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1. Sliding window sequence detector

(mealy machine)

Block diagram:
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module Sliding Window Sequence Detector (elk, rst_n, in, dec);
input clk, rst_n;

input in;

output reg dec;

reg [3:0] state;

reg [3:0] nxt_state;

parameter 50 = 3"b000;

parameter S1 = 3'b001;
parameter S2 = 3'b010;
parameter 83 = 3'b011;
parameter S4 = 3'b100;
parameter S5 = 3'bl01;
parameter S6 = 3'b110;

parameter 87 = 3'bl11;

always @ (posedge clk) begin
if(rst_n == 1'b0) state <= S0:
else state <= nxt_state;

end

state diagram:
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2. Traffic light controller

Block diagram:
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Traffic light controller ¢ input 3 clk, rst n %
Ir_has_car(# 7+ local road 7 & + (53 ) > output 3 hw_light 4~

Ir_light » * 3-bit % % 7+ highway = local road = % % (100



%~ 010 % % ~ 001 &=*%) - module ¥ 3 cycle > nxt_cycle % 7+
% state ® 5 M B clk cycle 11 %2 state ’ nxt_state % 7
state machine s} jx o

- B4t 3 B MUXEH > 4ok rst.n=10 m;éﬁs?l » S0 ¥] state =1
DFF ~ 0 ﬁ%l » ¥] cycle en DFF » & iﬁa?l > nxt_state ~ nxt_cycle » #
% DFF #-state ﬁis?l » 3|— i decoder %7 p = VR state > RS
195 state sk e g5 &) hw_light fo 1r_light » & @ * & & MUX 4-

Ir_has_car frcycle k&2 nxt_cycle fr nxt_state °

module Traffic Light Controller (clk, rst n, Ir has car, hw light, Ir_light);
input clk, rst_n;
input lr_has_car;
output reg [2:0] hw_light;
output reg [2:0] 1r_light;
reg [6:0] cyele, nxt_cycle;
reg [2:0] state, nxt_state;
parameter S0 = 3'b000, S1 = 3'b001, 82 = 3'b010, S§3 = 3'h011, S4 = 3'bI00, S5 = 3'bl01;
L]ua}s @ (posedge clk) begin
if (rst. n = 1"h0) begin
cycle <= 7'd0;
state <= S0;
end
else bhegin
cycle <= nxt_cycle;
state <= nxt_state;
end

end

state diagram:
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st n
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hw_light = 3'b001;
Ir light = 3'b001;
hw_light = 3'b100;
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1 cycle 1 cycle

hw_light = 3'b001;
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<80 cycles

hw_light = 3'b001;
Ir light = 3'b001;

hw_light = 3'b001;
Ir light = 3b100;

<20 cycles

hw_light 4= Ir_light A% # state ® # % output » &' * & state
F LB P ahoutput P 2 R agEd o — B ds reset ¢ state
883 S0 hw_light % = %% ~ Ir_light ¥ = 2% » 4c% cycle <
80 Al cycle ¢ &# i posedge clk + 1 4% cycle = 80 R cycle
€ R €- %75 Ir_has car = 1 p¥ state y& ¢ % &

Sl » &4 cycle )F % -

S0: begin
hw_light = 3'b100;
Ir_light = 3'b001;

if{eycle = 7'd80) begin
if(1r_has_car) begin
nxt_cycle = 7'd0;
nxt_state = S1;
end
else begin
nxt_cycle = cycle;
nxt_state = S0;
end
end
clse begin
nxt_cycle = cycle + 7'dl;
nxt_state = 80;
end

end

State = S1 B% > hw_light ¥ =% % ~ 1Ir_light ¥ = &% > cycle ¢



&+ & posedge clk + 1 & ¥ cycle = 20 > statefjﬁlg #FaS2 e

S1: begin
hw_light = 3'b010;
Ir_light = 3'b001;
if{cycle = 7'd20) begin
nxt_cycle = 7'd0;
nxt_state = S2;
end
else begin
nxt_cycle = cycle + 7'dl;
nxt_state = Sl:
end

cnd

State = S2 P > hw_light ~ Ir_light RS E o FiE- B cycle
i stateifug 83

S2: begin

hw_light = 3"b001;
Ir_light = 3'b001;
nxt_state = §3;
nxt_cycle = 7'd0;

cnd

gL AR > S3~S5 FRAER i e 17 5L .

