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Abstract

Ihis project presents a design of Automatic Coin Classification and Change Machine, which
is apphied to FPGA chip. FPGA is a Programmable Device, which can be programed to be any
variety of digital circuits . To design digital circuit n FPGA(Field-Programmable Gate Array) ,
we have to draw the schematic along with the VHSIC Hardware Description Language (VHDL)
(VHSIC Hardware Description Language)

Systern can get three types of coin, 1 bath, 5 bath, and 10 bath. It also can display amount of
moncey and the change which automatically classifies coins, and counts the total amount of money.

The processing unit is controlled by FPGA chip.
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ansaReenuuysruy Tae ANz UIUNSHTDITNIUDINNAT  INTIZIDI9LQN
afalugduupvesiladdu wzAnsuiisegayannevosmsesnuuuaessmiiu iy
muwnasgud 1EEE 1@l¥nseeudy dedfediunicwisodfunfeuTaseadalii

Y 4 g1 9 1 a * b Y1
AVITUUVINITIALITANS "Lmi‘luameﬂ uaxmuwﬂﬂmw

2.2.1 pam)sznoufidfigyves VHDL
VHDL fosftlsenouiidfgog 2 daufio Entity 1i0g Architecture
' F 4 y .
1. Entity {uariion Block fisiadaduuiie sz uoniegaiioudenieuesn (/0) 1

oz 1314 Taglideslimsniunelaseaanely



2 . Architecture I lunsoTine Inseadranieluvos Entity

data— — q

clk —

51 2.3. wana D Filp-Flop

entity dff is
port (data,clk:in std_logic;
q:out std_logic);
end dff;
architecture behav of dff is
begin
process (clk)
begin
if (clk’event and clk = “17) then
q <= data:
end if;
end process:

cnd behav;

d” "3 1 o~ d‘ -~ a 1!'
Tsunsuildusmedievosms@ou Tl sunsuioo Suwgm auiiAues D F/F (314 2.3)
Entity Im3tlszmedunnag 2 #2do data t clk 10 WMNADB g @1 Architecture iM3iusnms

#amwes D F/F Nidndagne dk imswdouilasnin 0@ 1 IMTmsdee data 1 g

2.2.2 5UuyuveIMEN VHDL
- 3UsuuM e Architecture Y94 VHDL
VHDL #igdunumsdeuey 3 uiuy
1. Structural Model M3931107993 Tno 1 Tugadsquidoudeduldifiulnsaiis

melu

2. Behavioral Model A1503118M15911911UD93995 MHSZALADINNN
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3. Sequential Model M3 osutetuaoumsTa Tngld Sequential Statement
ez Suney
soluf vz fueiemsfionTsunsuiessinenans RS F/F Tagld Architecture
fuanaefiu
Structural Model ul:nand2 port map (set, g, gb);
u2:nand2 port map (reset, b, q);
Bcehavioral Model gb<=not (q and set) after 2 ns;
q <=not (gb and reset) after 2 ns;
Sequential Model process (set,reset)
begin
if set='0"and reset= "1’ then
q<='0" after 2 ns;
gb <= ‘1" after 4 ns;
i . /.

end process;

o @ I H' A 9/ o’: d? (K% o o
ﬁmm‘gﬂuuumiwaumiwzmaﬂhuu YUDYNUANUNNIZTUYDIFTALIT 19
a Y 2 t @ Y e Y v A o dg (K
mmmmzl%;ﬂ gmumaqmnuﬂuiﬂaﬁu Architecture  AUAYINUNYUBYNUANMHNIE
[ s o . v ~=1 ' v o 1 0’/’ 159 Y @
AUIBUNY HAUN TULARZHD DN UAIAUYBIAIN DI LANS 3 puud i wadnsmileuniu
o . a a g oW 3 Ao 9/ v a g
Sequential ¥N15OFVIY Architecture Hudrduduasunvanu wileiw TavUnauds
[ 14
lsunsunegnislu Architecture U921 process ‘w?@uqnunﬂmim (MIDUNDIIIY
o A . [ o : A Ao o LY a =1 a P
NUNTFOUADAYYIUNUNIIINGT WDNAYY M input a2 laldeu output NezUMIasUM
14
NUN 9¢Y delay Afeaan1Toe ) LANUD Sequential asnszveaiiuduaouldlasld Process
' 1Y v g = =
Statement 39347 1111 Tals1ns1 @9u Structural AIINTIAY Component NAND W13 UDUAY

. . k4
MIFouADNFAIU d7U Behavioral ULMIBIUIIRMAUTATLAVADININN

- Behavioral Modeling
v v
{usiadefiud 2 18naaia Structural Model T1fhaudalusiadeiiitiu Behavioral
& v & e A a o .
Model $992N81704 Statement WazAenduA199 Ao 1411 Behavioral Model

1.3 Selected signal assignment 12 Conditional signal assignment statement
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aa =t o @ . < e
Statement ‘Vmﬂlﬂ‘i’f/ﬁ)ﬂ 2 LU IYSU Behavioral Model ﬂ'ﬁa Conditional QY

9y
Sclected signal assignment 105405 ude luilazuansdiod 199901319 2 Statement #9173

0

with sel select sel<= Owhena=‘0"andb="0"else
g<=i0 after 10 ns when 0, 1 whena=‘1"andb="0"clse
il after 10 ns when 1, 2whena=‘0"andb="1"else
i2 after 10 ns when 2, 3whena=‘1"andb="1"else

13 after 10 ns when 3, 4;

‘x’ after 10 ns when others;

