Pre-lab1 82 Experimentl:

Pre-labl:

Construct a 30-second down counter with pause function. When the counter goes to 0,
all the LEDs will be lighted up. You can use one push button for reset and one other
for pause/start function.

1.1 Write the spec (inputs, outputs, and function table) of the design.

1.2 Draw the related block/logic diagram.

1.3 Use a FSM to implement the function of pause/start function. Use one LED to
represent current state.

1.4 Use Verilog to implement 1.3 and verify the design with simulation results.

Experiment1:

Construct a 30-second down counter with pause function. When the counter goes to 0,
all the LEDs will be lighted up. You can use one push button for reset and one other
for pause/start function.

1.1 Implement a periodic 30-second down counter and demo with the FPGA board.
1.2 Implement Prelab 1.3 and demo with the FPGA board.

1.3 Combine 1.2 and 1.3 to finish the experiment.

a. Specification :

Inputs:
pause_start /| st ot TR T E(start) > FHE— TG E{E(pause)
reset /¥ o - N EER RS
clk 100mhz /| FPGA NERIIFIR - #H% 5 100 M Hz

Outputs:
cathode[7:0] /| PR —{E B g T 5l segment HYSEE
anode[3:0] /I PR B R A R — (i T MRS
led[14:0] /] ETEEEEEI BN - STk

state /| BURETEESE M HUIRREE pause E start



b. Block Diagram :
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TEZIERAE NSRS - BRANA TUEM A TrYET s - EEEATTE T

PR (I H - SE0U - =fir8i(digitd, digit3)/E 548 BCD > 55 —firik
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DIGTTI
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c{ecrwse-emlo[e — enoble
counter down_4bit
DIGIT2
O(ecrease,
]Wﬁal;va|ue_?.—4¢v iWﬁaLV&luc
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Fo T EUSRAEBEIZ AR 5 BE T2 > BEANAVE—(EH L Tat HEshy
enable A I DLEREG RSN HY enable ELEEHNE - [M/EMEZ EZHIET— T - 411
> WA B EVUEU A T BEs AT ARV BB H A RS - JRE T -

440 enable

— 03—&6—

orease_enable

{Jlaiflb A«iﬁitB) oLiﬁl'tl, djﬂit ’}

ETEER A WEIRRE » S1 2 IE(E N > S2 N « Al DA H—(E A ek FRoRat 8
RE NHUIREE state » Ef# 1 pause_start #if% NF - S UHRETEERAVIARE

_start|statelnext)
ngte pree e bause_start|state(next)
S N state
| : o o ~ state

d. Implement :
PRAFES A (EARR_EZRHY Lab —4¢ » A —(EET s - FEEE] SOM AYRFHEE - 5L
fity% T Flip-flop - 40 NE - BRI IS ] 50% duty FY—lF 24050k T

1 Simodule frequency divider 100M( K 100M Hz to 1 Hz 50% duty frequency divider
@ output reg clk_lhz, A output frequency

ki inpit clk_100mhz, & crvstal frequency

4 Input rat_n & active low reset

5 1

f reg [27:0] counter;

7

gL always @ (pozedge clk_100mhz or negedge rst_n)

ar if {~rst_n)

10 counter == 0;

11 elze

12 counter <=

13 (counter == 50_000_000% ¥ (1) : {(counter + 13;
14

15 alwavs @ (posedge clk_100mhz or negedgze rst_n)

16 & if (~rst_n)

17 clk_lhz == 0O;

18 [ glze if (counter == 1)

19 clk_lhz «= ~clk_lhe;
20

21 Zendmodule A frequency_divider 100M



VOfizye et EEs IR Rt alisE S 40 NE] > BR E—X LAB #Y—15—4 - 25 14 2]
22 {7HIET N —(ERREHVEE - WREEE > sl B{ERERA(E » & 4058
AE TR gEIRRAEERVEUE A ﬁ[l%i%aﬁﬁﬁﬂiﬁ » WHEEE R D —

R ?E%E&ﬁ ﬁ%?ﬁﬂ’]fﬁ‘%’ﬁiﬁ £ 25 % 29 17# D Flip-flop FHAEE(FA
SORTEUE - 5 32 F 33 TR E A FE R I 8Er « RFZES T
B HEE TE’JE&EEZ@@UET LA e L A AR a e _E—Ar By Uiz

aTHEs -
1 Eimodule counter down_dbit( A 2 4-hit hinary counter
2 output reg [3:0] value,
3 output horrow, T
4 input decreasze,
5 imput [2:0] initial_walue,
] imput [3:0] limit,
7 1mput clk,
a imput rzt_m,
o} input enahle
(S
11 reg [3:0] walue_temp;
12
13 # combinational logic for mext valus
14 - always @ *
15 & if (~rst_n)
16 value_temp <= initial_walue;
177 else if (~decrease)
12 value_temp == walue;
18T elze if (value)
20 value_temp == walue - 1;
21 else
22 ¢ wvalue_temp == limit;
23
24 # sequential logic for valne
25T alwavs @ (posedge clk or negedge rst_n)
26 if {~r=zt_n)
a7 value <= initial_wvalue;
28 elze
20 ¢ value <= value_tenp;
an
)| & combinational logic for subtrasction camy
iz azzign borrow =
a3z enable &% decrease &% value ==
34

La%)
wn

endmodule A counter_down_dhit



TN EDEEERAVE L - AR ﬁbWﬁBB’J SRS

1 Smodule stopwatchi i a m-counting stopwatch, 2bls to handls 3959 - 00:0(

b output [3:0] digitl, A the hinarv value of Ist digit
3 output [3:0] digitl, I ligd
4 output [3:0] digitd,

5 ontput [3:0] digitd,

A imput  [3:0] initial walue 1,
7 input  [3:0] initial _walue 2,
a input  [3:0] initial _walue_ 3,
a

