-segment display decoder (from lab2-exp2).

4.3 Combine the above two together.

specification:

output:

SSD_cathode[7:0] // individual cathodes of seven segment display

input:
ferystal // ' 100M Hz global clock
rst n // active low reset

circuit diagram:

‘fc\gs‘h’ 'on'\jS‘t@l ‘Fou’t O"(.-lHL Olk BCD %BCD[SO] BCD SSD éSSD- CD-TLIOJ&[)]:O]
4 _
100MHz to |Hz BED dewn ol BCD to SSD decoder

‘freguencj divider ]
top: ¥hAF BUTA 4 - ARG T] BCD T B B 0 AR 1S E RA8 E
93 Cmodule LAR4_ 4 TOP

24 outpet [7:0] B850 _cathode, mdividual cathodes of seven segment displa
25 input forvstal ,

26 input r=t_n active Jow reset

27 hF

28 wire clk_1H=; 1 Hz 50% duty clock

20 wive [3:0] BCD; himarv-coded decimal

an

2 frequency_divider_100M FIV 100M Hz to 1 Hz 50% duty frequency divider
32 Sout{clk_1Hz), 1 Hz 3% duty clock

3z feorvstal (forvstal ), 100M Hz global clock

34 crat_n{rst_n) active Jow reset

35 hF

K]

37 counter_down_BCD COUNTER( BCD down o

et CBCTICBCTY, BCT

9 .clkiclk_1H=), 1 Hz clock

40 crat_nlrzt_nd active Iow reset

41 hF

42

43 decoder _BCT_to 350 DECODER( BCD to 550 decoder

44 mel_cathode( 350 _cathode]d, [7-:0 imdividual cathodes of seven segment display
45 CBCTICRCT BCL

46 3

47

48 S endmodule



100M Hz to 1 Hz 50% duty frequency divider:
A #F] SOM > £ @3- B TFF -

23
24
25
26
27
28
29
30

3L
32C
33 C

34
35

36
37 ¢

38
|

A0 ¢
e
42 ¢
43
44
45 ¢
46
47 ¢
4

4a

outpnt reg fout, output frequency
input forvetal , crvstal frequency
input rst_n active low reset
bk

reg [260:0] counter;

-

always @ (posedge forvstal or negedze rst_n)

hegin

if {~rst_n)

elze

enid

counter <= 1; eser

counter == {counter =< 50_000_000% 7 (counter + 1) :

always @ (pozedge forvetal or negedge rst_n)

hegin

if [~rzt_n)

elze

end, end,

fendmndule

fout == 1; reset

hegin

if (counter == 13

fout <= ~fout; 504 duty

BCD down counter:

23 &

24
25
26
27
28

29
300
3 E

32
X
34

35

3a
37

“module frequency_divider_100M( 100M He to 1 He 50% duty frequency divids

{1);

module counter_down_BCDE BCD down counter
outpet xeg [3:0] BCD, ECL
input clk, clock
input r=t_n active Jow reset
hF
always @ (pozedge clk or negedze rst_n)
hegin
if (~rzt_n)
BCD == 0; reset
alze
BCD == {BCD == 03 7 {9 - (BCD - 1); subtract
el

:endmndule



BCD to SSD decoder:

23 module decoder BCD_to_ @3S0

24 autput veg [T:0] 380 _cathade, dividual ¢

25 1 input [3:0] BCD BCL

%%

27 |

280 always @ (BCD)

20 01 begin

A0 E caze (BCD)

)| 0: Sel_cathode = 8'bO000OOOL_1;

32 l: E2D_cathode = 8'B1001111_1;

X a: a8l _cathode = 8'R0O010010_1; 2
3 3: E2D_cathode = 8'bO00OOL10_1;

35 4: 2el_cathode = 8'b1001100_1;

A I Sel_cathode = 8'bO100100_1;

37 f: 28D _cathode = B'BO100000_1; ]
A 7 eel_cathode = 8'BO001111_1; 7
kit a: SeD_cathode = 8'bOO0OOOO_1;

40 a: Eel_cathode = 8'bO00O0OI0O0_1;

41 defanlt: 380 _cathode = 8'hO0O0O0OC_0;

42 ¢ endcaze

43 ; e

44

45 Cendnodule

implement:

@ SSD_cathode (5)  OUT LYCMOg33%

4] 82D _cathnde[7] OUT W7 LYCMOg33%

4] 82D _cathnde[s] OUT W6 LYCMOg33%

4] 82D _cathnde[5] OUT U LYCMOg33%

4] 88D _cathnde[4] OUT Vi LYCMOg33%

4] 82D _cathnde[3] OUT s LYCMOg33%

4] 88D _cathnde[2] OUT ¥5 LYCMOg33%

4] 83D _cathnde[1] OUT U7 LYCMOg33%

4] 88D _cathnde[d] OUT Vi LYCMOg33%

3 woalar ports (2

L@ forvatal i) W5 LVCMOR33%

..... B 1t I 717 LYCMOS33#

conslusion:

G- ST - M- - B vE- enE W A0 - A e - AT
$rie— B PBE LA 0 LiE- PRI E 0 A i MR Y

oo - AT
F %o LiE- %% 54 > 4o counter_down BCD 1% 34 (797



LAB4 5
(Bonus) Construct a 30-second count down timer (stop at 00).
specification:
output:
cathode[7:0] // cathodes of similar segments on all four displays

anode[3:0]  // anodes of the seven LEDs forming each digit

input:
enable // start timing
ferystal //' 100M Hz global clock
rst n / active low reset

circuit diagram:

top:
fcr\jsltol
100M Hz o |Hz

fcrjsta\ roduent
'{Wi d'jv'der-

cdk_1Hz

ok ch,igi't BCD

Va,l oLuwn
counter

bed 2 ‘ bed |

T4 T4
[BcD] [BCD
S| {$SP

550 2 ssd | ‘fcrystoul
.8 Y

content  clk-100MHz
cathode  pno de

1% ]b!-

cathodel7:0]  anode[3:0]

BCD to SSD decoder

Z

8SD_driver




2-digit BCD down counter:

d'CU( ease.__en CLCOY'GMP/
4bQ —— nit-val
4
461001 —— limt  val——hcd
clk-lHz clk

enable en  borrow
ret-n rstn borrow|
| Hbit down counter
x
Lorrowl
A,ecrease
1 \ 5 g
el e ol
l""L)‘OOl \\4 lth Voo * C
clk-IHz — clk
enakle = : en Lorrow
G rst-n B
Lbit cdown counter
SSD driver:
fa}JSt&l ﬁr}fﬁw& fout ~cownter[20:14] ¥y b"l.h@ryf’,i&mw[ﬁu‘o]
20-bit wwunter T

4o |-hot decoder

wontentl7:01 —E—
condentlis: g1 ——
content[»3:16] —3—
contentlsl 4] —E—

cathvde L1:0]

decrease enable:

enable | |
{bed2, ]ocoU} y [0 v decrease_en




100M Hz to 1 Hz 50% duty frequency divider:
33 FPGA P £ 1 100M A% 3 PPk 32 5] - B8 E » 7 & # 3| SOM fi.*‘u:aﬁ ¥ :
- L BE R gD - B TFF 7 & 4 — & apheg o

23 Cmodule frequency_divider L0OME 0 10000 Hz oo [ Hz 509 dut frequency dividar
24 output reg foot, output £

25 input forvetal , oI TegUEns]

26 input =t active low reset

27 b

28 reg [26:0] counter;

24

A0 count for 50M times

AN E alwaws @ (posedge forvstal or negedze rst_n)

320 hegin

33E if (~rst_n)

34 counter == 1; reset

35 alze

e counter == {counter = 50_000_000% 7 (counter + 1) - (13;
7 ; e

23

9 creat 509 duty output

40 always @ (pozedge forvetal or negedge rst_n)

41 hegin

42 ¢ if {~rst_n)

43 fout == 1; reset

44 elze hegin

45 if (counter == 1)

46 fout <= ~fout; 50% dutv

47 end end

a5

49 endmodule frequency_divider 100M

4-bit down counter:
AT Ht B acode o TR o H P oo i B E S o 1E L L
(enable) * & % — (decrease) ¥ % % th#iciE 2 % (value==0) - & * — dLchle
EBETERTT > o TR F 36 (77 o @ T — % enfici® (val_next) P& @ *
sequential logic %K+t & * w B flip-flop k&5 § # chdci® (val) > - BPF
is#-T - BHcE (val next) F o Ao T Bl E 52 3] 58 AT o T — B
#cie (valnext) £ * e EBETERAAL > 7 AL AFR 4ok 2
(enable) > P £ 3K % 47408 @ (initial value ) 5 4o% fx ¥ & 2 # j—
(decrease) > Plad4F 4 ##ic® ; 4ok TR - 2 § 9 8E22E > PEHERE-
ek F R - g aEE i F o PIREER S B E (limit) > o7 Bl % 39 5
49 7 445 o