Tsunsunednefio Selected signal assignment 100 q 9E@BNIA 0, il, 12, i3 BOA
J (B 3 . ! SA B . .
“11Jmuagﬂum%m sel (sel i integer) aaulysunsunvNAB Condition signal assignment
N A ¢§' L% A 1 n:i
Taeduals sel axdisnidiu o, 1, 2,3 vie 4 Jusgiuenluhenlylagndos
2. 319 delay
v )
7519 delay Tu VEDL tuflums i@ essaunsinanes 1 ueseesnee il

delay Tumsyhaegiuiu
a<=b: (e4Ab 14 a nuit Taelaid delay time )
a<=b after 10 ns; ( a481 b 1) a ndsnafisuliudd 10ns)

VHDL 2zl delay 2 2 U1l

("

1. Incrtial delay fionvzaemdayanamen llfamaedns Taedygumsenedes
1 z £% [, X U o 5 dya.t s U VR 10 b4
Asmmin Iduindua delay #9til delay tuufidygnavesiidedudiulidiiivezdes
MiTPUAU AIAIDENINS 191
a<=b after 20 ns: (a 921450 F1910 b ey b liRansnldenlaaiiy
118120 ns )
2. Transport delay Wumsdsirdggrameinldiamedie Taodyauies
0’/’ @ 1 Y o [ -1 { [ @ o ' v @ {
Hedadaazisuezmiouiu uanmeiufasesidgyaiudisuersindiuiiunavidun delay
Y o @ 1 9
13 dadeenams ey
a <= transport b after 20 ns; (YR INUUDI b WwmdouU a ud b szlidgaundn

A1 a 8g 20 ns)
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- 131997 Generics
A a 1 v 9/ . [] ' = g
Generics oo ldlumsdadoyanian ¥ Entity wu i1 delay time,A1nanuy,
AAMNEUNIL, AUAAN9YD4 data-path 1587 AuAT19vDe signal Wudu IFnuldTaos

v ¥ i d
ALY Generic Hunintin 1U1u Entity Block fisdapee Tl sunsudail

entity buff is architecture buffl of butf 1s
generic(delay:time;load:integer): begin
port(a:in bit; b:out bit); b<=a after(dclay * load);
end buff; end buffl;

1nE29613 Tl uns i buffer ANNTAIAT delay 1oz load 11ifuA7 buffer Tauey
(-] | v Q’: v o 3 <t . . @
waumaniuly1F i architecture #ada0e19 Mol Architecture 923iM3dIA11n a TUd b

p=% 1 9/ . : LR A o P =1 .
Taed delay 13913 Tngan delay Yuwdy ( delay * load ) Fandanniia 1 18@eu entity buffer
@ w-; 3 ° [ . o A 3 .
dgunwdnmusnseh UM entity AouldialountsGonldau function Tastsieg
¥ o dy s o o s‘:

14 entity buffer #2111 entity 2 1A11A921M 50 Component 13 1 Architecture §tiuTagumnsn

1Anou begin AaRIBH19

architecture testl of test is

component buff
generic(delay o time; load : integer):
port( a : inbit; b : out bit):

end component;

begin

4 . o q‘: g = v &
o wnsn entity daniuasldudundaunsaisoald ldmiouiudedsudiniie
pazdinsdam i ladodail
ul: buff generic map (13 ns, 2) port map (ina, outb): ( Lﬂumiﬁﬂﬂi‘iﬂugﬂ-
LY Structure )
k%4
-n131% 01 Block Statements
2y Y ' ¥ s «3 YR é’
1 Statement Md111959017 Architecture vausiugduszuy wagdadauniniy

¥
v v [

=3 o L ‘3’ %
Sndein s tenmnsadsemadusuuy  Local YuunlFld slddusinsuenues 1
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. v
Sudadau dwnlsilsemealSly Block fannsaldaseunqulanielu Block iy (milew

Tunwihaaa)

[label] : block [ ( condition )]

[Uszneaands]

-- statcments

end block [label];

Tuudaz Architccture 13071953 141210 block i‘}luaéﬁnéﬁﬂuiw%wﬁui‘luﬁﬂﬁau
wula uas Tuudas block 130l block Foregersluld&an Tas condition iogas block
FufonuautAves Guarded Blocks mduidnioidouludand 1 statement g
IEERRERRTAN

architecturc testl of test is
begin
gl : block (clk = “17)
begin
q <= guarded d after 5 ns;
end block ¢l;

end latch guard:;

o . ¥ * <t q‘ A
AMIviauve s lUsunsuife axfiudieel keyword GUARDED Wutd131139

& o . a A 4 LW 10t
GUARDED #ilaz Waniuesuile dk = *1° uenainiiozidluimie #91i statement d Aera 1

o =K 4 a
q WHNNMNIUNADLUD Guarded LEL‘]‘N%‘N

2.2.3 Sequential Processing
ﬁmi"‘umﬁaammmwsﬁﬁmmwmlﬂtluiuazci?nci’famfu 3UyVYeY Structure Loy
Behavioral Model 11udis lnifiesme sULULYRS Scquential WugiwuiitianudWayununs
¥ wsefigduuuediufediufuniyisedugiods ¢ n3o Yrermafifosiheuuy

Sequential Statement
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- Process Statement
v 9 9/
mM3fieein 1y statement 11 VHDL 41115 09197%4440% Sequential 1tius19z@na