(L{KK} ns 1, 500080 ns
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3. Greatest Common Divisor
GCD e#t * E2+ 53 i 16 bit input a fob i~ 2 Fldic o« GCD 7
3 # state > WAIT ~ CAL ~ = FINISH » ¥ ¥ & i# output done fr gcd
A% ¥ state chai ¥ @ e ¥ > F|pt - B Moore Machine °
® C(Code Detail:
1. Sequential Block:
@( clk)
)

state <= WAIT;
count <= 2'bee;

state <= next_state;
count <= next_count;
in_a <= next_in_a;

in_b <= next_in_b;

% positive edge { #7 state ~count ~ in_a ~ in_b - state @1
F o1 om— % state - count &JE enE_fig » FINISH state » 24 i
£38 2 B cycle 4 &t w 3| WAIT state o F]#t &4 i Z & & count
({8 o in_a >~ in_b aJZE A A WAIT state 28 7 & 3 » &0 input
afrb> % & CAL state 91 B cycle ¥ ¢ 47— =tz o F]
in_a~in_b# e ¥ i AR 2 T RIPEAARR 0 BT 0B 4

spec ¢ - i cycle ffT L g § -



2. Combinational Block

@(*)
(state)
WAIT:
ged = 16'de;
done =

(in_b == 16'de)
next_state = FINISH;
ans = in_a;

next_count
(start==1'b
next_state = W

next_state = CAL;
(in_a > in_b)
next_in_a = in_a - in_b;

next_in_b = in_b - in_a;

next_state = CAL;
next_in_a = a;
next_in_b = b;

FINISH:
ged = ans;
done = 1'b1;
(count == 2'bel)
next_state = WAIT;
next_count = 2'bee;

CAL:

ged = 16'de;
done = 1'b@;

next_count = 2'b00;
(in_a == 16'de
next_state =
ans = in_b;
next_state = FINISH;
next_count = count + 2'be1l;

WAIT state: % ¥ start == 1" bl » ¥ B4~ » % % input afrb>
T~ T - B state CAL - % start == 1" b0 » B &_#& WAIT

state ° Qutput gcd = 16" d0 ~done = I b0 -

CAL state:f|* ¥E#@ip'f i3> 8 a v b ek < = Flg(IEE AR L i
SRR SRR S STk T =S R SR SRy
B EREY - BEL0 V- BRHRELEZ - )FTEZ FES

Ly oang o B A A CAL

o

W~ %¥#cans ¥ i~ T - & state FINISH
state  OQutput gecd = 16" d0 ~done = 1" b0 -

FINISH state: i FINISH state # .4 2 i cycle ¥ 4= output
ged %973ty ek x 2 Fldc done Pl A 17 bl > 2 B cycle 2 {8 w 7

WAIT state -



State diagram:
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rst_n==1'b0
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J clk ﬁ
- WAIT(2D00) —» 0
WAIT(2'p00)—>{ 0 MUX DFF
MUX | xt_stats 1
CAL(2D0T) ——»{ 1
01
MUX
- ¥
start == 1D1 10
200 oFe
CAL(2b01——»{ 0 " Mux m
( MUX next_count— 1
FInISH(b11)——> | ‘ f
> 00
01
MUX
10
200
"
copnt
FINISH —»( 0
WAIT| —>f Mux 2'b00 o
MUX > DFF
i . :
MUX
) ¥
Comparator +1 T l
Comparator 2000 0 MUX » DFF b4+
1
2601 T I
l 2001
rst_n==1'b0
y 0 00
1800 0 X 160 —» 0 | 7o
a ol b ol MUX
]‘ 01
start==1'p

5(3!‘1::1‘D¢—T

MUx
10

substractor

T

00
16'd0 00
100
01

1
X > g 0mux f——> done
1 01 10




4.Booth multiplier

Booth multiplier eh# * 3+ 8 B 4 bit 2° s complement 4p %
e

® (Code detail

1. Sequential Block

@( clk)
(!'rst_n)
state <= WAIT;
count <= 2'beo;

state <= next_state;
count <= next_count;
P <= next_P;