93

24
P
26
27
28
20
a0
3
32
X
34
35
36
)
25

390
40 1
41 ¢

42
43
44
45
45
47

48 ¢
49

50
)

520
53 €
540

55
56
57

5

5a
1]

module counter_down_dhit(

output reg [3:0] val,

output borrow, CAIT,
input decreasze,

input [3:0] init_wal, alie

input [3:0] limit, highest possible value
input clk, clock

input emn,

input rzt_n active low reset

1

veg [3:0] wal_next;

LIS UNIEE SU S DU LULIC ::;

azzlgn borrow = en & decreasze & (wal == 0);

DELLLLNaE FUE R DU e 0 L

alwavs @ (val or decrease or en)
hegin
if {en &% decrease &% (val == 00
wval _next <= limit;
else 1f (en &% decrease)
val _next <= wal - 1;
elze if (en)
val _next <= wval;
else
wal_next <= init_wal;

end

FF for the sequential Jogic of value
alwavs @ (posedge clk or negedge rst_nd
hegin
if (~rzt_n)
wval <= 0;
elze
wval <= val_next;

end,

Sendmodule counter_dowm_dhit



4-bit binary to SSD pattern decoder:
H 43 * BCD to SSD decoder fr“u% N fi‘u{;m » TR 42747 (E A

B Fliwme @BOE- BRF T AL 0~9 0T B EE o

o3 module decoder_dbit_binary_to S2D( 4-bit binary

24 ountput xeg [7:0] 330, 7-5

25 input [2:0] hinary_dbit 4-hit hinary mumber
26 hF

27

28 binary (-9, a, b, ¢, d, &, ) to 7-segment display decoder
29 always @ (hinary_4bhit)

M hegin

kil : caze (binary_4bit)

32 0: Sel = B'bO0000001_1;

33 1: el = B'bl0O01111 14

34 a: sl = g'woolooin_1; 2

35 3: aeD = g8'wooooiin_1; E

! 4: a8l = g'vlootion_1; 4

r) 5 aeD = a'wolooioo_1; 5

23 f: sl = 8'w0100000_1; ]

m 7 eel = B'B0001111_1; 7

a0 a: Sel = 8'bO0000000_1; :

41 a: sel = B'bO000100_1;

42 10: sl = 8'b0ooioon_1; 2

43 11: aeD = a8'blioooon_1; F

44 12: sel = B'bO110001 1, c

45 13: sl = 8'blooooin_1; d
E1] 14: ael = 8'w01ioo00_1; g

47 15: ael = g'woiiioon_l; o7

48 defanlt: 330 = 8" hOOOOOOO_O; all o
49 endcaze

500 end elwz

51

52 ¢ endmodule decoder 4bit bimarv to



controller for common-anode and individual-cathode of seven-segment display:
FOmm RSB e S K2 E’%’&;i@]ﬁtﬂ?i&? Adbfs- T o Thice
A& E 50 24 FPGA eh- &gt Bevie B digits @2 ks B3 F
pattern =1R° R o P AipAR T U A RALE Y o 0 Ky Ben { AT S R
&7 Fe digit 2o+ & B pattern o F (F4oT D A # % #g B ¥ FPGA p & 0 100M
PR RIL G S (100M=2") > 35— B 1-hot jRAE B & - Bk 5
B o wH - BB B aranode £ cathode o

23 module 351 driver

24 output veg [T:0] cathode,

25 output weg [3:0] anode,

26 input [31:0] content,

27 input clk_100MHz ,

28 input rat_n active Jow reset
29 1

n reg [20:0] g_counter; frequency divider
31

32 frequency divider

3L always @ (pozedee clk_100MHz or negedze rst_n)

340 begin

356 if (~rst_n)

ki g_counter == 0; active low reset
7 elze

ki g _counter «= g_counter + 1; add 1
0 end

40

4] anode enable

42 always @ (g _counter[20:1971)

430 begin

44 caze (g_counter[20:19])

45 2'000:  anode == 4'b1110;

46 2'h01l:  anode == 4'b1101;

47 2'0l0:  anode == 4'0wl011;

48 2'hll:  anode == 4'bOL111;

49 defanlt: anode == 4" WO000;