{ ', ' ' o ¢ 9y
1% statement N5 87371 Process 197 148 a@I10619075 19970

architecture test1 of test is
begin
process (a, b)
variable temp : std_logic;
begin
-- sequential statement;
end process;
-- statcment;

end testl;

s 1 =1 1 { : q‘; o
nde1ems 19U Process Munsndalllu Architecture tiuazyhilvlu
. 1 1 "
€174 statement ﬁgﬂﬁuﬁ'oﬂ begin L4a¥ end process umwmiﬁmmﬂu step RazUsINANUN
2 g [ a t . =t o vt
FaRAn3ULULUPY Sequential Processing oI statement H19gj 114 architecture RTINULADGUDN
v
oo ° ad [ a p=1
block process DEIAIUMINIUILULUNANAD process WIBUAUNNUIINA - UONDINTIN
[ [ @ ! o : g o 1 J ar
Ta)5unsu9g 9w process 890 (o) 1813 Tuasdiniunfodya i lslu architecture @9
. 9 o -:yd ] A o A =) - . :
architecture 92191 113171 block process HnavoTRyy M a M3 b UMsilasunlaumniu
v Vv
M3o738n31 Event $111un1s simulate s Tusunsu ludeadn luviremln process anon

nanTaohiduiiu
- Sequential Statements
HUBNIN process statement 1&2nGaT statement ﬁ%nﬂuazﬁ’nmﬂ VHDL 1) Sequential
Statements 1131‘%'&111@5.:! 5 ﬁ’;ﬁx‘i‘é’ if, case, loop, assert, wait 1??15ﬂﬁlﬁaﬂi%ﬁuil‘INUﬁNV] Y

id
seazdeauaz gluuuaee 1l

suuuy IF statement

IF condition THEN
Sequence Statements

[ELSEIF condition THEN Sequence Statements ]
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[ELSE Sequence Statements ]
END IF;
if statement Wlunsnsvaeulonludr condition 1iueSeAarilu sequential
statement Y84 then 81110z 1% 11 sequential statement 484 else Wnu snAIBEIIMS 19U
$1w dusiiifouly 81a= 1’ fezdem c Wb wenuniiRazded d W b WouduTisunsy
et

if (a=‘1") thenb<=c; clscb<=d; cndif;

JUsuY Case Statements
Casc expression IS
WHEN choices [| choices ] => sequence statements

WHEN choices [| choices ] => sequence statements
END CASE;

casc statement 1% IUASAIINTIVADUIN expression ( aarlsazihnsouion)

q’/’ A e M o ¥ o W S q’/’ t @ L.

dulaumipuaadonle Tdsunsunozidn Uiy statement Ju@uasniu uandeny if
:; : Y ar d-:;d : <~ Qs g @ @

statement @347 case Huee l¥AUAsaRNou lnTuumsnSoumesunudulsfReInu uas

d 4
Tvanuiiou

suuyuves LOOP Statements
VHDL i loop W$mag 2 uun fe while uaz for M1sld - loop 1uiitlss Tomimn

° o Y a ~ ‘e 1Y ot o o o Y G
fmsudoyafiivanoyas WS iludeadonTsunsudiu figduuuvesns Iaaudsil

WHILE condition LOOP FOR identifier IN start_value TO finish_valuc LOOP
Sequential Statements; Sequential Statements;
END LOOP END LOOP;

" ¥
104 loop statement €41 statement B0 2 A2AF8THNINIUVBI Toop NTANUBANEY

b4

TUAD next 1AL exit statement Mo WAL NEXT; 1911114 loop e ldsunsuld¥namunda

o v o % [ s v a2 A o
statement 71 NEXT of Tdsunsuiezase laandulufediuiaves loop siudiieinlu
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[ ' ) o . 4 P A& °
step §A1IAD M5V exit statement oz uiy EXIT; W liwe Tusunsuihauwee EXIT

ez ligaeenein LooP iuf liwauuen loop Ao ly)

2.2.4 Wait Statements
. A . . a o 9/ z
Wait statement 79 M3n1Na U sequential statement Nagyinl¥ ldsunsuriunga
o . :/’ a [} )4 A A a 3 =y (]
emeglu statement Vuilunamuidmuall wsomuieulendeld Dyduuunisniag
11?1%64! 4 WUUAD wait on signal, wait until condition, wait for time_expression, {8 multiple
g x:iy aa 4 = & o
wait condition Statement mmutfflu statement 752 TeruuIndn statement wiamMIRInu
b d
YOIUANZUUUAIN
- Wait on signal
d‘! - ) = dv [ Yo d‘ t P=1 d‘
e Tusunsuiteande statement Hazidumsniae Boua ldsuanegiimsnldou
ufaaued signal NfMuUAlH 1By Wait on ab; ADIZIBDHAURIUATIAIUBY 2 13D b 92WMS
waoumlas
- Wait until condition
4 o = e  wye & 4 2
e TUsunsuamngs satement HezumaniiaeBiui lsundieeuluiugee
a v (] N 4 A 1 4
WusTefenganinasniag W Wait until ((a='1°) and (b="1"));  fBvgminliSoes) au
N
ataz b wiia 1 AIEWgAIINMIMINgG
- Wait for time_expression
‘ pui o LA™ , A ' Y
Hunsniasmunafisdmual? wu Wait for 10 ns: Andiunisniae3ifuna
10 ns;
- Multiple Wait condition

L4
ﬁ‘lumﬂ%’miwmaﬁ& 3 LUBNRAIUNUUTBUAIAIBYN
Wait on a, b until ¢="1" for 2 usec;

fo9nineBaun a v3e b wimsasuutasd wagy ¢ sedeadiu 1 s lutiteu

Ja & . A ) L e .
Tyuifatug i Autugei 2 usee Taon1s1d Multiple Wait Hiitoulymsgagae

¥
o w 9 v

= ° S c 9 s Y yg 3 S
ADTINIINIT U watt LL‘}JU%NQ?J"Ii%S’J‘iJﬂu"Lﬂ 4 4uy IﬂUL’J’c’Iﬂ%ﬂﬁﬂﬁJﬁENfl"lﬂ‘iJﬂ’)ﬂﬂﬁu