% positive edge { #7 state ~ count ~ P state mJ® e & _#1 fvR—
# state ° count EJZ E_CAL state ® » AP F & 4 % clock

cycle i‘ug i~ 7T - i state FINISH o F]yt 2 i % & &3 count =1
A i P pFie > T - i state o F]15 3 B input a~b A4 bit
2" s complement - #7123V ¥ % & 4 B clock cycle o P ed® end_
i & CAL state eni@ & H4vimigFens ¥ 1 B cycle ¥ § - i@

8
-t

2. Combinational Block



@c*)
(state)
WAIT:
p = 8'de;
next_count = 2'bee;
(start)
next_state = CAL;
A = 10'de;
A[9:5] = a;
S = 18'de;
S[9:5] -
next P = 1@°
next_P[4:1] =

next_state

WAIT state: & & start == 1" bl » ¥ B4 » = B 4 bit input
aferb AT OB bitF % 10 BbitXES a> IS 5%
%6 BbitF% 10 B bitkE 5 ah2 s complement -~ % ¥
next Pen% 2 Bbit 3% b BbitXKESZDbHBA L 0> HENrT
- B state CAL - # start == 1" b0 » B &_#& WAIT state - Output
p =16 do0-

8'de;
(P[1:0])
2'bo@: next P = P >>> 1;
2'bo1:
next_P = (P + A)>>>1;

2'bie:
next_ P = (P + S)>>>1;

2'bll:next_ P = P >>> 1;

(count == 2'bll)
next_count = 2'bee;
next_state = FINISH;

next_count = count + 2'bel;
next_state = CAL;




CAL state:4c% P e+ :#3 B bit £ 01 > next Pen@ L #75% P +
S 4rk Pt i3 B bit £ 10> next PLAT5 P+ A> 4%k P
i8S B bit £.00 & 11 24F R kP s ;‘T&{next_P % B

Po H%7 5 (8 #-9r5 hbit A+ # 4+ 5 bit(MSB) B A% I 247

FINISH:
p = P[8:1];

next_count
next_state

FINISH state: FINISH state # 3§ 4 & cycleifag AT - B

state WAIT state - FINISH state #f & > output p % & d1:0% %

*

(™ #p k) o
® Testbench

(clk, rst_n, start, a, b, p);

clk)
1'be;
1'be;
clk)
= 1'b1;
booee;
'beees;
(2%*a)
(2**4)[:::]
tmp = a*b;
$display("ans : %d'
start = 1'b1;
#(cyc);
start = 1'be;
#(4*cyc)
(tmp!==p)error = 1'bl;
error = 1'bo;
#(2*cyc);
a=a+ 8'd1;

b=>b+ 8'd1;

#(cyc);
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FHF-cat ]l PETFHGFT- Kbl FRPRERTDEE
LR SRk g E e B % 0 A% % Ec tnp 0 error
®k 51 b0 2 start==1" bl ‘24 1 B cycle > @ F| 5 AP
*E 2 & 4B clock cycle » Flpt 51 4 B clock cycle 2 {8 » Bl
3# tmp _F %% booth multiplier #13- & d1en % o vk 2 45 & >
#-error £+ 1" bl > E Rl error % 1" b0 -

® State diagram

start == 1'b0

4 cycles




® HARGEA)

Untitled 1

Q W @ o I « K

> Wa[3:0]

:

> Mp[7:0]
« error

> Watmp[7:0]

> Micyc[31:0]

16,150.00¢ ns

4 clk
drst_n
4 start
I}

16,300.000 ns.

CAL state:4% % 4 & clock

cycle Z1% » HEA T —1E
state - Output p £ 7’dO -

FINISH state:4%i% 1 [ clock
cycle Z1% » HEA TN —{
state = Output £ booth

® Block diagram
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{& state - Output p %y

7°'d0 -
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5. FPGA 1 - Mixed keyboard and audio modules
together

Block diagram:

clk
o PWM gen beatfreq
DUTY BEST
(512)
1 pmod_4
*—
1 pmod_2
PWNM_gen
pmod_|
kev_down
*—
KeyboardDecoder Jast_change decoder
P82 DATA
PS2_CLK been_ready
MUX nxt_half
0I\-‘ll X half
DEE .
0 —1
i r;,
ibeatNum Music freq
PlayerCrrl
BEAT FREQ
Y_CODE —— —
: — MUX

