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HUONG DAN

MO TA MON HOC

Thi nghiém thiét ké hé théng s6 nhdm muc dich hd trg cac ban sinh vién trong viéc
ti€p xuc v@i ngon nglr dac td phéan cing.

Thuc hién viéc 1ap trinh bang cac ngén nglr m6 td phan cing khac nhau: ABEL,
VHDL, VERILOG, SHEMATIC, State Machine ....

Thuc thi cdc chudng trinh ngay trén thiét bi phan cing.
NOI DUNG MON HOC

— Bai 1. Ngon ngir l1ap trinh ABEL.
— Bai 2: Boardard DE2 va phan mém thiét ké trén FPGA.
— Bai 3: Ngbn ngif lap trinh Verilog va VHDL.
— Bai 4: Thiét k& FPGA thdng qua sd dd khdi.
— Bai 5: Thiét ké FPGA thong qua may trang thai.
KIEN THUC TIEN DE
MOn hoc thi nghiém thié€t ké hé thong s6 doi hoi sinh vién cé nén tang vé ky thuat

s6 cd ban va da hoc cac ngon ngit dac ta phan cing.
YEU CAU MON HOC
Ngudi hoc phai du hoc day du cac budi thi nghiém va lam bai tdp day du & nha.

CACH TIEP NHAN NOI DUNG MON HOC



HUGONG DAN

D€ hoc tdét mdn nay, ngudi hoc can 6n tap cac bai da hoc, lam day du bai tép; doc

trudc bai mdi va tim thém cac thong tin lién quan dén bai hoc.

Da&i v6i mdi bai hoc, ngudi hoc doc trudc muc tiéu va téom tat bai hoc, sau do tién
hanh thuc hién cac bai thi nghiém.

Sau mdi bai hoc ti&n hanh lam cac bai tap.
PHUONG PHAP DANH GIA MON HOC

Mén hoc dugc danh gid: Thuc hién kiém tra sau khi hoc mdi bai. Diém clia mdn
hoc la trung binh cdng cua cac bai da hoc.
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BAI 1: ABEL

Sau khi hoc xong bai nay, hoc vién cé thé:
— Hiéu duoc céng nghé PLD;
— Cach viét chuong trinh ABEL cho PLD;

— Cach l4p trinh PLD bang ABEL.

1.1 GIOT THIEU

1.1.1 Ngon ngir lap trinh ABEL
ABEL(Advanced Boardolean Equation Language) la mo6t trong nhitng ngoén ngit

lap trinh rat manh cho PLD. Trinh bién dich ctia ABEL c6é kha nang mé phéng va tao

file cau chi (fuse map) cho PLD
Khung chuagng trinh ngén nglr ABEL

Module Module_name

Title ‘String’

Device_indentifier Device device_type
@alternate " c6 thé c6 hodc khéng
Pin declarations “comment

Other declarations

Equations

Test vectors

End_ module_name
Ngon ngir 1ap trinh ABEL hd trg cho nhiéu hinh thirc ngd vao:
- M6 ta bang phuong trinh dai s6 BOARDOLEAN (equations)
- M6 ta bédng bang su thét (true table)

- M6 ta bang so do trang thai (state diagram)



n BAI 1: ABEL

1.1.2 Cac budc chuan bi

DE viét chuang trinh cho PLD ding ngdn ngir ABEL can chudn bi:

Budc 1: Cai dat Total commander.

= | Total Commander 6.53 - FINS/HTBTeam
Files Mark Commands Net Show Configuration Start

" E o e 2 @RS D=
lclv[syslm] 11,969,676 k of 16,390,048 k free

-

E
< -

.l.'lk."l.'lkhl)!2ﬁle:.ﬂa"-"cirl:] “llk!llkinIJ!lfie:.Cle"ld'l[sl

e\ |

(V=) e | [system] 11.969.676 k of 16,390,048 k free

EBX

Help

S ()~ e — () =)
£ e — |Size | Date Atr  [THame Ext Size  Date | Attr
{IABEL] ...<DIR> _08/13/2013 23: (el ] <DIR>  08/13/2013 23:00—
[[Documents and Settings] ~ <DIR>  07/29/2013 07: CI[COMMANDS] <DIR>  08/13/2013 23:00--
CJ[MetaStock Data] <DIR> 0871372013 08:31--  |TJABE BAT 172 09/07/1990 01:22a--
CJ[My Documents] <DIR>  07/30/2013 08:37---