1) on until for 2) on until 3) on for 4) until for
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2.2.5 ¥iiavedvoyn ( Data types)

- Object Types
2=t wa 1 R :1 [ o P ] a [
VHDL fifluauiiameaudnfuanszdugs Insuiiiavesdaunls 14y
19 a 9 LV
MEIBYAIY 3 FHAAIWNUAD
1 Signal IfudyanauioudasnsiFenaoiusenie Component #1499
2 Variable 1915w Temp fiudoyadnsninielu entity Taeldlums process
A4 A ° ' ~
3 Constant Fofiiin13Amuamasily 13191u program

signal T3tuvums lgamaad
SIGNAL signal name : signal _type [:= initial_value];

msldu Signal vennnezilunisdsmartiavesdyanands dsdunsnsrimun
. y
misuduldfudyanaiu 18 weddetaiiumsdsemedyain vee 1HTaiad std_logic

S ¢ A' 9
wazdasuduEiu 1

SIGNAL vcc : std_logic = ‘1’;

| a o < - P v o Kl -
(* std_logic A® FUATRIFILLTDNTUANPINAENUNIUNA 9 ANAB U, X, 0, 1,Z, W, L, H, -)

Variables ﬁgﬂtmumﬂ%@mﬁaﬁy
VARIABLE variable _name [,variable name] : variable_type [:= value];
11518971 Variables ASRNMLATIOM signal Apdunsad Mt udu IR LAY
w5 12870 fada061e fual delay 5 time SR15uAUT 2 ns
VARIABLE delay : time := 2 ns;
Constants ﬁgﬂuwmﬂ%&mﬁaﬁ
CONSTANT constant_name [,constant_name] : type_name [:= valuc];
11518471 Constant Aotz Gosiimafmuamiudulifudualsmodlumasiinly
20 Tlsunsuld §esroiaslumssvuadauds pi Satiadiu real Hanafiviniu 3.1414

CONSTANTpi : real == 3.1414;

50329
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a S/
- ¥yuavaIvdYa ( Data types )
a @ d‘ 9/ . % =} ] 9/
siinvoeialsfis 19semely Signal, Variable, 130 Constant ttispeninldifiu 4
1y m‘ﬂ‘lﬁqjﬂ fi Scalar, Composite, Access 02 File Types
q’; (3 47 He Yo ' * . Y
Scalar Types uuﬁ‘lumuﬂsLmuwugmw‘lﬁmumﬂmu integer, real udu
Composite Wussiiafildad1e aray wag record @ Access types (udandsguuuves
@ o . @ - a % 4
Pointer iiioufun e Isunsuialy File iudnlsiineaduIng
1. Scalar Types
Scalar Types iegpsepniiu 4 ¥iiAAD Intcger, Real, Enumerated, 102 Physical
b4 Y U qy 9y 10 ¥ k4 5 4 (K] Y a ¥ 1 9
types M3 Waudlsmatiazdoaddaligndesdnalianlvignatiadiom Integer 101
#1 Real lalidludu
¥ < ¥ o ° g . 2
Integer B1aDIvOYARNAVSNWAN LTI -2,147.483,647 D3 +2,147,483,647
Y Y o ° a a a ' =
Real mmwoy‘ammmuauﬂsa*ﬂ:."T]unﬂuuuluma -1.0E+38 4 +1.0E+38
Enumerated  ustianiiszant iy inbaanianiis msziusianinsfimua
d' <t a’ . v L]
youwa V391 set voengudoyaivrdefeiumi1dioalay . Programmer  80F30E198197
4" o é o
Foansadne ype doyefidndloynld 3 §fe red. green nag yellow sive 19 Tulsunsu'l
v9s i Iues Tsunsuldde
TYPE t_state IS ( red. green. yellow ):
Physical  (HumMIMmuadusidsznouain 2 8 BIuLINHHUATBUINAYDIAT
ot ~ o ’ J 9 Y [l ﬂ o a g A4
wils dauiaesdmuamizedun gy dsnodezidlunsiuuaytinoyafyeil current
Py "« ety 3o ¥ . [ o o
Huouwai 0 53 1000000000 Laz vl 1§90y 3 MUWAL na, ua WAL ma AL sV
c; ¥ @ 9/ .:'41 <t o w U @ :‘1 9/ (] ] o Yy
minzfve 1iudoyanilanwazidoags TRanvognawnan ioinlsmiegiversilneis

<Y . : Y q‘/‘ '
tedoyamaninlaie uaz duni

Type current is range 0 to 1000000000

units
na;
ua= 1000 na;
ma= 1000 ua;

end units;
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2. Composite Types

(]
aa v

Furilafiimsiftudeyaiifidnuuziunguiauendos1difiu 2 wilafe aray uoz
record i udoyaiia aray ufase ldunnlumsih ROM e RAM
Array 3UiU1984 array TARYY
TYPE name IS Array ( start TO stop ) OF FraYDIAMLS
$290130151055079 Array SABE data_bus 514 type 7Y 4 bit Hiia signal i bit
TYPE data_bus IS Array ( 0 TO 3 ) OF bit;
Frotamstlsemedauds 1 x Detindiu data_bus
VARIABLE x :data_bus;
F069MID0N Array LDTIZAMAUY  x(1) =11
F10019M 309 Array tvuidlungy x=(1,°0%, 1, *07);

Muludimensional Arrays Funisls array nawila Array 2 Hanon 19 lun15e8nUUY rom LA

ram
A106197191) 3N E Array Ha100A
TYPE mem_data IS Array (0 TO 32,0 TO 32 ) OF std_logic;
§100190154109 Array Haeda - X(1,1) =17
Record