#* module 7 input 7 clk ~ rst ~ PS2_DATA r % PS2_CLK( % g
keyboard 73 55L) o output €_PS2_DATA 4= PS2_CLK - 2
pmod_1 ~ pmod_2 > ™ % pmod_4 > :# # 3 audio ﬁ‘i%l g e A

= 2

submodule = & 2% i i@ * — ¥ A i5=x basic question ® B* ¥t @



modules > #% i A { # PWM_gen {- KeyboardDecoder ® # £ k i¢ * >
@ PlayerCtrl fv Music 2 i { & 7 — 27 i R 3 L3P 2R o
& module ®» i * 3 i MUX 2 — B DFF > % - @ MUX 8-
combinational always block » /4 been_valid f- key_down i® &
selection bits ’ 4% been_ready && enter # 7™ - B] half & =

0 4-% been_ready && r4Edc™ > Bl half * $& > 4% 02 b ix & 40
L3 * &R half 72 % o &7 % MUX v DFF & seqential block

? o dr% rst = 1 Al half % % 0 F 2 P half & posedge clk iz

i
always @ (pozedre clk, pozedze rzt) begin
if (r=t)
half == 1'hil;
elze
half == mxt_half;
end

always @ (*) hegin
if(heen_ready df key_down[EEY_CODES_enter])
nxt_half == 1'hi;
elze begin
if{heen_ready && kew_down[KEY_CODEZ_R])
nxt_half = ~half;
elze
nxt_half = half;
end
end

half 7 k@45 - % MUX > 2 half i 5 selection bit > k%

# 5 &g 3 (1HZ or 2HZ) »



always @ (*) begin

if(half)

BEAT FREQ = 32'd2;
else

BEAT FREQ = 32'dl;
end

¥ ¢t %4 — B decoder ¥ 143 last_change[7:0]# 3 = key[2:0]3%

=% PlayerCtrl g%t o

parameter [8:0] KEY CODES W = 9'b0 0001 1101 W
parameter [8:0] KEY CODES S = 9'b0 0001 1011 S=> /5
parameter [8:0] KEY CODES R = 9'b0 0010 11013

parameter [8:0] KEY_CODES_enter = 9'b0_0101_1010;

always @ (*) begin

case (last_change)
KEY_CODES_W : key = 3'b000:
KEY CODES S : key = 3'b001;
KEY QODES R : key = 3'b010:
KEY_CODES_enter : key = 3'b011;
defanlt : key = 3'b100;

endcase

end

e MUSIC

module Music (
input [4:0] ibeatNum,
output reg [31:0] tone

):

always @(*) begin
case (ibeatNum)
5'd0 : tone = “C4;
5'dl : tone
5'd2 : tone
5'd3 : tone
5'd4 : tome
5'd5 : tone
5'd6 : tone
5'd7 : tone
5'd8 : tone
5'dY : tone
5'd10 @ tone
5'dll : tone
5'd12 : tone
5'dI3 : tone

AP A code e Ef define 7 C4~C8 g & » F]pt Aiz B module *#
AP F&R* - B case 195 ibeatNum # 7] 11 $H & < tone ¥ o

e PlayerCtrl



Block diagram:

?
Y
e 1L
MUX
0
I ] 0— 1 ) — 1
R — MUX MUX MUX DFF s
MUX ( ( ibeat
] 0 J )
15l
cnter J
- b direction
MUX MUX DFF  +—
S 0
L.J.}\
) 0 DMUX nxt dir
0 1
3
default
key

PlayerCtrl = input 3 clk,

rst, enter, key, output #_ibeat,

module ¥ 7 direction # 7& ibeat # i cycle & 3 4v 2% j§* > o



always @ poszedge clk, pozedge rst, posedge enter) begin
if (rzt)hegin
ibeat == 0]
direction «= 1'hl;
end
elze begin
if (enter) hegin
ibeat == 0]
direction «= 1'bl;
end
elze begin
direction <= nxt_dir;
if {direction) hegin
if{ibeat « BEATLEAGTH)
iheat «= ibeat + 1;
else
iheat <= iheat;
end.
elze begin
if{ibeat = 5'd0)
iheat «= ibeat - 1;
else
iheat <= iheat;
end.
end
end

end

## 4 sequential always block » * & B DFF v & 8 F A B MUX
kg 7 2% > iz ehrst ~ enter % _asychronous reset > 4o it
7 & reset m;éfr*ug 2|4 direction ¥o% £_1 i & 7 F A&