_2[Program Files] <DIR>  08/13/2013 2240

CJltotalcmd] <DIR>  08/13/2013 22:55

CIWINDOWS] <DIR>  08/04/2013 22:24--

FJAUTOEXEC BAT 0 05/23/2010 11:48-a--

[]CONFIG 5YS 0 05/23/2010 11:48-a--

(LI

w

F4Edit || FS5Copy || FBGMove || F7 MewFolder ||

| F3View

F8 Delete

1

Al+F4 Exit

I

Hinh 1.1: Ca s6 Total commander

Budc 2: Tao thu muc ABEL tai thu muc géc 8 dia C.
Budc 3: Chép 2 file COMMANDS va ABE.BAT vao thu muc

= Total Commander 6.53 - FiINS/HTBTeam

ABEL.

9]=1(E3]
Help

Ok/Z0kinD/1 files. 0 /1 diifs)
c:VABEL>

Files Mark Commands Net Show Configuration Staet

BE =2 e %= gER B0

|c1v'|m1m1 11,966,416 k of 16,390,048 k frec (2] el ¥ [system] 11.965.996 k of 16,390,048 k free ®NE

[3. c:AABELA".” =&
_Ext Size  Date _[tName Ext  Size Date Aty

iRy 08A13/2013 el <DIR>  08/13/2013 23:00--
J[COMMANDS] "<DIR> D8/13/2013 23:00--- CJICOMMANDS] <DIR>  08/13/2013 23:00----
[ase BAT 172 09/07/1990 01:22a- | [TJABE BAT 172 09/07/1990 01:22ra-

'CII:JIJI:inI:IHI‘iIes,IH‘Idﬂsl

W

[ Faview |[  F4Edw |[ Fscepy ||

F6Move || F7 NewFolder ||  F8Delete |[  Al+F4 Exit

J

Hinh 1.2: Thu muc ABEI dudc tao
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1.2 SOAN THAO CHUONG TRINH & BIEN DICH
1.2.1 Soan thao chudong trinh

Budc 1: Trong clra s6 Total commander nh&n vao biéu tugng notepad

= Total Commander 6.53 - FiINS//HTBTeam

Files Mark Commands Met  Show  Configuration  Start -
B E =2 & % ¢ = | @ 8 8 4 0F =
[-c-] | [system] 11.966.416 k of 16,390,048 k free (M) [1re-l ¥ [spstem] 11.965.996 k of 16.390.048 k free
B[ c:\ABEL\"." ==
TName . Em Size  |Date g At [tHame Ext |Size  |Dale At
Bl d  <DIRy 08332300 | Bul.] <DIR>  08/13/2013 23:00---
_JICOMMANDS] <DIR: 08872013 23.00--- CJICOMMANDS] <DIR> 08/13/2013 23:00----
[~ABE BAT 172 07,1930 01:22a-  [TJABE BAT 172 09/07/1990 01:22a--
Ok/0kin0/1 files. 0/ 1 disfs) 0k /0KinD /1 files. 0/ 1 dirs)
c:VABEL> £
[ F3view |[  F4Edt  |[  FS5Copy |[  F6Move || F7MewFoldes |[ F8Delete |[  AMsF4Exit |

Hinh 1.3: M4 clra s soan thao chuong trinh ABEL
Cura s6 soan thao chuong trinh xudt hién

I Untitled - Notepad

=13
File Edit Format View Help
I

Hinh 1.4: ClUa sé soan thao chuong trinh ABEL

Budc 2: Nhap chuong trinh. Dudi day la ndi dung chuong trinh viét cho ham Y
vGi 4 bién vao
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[ Untitled - Notepad

File Edit Format ‘iew Help

module hamy flag '-tl’
Title ' wi du mach Togic 4 ngo vao
hamdngovao device 'plév8s’;

A, B, C, D pin 1,2,3,4;

Y pin 15;
¥ = .%X.; " ®mang vy nghia khing xac donh
Equations

Ve!A & IC& 'D#'A&C&D#B&C; “ham y
Test_vectors([a, B, C, D]-> ¥)

..0! D! Os O] => 1!
:0, 0! O) 1] s 0;
[0, 0, 1, 0] -» 03
L0, 0, 1, 1] - 1;
:0, 1! 0) 0] - 1;
:0! 1! 0: 1] -> X3
[0, 1, 1, 0] -» 1;
1o, 1, 1, 1] -» x;
[1, ¢, O, 0] -> O;
:1, D! O) 1] - 0;
:1! 0! 1: 0] => X3
(1, 0, 1, 1] -» 0;
(1, 1, 0, 0] -> 0;
[1! l! 09 1] => X3
[1, 1! 1) 0] - 1;
[1! lr l! 1] == 1;

end

Hinh 1.5: Chuong trinh ABEL dién hinh

Budc 3: Sau khi viét xong ta phai luu lai file cé tén trung v8i module_name, file

c6 phan mé réng la .ABL vao trong thu muc ABEL.