;--—1-.:,- ey Atk Azt .-.:-.- P

SJEIED D S uT Q2SI

input  [3:0] initial _walue_d,
10 input clk_lhz,
11 imput rat_n,

Iz the counting process of this coumter

1z input enahle

14 wire decrease_enable; # to determine whether to enable the counting and borrowing function
15 wive horrowl; K between digit 1 & 2
16 wive horrows; & hetween digit 2 & 3
17 wive horrowsd; Fhetwesn Jigit I & 4

2520 F] 21 {THZRHENE & ZREB IR N AV TUE VY i Ta T Ses 4 N - W%
HEZRIMEN A enable 5% @ BC R EMUERETEERFTAENEE DA EE » BiA
B SR 48 N ¥ (decrease_enable) ©

19 ¢ & combinational logic: to determine whether to enable the counting 2nd borrowing functon
0 ! aszign decrease_enahle =

a1 {digitd, digit?, digit2, digitl} != 0 &% enable;



N EEEFR AR OE UAL T E T B s A SR ES R A o i3 VU EETEESHY enable R
& B MY enable HEEESE - MEBIAENEE NEER G NEIER
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a7 Sendmodule

er_down_dbit DIGITI(

_value (digitl),

“borrow (borrowl},
.decrease (decreaze_enabled,

Jinitial _waluedinitial_walue_10,

dimit (9,

.clk (clk_lhzd,

st (rst_n),

.enable (decreasze_enable)
er_down_dbhit DIGITZ(

value (digitd),

“horrow (horrowd),
.decrease (borrowl},

Jinitial _walue{initial walue 20,

imit (5,

.clk (clk_lhed,

.zt (rzt_n),

.enable (decreasze_enable)
er_down_dbhit DIGITA(

value (digitd),

“horrow (horrow3),
.decrease (borrowd},
Jinitial _walue{initial walue 39,
limit (9,

.clk (clk_lhzd,

.zt (rzt_n),

.enable (decrease_snable)
er_down_dhit DIGIT4(

value (digitdd,

“borrow 0,

.decrease (horrow3),
sinitial walue(initial_walue 49,
imit (5,

«clk (clk_1hel,

st (rzt_n),

.enable (decreasze_enable)
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imput

1

endmodule

always @ ¥

¥ B w TP I ST R O T = I

H...._.,_.,_.
f a [BI — OD

15:

[3:0] binary

caze (hinary)

el =
aell =
el =
el =
aell =
sl =
el =
anll =
el =
aell =
sl =
el =
anll =
el =
aell =
el =

default: 350 =

endcase

2'50000001_1; 40
2'b1001111_1;
2'h0010010_1; 42
2'h0000110_1 ;

8'01001100_1; 74
8'b0100100_1; 45
8'0100000_1; /6

8'h0001111_1; 47
8'b0000000_1;
8'50000100_1; 49
8'50001000_1; /2
8'p1100000_1: 4
8'h0110001_1; #c
8'b1000010_1; 44
2'h0110000_1; e
8'h0111000_1; 47
8'b0000000_0: 42l on
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Fmodule decoder_binary_to_SSD{ 0 d-bit
output reg [7:0] 83D,

1 &0 f-seoment
| I

o kil b
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SEEAUT > B2 LAB B - 55 14 51

18 TTEPRIARS - FZREAEENIR - BENEVUECERUR s S misur » i
FRERY - (HEA R ARRE Y - BREAGLE FEREUR T IUE ARV -
55 21 2] 28 17 Iz R VU A B as TP A — B s B0 &Y > e 31 2

iro aark dicit
s Iorming aach Gigit

always @ (posedge clk_100mhz or negedge rst_n)

1

"
4
"
4
4

g=

£=

o=

g=

o=

38 17 Iz B AR -
1 Emodule 50 controller(
2 output reg [7:0] cathode,
3 output reg [3:0] anode,
4 input [7:0] digitl,
5 imput [7:0] digitd,
[ imput [7:0] digit3,
7 1mput [7:0] digitd,
a input c1k_100mh=
o] input rat_n
o y;
11 reg [20:0] g_counter;
12
13 K frequency divider
14 [
15 - if (~rst_n)
16 q_counter <= 0;
17 elze
18 ¢ q_counter ==
19
20 & anode enable
21 F always @ *
a9 T case (q_counter[20:19
23 2'b00:  anode ==
24 2'h01:  anode ==
a5 2'v10: anode ==
26 2'bll:  anode ==
a7 default: anode ==
28 endcaze
24
30 # cathode selection
3cC always @ *
320 caze (g counter[20:19])
33 2'v00: cathode
34 2'b01:  cathode
a5 2'bl0:  cathode
36 2'bll: cathode
k¥ default: cathode
| endcaze
m

40 & endmodule

qg_counter + 1; Hadd 1

B1110;
B1101;
1011 ;
o111 ;
0000

digitl;

digitd;

digitd;

digitd; dgh dizie

8" bO00oooo_o; A all om



fiE i LB A TRARRERAI AR B4 PR 2 1% > DA B A (S RE e LRSS
RE(E LAB FYFTAREH © £ N RHY%GRIE F /& (K Pre-labl HYSKRATREIE 2K
MUBERG R AIEE S - Bt ~ S AL — LN ERREARAY 2 AE A |

1 Emodule LABS prel( FTOP

2 output [ 7:0] cathode,

2 output [ 3:0] anode,

4 autput [14:0] led,

5 output state,

[ input pause_start, 4z button to peuss o resumes the COUNMNE PIOGEss

T input reset ¥ 2 button to stop the counting process and reset the value to 30 sec,
a input clk_100mhe #a 100 MHz global clock

9

10 vave [3:0] bedl; A between the stopwaich and the decoder

11 weive [3:0] bcdZ; h

12 wrive [3:0] bocd3; h

1 wrive [3:0] bcdd; he

14 wive [7:0] ==dl; h

15 wive [7:0] ==d2; k

16 wive [7:0] s=d3; h

17 wrive [7:0] ==dd; h

12 wire clk_1hz; 1Hz 304 duty clock produced by the frequency divider
10 reg enable; ther to count or paus