=5 ﬁ*u;i ibeat %€ ¥ clk # 4v & 3] BEATLEAGTH > 4-% £ 0 5 14 ¢ T

k5 ﬁ*ugi ibeat > 2 3] 0 -

alwavs @ (*) begin

cazelkey)
2h000-

mxt_dir = 1'%l
3'h001 -

nxt_dir = 1'b0;
2'h010:

nxt_dir = direction;
3'h011:

nxt_dir = 1'h1;
defaunlt:

nxt_dir = direction;
endcase

end,



¥ ¢t 5 4 combinational block ¥ st i i * — % DMUX » 2 key # =
selection bits>key = 0 %27 wét~1 5 séE-~2 5 réE-~3 =
enter 4 - #& T w{renter ¥ direction € ¥~ 1> & T r ¥

direction # % o



6.Fpga 2 Vending machine

Vending machine & fpga ' #icf - & fpga F 7 O B scdede > |
ookt & reset ) iR EREE A DA P Bakie it A
For 10~ Lfedi N AP B0 A0 T et AR
Boodgi b 4B st AR A TD e, S A () enE B
(&) DR &30 ~ehgdrxF F v 4 25 2k o

F & 3vending machine £ 7 & B state — i 4 INSERT state -
P JR RBP4 o ¥ - B state & MAKE_CHANGE state » fdZir
*FHEBF-HH O

® C(Code Detail

1. Finite State Machine (Sequential Part)

@( clk)
(rst)
money <= 8'de;
state <= INSERT;

state <= next_state;

(state == MAKE_CHANGE)
(one_sec_dclk)money <= next_money;
money <= money;

money <= next_money;

state i % p w e state 4 98— B state > ¥ # positive edge

clock { #7 state - money % & » = # 48 > it & state &



MAKE_CHANGE frp& iz vt ] » drd P g R4 R & > ¥ € 7 15 |
545 5 7~ o Fp A&~ B one second clock divider k2 iz
fa 4w > ¥ 3 one second clock divider % 17 bl p¥ ¢ { A7
money =g o

2. One Second Clock Divider

@( clk)
(state != MAKE_CHANGE)

one_sec_count <= 27'de;
one_sec_dclk <= 1'be;

one_sec_count <= next_one_sec_count;

one_sec_dclk <= next_one_sec_dclk;

@c*)

(one_sec_count == 27'd99999999)
next_one_sec_count = 27'de;
next _one_sec_dclk = 1'bl;

next_one_sec_count = one_sec_count + 27'dl;
next_one_sec_dclk = 1'be;

One Second Clock Divider &#.# — i 27 bit counter #fle= > i
d iz B counter kX ir+4] one_sec_dclk #t Bl o Fl 5 NP A Y AE
MAKE_CHANGE state erpfiz 4 ¢ B4n 14 1 /35 & » #r21i&® One
Second Clock Divider #' 3% 3+ #i& » MAKE_CHANGE state 4 ¢ 7 i*
* > 2 §_% MAKE_CHANGE state one_sec_dclk 4= 2% counter

% #cone sec_count & 5 0 o



3. Finite State Machine (Combinational Part)

% Finite state machine combinational block» 5 % & ¥ &
** money fr state o Fl#t A i{ 4= ¢ 3= money fr state iz 2 B F#c {
R Ak o

INSERT state:

@c*)
(state)
INSERT:
(insert_five)
(money + 8'd5 <= 8'd1@@)next_money = money + 8'd5;
next_money = money;
next_state = INSERT;

(insert_ten)
(money + 8'd1@ <= 8'dl@@)next_money = money + 8'dle;
next_money = money;
next_state = INSERT;

(insert_fifty)
(money + 8'd50 <= 8'dl@@)next_money = money + 8'd5@;
next_money = money;
next_state = INSERT;