Record AioMstzuoInguundoyariiamen Whdaemuily Object 1Hiea A9il Record
axliznoy ld@aedoyariinanqeg s mnsafiesld Record 41 Record ldmiouiy

Programming Language ﬁ’a‘]“lﬂ

A1019NsYsEMA. type test_record is
record
d : integer;
o :real;
end record;

variable test : test_record;

ansnsndnstadiayalélaeldqnlidnmdsiauds uazaudasTafadlu record

test.d :=5;

test.o := 10.5;
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3. Access Types
Access Tguunmiiouny pointer Tunwhaataamniniil Pointer Yl Link o
gafuiiy Link List 14a18 § Function ﬁi%ﬁ‘u Access Types f‘:ﬂﬂ 2 ffie 1. NEW 1lums
Allocate #umialu Memory 2. DEALLOCATE 1lumssnidnnsldauvea Pointer

o {l 9
AIDE19N15 1%

TYPE fifo IS ARRAY (0 TO 3) OF std_logic;
TYPE fifo_access IS ACCESS fifo;
VARIABLE fifo ptr : fifo access := NULL;
fifo_ptr := new fifo;
fifo_ptr.ALL = (‘0°,°0°,°1°,°1);

4. File Types
] 14 .
udeyailsgmeinuiio Flunsdadenuwa
stuvumsdsems

TYPE file_name IS FILE OF filc_ typc;

file 1) Function 1‘#1%@1'146@ 3 Function
READ (filedata)  (file 1040 filehazswdoya ; daa fodmlsioziumlulvg
A )
A A a ' 4 g o g ' A =t
WRITE (file,data)  ( fileAD¥D fileV1 920 1UUDYA ; data aoalsninuAInIzveu

sl lung)

ENDFILE (file)  (file AD¥® filehila )

5.Subtypes
i‘ s A ¥ aa 1R Iy‘: ' aY as nlvy ° 4
Humniviiavesdoyaniioghanldifssunsdiu Tveafe hifoaimua type Ju
H ¥ ¥y v o ¥ ¥ Y v a o o
wnn, e uwavestoyanii Sulle, dhlsveuwamsldanuldie wuwstiainawa

U0 natural 910 type integer

SUBTYPE natural IS integer RANGE 0 to +2,147,483,647;
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2.2.6 tnAtinm 31511 VEDL
- M5 19 signal ¥ std_logic
: Y] a a & a; a ‘VA ~ U [ : v A
std_logic iudyapudnsianiefitonldadogieiuianua 9 Aife (U, X, 0. 1,
9 i
7, W, L, H, - ) dariulums Wamswesdilsegiaund lilaTifisen 1 fu o daiuly
Q’l‘ 9/ P % 0 % «5 a.; } K d'
Tsunsuvpasniuezdeaiinsld oher ogiaue ( others iU keyword Aaniianiey 1veih

w1 li188198 ) dadanen smuald s W array 9179 2 bit 3iia std_logic

cas¢ s 1s
when “00” => muxout <= ¢
when “01 ™ => muxout <= d;
when “10™ => muxout <= ¢,
when others  => muxout <= f

end case;

nnTlsunsudaan s Badldmaga 2007 150 =017 130 <107 uda Tusuniuezdan 114
[ =%
muxout NUN
UBATINATSHN others 1NFIONRY 15109 NTald don't care w0 ldonaaolu
nsfinuseruladfoyamwzinain wu duslideyasg 6 In uadpMsasITBUIRNIE 2 1N
a q’/’ ¢ oA « d 9/ o :/‘ ~ o o4 &
waaiuilu 1 Aeguiel AezdeahdeyatiuldnSouhoudy 117 nIpsMuauNY
v
don't care M35 1% auagatie i JvminnunsaSoudoumsizs lidndudewsneen
=y % o 8 <
yfSeuisununasin
-M31¥OU VHDL 1 Flip-Flops
< o a‘: F4 ¥ 9/ ’ & o . a‘: as
Flip-Flop 92311411 1811 a2A09 19 clk 1919059391930 flip-flop Huo Y
o 4{ A Iq ¥ @ ‘:v
MSTIUVDIVILYITU N30 YBUNIAYD4 clk 13 0Y52YnA e Idaeil
b4
-~
(clk’event and clk ="17) UNUYBUVIYUYBDN clk

(clk'event and clk="0") UNUYBUVIAIUBY clk

gNAIDYINNITOENULY D Flip-Flop N13 preset 1ag resct
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g‘ljﬁ 2.4. uaAs D Flip-Flop 3 preset QY reset

entity dff async is  ( entity block )
port (data, clk, reset, preset : in std_logic;
q:outstd logic);
end dff async;
architecture behav of dff_async is
begin

process (clk, reset, preset ) begin

if (reset =*0") begin (reset A1 q Lf}’e) reset 1511 0”)
g Hes

clsif (preset =*1°) then (set A1 q Lﬁi’) preset du )
q<=11%

clsiflclk event and clk=1") then (714 data uﬂ'aﬁ clk 19131)
q <= data;
end if;
end process;

end behav;

- M500NUUY buffer HUUAIYY

N
7

1. Tri-State

U7 2.5 weraa Tri-State
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A5POALY buffer 711} 3 ae1uz Tnel enable WudIUgNAINT0@OEY entity 18

‘JQ
=0,

entity tristate is
port (e, a : in std_logic;
y :out std_logic);

end tristate;

9y 9 v
Architecture HuansameulavaeuuussdIe1ane 2 uuude 11U

architecture tri of tristate is architecture tri of tristate is

begin begin
process (¢, a) y<=a when(e=‘1") else ‘Z’

begin end tri;
if e="1"then
y<=a
clse
V<~ Z¢
end if;
end process;

end tri;