5521 #3917 - fUPRIAGR *”Lﬁiﬁ WRZLIF AR A SRR -

1 frequency_divider 100W FD{ 1000 Hzeo I Hz 50% Juty freguency divider

oo elk_1he  {clk_lhed, _-_3':.::'::5,:.5':"

23 -clk_100mhefclk_100mhz ),

24 _r=t_n [~rEesat)

25 hF

26

7 stopwatch BN A 2 dowm-counting stopwatch, ehle to handle 59:59 - 00:00
23 digitl (hodld, A the bimary value of

a0 Adigitd (hod2), & the himary value

30 digitd ibody, A the hinary value of 3rd digit

3 digitd (hodd ), K the binary value of 4th digi

iz Jinitial_walue 1007, A the value to be assign

3z Jinitial _value_ 20323, i the value to be 23

i cimitial_walue 307}, S the valus o be 23

35 Jinitial_walue_4(07, & the value to be zssigned to 4th digit when st

'] .clk_lhz (clk_th=), 00 Hoclock

) .r=t [~reset]), A active low resat

3B .enahble emahle] A whether to enable the counting process of this counter
| 5
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i

4127077 ﬁ%i’%ﬂ@ﬁifﬁ?%L@iﬁ%ﬁ%Fé fﬁ{ﬁ

41 decoder_binary_to_ 230 DECODERL(

42 JEED (==dl),

43 “hinaryihodl )

44 X

45

46 decoder_binary_to_ 330 DECODERZ] 0 d-Rit hinary o 550 pattsrn decoder
47 JBED (==d2), ]

a7 binaryihod2)

49 b

50

3 decoder_binary_to_ 330 DECODERZ( 0 d-Bit binarv o 550 patisrm decodsr
L) JBED (==d3), ¥

53 binaryihod3)

54 X

55

L decoder_binary_to_ 330 DECODER4( 4B bimery to 550 patters decoder
57 JBED O (==dd), ¥ ¥ !

5a binarwihodd )

59 b

1]

Al Bel_controller SRD_CTRLY

Az ccathode  (cathoded,

%3 _anode fanode ),

fd Adigitl (=z=d1}, 15

65 Adigitd (==d2), i 55D

66 digitd (==d3), i 550

67 Adigitd (==d4), A BSD EL

6a .clk_100mhe(clk_100mhe ), A 100M He global clock

Ag .ret_n (~rezet) i active low resat

0 b

FIHAIRIE - JRMIEKIRIE AR N EELE (26 30 MM EIEUS R T - JE Pre-
labl E@EEEE? » 5 72 FI| 78 TTHIAR#%EI] LED WEHVEHR © ETSREEIZNF - fr
A LED {875zl ¢ WifE A —{E LED 8RB E MERAVRREZIEAE MEEY

-

T2 ¥ combinational logic: to determine whether to Lzht up all the LEDs
73 azzign led = {16]

4 fhodd, bod2, bod2, bodl} ==

75 1

i3]

T #(1.3) Use one LED to represent current state

e azsign state = enable;




= 80 F 85 172 —(EAPRARREM - FIZRIZERIS R IEZ 2 N BEE S -

a0 i T flip-flop: changes state whenever the pause_start button is pressed
a1 always @ (pozedge pause_start or pozedge reset)
a2 if (reset)
83 enable <= 0;
a4 elze
g5 enahle == ~enahle;
86
87 fendmndule LABS prel
NEE A 2HEL Pre-labl [ testbench ©
22 always #1 clk_l00mhz = ~clk_100mhe;
21
24 initial #00_0000 pause_start = 0;
a5 initial #00_0000 reset = 0O;
2h initial #00_0000 clk_100mhz = O;
27
20 initial #01_0000 reset = 1;
20 initial #02_0000 reset = 0;
20
kil initial #02 0000 pavse start = 1;
12 initial #04 0000 pause_start = 0;
1 | “Hmescale 1ps / lps 23
2 14 initial #05_ 0000 pause_start = 1;
% imodule LABS prel testi); 25 initial #06_0000 pause_start = 0;
| wive [ 7:0] cathode; 35
g wive [ 3:0] anode; k¥ initial #07_0000 reset = 1;
[ wive [15:0] led; iz initial #02_0000 reset = 0;
7 Wire state; 9
g e pauze_start; A0 initial #0929 0000 pause_start = 1;
a regy reset; 41 initial #10_0000 pavse_start = 0;
10 eg c1k_100mhz ; 42
11 43 initial #11_0000 pause_start = 1;
12 LaB5S_prel INTT( 44 initial #12_ 0000 pause_start = 0;
13 .cathode(cathode), 45
14 canodefanode ), 4A initial #13_0000 pause_start = 1;
15 Jlediled), 47 initial #14_0000 pavse start = 0;
1a statefstate), 43
17 .paunze_start{pause_start), 40 initial #15 0000 reset = 1;
1& _rezetlreset], a0 initial #16_0000 reset = 0;
19 .elk_100mhz{clk_100mhe ) 51
20 3 52 | endmodule




FEHUELNT © cathode ZEF|—(E—HF2LAVIFARE £ 2 & A & HE > 28 > BE{E
stimulus {2 LA ER#E - A2 DUEFRAH e Ve T s e —8E T8 -
Bt o FEEE(E stimulus FYEFDEEN - cathode HR/ZELHY £l B E pause_start B
reset % NAYISHE » state Z AR -

I cll_100mhe | 0

Z A Experiment] > HEFYFH module LAB_prel BYfii > 40 NE - AR AH
RETIINRERYSE 77 B2 78 TR A] -