Save As

| COMMANDS
£ ‘) [SaeE.BAT
My Recent

My Computer

/

Savein: | 3 ABEL vl O 2

Q -Fle name: | /
Al Fies®

My Network Save as type:

Encoding: l ANSI

a,

-
v

v

?IX)

oy
1]
I§

Cancel

Hinh 1.6: Hop thoai Iuu file
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1.2.2 Bién dich chuodng trinh ABEL

Tai ddu nhac danh 1énh ABE tén file rbi enter.

= Total Commander 6.53 - FiNS//HTBTeam

Files Mark Commands Net Show Configuration Start

BE | #33 & %= B8 8

[-e-] * [system] 11.978.104 k of 16,390.048 k free E]IJ [-e-] ~ [system] 11.978.104 k of 16.390.048 k free @
B (- )(~) e =)
tName ~~~~~ Ewt |Size [Date | Alr _[fName Ext |Size | Date At
Tal..] «DIR> 08/1472013 08:29— | ..[..] <DIR> 0B/14/2013 08:29---
C1[COMMANDS] <DIR>  08/13/2013 23:00 CIICOMMANDS] <DIR>  08/13/2013 23:00-

S ABE BAT 172 09/07/1990 01:224a-- FIABE BAT 172 09/07/1990 01:22a-

W hamy abl 749 08/14/2013 08:2%a-- | [0 hamy abl 749 08/14/2013 08:2%-a--

Ok/DkinD/2files. 0 /1 diifs) Dk /0kinD7Z2ifiles. D /1 difs)

c:\ABEL> abe hamy.abl

i

| Faview || FaEdt || F5Copy || FEMove || F7 NewFolder ||

F8 Delete

|| AnsFaExit |

Hinh 1.7: Bién dich chudng trinh

Chuong trinh sé dugc bién dich. Néu chuong trinh khong

dich sé tao ra cac file: hamy.lIst, hamy.doc, hamy.sim, hamy.j

+ hamy.Ist : Chra 10i

+ hamy.doc : mé ta chan linh kién
+ hamy.sim : mo6 phong

+ hamy.jed : dung dé nap vao PLD

bi 16i thi sau khi bién
ed

Sau khi bién dich, & file c6 phan mé rong .LST d& xem c6 16i hay khdng. Néu

cé thi tién hanh stra 16i trén file gdc (LABL) rdi thuc hién bién dich lai. Lap lai qua

trinh nay cho dén khi nao khdng con 15i trong file.list.

1.3 NAP CHUONG TRINH

Dung kit nap Top Programmer dé& |ap trinh cho PLD:

Budc 1: K&t ndi kit nap Top Programmer vdi may tinh qua cdng USB.

Budc 2: MJ& chudng trinh Topwin6: bang cach nhdp Double vao shortcut

Topwin6. Clra s6 1ap trinh xuét hién. Chon tuy chon Placement
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¥ TopWin Vers.27 =13

File Edit Run Dizplay Toolz Help

BB O®a v

Y ISettings— U Buffer | & Config | = F'Iacement|
¥| Blank 28 Pin
v Write

v Verify 3 (Handle)
v| Config

Fin 1

o -
!E;I! Run

top2007 werl.09
Connectting 0K

Chip: MDT10P&2

Hinh 1.8: C(ra s6 1ap trinh PLD

Budc 3: Chon chip: Vao Run — Select chip — Ctra sd chon chip xuét hién

TOP2007 E|
Search | ‘
Select device
AMD ATP16YS O EPROM
ATHEL ATF1EVEE
LATTICE ATF1EVEEL () EEFPROM
NS ATF1EVEED
SGa ATF1BYERGL O MPU
WLSl ATF1EVEC O Serial EE
ATF1BVBCEXT
ATF1GYBCE (%) GALIPLD
ATF20VS
ATF20VEE () Test SRAM
ATF20VSBL O Test TTLUCMOS
ATF20VBEOL
ATF22v10
ATF22%10L
ATF22%1 0BIL Ok

Hinh 1.9: Clra s6 chon chip
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Trong ctra s& chon chip: Chon GAL/PLD trong khung Select device. Chon dung
chip can nap —» OK.