2. Bi-Directional Buffer
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architecture bi of bidir is
begin
process (e, a)
begin
casc ¢ is

when 1" =>y <= a;

when *0' =>y < 'z";
when other => v <= "x’;
end casc;
end process;
b= y;
end bi;
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Tnssari19vesuden CLK_DIV 25175

library icec;

use icee.std logic 1164.all;

entity clk_div_25175is

port(clk_in:in std logic;

clk_out:out std_logic

);

end clk_div 25175;



29

architecture rtl of clk_div_25175is
begin
process(clk_in)
variable temp_1:integer range 0 to 12587,
variable temp_2:std logic;
begin
if clk_in'event and clk_in="1" then
if temp_1=12587 then
temp_1:=0;
temp 2:=not temp_2;
else
temp_ L:=temp_1+1:
end if;
clk out<=temp_2;
end if;
end process;

end rtl;

Tnssard1avesudon CLK_DLV_1000
library ieee;
usc iece.std_logic 1164.all;
entity clk_div_1000 is
port(clk_in:in std_logic;
clk_out:out std_logic
¥
end clk_div_1000;
architecture rtl of clk_div_1000 is
begin
process(clk_in)
variable temp_1:integer range 0 to 499;
variable temp_2:std_logic;

begin
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if clk_in'event and clk_in="1" then
if temp_1=499 then
temp_1:=0;
temp_2:=not temp_2;
else
temp_l:=tecmp_1+1;
end if;
clk out<=temp_2;
end if;
end process;

end rl;

Tnssa$ravesuden DEBOUNDI
library iece:
use iece.std logic 1164.all;
entity debound 1 2 1s
port(reset:in std _logic;
data_in:in std_logic:
count_control:out std_logic
L
end debound _1_2:
architecture 1tl of debound 1_2'1s
begin
process(reset,data_in)
begin
if reset="0" then
count_control<='0';
elsif data_in'event and data_in="0' then
count_control<='l";
end if;
end process;

end rtl;
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library icee;
usc‘ icee.std logic_1164.all;
entity debound_1_1 1s
port(clk:in std_logic;
count_control:in std_logic;
data_in:in std_logic;
resetout std_logic
):
end debound_1_1:
architecture rtl of debound_1 _1 is
signal count_temp:integer range 0 to 31;
begin
process(clk)
begin
if clk'event and clk="0" then
if count_control='1" then
count_temp<=count_temp+1;
clse
count_temp<=0;
end if;
end if;
if clk'event and clk="1" then
case count_temp is
when 24 => ifdata_in="1" then
reset<="0";
end if;
when others =>reset<="l";
end case;

end if;

end process;

end rtl;



Inssardiavosuden AS
library iece;
use ieee.std_logic_1164.all;
entity a5 is
port (a : in std_logic;
b :instd _logic;
c :instd _logic;
d :in std_logic;
coin: out integer range 0 to 99
B
end a5;
architecture rtl of a5 is
signal countl: integer range 0 to 99;
signal count?: integer range 0to 99;
signal count3: integer range 0 to 99;
begin
process(a,d)
begin
if d="0' then
count1<=0;
elsif a'event and a='C' then
countl<=countl+1;
end if;

end process;

process(b,d)
begin
if d='0' then
count2<=0;
clsif b'event and b="0" then
count2<=count2+5;

end if;

32
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end process;

process(c,d)
begin
if d='0' then
count3<=0;
elsif c'event and ¢='0" then
count3<=count3+10;
end if;
end process;
coin<=countl+count2+count3;

end rtl;

Tasaadaveuden SUM_CLKI

library iece;

use icce.std_logic 1164 .all:

entity sum_clkl is

port(a:in std_logic:
b:in std_logic;
c:n std_logic:
d:in std logic;
clk:out std _logic
X

end sum_clkl;

architecture rtl of sum_clkl is

begin

clk<='1" when a='1' and b="1"and c¢='l' and d='I' else

0"

end rtl;
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Tnssaiavesuden A4
library icec;
use iece.std_logic_1164.all;
entity a4 is
port( data_i: in std_logic_vector(2 downto 0);
] : out integer range 0 to 99 );
end a4;

architecture RTL of a4 is

begin
process(data_i)
variable m : integer range 0 to 99;
begin
casc data 11s
when " 110" =>m:=38;
when " 101" =>m:=45;
when "011" =>m:=64;
when others =>m:=0;
end casc;
j<m;
end process;
end rtl;

Inssadsvesuden SUM

library iece;

use icee.std_logic 1164.all;

entity sum is

port(clk:in std_logic;

coin_in:in integer range 0 to 99;

coin_out:out integer range 0 to 99
%

end sum;

architecture rtl of sum is
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begin
process(clk)
begin
if clk'event and clk="1" then
coin_out<=coin_in;
end if;
end process;

end rtl;

Tnssadr9vesudon RECOIN2
library icee;
use icee.std logic 1164.all;
entity recoin2 is
port (coin: in integer range 0 to 99;
j 1 in integer range 0 to 99;
clk: in std_logic;
rec: out integer range 0 to 99
%
end recoin2;
architecture rtl of recoin2 is
begin
process(clk)
variable temp:integer range 0 to 99;
begin
if clk'event and clk="1" then
if coin<j then
temp:=coin;
elsif coin>=j then
temp:=coin-j;
end if;
rec<=temp;

end if;
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end process;

end rtl;

Tnssad19vesuden ENCODE

library icee;

usc icec.std_logic_1164.all;

entity encode is

port(coin : in integer range 0 to 99;

ab :outstd logic vector(7 downto 0)
).