1 Cimodule LAES 1¢ ¥ TOP

2 output [ T:0] cathode,

3 output [ 3:0] anode, ar

4 output [15:0] led, up
g inpit panse_start ¥ a button to pause or resume the countng process

f imput reset, ¥ 2 button he coumn and reset the value

ki input clk_100mhz ¥a 100 MHz global clock

BN




TEEH 2K demo Pre-labl #{1 Experimentl HY e

@ anode (4] ouT LVCMOR33%
i3 anode[3] QuT 4 » LYCMOR33#
i3] anode[2] OuT 4 » LYCMOR33#
43 anode[1] QuT 4 » LYCMOR33#*
i3] anode[0] OuT 1] » LYCMOR33#
@ vathode i5) ouT LVCMOR33#
-3 cathode[7] OuT W » LYCMOR33#
-] cathode[6] ouT W » LYCMOz33%
-ugf] cathode[5] ouT ua = LYCMOz33#
-] cathode[4] ouT Va » LYCMOz33%
e ouT s = LYCMOz33#
-3 cathode[2] QuT h » LYCMOR33#*
-dgf] cathade[1] ouT 7 = LYCMOz33#
-3 cathode[0] QuT Lif) » LYCMOR33#*
@ led (16) ouT LVCMOE33*
<l led[15] ouT L1 » LYCMOz33%
<l led[14] ouT Pl = LYCMOz33#
-l led[13] ouT Nz » LYCMOz33%
il led[12] ouT 2] = LYCMOz33#
-l led[11] ouT IE: » LYCMOz33%
< led[10] ouT W2 = LYCMOz33#
gl led [9] ouT Va » LYCMOz33%
-] led [5] ouT V13 = LYCMOz33#
] el [7] ouT V14 » LYCMOz33%
i) led [6] ouT 14 = LYCMOz33#
-] led [5] ouT uis » LYCMOz33%
i) led [4] ouT wia = LYCMOz33#
] led [3] ouT Y19 » LYCMOz33%
i) led [2] ouT 19 = LYCMOz33#
-l led[1] ouT E19 » LYCMOz33%
i) led [0] ouT uis = LYCMOz33#
3 Scalar ports (20

e clk_100mhz N W5 » LYCMOR33#
[ pamz_shart i) Wia » LYCMOR33#*
[ et IN T17 » LYCMOR33#

e. Conclusion :

B RER R R E R 5T enable - —BAIGT E BHTHEL ST EESHY
enable EFFELEFIMITHY enable 4% - (HEHHGHRE - N HEWERNAVET
HESHEIEPOMIIHE - FrAETHESHY enable FREZHAIRBVIAGE - B EEETE
S borrow HISNE - MRk T —[ERSHRAVIIESE R 9999 - % T HEE OB
EREEEEIEM R EH ENE T 2K FedealE S5/ M —1E and gate » SEHET
HEFRAMIBA enable 5% - M1 H & T IOEEHBGESHVEIEER A HZE » A diEHsRE]
B —(EETEESHY decrease ©



Experiment2:
The same function as Exp. 1. Instead of using two push buttons for reset/pause/start,
try to use just one push button to finish the design. (Hint: You can press the push

button longer to represent the reset)

a. Specification :
Inputs:
button I FAZVIGIRE (N Ve R) - RIZEE
clk 100mhz // FPGA NEERIHEAR » #H% F 100 M Hz
Outputs:
cathode[7:0] // FZfl—{E - EeBURES H &([d segment HY7EHE
anode[3:0]  // FEMIZEREUHW—(E BRI REs
led[15:0] I EHEER B E B - 2k

b. Block Diagram :

JE A Experiment] &7 » 75 reset sA5EFI BT AV —(EFEH2EH] o By T i reset THAE
F M pause_start 5 FFECEE—T% 8 button » FATE] DAFE A —BEAKFE IR reset 5
% = 1L Experiment] Ry 8 - FUZEEZ {8 ={ D Flip-flop it 5 LLEL A
=1 - W NE > 415 ={# D Flip-flop &5& 1 » H button g% | » #tinHEE(E
F(reset_initial) 45 HAMBAH -

}:u't'boh N L i
. (;1;2 CLR , CLR
Wi o D QR Qp—
D A c Q AC /\C
button. lntchl button_lotch2 button_lntch3
c”c_] )12.
}ou‘t‘[?oh e

hutton_latch |
button_latch2
buttonlatch3——

c. FSM :
R Experiment] —#5i—4% » F—{l& T Flip-flop R EJHfHZ -

reset_initial




d. Implement :

E##5 A Experiment] FY module > {£FE{EH LAB5_1 BT[] - $ N 2RAY 2R E
eERERY LABS 2 - 2 Experiment] Y input pause start 1 input reset &Rl B
—¥% ¢l input button ; Frig T —LEbELR © wire reset_initial F 2 Experimemt]
1 AHY input reset © H % T reg button_latch FAR(EAIFZ 1% - 40 T IE -

1 Cimodule LARS 2¢ SATOP

2 ontput [ 7:0] cathode, A cathodes of similer segments on 2l four displayvs
3 output [ 3:0] anode,

4 outpet [15:0] led,

5 inpit hut ton,

f input clk_100mhz # 2 100 MHz global clock
TN

a wrive [3:0] beodl;

a vrave [3:0] bodZ;

10 vrive [3:0] beod3;

11 vrive [3:0] bhodd;

12 vive [7:0] ==dl;

13 vrive [7:0] s=d2;

14 wive [7:0] ==d3;

15 wive [V:0] s=d4;

1& urive clk_lhz;

17 wrive rezet_initial;

13 reg [2:0] button_latch;

19 reg enahle;




N

frequency_divider 100M FIN

.clk_lha  {clk_lhz),
cclk_100mhz(clk_100mhe),
_rst_m (~rezet_initial)

B

stopwatch SW(

digitl (hodl ),
digitl (hod2),
digitd (hod 2,
digitd (bodd ),

Jinitial walue 10007,
Jinitial_walue 2030,
cinitial walue 300,
Jinitial_walue 4000,

.clk_lhe {clk_1hzd,
.rzt {~reset_initial),
cemahle {enable) ther to enahle the counting process of this coumter

i

decoder_binary_to_ 280 DECODERL(
el (=s=dl), ¥ F-segment display decode
“hinaryibedl ) ¥ 4-bit binary number

i

decoder_biwnary_to 830 DECODERZ{ . 4-bit bimarv o 550 patterm decoder
el (=s=d2), lecod
binary(bod2)