L&p chip can nap vao kit nap Top Programmer theo vi tri chi din trong clra sé.

Budc 4: Chon tap tin can nap: vao file - Open, chon chi vi tri file can nap (tap
tin c6 han ma rong .JED — Open.

Budc 5: Pé 1&p trinh chon Go. Qua trinh I&p trinh dién ra. Sau khi 1&p trinh
xong sé bao la complete.

¥ TopWin Ver6.27

File Edit Run Display Toolz Help

-EYAYET LI -EEE

Run | Settings U Buffer | # Caonfig = Placement
¥ Erase 24 Pin

+ Blank
¥ Wwirite
¥| Verify

¥ Security

Pin 1

B -
£

CopZ007 werl.09

Comnnectting 0K

3tart go...

Complete, the work expend 3.2 second.

Chip: ATF22V10

Hinh 1.10: Lap trinh hoan tat

1.4 CAC BAI THI NGHIEM

Bai 1: Viét chudng trinh ABEL thuc hién bang su that sau sir dung GAL 16v8s.
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A|B|C|Y
0| 0|01
O 0|1 x
0,100
o111
11001
110 |1]x
171,010
171 |1]1

Chuadng trinh ABEL

module table flag '-t1'

title ' ham y 3 ngo vao dung bang su that'

trutable device 'p16v8s';
A, B,Cpinl, 2, 3;
Y pin 15;
X = .X.;

truth_table ([A, B, C] ->Y)
[0, 0,0] ->1;
[0, 0, 1] -> X;
[0, 1, 0] -> O;
[0,1,1]->1;
[1,0,0]->1;
[1,0,1]-> X;
[1,1,0]->0;

[1,1,1]->1;



BAr 1: ABEL “

test_vectors ([A, B, C] ->Y)
[0, 0,0]->1;
[0, 0, 1] -> X;
[0, 1, 0] -> O;
[0,1,1]->1;
[1,0,0] ->1;
[1, 0, 1] -> X;
[1,1, 0] -> 0;
[1,1,1]->1;

end

Bai 2: Viét chuong trinh ABEL thuc hién bang mach gidi ma 74138 s dung GAL
16v8.

module OL74138 flag '-t1'
Title 'giai ma 3 sang 8 '
L74138a device 'P16V8S';
"Input pins

A2, A1, AO pin 3, 2, 1;

G1, !G2A, !G2B pin 4, 5, 6;

"Output pins
1Y7,'Y6,!Y5,1Y4 pin 12,13,14,15;
1Y3,1Y2,'Y1,1Y0 pin 16,17,18,19;

"Constant expression
ENB = G1 & IG2A & !G2B;
select = [A2,A1,A0];
DATAOUT = [IY7,!Y6,!Y5,1Y4,1Y3,1Y2,!Y1,!Y0];

Equations
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Y0 = (select == 0) & ENB;

Y1 = (select == 1) & ENB;

Y2 = (select == 2) & ENB;

Y3 = (select == 3) & ENB;

Y4 = (select == 4) & ENB;

Y5 = (select == 5) & ENB;

Y6 = (select == 6) & ENB;

Y7 = (select == 7) & ENB;

test_vectors
([G1,G2A,G2B,select]->DATAOUT)
[0,.x.,.X.,.x.] -> ~"B11111111;
[.X.,.x.,1,.x.] -> ~B11111111;
[.x.,1,.X.,.X.] -> ~B11111111;
[1,0,0,0] -> ~AB11111110;
[1,0,0,1] -> ~B11111101;
[1,0,0,2] -> AB11111011;
[1,0,0,3] -> ~AB11110111;
[1,0,0,4] -> ~B11101111;
[1,0,0,5] -> ~AB11011111;
[1,0,0,6] -> ~B10111111;
[1,0,0,7] -> ~B01111111;
[1,0,0,0] -> ~AB11111110;
end