end cncodc;

architecture rtl of encode is

begin

with coin sclect
ab<="00000000" when 0,

"00000001" when 1.
"00000010" when 2,
"0000001 1" when 3.
"00000100" when 4,
"00000101" when 5.
"00000110" when 6,
"00000111" when 7,
"00001000" when §,

"00001001" when 9,

"00010000" when 10,
"00010001" when 11,
"00010010" when 12,
"0001001 1" when 13,
"00010100" when 14,
"00010101" when 15,
"00010110" when 16,



"00010111" when 17,
"00011000" when 18,
"00011001" when 19,

"00100000™ when 20,
"00100001" when 21,
"00100010" when 22,
"00100011" when 23,
"00100100" when 24,
"00100101" when 25,
"00100110" when 26,
"00100111" when 27,
"00101000" when 28,
"00101001" when 29,

"00110000" when 30,
"00110001" when 31,
"00110010" when 32,
"00110011" when 33,
"00110100" when 34,
"00110101" when 35,
"00110110" when 36,
"00110111" when 37,
"00111000" when 38,
"00111001" when 39,

"01000000" when 40,
"01000001" when 41,
"01000010" when 42,
"0100001 1" when 43,
"01000100" when 44,
"01000101" when 45,
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"01000110" when 46,
"01000111" when 47,
"01001000" when 48,
"01001001" when 49,

"01010000" when 50,
"01010001" when 51,
"01010010" when 52,
"01010011" when 53,
"01010100" when 54,
"01010101" when 55,
"01010110" when 56,
"01010111"™ when 57,
"01011000" when 58,
"01011001" when 59,

"01100000" when 60,
"01100001" when 61,
"01100010" when 62,
"01100011" when 63,
"01100100™ when 64,
"01100101" when 65,
"01100110" when 66,
"01100111" when 67,
"01101000" when 68,

"01101001" when 69,

"01110000" when 70,
"01110001" when 71,
"01110010" when 72,
"01110011" when 73,
"01110100" when 74,
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end rtl;

"01110101" when 75,
"01110110" when 76,
"01110111" when 77,
"01111000" when 78,

"01111001" when 79,

"10000000" when 80,
"10000001" when 81.
"10000010" when 82,
"10000011" when 83,
"10000100" when 84,
"10000101" when 85.
"10000110" when 86.
"10000111" when 87.
"10001000" when 88.

"10001001" when 89.

"10010000" when 90,
"10010001" when 91.
"10010010" when 92,
"1001001 1" when 93,
"10010100" when 94,
"10010101" when 95,
"10010110" when 96,
"10010111" when 97,
"10011000" when 98,

"10011001" when 99:

39
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Tnssadravesudon DECODE
library icee;
use ieee.std_logic_1164.all;
entity dec is
port(ab : in std_logic_vector(7 downto 0);
al : out intcger range 0to 9;
bl : out integer range 0 to 9
»
end dec;
architecture rtl of dec is
begin
process(ab)
variable a : integer range 0 t0 9;
variable b : integer range 0 to 9;
begin
case ab(7 downto 4) is
when"0000"=>a:=0;
when"0001"=>a:=1;
when"0010"=>a:=2;
when"0011"=>a:=3;
when"'0100"=>a:=4;
when"0101"=>a:=5;
when"0110"=>a:=6;
when"01H1"=>a:=7;
when" 1000"=>a:=8;
when"1001"=>a:=9;
when others=>null;
end case;
al<=a;
case ab(3 downto 0) is
when"0000"=>b:=0;
when"0001"=>b:=1;
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when"0010"=>b:=2;
when"0011"=>b:=3;
when"0100"=>b:=4;
when"0101"=>b:=5;
when"0110"=>b:=6;
when"0111"=>b:=7;
when"1000"=>b:=8§;
when"1001"=>b:=9;
when others=>null;
end case;
bl<=b;
end process;

end rtl;

Tnssadravesvden G123

library icec;

usc icee.std _logic 1164.all;

entity gl 1 is

port(clk:in std_logic;
rec:in integer range 0 to 99;
con:in std_logic;
reset:out std_logic;
ten_out:out integer range 0 to 9;
five_out:out integer range 0 to 9;
one_out:out integer range 0 to 9

);

end gll;

architecture rtl of gl1 is

signal ten:integer range 0 to 9;

signal five:integer range 0 to 9:

signal one:integer range 0 to 9;

begin



end rtl;

library ieee;
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process(con,clk)
variable money:integer range 0 to 99;
begin
if con="0" then
reset<="1";
elsif (clk'event)and(clk="1")then
if moncy=0 then

money:=Tec;

ten<=0;
five-=0;
one<=0;

elsif money 10 then
moncy:=money- 10:
ten<=tentl:
clsif money>3 then
money:=money-5;
five<=five+l;
clse one<=money:;
money:=0;
reset<="'0"
end it
end if;
cnd process;
ten_out<=ten;
five_out<=five;

one_out<=onc;

usc iece.std_logic 1164.all;

catity g2 is

port(reset:in std logic;

clk_in:in std_logic;



data_in:in std_logic;
con_out:out std_logic;
clk_out:out std_logic
):

end g2;

architecture rtl of g2 is

signal con:std_logic;

begin
process(reset,data_in)
begin
if resct="0" then

con<='0}

elsif data in'event and data_in="1' then

con<="l';
end if;
cnd process;

con_out<=con;
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clk out<=clk_in and con;

end rtl;