1

decoder_binary_to_S80 DECODER:Z( to S50 pattern decoder
el (=s=d3), -segment display decods
Cbinary(hedd) ¥ 4-hit hinary numbar

i

decoder_biwnary_to_ %30 DECODER4( attern decoder
el (==d4),
binary(bodd

1

S8l _controller S3D_CTRLS idual-cathode of seven-sezment display

.cathode  (cathode),
.anode {anode ),
Jdigit] (==dll,
Jdigitd (==d2y,
Jdigitd (=2dl),
Jdigitd (==dd,

_clk_100mhz{clk_100mh=]),

.zt (~reset_initial)

B AR AH AR AR B8 > HEJRARHY reset HRLUK reset_initial BIH]

T L
7 aUly mequency aiviaer

ey v e T oy b=l [
VIT-C0 D .__"'_El"' zndle 59:59 - 00:00

Tl 10 GI5peay



FHELHY Experiment] » Experiment2 25 755 77 £ 86 17 : 58 77 | 82 {12 ={@ D
Flip-flop > 1 clear B1)Z fHHY button 7§37 - FIZRECERIHT CAHHETE T4 A - 55
85 1] 86 1THIZK AT & & &G 4% - WS G Ry - MELEE
=HFf(reset_initial) -

T2 Fcombinational logic: to determins whethar to Ezht up all the LEDs
73 azsign led = [16]

74 {hodd, bod3, bod2, bedl} ==

75 s

Th

T & shifter: record how Jong the button has been pressed and oot released
s always @ (pozedge clk_lhz or negedge hutton)

70 if {~button)

a0 button_latch <= 0;

a1 elze

aa button_latch <= [hutton_latch, button];

a3

a4 /¥ press the push button Ionger to represent the resat

85 azzign reset_initlal =

2R {hutton_latch, button} == 4'h1111;

ar

aa AT flip-flop: changes state of enable whenever the pauss_start button 15 pressed
80 always @ (pozedge button or posedge reset_initial)
an - if {reset_initial)

a1 enahle <= 0;

az elae

03 emable <= ~enable;

04

a5 & endmodul e HLARBS 2

ERERREES T SRR B —RE Experiment] Ay —fB—f -



B %k demo Experiment2 fY

o

{7 anode (4] ouT LVCMOR33%
o annde[*] ouT 4 » LYCMOR3z#
~of] annde[2] ouT V4 » LYCMOE3z#
o anode[l] ouT T4 » LYCHOR32#
o) annde[]] ouT [ - LYCHOE:3#
G cathode (2) ouT LVCMOR33*
o cathode[¥] ouT W7 - LYCHOE:3#
< cathode[6] ouT e - LYCMOR3z*
<o cathnde[5] ouT [ - LYCHOE:3#
-] cathode[d] ouT Ve » LVCMOEIz*
-7 cathode[3] ouT s = LVCMOZ33*
< cathode[Z] ouT ¥a - LYCMOR3z*
<o cathnde[1] ouT 7 - LYCHOE:3#
oy cathode[d] ouT Y7 - LYCMOR3z*
i@ led (16) ouT LVCMOE33%
o led[15] ouT L1 » LYCHOR32#
< led[14] ouT Fi - LYCHOE:3#
J led[13] ouT Nz » LYCHOR32#
J led[12] ouT P3 - LYCHOE:3#
J led[11] ouT LK » LYCHOR32#
o led[10] ouT W3 - LYCHOE:3#
o) 1ed 9] ouT V3 - LVCMOz33#
4 led[R] ouT Vi3 - LYCHOE:3#
4 led[7] ouT V14 » LYCHOR32#
4 led[] ouT 4 - LYCHOE:3#
J led[5] ouT mis » LYCHOR32#
7 led[4] ouT 7ia - LYCMOR3z*
ol led[3] ouT V19 » LYCHOR32#
- led[2] ouT 19 - LYCHOE:3#
o led[1] ouT Ei9 » LYCHOR32#
i) led[0] ouT 16 » LVCMOEIz*
o wealar ports (20
il button i) mia - LYCHOE:3#
Lo clk 100mhe I i » LYCHOR:2#

e. Conclusion :

BRI 1R AT T2 Verilog 7if » JL5e BB BT A H - EHEZ X LAB %
BIFHFTANE - BiiiEtt LAB #E8UB g L2y - MEMaEH AT g
JEAE—#E » AR —FRIGEIEFTA IR AR Z RUER » B &34 F(E module 7R
SR - (BN EREERVEHAIER » S5 > gin] U2 S —(EHH
B FHRVES - B8 T BRI R DR AH AV R B T -



Experiment3:

(Bonus) Use two push buttons to control a multi-function stop timer (mode selection,
reset, start, stop). The stop timer has two modes: 30-second/1-minute countdown.
When being reset, the seven-segment display shows the digits 30/1:00. When the
timer counts to 0, it will stop.