50 endcaze

51 : end

52

53 C selection

54 always @ (g_counter[20:197) take 2 suitable refresh frequency
5500 begin

Sh caze (q_counter[20:197%

57 2'h00:  cathode <= content[ 7: 0O];

o3 2'h01:  cathode <= content[15- 8];

5a 2'hl0:  cathode «= content[23:16];

Al 2'bll:  cathode <= content[31:24]; it
A1 default: cathode == 8'bO00OOOO0_O; all on
62 f endcaze

f3 end

64

A5 %endmodule S50 drver



top:

23 Cmodule LAB4_5(

24 autput [7:0] cathode,

25 outpet [3:0] anode,

26 input enable,

7 input foovstal , OOM

24 input r=t_n active low reset

29 hF

a0 wire clk_1H=; 1 Hz 50% duty clock
k3| wive [2:0] bodl; BCD of 1st digit
32 wive [3:0] bodZ; BCD of 2nd digit
33 wire borrowl ; subtraction carrving
34 wive [7:0] s=dl;

35 wive [7:0] =s=d2;

// some modules
85 Sendmodule LABS 5
Bofs > BB K| R|E 2 a7 e fbiihﬂ FE ST od Wz LA
PEEIREY D BN Bl P A B digits 0 AT A AT B F T8 (7 aukid
7| SSD_driver enf| T en¥ ¢t A B digits * 1450 o ¥ b > A% 83 T A H-
decrease en = W § 7 7 & T HhpF i o BB AT Bl BLE ~ % 46 70
FHCE -



37
13
30
40
41
42
43
44
45
46
47
43
49
50
51
52
53
54
55
56
57
55
59
&0
61
62
63
64
65
66
67
2
£0
70
71
72
73
74
75
6
77
78
79
£0
81
g2
83

frequency_divider 100M FDI
fout{clk_lH=],
forvetal(forvstal ),
crst_nirst_n)

3

counter_down_d4bit COUNT_DIGITLC
wval(bedl ),
Jborrow(horrowld,
Jdecreazeldecrease_en),
cinit_wal(0),
limit(9),
.clkiclk_1H=},
cen{enable),
crst_nirst_n)

3

counter_down_dhit COTWT_DIGITZ(
val(bod2),
Jborrowdd,
decrease{borrowl b,
cinit_wal(3),
dimit (97,
clkielk_lH=},
cen{enable),
crst_nirst_n)

3

decoder_dbit_binary_to_S30 DECODE_DIGITLC
JBRD(==dl ),

Cbinary_dbhit{bedl)

M

decoder_dbit_binary_to 330 DECODE_DIGITZ(
R T
binary_dbit{bed2)
e

el _driver DRIVE_SED(
ccathode(cathode ),
.anodedanade ),
ccontent{ {16 'b1111111111111111, ==d2,
.clk_100WMHE( forvetal ),
crzt_nirzt_n)

B

azzign decreaze_en = {{enable) && ({bcdZ,

bedl} 1= 03);



implement:

& anode (4] QuT LYVCMOR33*
g annde[3] OUT W4 ~ LYCMOS23%
g ancde[2] OUT 4 - LVCMOS33%
g anode[1] OUT 4 - LVCMOS33%
g ancde[d] OUT U3 ~ LYCMOS23%
@ cathode () OUT LVCMOR33%
] cathode[7] ouT Wy - LVCMOE23*
g cathode[s] OUT e - LVCMOS33%
<7 cathode[5] OUT Us - LVCMOS33%
g cathode[4] OUT V3 - LVCMOS33%
<7 cathode[3] OUT s - LVCMOS33%
g cathode[2] OUT V5 - LVCMOS33%
<7 cathode[1] OUT U7 - LVCMOS33%
g cathode[d] OUT W7 - LVCMOS33%
7 Scalar ports ()

[l emiahle IN K2 - LYWCMOR33*
@ forystal N W5 ~ LVCMOgS33*
@rrtn N V17 ~ LVCHMOS33*
conclusion:

T- MR ROE - B2 S OEEGIEE o o AE N BAAPRZ T AF SR

S F AR AT 4 o Aok BT S AER  BU ,:a_magp S ET
SRS RSB M AEHE BRSO B LK
Az koo B X :@,ﬁ%ﬁ;%“ff?‘%m WFT 3 R dr ko efry éﬁllzmﬁ*iiﬁé
Pl4c B BAEPE T 2 de < RATMR S o) M AL 0 AP EE B M AR
function > B {& * main()?};_f L4k o