Tnssai1avesvaon G62

library icec;

use icce.std_logic 1164.all;

entity g6 is

port(reset:in std_logic;
data_in:in std_logic;
count_control:out std_logic
k

end g6;

architecture rtl of g6 is

begin

process(reset,data_in)
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begin
if reset="0" then
count_control<='0';
clsif data_in'event and data_in='"1" then
count_control<='l";
end if;
end process;
end rtl;
library icee;
usc icee.std_logic_1164.all;
entity g61 is
port(clk:in std_logic;
count_control:in std logic;
data_in:in std_logic;
reset:out std logic
);
end g61;
architecture rtl of g6! is
signal count_tcmp:intcger range 0 to 9;
begin
process(clk)
begin
if clk'event and clk='0" then
if count_control="1" then
count_temp<=count_temp+1:
else
count_temp<=0:
end if;
cnd if;
if clk'event and clk="1" then
case count_temp is

when 8 => ifdata_in="l" then
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reset<="0';
end if;
when others =>reset<="1';
end case;

end if;

end process;

end rtl;

Tnsaadravosuden GT71

library icce:

use icee.std logic 1164.all:

entity g71 1s

port(reset:in std_logic:
rec:in integer range 0 to 99;

ten_in:in integer range 0 to 9;

five_in:in integer range 0 to 9:
onc_in:in integer range 0 to 9:
tenout:out integer range 0 to 9:
five out:out integerrange 0 to 9:
onc_out:out integer rangc 0t0 9
)

end g71:

architecture rtl of g71 is

begin

process(rec.reset)

begin

if rec=0 then
ten_out<=0;
five_out<=0;
one - out<=0;

clsif reset'event and reset="1' then
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ten_out<=ten_in;
five_out<=five_in;
one_out<=one _in;
end if}
end process;

end rtl;

Tnssas9vosudon G3_4
library iece;
use iece.std_logic_1164.all;
entity g3 is
port(clk:in std_logic;
con:in std logic;
a :ininteger range 0 to 9;
d :out std_logic;
reset:out std logic
)
end g3;
architecture rtl of g3 is
signal ¢ :std_logic;
begin
process(con,clk)
variable count:integer range 0 to 9;
begin
if con='0" then
reset<='1";
elsif clk'event and clk="0" then
if count=a then
c<="0;
count:=0;
resct<='0";

else count:=count+1;
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c<="1";
end if;
end if;
end process;
d<=clkandc;
end rtl;
library icee;
use iece.std_logic_1164.all;
entity g4 is
port(reset:in std_logic;
clk_in:in std logic;
data_in:in std_logic;
con_out:out std_logic;
clk_out:out std_logic
);
end g4;
architecture ttl of g4 is
signal con:std logic;
begin
process(resct,data_in)
begin
if reset="0" then
con<="0';
elsif data_in'event and data_in='0" then
con<='l";
end if;
end process;
con_out<=con;
clk_out<=clk_in and con;

end rtl;



Tnssardevesuden G5
library iecc;
use icee.std_logic 1164.all;
entity g5 is
port (a : in std_logic;
b :instd logic;
c:instd logic;
d:instd logic:
coin: out std logic
)
end g5;
architecture rtl of g5 1s
signal countl: std_logic:
signal count2: std logic:
signal count3: std_logic:
begin
process(a,d)
begin
if d="0" then
countl<="l";
elsif a'event and a='0' then
countl<="0";
end if;

end process;

process(b,d)
begin
if d&='0" then
count2<="1";
clsif b'event and b="0" then
count2<='0';

end if;
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end process;

process(c,d)
begin
if d&='0" then
count3<="l";
elsif ¢'event and ¢='0' then
count3<='0";
end if;
end process;
coin<=countl or count2 or count3;

end rtl;

Tnssadrevosuden G8t
library iece;
usc icce.std logic 1164.all;
entity g8 is
port(clk:in std_logic;
count_control:in std_logic;
resct:out std logic
);
end ¢8;
architecture rtl of g8 is
signal count_temp:integer range 0 t0 9;
begin
process(clk)
begin
if clk’event and clk="0" then
if count_control="1" then
count_temp<=count_temp+1;
clse

count_temp<=0;
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end if;
end if;
if clk'event and clk="1" then
case count_temp is
when 8 => reset<='0';
when others => reset<="1";
end case;
end if;
end process;
end rtl;
library icee;
use ieee.std_logic_1164.all;
entity debound 1 2 is
port(reset:in std_logic;
data_in:in std_logic;
count_control:out std_logic
).
cnd debound [ 2;
architecture rtl of debound 1 2 is
begin
process(reset,data_in)
begin
if reset='0" then
count_control<='0";
clsif data_in'cvent and data_in='0" then
count_control<='l";
end if;
end process:

end rtl;
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Tnssars13vesuden SELECT BIT

library iece;

use ieee.std_logic 1164.all;

entity select2_bit 1s

port(a:in integer range 0 to 9;
b:in integer range 0to 9;
clk:in std_logic;
sel_bit:out std_logic_vector(1 downto 0):
bed:out integer range 0 to 9
)

end select2 bit;

architecture rtl of select2 bit is

signal temp:std_logic;

begin
process(clk)
begin
if clk'cvent and clk="1" then
if a=0 then
temp<='l";
clse
temp<=not temp:
end if:
end if;
cnd process:

process(clk.temp)
begin
if clk'cvent and clk="0" then
if temp="'0" then
bed<=ga;
sel_bit<="01";
clse

bed<=b;
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sel_bit<="10";
end if;
end if;
end process;

end rtl;

Tnssard19vesudon SEGMENT

library icce;

use iece.std logic 1164.all;

entity segment is

port( bed :in integer range 0to 9;

seg_7 :out std_logic_vector(6 downto 0)
y.

end segment;

architecture ttl of segment is

begin

with bed select
seg_7<="1001111"when 1,

"0010010"when 2,
"0000110"when 3,
"1001100"when 4,
"0100100"when 5,
"0100000"when 6,
"0001111"when 7,
"0000000"when 8,
"0000100"when 9,
"0000001"when 0;

end rtl;
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