Bai 3: Viét chudng trinh ABEL thuc hién viéc dém |én dong bd mod16 dung
GAL16V8. Vi CK tac dong canh |én, CL tac dong mutc thap
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module count8db flag '-t1'
title 'mach dem dong board mod8'
Count8 device 'P16V8R';

CK,!CL pin 1,2 ;

Q2,Q1,Q0 pin 18,17,16;

Count = [Q2,Q1,Q0];

CH,L =.C.,1,0; "Xung CK tac dong canh len
Equations

QO := Q0 & CL;

Q1 := (Q1$Q0) & CL;

Q2 := (Q2%(Q1&Q0))&CL;
Test_vectors([CK,CL] -> Count)

[CL]->0;
[CH]->1;
[C,H]->2;
[C,H] -> 3;
[C,H]->4;
[C,H]l->5;
[C,H] -> 6
[CH]->7;
[C,H]l->0;

END
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TOM TAT
Trong bai nay, hoc vién lam quen vdi ngbén ngr ABEL 1ap trinh cho PLD:

Ngén ngit ABEL hé trg nhiéu hinh thic ngé vao: Phuong trinh dai s6 BOARDOL,
bang su thét, so dob trang thai.

Cach soan thao, bién dich chuong trinh viét bang ngén nglr ABEL

Cach 1ap trinh cho PLD.
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N ? N N
CAU HOI ON TAP
Cau 1: Viét chuong trinh ABEL thuc hién cdng logic cc ban

Cau 2: Viét chuaong trinh ABEL thuc hién yéu cau sau: Mot ham Boardol Y cua 3
bién vao A, B, C. NgdraY =1 khi A =B # C.

Cau 3: Viét chuadng trinh ABEL thuc hién cac mach ma hdéa, giai ma, don kénh,
phéan kénh.

Cau 4: Viét chudng trinh ABEL thuc hién mach dém dong bd véi s6 MOD bat ky.

Cau 5: Cho ham Boardolean Y =»  _ (0,1,3,5,12,14)

ABCD

Viét chudng trinh Abel mé ta ham .
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BAI 2: BOARD DE2 & PHAN
MEM THIET KE TREN
FPGA

Sau khi hoc xong bai nay, hoc vién c6 thé:
— Hiéu dudc c6ng nghé FPGA;
- S0 dung duoc phdn mém Quartus II dé Iap trinh cho FPGA;

— Su dung dugc board thi nghiém DE2.

2.1 GIOT THIEU BOARD DE2

Bd cdng cu DE2 dudc thiét k€ d€ nham a&p dung nhu cau hoc tép, giang day va

nghién clu cac linh vuc thiét ké luan ly, thiét ké hé thong s6, va FPGA. Board mach

DE2 la board mach th& nghiém hoat dong riéng.

2.1.1 Cac thanh phan boardard DE2

g ITFNNT
slslalnlalsl

3 ool e el el v i kAl B 0 T T

Hinh 2.1: Bo DE2 va cac phu kién
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- FPGA:

¢ Vi mach FPGA Altera Cyclone II 2C35.
e Vi mach Altera Serial Configuration - EPCS16.

- Cac thiét bi xuat nhap:

e USB Blaster cho I&p trinh va diéu khién API ctua ngudi dung; hd trg ca 2
ché& db 13p trinh JTAG va AS.

e B diéu khién Céng 10/100 Ethernet.

e Cbdng VGA-out.

e B0 gidi ma TV va cdng ndi TV-in.

o BO diéu khién USB Host/Slave vdi cdng USB kiéu A va kiéu B.

e Cdng ndi PS/2 chubt/ban phim.

e B0 gidi md/ma hdéa am thanh 24-bit chat lugng dia quang vdi jack cam
line-in, line-out, va microphone.

e 2 Header md rong 40-pin vdi I6p bao vé diode.

e (Cbng giao tiép RS-232 va c6ng ndi 9-pin.

e Céng giao ti€p hdng ngoai.

- BO nhg:
¢ SRAM 512-Kbyte.
e SDRAM 8-Mbyte.

e B0 nhd cuc nhanh 4-Mbyte (1 s6 mach la 1-Mbyte).
e Khe SD card.

- Switch, cac den led, LCD, xung clock

e 4 nut nhan, 18 nut gat.

e 18 LED d0, 9 LED xanh, 8 Led 7 doan

e LCD 16x2

e BO6 dao dong 50-MHz va 27-MHz cho déng h6é ngudn.

