LAB3 pre_1
Consider a 4-bit synchronous binary up counter (q3q2q1q0).
1.1 Draw the logic diagram

1.2 Construct Verilog RTL representation for the logics with verification.

specification:
output:
q[3:0]
input:
clk /I clock
rst n / active low reset

block-diagram/FSM:

rston
RTL representation:

23 Cmodule counter_up_binary_dbit(

24 output xeg [2:0] q,

25 input clk, clock

2R input rst_n active low resat
27 1

2a

20 4-bit bimary up coumter

o always @ (pozedere clk or negedge rst_n)
3l hegin

32 if (~rst_n)

33 g <= 0; resat

k| alze

35 E Te=q+l;

26 ¢ il

Ky

38 .Endmﬂdule COUmter Lp e e ARk



verification:

232 i module counter_up_hinary_dbit_testi);
24 # output

25 wive [3:0] gq;

26

27 # imput

o0 eg clk; # clock

29 reg rst_n;  Factve low resst
an

31 # mstantiate

a2 counter_up binary_4bit DUTOL

33 -gigl,

34 clkiclk), Helock

35 crstonfrst_nd  Factve low resst
36 hF

Ky

i3 A stimulus (imitialization)

9 initial

40 hegin

41 #0 clk = 0;

42 #2 r=t_n=1;

43 #2 rzt_n = 0;

44 #2 rz=t_n=1;

45 e,

46

47 A stmulus (clock)

43 always

40 #10 clk = ~clk;

50

&1 i endmodule Hoounter up bimary 4hit fest

discussion:

iz prelab & fehE ~ B 4-bit ch- i F ft i E 0 KL EAT % 2 B FF
e E T Tt Q BT - B F o b 2183 FFh D
o %iE- B clkE 5~ FF { 37#ciEo ¥ »4c)2 B FF 2z P 35— B MUX>
* K reset °



LAB3_pre_ 2

Cascade eight DFFs together as a shift register. Connect the output of the last
DFF to the input of the first DFF as a ringer counter. Let the initial value of DFF
output after reset be 01010101. Construct the Verilog RTL representation for the

logics with verification.

specification:
output:
q[7:0]
nput:
clk /I clock
rst n / active low reset

block-diagram/FSM:

‘0 | [6] 1
pale  mapfp et
A\

C/l]( AWt AEY aas

RTL representation:

1>

22 module counter_ring Bhit(

24 outpet xeg [7:0] q,

25 input clk, clock

26 input rzt_n active low reset
27 b

2a

20 8-hit ring coumter

305 always @ (pozedge clk or negedge rat_n)
310 hegin

3L if (~rst_n)

KX : begin

k.| q <= B ROLOIOL0L; ¥ reset

35 e

6 alze

37 herin

28 g oe= (g == 1); shift

k] q[0] == q[7];

40 end

4 ¢ e

42

43 Sendmodule counter_ring_Shit



verification:

23 imodule counter_ring 8bit_test();

24 A output

25 wave [7:0] g;

26

27 K imput

28 reg clk; & clock

20 Teg r=t_n; Jacove low reset

30

k3l A instantists

32 counter_ring_Sbhit DUTO(

33 -afql,

34 elkiclk), Hclock

35 cretonfrst_n)  Fzctve low resst

36 1

cy)

38 A stmulus (Imtiahraton)

m initial

40 hegin ,

41 clk = 0; "
42 #2 r=t_n=1; .
43 #2 ret_n = 0; H
44 #2 r=t_n = 1; .
45 e H
; .I
47 A stimulus (Clock)

48 always .
44 #10 clk = ~clk;

5 =N
51 i endmodule A counter ring 8bit test ﬁ-
discussion:

i% 1 prelab £ feHE_8-bit TR A3 HE 0 K3 LEACT £ A B FF kG R
shift shp % - #-i ~ B FFE £ tpig (- B FF 0 Qi 45| ™ - B FF 0 D) >

- BFFhQRI&w % — B FF ehD 6 o 4ot — % & — ek clk 36 ¢
#iz~BFF RGP FRES - BH -



LAB3 1
Frequency Divider: Construct a 27-bit synchronous binary counter. Use the MSB
of the counter, we can get a frequency divider which provides a 1/2%7 frequency
output (fout) of the original clock (fcrystal, 100MHz). Construct a frequency
divider of this kind.