(cancel)
next_money = money;
(money == 8'd@)next_state = INSERT;
next_state = MAKE_CHANGE;

o oehcode 78 41 & INSERT state 5 B d%4ede ™ enip W] e in o
insert_five % 7= £ » b 7 enddde T 2 S0 EL ~ insert_ten #
TN 10 e de S iE EI2 g B ~ insert fifty # 7 4~ 50 =~
e de I EJE G BL - cancel # o7 Bl R B erdtde SR RS et
55 o F] L1995 spec o AP § DAk 100 oo FM AP F B AJE e
S PG RARE 100 ~ iR o 32427 & 73 & 04 money &%

X ESBbite 4ok B H R E 100 A E T 50 Ao 0 2



griv ¢ g BT 100 ~ vt o F]t 2P R3%3K money & 8 B bit

100450 4 # ¢ overflow -

(key_valid &é keyldown[last_change] == 1‘hli
(last_change == KEY_CODES[@])
(money »>= 8'd75)
next_money = money - 8'd75;
next_state = MAKE_CHANGE;

next_money = money;
next_state INSERT;

(last_change == KEY_CODES[1])
(money >= 8'ds@)

next_money = money - 8'd5@;

next_state = MAKE_CHANGE;

next_money = money;
next_state INSERT;

(last_change == KEY_CODES[2])
(money >= 8'd3@)

next_money = money - 8'd3e;

next_state = MAKE_CHANGE;

next_money = money;
next_state INSERT;

(last_change == KEY_CODES[3])
(money >= 8'd25)

next_money = money - 8'd25;
next_state = MAKE_CHANGE;

next_money = money;
next_state = INSERT;

next_money = money;
next_state INSERT;

next_money = money;
next_state INSERT;

4 oohcode AdBa T ASS D F e AR ek B EH Y

- 8§35 > €12~ state INSERT o & ¥ $945 974%™ chdtdo i 74



MAKE_CHANGE state:

MAKE_CHANGE:
(money > @)
next_money = money - 8'd5;
next_state = MAKE_CHANGE;

next_money = 8'de;
next_state = INSERT;

4w gcode 2 % MAKE_CHANGE state > 4o% B 0 crgg + 2+ (> )]*
& 35 & > next_state » B ¥ _MAKE_CHANGE o 4o % % 8 e »
next_state & w 3| INSERT state -

4. LED:

@C*)
(state == INSERT)
(money >= 8'd75)LED = 4'b1111;
(money >= 8'dS@)LED = 4'b@111;
(money >= 8'd3@)LED = 4'bee11;
4'boesl;

(money >= 8'd25)LED
LED = 4'boeeo;

LED = 4'boeee;

F ot RJE LED B pE R oo A3 d & INSERT state LED 4 € 1945
W e kA R o LED R R A W LR 2R fEAOR - K S )L A
Fovwe s ¥ 8 BT F ook o A INSERT state o 4o p % egg < 3%

757> 7 LR i - fBAE 0 ek B g A 50 & TR %



Bowwez bz e - JEACOR o R AOF R R o 4ok 3 £ INSERT
state efE » LED 7 ¢ & > & LR i 3 e B AR -
5. Seven Segment:
SevenSegment :& # module & % 7+ $ » px % Weng 5 50 o T A
% & input 2 @ A top module % s money % T SevenSegment =

input( % # num) °

eve nent (
clk,
rst,
t [6:0] num,
[6:0] Seven_Segment,
g [3:0] AN

[18:0] clock_divider;
[3:0] display_num;
e [1:0] activating LED;

s@(posedge clk)begi
(rst)

clock_divider <= 19'de;

clock_divider <= clock_divider + 19'd1;

activating LED = clock_divider[18:17];
@(*)
(activating_LED)
2'b00:AN = 4'b1110;
2'bO1:AN = 4'b1101;
2'b10:AN = 4'bl011;
2'b11:AN = 4'b0111;

SevenSegment £ 1 & £ ¢ counter *T#-= > ¥4I * counter #72) =
B R FAI 4 B T E R BE T vE R o AE P encounter 419
bit& Z#= B bit L k¥rdle B TEE B+ 4B 7THE
7 BN & 11~10~01+00) - Counter % ¥ fpga e clock * %
4vo @ 17 B bit & % 2B AT o pFEERIT]E