3.1 List the specification of the detector.

3.2 Design the FSM used in this design.

3.3 Draw the block diagram/logic schematic.

3.4 Implement the stop timer with FPGA demo board.

a. Specification :
Inputs:
button I R AT » BIAEE
mode_select // $&— N UIHAEE 30 FPei— 7
clk_100mhz // FPGA VAR - #5% Fy 100 M Hz
Outputs:
cathode[7:0] // FZEfi—({ECEEHURES 11 & segment {5
anode[3:0]  // PERISRHIR—(ECEEURES
led[15:0] /| SRR E B - 2k

b. Block Diagram :

¢ Experiment2 » 257 mode selector 1 FSM » EHf—#—4% - mode selector [
WIER T aH A > SeH—(EE T Eas AR E H ARV E((mode_current) » PR —({E
MUX A A A B FERY W) 4a 5 (initial_value) - QIR RAH TR EH Y & %
mode » HEHEETEERAY AT ER MUX AYEIEEIA] - (HHE RN Bis—EEA
Wi {[& mode » FrLLAR] EARH—1{E T Flip-flop RAEETHES -

Ly lit
Q30— lexlix 2 bit

- e bit |  itiad_value

rst-n

yswcie.sel (CLR,

Counter

wode _current




S FSM it H HE RiTHIRREFTHEE » 52 Moore machine ° 3t = {[E;{RRE
TEAEEIE -~ REEHUR S - HE 0 FTAFTRZEWA{E D Flip-flop ZR{EEFE THYIREE - &
FSM U £V pause B¢, start HYEHST » BOTUE] reset HYE5E » HLEFHIRGE < ATLA
D Flip-flop #Y C #E4¥%%I| pause_start | reset_initial e

const. ——
const.-— ———§to}>‘Watck,wuﬁtcfown
) _re
const, isp - fres
yrst-n
E I ohatert CLR ]
puse_stort CE | - a‘l\e\- "o @l 18ta’t€

yeset initip—1—— 2, AC

Pawsc-star't | |
reget-initink ) olk

reset HYEHSEER Experiment2 —#5% - {R{FZEGEE 7l — (@A L 1Y)
i pause 5k, start FEHSTRIER & — MEH - 4T FE -

Luffoh
bu’ctom-la’c chl
button_lat ch2

Lu‘tton-la‘tcm

}ou’cfoh
button_latch —0
Lufc‘tvn_,a‘t ch2—o
button_latch3—a

reset_initial

rawc,star’(




Ry T ETERURERAE R4S - A DUEERE RV B E A BIMNS & Z st oie &%
TNHGIRREE AT Ry R4S - A0 N E - A0SRERES - AN 88T latch HYEE -

d)‘srla}{- refresh-emue |

4 C | 4
Lo_o[—'tmf —P Q|| bed

lotch

HAASE S HYER SR Experiment2 —45¢ - EREGHIRIH -
c. FSM :
state:
S0: RESETED
S1: COUNTING
S2: FREEZED
input:
pause start/reset initial
output:
stopwatch countdown enable/display refresh enable

00, 0/,

o

10/ 01,11




P aute_start -Eau:e_stur{ _

1
0

Ooow 0

0 0
0 0
O S 9 Statﬁo
state, X
X X X X .
state | - s‘ta‘te,
l 0 0

Q 0 o ‘— 0
1 j | E——
reset_initial reset_initi al
Next state equations/Excitation equations:
stateo(t+1) = Do(statei, stateo, pause_start, reset_initial)
= 2(2,4,10)
= statep x pause_start’ x reset initial’ +
statep” x pause start x reset initial’
= (stateg © pause start) x reset initial’
state1(t+1) = Di(statei, stateo, pause_start, reset_initial)
= 2(6,8)
statep X reset_initial

Stufeo :
A4
pause-star - state,temp
stateo }
. , stater_temp
reset_initio] -

Output equations:

stopwatch countdown enable = state;’
display refresh enable = statey @ statei

stateo g bisplay-refresh_enable
state;

cinte | D&to[rawmtclx-wmﬂam“ em“e,




d Implement :

15 i H B R N (E 5 4H mode selector ~ FSM » W8 JI{EX Experiment]1 HY
LAB_2 54y » HERHYAIDLEREEH - mode_selector 7EA[FIHYREZC T » ZRFA[H
HIRHREUE 24 Uﬁ%?%??l o LI MUX > 41 ] -

1 Emodule mode_selector(

Z output reg [3:0] initial_wvalue_l,

3 output xeg [3:0] initial_wvalue 2,

4 output reg [3:0] initial_walue_3,

5 output xeg [3:0] initial walue_ 4,

[ input mode_select,

7 input rzt_m

8 i

g reg mode_current;

10

11 ¥ MUX: combinational logic for the mode (01:00 or 00:3(0

12 always @ *

13 case (mode_current)

14 ¢ 0: linitial_value_4,

15 initial walue 3,

1A initial walue 2, a 3 ]
17 ¢ initial value_1} «= 16 hDEIEIEI EIEIEIEI Q011 _0000;
12 \E 1: finitial _wvalue 4,

11 initial _walue_3,

20 initial walue 2, 0 I 0 0
21 ¢ initial walue_ 1} == 16 bDEIEIEI oot EIEIEIEI EIEIEIEI
20 ¢ default: {initial _walue_4,

23 initial _walue_ 2,

a4 initial _wvalue_2, r F F F F
25 ¢ initial walue 1} == 16'b1111_1111 1111 1111;
26 | endcase

27

2a A counter: sequential qircuit to toggle between (possiblv) multiple modes

20 [ always @ (posedze mode_select or negedze rst_n)

e if (~rzt_n)

31 mode_current == 0;

32 elze

33 mode_current == mode_current + 1;

34

35 Sendmodule S mode_selector



N ARHY SR IE] R /A FSM RURERGHIZIGE = - FSM AV ~ i A B —LE
HRERESHYRATELI T -

1
2
3
4
5
f
.
g
a

0
11
12
13
14
15

Smodule FEM(

outpet reg =topwatch_countdown_enable,

output reg display_refresh_enahble,

input pauze_start, WCES
input reset_initial,
input rst_n

parameter TRUE = 1;
parameter FALEE = 0;

parameter STATE_RESETED = 0;
parameter STATE_COUNTING = 1;
parameter STATE _FREEFED = Z;

wire clk;

reg [1:0] state;

veg [1:0] state_temp;

Al By /& moore machine > By DAl HH A 2 AFZE » THRREEHEAE « W NE -
TLAFH MUX 3R E T HIARRE SR 2 A4 S FE A iy o o