1.1 Write the specification of the frequency divider.

1.2 Draw the block diagram of the frequency divider.

1.3 Implement the frequency divider with the following parameters.

I/O | ferystal | fout
Site | WS | Ule6

specification:
output:

fout // around 1Hz but slightly slower
input:

fcrystal // 100M Hz global clock

rst n // active low reset

block-diagram/FSM:




Verilog code:

23 module frequency_divider 2ez7(

24 output fout,

25 input forystal,

26 input  ret_n

27 1

28 reg [26:0] counter; 227 counter

20

30 azzign fout = counter[26];

3l

32 237 coumter

kA always @ (pozedge forvstal or negedege rst_m)
| hegin

350 if {~rst_n)

A counter == 0 rasst
37 else

38 e counter == counter + 1; gdd 1
1/ el

40

41 Sendmodule frequency_divider 2ed7
implement:

- ferstal IN W5 - LYCMOE33#*

< fout ouT Ti6 = LYCMOE33#*
rrstn N V17 - LYCMOE33#*
discussion:

£ LAB & fsnd - B'407 F » & #-FPGA ih-t i A% M pF ik ci 504 00 = chs
ST e KPP RERACT P D i ER é‘.ifui“ﬂﬁﬁ P HTILE F ST
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LAB3 2

Frequency Divider: Use a count-for-50M counter and some glue logics to

construct a 1 Hz clock frequency. Construct a frequency divider of this kind.

2.1 Write the specification of the frequency divider.

2.2 Draw the block diagram of the frequency divider.

2.3 Implement the frequency divider with the following parameters.

I/O | ferystal | fout
Site | WS | Ule6
specification:
output:
fout // 1Hz 50% duty
input:
ferystal // 100M Hz clock
rst n // active low reset

block-diagram/FSM:

FRx2T

sounter== 99999943

cownder2b:0]



Verilog code:

23 module frequency_divider 100M(

24 output fout,

25 input forystal,

26 input  ret_n

27 1

28 reg [26:0] counter;

20 paxameter DIVIEOR = 100_000_000;

k1]

3l azsign fout = {counter = DIVIROR 7 23 7 (00 - (1); #50% dune
32

33C always @ (pozedge forvstal or negedere rst_m)

M hegin

35 0 if (~rst_n)

6 counter <= 0;  resst

3 else

38 counter <= {(counter < DIVIZOR - 13 7Y (counter + 13 : (03;
g il

40

41 Sendmodule A frequency_divider 100M

implement:

= forstal IN W5 = LYWCMOZ33#*

< fout ouT [ = LYCMOZ33#*

Brtn N V17 = LYWCMOZ33#*

discussion:

PALET Y - A R BRI E 0 L ip 0 R - FPGA chh AR HREIR AT S R K

W= AR o AL b - XA > T ff A Bt id o g Lo SRt L ggy

AR R T b S £ - B RERY o hok 7827 i FF chlicd R L g
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LAB3 3
Implement pre-lab1 with clock frequency of 1 Hz. Use the following 1/O to
demonstrate the counter results.

/O |ferystal | q3 | q2 | q1 | qO
Site| W5 | V19 |U19 | E19 | Ule6

specification:
output:
q[3:0]  // prelabl output
input:
ferystal // 100M Hz global clock

rst n / active low reset

block-diagram/FSM:

"Forjsi‘ml ———‘Fcrjstal 'Foui L2 clk ‘L—)\lf—‘i[?ﬁD]

| rmth dep ”JET'“ COUNTER
rst-h - ‘I
TOP:
23 Cmodule LAB3 3(
24 output [3:0] q,
25 input forvstal, global clock
26 input rst_m acti
27 hF
28 wire clk_lH=;
24
a0 frequency_divider _100M FIQ
31 Souticlk_1Hz), I Heclock
an feorvstal (forvstal ), crvstal frequency (global clock
33 crat_n{rst_n) acl
34 hF
35
3R counter_up binary_4bit COUNTER(
37 -gigl,
a8 .clkiclk_1H=), I Hz clock
38 crat_nlrzt_nd actve |
40 hF
41

42 Sendmodule LAR3 3

T



implement:

@ q i QUT LYCMOS33+
~@qfd]  OUT V19 LVCMOS33
@zl OUT U9« LYCMOS33*

o gl o7 E19 = LVCHMOR33*
ieqg g[0]  OUT 16 = LYCMO333#*
& Sealar ports (2)

@ forysted DN W5 - LVCMOga3*
bermtn N V17 = LVCMORI3*
discussion:

M- B AR RS TR TR R EA L - A E S
prelabl &9 #% o -t — ALeh4 A BENA 3 5 £ % 15 b code b ] ¢

23 module frequency _divider 100M

24 output reg foot,

25 input forvetal ,

26 input r=t_n

27 b

28 reg [26:0] counter;

20

a0 # count for S0M tmes

3L alwaws @ (posedge forvstal or negedze rst_n)
320 begin

33 if (~rst_n)

34 counter <= 1;  resst

35 alze

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

23

9 K creat 0% duty cutput

40 ¢ always @ (poszedge forvetal or negedge rst_n)
410 begin

42 ¢ if (~rst_n)

43 fout <= 0; rasat

44 elze hegin

45 if (counter == 1)

46 | fout <= ~fout; 750% dutv
47 end end

43

4a endmodule & frequency_divider T00M

ARG L - AR E DR AL B B 0 R 50% duty 97 2 7 L e g - AT
Peg 2 0 B4 4 - % TFF (line39~47) > #-FF chd 3 =20 T 4pd% - ¥ 3 %
fF ihcode (line36) > 3 FF e ficr] - F o X gt - » Bifieik
1% A 2 e [Hz % 21 - 3E- AR 050%duty > A 2 T L E

@ 4%7] prelabl § iFw 23 o F ik o



LAB3 4

Implement pre-lab2 with clock frequency of 1 Hz. The I/0 pins can be assigned

by yourself.
specification:
output:
q[(7:0] // output from prelab2
input:
ferystal //' 100M Hz global clock
rst n /l active low reset

block-diagram/FSM:

'ﬁrys'l‘oJ -——‘Fcrjsta] Tout

elk.JHz

| Y‘S'E-h D rst-n
rst-h - l T
TOP:
23 Cmodule LAB3_4(
24 output [7:0] q,
25 input forvstal, global clock
26 input rat_n acti
27 1
2a
29 frequency_divider_lOOM FO{
30 Sfout{clk_lhz), I Hzclock
| fervstal(forvstal ), crvstal frequency (global clock,
] cret_n{rst_n) 1]
33 b
3
35 counter_ring_Shit COMNTER
36 -gigl,
17 clkiclk_1h=), ! Hzclock
35 _rzt_nlrzt_n) t T
ki b
40

41 Sendmodule LARE3 4

Wcl[j:o]

COUNTER



implement:

@ q @ oUT LYCHOS33%
-G g7l OUT V14 ~ LYCMOS33%
] q[6] o 4 = LVCMOR23*
g g[5]  OUT 5 ~ LYCMOZ33%
- q[4] o wia = LVCMOR23*
- gE OUT Vg ~ LYCMOZ33%
wig g[z]  OUT  TUig ~ LYCHMOS33*

@ g[l]  OUT  Eld ~ LYCMOS33#

g gl OUT & ~ LYCMOZ33#

& Sealar ports (2)

2ty I 5 - LVCMOga3*

bermtn N Y17 » LYCMOE3s+

discussion:

- AR - AT F o N A iR A - AW IR 4R T prelab2 k)3
ﬁtgg o e d —g“{gp 2T ¥ ¢—‘J-;§3:‘3¥‘ A i bits I‘,E] =3 fTJP\ 7,5 ﬂ;OlOlOlOl ’ "Ll"l'ﬁ

e FPGAiErﬂLED Fg g ehbits B (RRHBE ) FER
T i @iiﬁﬂ@ o Ao T - AL K0 KB EAFehbits i F MR R -



LAB3 5

Use the idea from pre-lab2. We can do something on the seven-segment display.
Assume we have the pattern of E, H, N, T, U for seven-segment display as shown
below. Try to implement the scrolling pre-stored pattern NTHUEE with the four

seven-segment displays.

specification:
output:
digit_active[3:0] // common anode activation

ssd[7:0] /I'"T segment display
input:

ferystal, // ' 100M Hz global clock

rst n // active low reset

block-diagram/FSM:

Dol 2 J
\\l Gy el A Tt WA \\lf- ‘J’;ﬂf‘t_acﬁvc[yo]
counter[25] [- ot ecoder

fcrjstal ok 9%
31-bit Limy}: cownter

contentL7:01

| —— |
g q’ 1[15:3’}

4hit Yﬂ‘j counfer [23:1b]
[31:24]

ssdL770]

'8
L content[7:0] cortentlis: 8]

D QMh— b All—— —ID a pontentl: 4]
> ||l ¢ b 3 _[‘D

(’lk e o T - - - e e
D aF— " e \ D @——D @ —_—
AN S, A A
o!l‘_‘_L——"— *\\ _u: - \_



23 LE module LAB3_5(

2 output reg [3:0] digit_active,

25 outpnt reg [7:0] s=d,

26 input forvstal |

a7 input rst_n resst

22 i

20 reg [26:0] counter; A comtrol scrollimg speed
0 reg [47:0] content;

3

32 A timer to control the scrolling speed of "NTHUEE" displaved

kXS alwavs @ (posedre forvstal or negedze rzt _m)

M L hegin

35 LE if (~rzt_n)

A counter == 0 # resat

a7 elze

k- counter <= counter + 1; #zdd ]

. end

40

41 # a 8-shifting-step ring-coumnter for pre-stored pattern "WITHLUEE"

42 always @ (negedge counter[26] or negedge rst_n)

430 begin

44 LE if (~rat_n)

45 i letter T H L E E
da content <= 48'511010101_11100001_10010001_10000011_01100001_01100001 ;
47 T elze begin

43 content[ T:0] <= content[47:40]; shift 7 steps

40 content [47:8] == content[39: 0]; sHEDS
50 end end

5l

52 4 a 2-tp-4 1-hot decoder for common anode 2ctivation

53 always @ (counter[20:19])

T case (counter[20:19]) A take 2 suitable refresh frequency
55 2'000:  digit_active <= 4'RW1110; &0

Sa 2'b01: digit_active <= 4'h1101; &1

57 2'hi0: digit_active == 4'h1011; #2

sa 2'hll:  digit_active <= 4'W0111; &3

50 default: digit_active «= 0;

Al - endcaze

Al

] # sending the corresponding signal pattern to the S50 at the mzht timing
B3 ¢ always @ (counter[20:19])

Al LE caze (counter[20:19])

(73] 2'000:  z=d <= content[ ¥: 0O];

3T 2'h01:  =2d == content[15: 8];

a7 2'b10:  =z=d == content[23:16];

(ae] 2'bl1:  ==d <= content[31:24];

(] default: s=d == 0;

70 endcase

71

72 Zendmodule HFLAB3 3



implement:

@ digit acti.. OUT LVCHMORIZ*
4 digit_a... OUT W4 ~ LYCHOS33%
o digita. OUT T4 ~ LYCHOS33*
- digita. OUT T4 ~ LYCHOS33*
g digita  OUT U2 ~ LVCMOS33#
G sd @ OUT LYCHMOg33%
4@ A7) OUT W7 ~ LVCMOS33#
g s=d[f]  OUT W6 ~ LVCMOS33#
w4 sd[5] OUT U8 ~ LVCMOS33#
g sd[4] OUT VA ~ LVCMOS33#
g sd[3] OUT TS ~ LVCMOS33#
g sd[2] OUT VS ~ LVCMOS33#
g sd[l] OUT U7 ~ LVCMOS33#
g s OUT V7 ~ LVCMOgS33#
w Acalar ports (2)

@ forystel TN W5 ~ LYCMOg33#%
B ostn N 717 + LVCMOS33%
discussion:

SR farnd —~ Ba B TNTHUEE | 9= A7 B o @ - FPGA F th= f&
BMTERFe R 272 T2 Ba2 33 FIR L% pr &g Nk
T oo AREERILRACT L R - fEehs LS o e B ERE RS
4 872 L g S 1-hot ¥ 35|~ AT B < common anode © | #* 4 pt e
MEGG R - BT BAARFRERET e B2 FhF* c ¥ £- e - Az
IR ECE 0 D BBy D L Ry TR - AN B
ao%&—%’3&%#&$$ﬁ%ﬁi%%%&iﬂﬁﬁiﬁﬁﬁ’ﬂéﬁ
MUX i & 7]~ & Bgm B+ o