1o 4 RS BRI T DR



BT R R I B TERT BEF Y

e 0 SN P

Kikptggde L ek p e 2 R A0S num X j -+

TR

B

(AN)
4'b1118:

(num == “'dlaa)dlsplaw num = 7'de;

(num >= 7'dge)display_num
(num >= 7'dse)display_num
(num > ! )display num
(num > dee)display_num
(num >= 7'd5@)display_num
(num >= 7'd4@)display_num
(num >= 7'

(num >= 7' )display_num
(num >= 7'dle)display_num
display_num = num;

)display_num

4'b11e1:
if(num == 7'd1e@)display_num = 7'

f(num >= 7'd99)display_num =

(num >= 7'd8e)display_num
Lf(num >= 7'd7@)display_num
(num >= 7'dée)display_num
f(num >= 7'dSe@)display_num
f(num >= 7'd4@)display num
(num >= 7'd3@)display_num
f(num >= 7'd2@)display_num
if(num >= 7'd1@)display_num
2 display_num = 7'd1e;

4'ble11:
(num==7"'d1@0)display_num = 7'd1l;
> display_num = 7'd1e;

4'b0111:
display num

display_num

—1\
Mf
b
ETI
i

B4 s do%k §_E ?3;%@7%1&?‘7‘?

o

£ g num i B E H B ko

& BT

5 3V iR g num K F)|

RAF R
PR 4T

2 SRR

e A iEE s~ k3 o ks > display_num & % & &

BT APEPHREOERTG

- KT R

e (b1t )]’}Um



Debounce circuit:

Block diagram:

debounce fpb_debounced
FF

pb ——>» DOFF —> D

—> DFF |—» DFF [—>

clk

Debounce circuit ¢ 1 i combinational circuit f-4
sequential circuit (4 ® D flip flop)#rie = -

Combinational circuit %*=|%r4 ¥ d flip flop & F A1 4
% #_output pb_debounced %31 ¥ 2. % 0

Sequential circuit k#¢% { #7d flip flop # & » & - B clock
cycle #7 positive edge » input pb#& % % -  d flip flop: %
- B d flip flop shiEs& %% - B d flip flop > &%k o

Debounce(
clk,

pb,
debounced

[3:0]DFF;

@( clk)
DFF[3:1] <= DFF[2:8];
DFF[@] <= pb;

debounced = (DFF == 4'b1111) ? 1'b1 : 1'bdg




One pulse circuit:

Block diagram:

one_pulse

pb_debounced —» DFF DFF |—— pb_one_pulse

One pulse circuit =it * & & output - ® clock cycle g
Input #_debounced i ¢ 5k fr clock -

One_Pulse(
clk,
debounced,
one_pulse

pb_delay;

@( clk)
one_pulse <= debounced & (!pb_delay);

pb_delay <= debounced;

® State diagram

money>8'd0,

last_change==2'h1C&&money>=8'd75
last_change==2'h1B&&money>=8'd50
last_change==2'h23&&money>=8'd30
last_change==2'h2B&&money>=8'd25

money<=8'd0



® Block diagram

One Second Clock divider

00 o
MUxX one_sec_oclk
o1 1
I
ok 27 bit
counter
27'099999999
Vending machine
rst i
INSERT
0
MUX f—» DFF
INSERT — 1
MAKE_CHANGE T
cancel&&moneyl=0
key_down(last_change]
INSERT
MAKE_CHANGE money>0
[~ ADDER
Fd5 —{ ¥ []
MuX Ls DFF
P
e L f
ADDER
8a10 —1*
>
ADDER
8d50 —¥
—
I >
ADDER
8075 —>
> command
ADDER
[+ ADDER
8d-30 —¥
ADDER

84-25 —>|

4'00000

400011 state==INSERT

money>=875

maney>=30

money>=gd25

money<8'd25

40000
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Fl4 Figs o lab % - i@ * 3] keyboard fr audio *F % # - 3
¥ 23 keyboard and audio FF2% F1 4 2883 i & RIR L 0 B E T
W lab e i 24 4% keyboard 3 1£4{- submodule &im & 387 5 5>
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