17
18 ;
19 ¢

2o
a1
a2
a3

a4 ¢

a5
26

27 ¢
28 ¢

29
20
3
32

33

¥ combinational \.E'C' to determine whether to enable the countdown functon of the stopwatch in the next state

always ¥
case (state)
STATE_RESETED: stopwatch_countdown_enable == FALRE;
STATE_COMNTING : stopwatch_countdown_enable == TRIE;
STATE_FREEZED: stopwatch_countdown_enable == TRIE;
default: stopwatch_countdown_enahle <= FALIE;
endcase

v OF the oo [rter I I --: next state

~rmn et nmal el el :Tv—v- 1-.:- .-:—.-:1-1-———— FrooTo 5:-;q AV 2 COU =

alwavs @ *
case (=tate)
STATE_RESETED: display_refresh_enable == TRIE;
STATE_COWNTING: dizplay_refresh_enable == TRUE;
STATE_FREEZED: display_refresh_enable == FALRE;
default: dizplay_refresh_enable <= TRUE;

endcase



TEE N —{EREERY combinational logic - fFIEFEE T | » pause start Ei
reset_initial ‘N [EHF £ 1 0 11 HEE 60 £1] 67 {7HY D Flip-flop A 1F pause_start
BY reset_initial £y 1 B54 SEHTIRRR  (RIEE - A ZEAARESI L 01 A 10 HY case B[]

oJ o

35 i ¥ combinational logic: to determine the next state

3 f always @ *

) f caze (state)

B/ STATE_RESETED:

39 f caze ({pause_start, reset_initiall)

an é 2'b01:  state_temp == STATE_RESETED;
41 é 2'b10:  state_temp == STATE_COUNTING;
L é default: state_temp <= 3TATE_RESETELD;
43 f endcase

44 STATE_COUNTING:

45 f caze ({pause_start, reset_initiall)

da é 2'b01:  state_temp == STATE_RESETED;
47 é 2'bl0:  state_temp == STATE_FREEZED;
43 é default: state_temp <= ZTATE_REZETED;
49 f endcase

50 ¢ STATE_FREEZED:

51 : caze ({pause_start, reset_initiall)

52 2'b01:  state_temp == STATE_RESETED;
53 2'b10:  state_temp == STATE_COUNTING;
o4 default: state_temp <= STATE_REZETED;
55 endcase

56 default: state_temp <= STATE_REZETEL;

57 endcase

55 60 {THYEEER [ (H1555 60 % 67 {THY D Flip-flop f&1F pause_start I¥, reset_initial
f rising edge 5 5 7 FSM HY/REE -

5a ¥ combinational logic: to determine when to update the current state to the next state

a0l azzign clk = pavse_start | reset_initial;

a1l

[ # I Flip-flop: store the current state and update to the next state when pause_start or reset_initial hits
B3 L always @ (posedge clk or negedge rst_n)

64 - if (~1st_n)

5] state == RTATE_RERETED;

T3] elze

a7 ztate <= state_temp;

2]

A9 endmody] e

.
Ly
|



EIEHEFEEME - FTHYAEMEE LABS 2 5L4r - # NRAVZESRIE H 2Bk
Y LABS_3 - it ~ # ARI—SE NEREEGRAO T

1 Bimodule LARS_3(

2 output [ 7:0] cathode,

3 outpet [ 3:0] anode,

4 output [15:0] led,

5 input button,

fi input mode_select,

7 input clk_100mhz,

a input rzt_m

g n

10 vive [3:0] initial_walue_1;

11 vive [3:0] initial_wvalue Z2;

12 vare [3:0] initial_walue_3;

13 ware [2:0] initial_value_d4; o fin

14 reg [3:0] bedl; i freezed)
15 veg [3:0] bedZ; /)
16 veg [3:0] bedd;

17 veg [3:0] bodd;

18 vrive [3:0] bedl temp;

19 vrive [3:0] bedZ temp;

20 wveave [3:0] bed2 temp;

21 ware [3:0] bcdd_temp;

22 wive [7:0] s=dl;

23 wive [7:0] ssdZ;

24 wire [7:0] ==2d43;

25 wire [7:0] ==d4;

26 uHre clk _1hz;

@7 vrire pauze_start; DIoCEss
28 wHre reset_initial;

29 wHre stopwatch_countdown_enable; topwatch
0 wHxe dizplay_refresh_enable;

31 veg [2:0] button_latch; #to determine how long the button has been pressed and oot relezsed

B ARI{EfEH - mode_selector A1 FSM = mode_selector g & TN ARG HEHH
A N = V) Bt R e B EG ISR EEEN - M

FSM RIZREE MERAGIRAR - S KIH AR > PRETZ T (& & S —
{ERRE -

33 mode_selector MODE_SEL(

34 cinitial_walue_l{initial_walue_1)

35 cinitial walue 2{initial walue_2)

K Jinitial_wvalue 3iinitial_walue_3)

k1 Jinitial wvalue 4{initial_walue_4)

38 _mode_select (mode_select ),

3 crst_n {r=t_n)

40 bH

41

42 FEM FEM(

43 _stopwatch_countdown_enable(stopwatch_countdown_enable),
44 _dizplay_refresh_enable (display_refresh_enahble),
45 _pause_start (pausze_start}),

46 _re=et_initial (reset_initial},

47 crst_n (rst_n)

48 1




R R TR TR (L8 e e A

REERURES E@Tﬁ?ﬂﬁﬂ%’%

55 107 F 114 {7HY latch FlErE MREE G R

50 frequency_divider 100M FD{
51 .clk_lhe  {clk_lhz),
52 cclk_100mhz{clk_100mhz ),
53 crst_n {r=t_n}
54 S
55
56 stopwatch W
57 Jdigitl {hodl_tempd,
] Jdigitd (bod2_temp),
59 digitd {hod3_temp ),
2] Jdigitd (bdd_temp),
fl Jnitial_value_1{initial_value_1},
62 Jinitial_wvalue 2(initial_value 27,
%3 Jnitial_value_3{initial_value_3),
a4 Jinitial_wvalue d{initial_value 47,
h5 .clk_lhz {clk_lhed,
66 _rzt_m {rat_n & ~rezet_initial),
a7 .enahle {=topwa teh_countdown_enable)
63 IE
HERELAH AR ORisr A 82 -
) decoder_binary_to 250 DECODERL(
il SRl (ssdld,
72 Cbinary(bedl )
73 1
4
75 decoder_binary_to_S30 DECODERZ(
Th Rl (esd2),
77 Cbinary(bodd)
gL 1
™
a0 decoder_binary_to_2ED DECODERZ(
a1 B30 (==d3),
g2 Cbinary(bodd)
83 1
a4
as decoder_binary_to_S30 DECODER4(
a6 Rl (==dd),
a7 Cbinarw(bodd )
a3 1
ad
an B8l _controller 330 _CTRLY
a1 .cathode  {cathode),
1] _anode {anode), ar
a3 Jdigitl (=z=2dl], i 55
a4 digit2 (=z=2d2), i 55D
a5 digitl (=213}, i S50
i digitd (==04), i 55D
a7 cclk_100mhz{clk_100mhz), ‘1
a9 .zt n {rzt_n) aciive low
99 1

Az -

2

S Iormung €801 4igil




55102 F| 104 1A o [FAE SR bed4 ~ bed3 ~ bed2 ~ bedl ZRAETE & CLACEL
FIET - RIMEINAE T RE R AR E AR RS BURS3IVAREE » Al e g KRR
LS T 30 FhE—or 8 - BN E 5okt o (R - FESUR LA latch FTHIAVEE
R BRI - Wkt—2K - YEMBUREsIVIFRIMRES T —EilREEE - B2
Bl o 55 107 E 114 FHAOHEEZURESHY latch « S57HA R - 56 129 {THYH)
JEARHE Experiment2 2 ) » IEFRTEEE mode_select AL [ o B fEERIS
FIEOAICETHS > HERBUR e D HHAS - KB T mode_select %81 » FLE LA
HE  WEUNHRZE AT o HarRHe KAYED /8L Experiment2 —
BE—i > EEOEHET -

101 & combinational Jogic: to determune whether to Lght up all the LEDs
102 azzign led = {16

103 {hedd _temp, bodd_temp, bodZ_temp, bodl_templ == 0
104 1

105

106 K latch: to freeze the displav when refreshing is not enablad

107 always @ *

103 if (dizplav_refrezh_enahle)

109 © hezin

110 hodd <= bodd_temp;

111 hodd <= bedd_temp;

112 bod2 <= bodZ2_temp;

113 hodl == bodl _temp;

114 ¢ end

115

116 # shifter: record how long the button has been pressed and not released
17 L alwavs @ (posedge clk_lhz or negedge button)

118 & if (~hutton)

119 button_latch <= 0;

120 elze

121 ¢ button_latch == [hutton_latch, buttonl;

122

123 /¥ press the push button shorter to represent the psuse (fresze) and the start (resums)
124 azzlgn pause_start =

125 {hutton_latch, button} == 4'hO001;

12

127 # press the push button longer to represent the reset

123 azsign reset_initial =

129 fbutton_latch, button} == 4'b1111 |1 mode_select;
130

131 Sendnodule HLARBS



T EZE 2k demo Experiment3 #Y e

&g anode (4] ouUT LVCMOE33*
-] anode[?] ouT 4 » LYCMOR33#*
-] anode[Z] ouT ¥4 » LYCMOR33#
-] anode[l] ouT 74 » LYCMOR33#*
-] anode[0] ouT 2 » LYCMOR33#
& cathode (2) ouT LVCMOE33*
o] cathode[7] ouUT Wy = LVCMOz23*
o] cathode[5] ouT Wa = LVCHMOzz3*
-] cathode[5] ouUT 178 = LVCMOz23*
o] cathode[4] ouT KL = LVCHMOzz3*
o] cathode[3] ouUT 5 = LVCMOz23*
o] cathode[2] ouT ki » LYCMO333#*
o] cathode[1] ouUT 7 » LYCMO333#*
o] cathode[D] ouT kil » LYCMO333#*
@ led (163 ouT LVCMORz3*
-] led[15] ouT L1 » LYCMO333#*
o] led[14] ouT 31 » LYCMO333%*
o led[13] ouT Nz » LYCMOBI3*
o] led[12] ouT ) » LYCMO333%*
o led[11] ouT Iz » LYCMOBI3*
- led[10] ouT W » LYCMOBI3*
o] led[9] ouT KE: » LYCMO333#*
o] led[8] ouT V13 » LVCMOzRI3*
o] 1ed[7] ouT W14 = LVCMOzRI3*
o] led[6] ouT 714 » LVCMOzRI3*
o] 1ed[5] ouT 715 = LVCMOzRI3*
o] led[4] ouT wig » LVCMOzRI3*
] 1ed[3] ouT ¥19 » LVCMOZIZ*
i 1ed[2] ouT ma » LYCMOZ33#*
] 1ed[1] ouT El1q » LVCMOZIZ*
i 1ed 0] ouT mia » LYCMOZ33#*
3 Bralar ports (4)

[ buthon IN 119 » LYCMOE33%*
e cll_100mhe N W5 » LYCMOE33%*
e mode_select N T17 » LYCMOE33%*
e st IN ¥17 » LYCMOE33#*

e. Conclusion :

HE S8 FSM A] DUGZ AT ppt — A IR HEEL T ZRAY table HA#(HE A case
Flif...else.. FIHARELT > A TG MIMITE 20— 77 {E output HY MUX A
—{[& next state Hy MUX 2K &5 - {H[K K75 fH 2 moore machine » output %7 input
S8 A DU state FAE o FTRARDCEAEEERS ALK E - A SRV E
FEgl - —BAIGAEERE FSM AYEFe - Bkt D Flip-flop 1Y C ZHREE] TOP Hy—ifizk
WA - iERcF s Mg - BRI — RS T4 F 5 N — RS -
&2 » Bl input ELHEHEES] D Flip-flop (9 C - B " #5HH THVE TRA K
& | B -