2.1.2 Mdt sé 'ng dung tiéu biéu cua boardard DE2
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- Ung dung lam Tivi boardx

Video In
Line In

e
Speaker
Line Out

VGA Out

CVBS 2
S-Video Audio

YPbPr Output
Output

e 1l - 1) Sz

..
DVD Player

VGA (LCD/CRT) Monitor

Hinh 2.2: Tivi box
- May hat Karaoke & may chai nhac SD

MP3/Any Audio Output Speaker

@
Speaker

SD Card
st T Lo B with music
b * files(WAV)

Microphone

Clock/Data

DAC

Frequency Controller

Generator

Hinh 2.3: May hat Karaoke & may chdi nhac tur card SD

2.2 CAC PHAN MEM THIET KE TREN FPGA

B6 phan mém thiét ké di kem vdi boardard DE2 bao gobm 2 dia: Quartus 2 va

Nios 2 Integrated Development Environment (IDE).
Nios II, mdi trudng phat trién tich hop cua ho Nios II (IDE), nd la cdng cu phat
trién chu yé&u cda ho vi xr ly Nios II. Phan mém sé& la mdi trudng cung cép kha

nang chinh sira, xay dung, debug va moé ta sd lugc vé chuadng trinh. IDE con cho
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phép tao cac chuong trinh t&r don nhiém dén cac chudng trinh phic tap dua trén

mot hé diéu hanh thdi gian thuc va cac thu vién middleware.

Quartus II 1a phan mém hé trg tat ca moi qua trinh thiét k€ mdt mach logic, bao
gém qua trinh soan thao chuong trinh, tdng hgp, placement va routing (sép x&p va
chay day), mdé phdéng, va lap trinh Ién board DE2. Viéc soan thao chuong trinh

bang quartus cé thé tién hanh:
- Viét bang ngbn ng{t Verilog hodc VHDL
- Vé sd do6 Schematic

- May trang thai

2.3 SOAN THAO CHUONG TRINH BIEN DICH

2.3.1 Tao Project
Budc 1. Vao Menu > file chon New Project Wizard

&' Quartus Il - D:fde2/test1 - test1 - [Whdl1.vhd]

0D wew... Chri+h ftestt Y@@
= open... Chrl+0
RO “ % 4 vhdil.vhd ]
_E Close Chrl+F4
o 1
@ Mew Project Wizard. ., @ |
E}' Open Project... Chrl+1
Convert Max+PLUS II Project. ..
Sawe Project e o
1= =
Close Project -
A4 %
")
% %
E Sawe As...
S (I
Tas -
Floy -
| 261 p
T2 Create [ Update 4 Timed =53
. f = W
Caonvert Programming Files. . = =
o Page Setup...
IE‘ Prink Prewview
& prirt... Ctrl+P

Hinh 2.4: Tao mo6t Project mdi
Budc 2. Chon thu muc dé ch(ra project va dat tén cho project

Budc 3. Chon hang san xuat chip va tén loai chip trén mach
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Mew Project Wizard: Family & Device Settings [page 3 of 5]

Select the family and device you want ko target for compilatgin,

Device family Show in ‘Awvailable device' list

Famiy:  |Cyclone I | Package: Any hd
| J Fin count: Ay il
Target device Speed grade: |y >~
N 7 Auto device selected by the Fitter v Sh dvanced devices

4 &+ Specific device selected in Available devices' list

Available devices:

h Mame | Core w... | M | User |4 | Memor... | Embed... | PLL -~
) EPZC35F484CE 1.2 33216 322 483840 70 4
EP2C35F484C7 33416 322 483840 70 4
EPZC35F484C8 2 33216 322 483840 70 4
EPZC35F48418 33216 322 483840 70 4
1. . o 7 4
1. 4
EPZC35FE72CE 1.2 475 483840 70 4
EPZC35FET218 1.2 475 483840 70 4 3
COW 2R 1404 C 1 M 27 AC20AN il A
< >

< Back | MHext > | Finizh | Cancel |

Hinh 2.5: Clra s6 chon chip
+ Family : cyclone II
+ Check: show advanced device, specific device selected in ...
+ Available device: Ep2c35F672C6

Budc 4. Chon Finish dé hoan tat

2.3.2 Soan thao chuong trinh & bién dich

Budc 1. Vao Menu > file chon New. HOp thoai New xuat hién

SOPC Builder System -~
- Design Files
AHDL File
Block Diagram/Schematic File
EDIF File

State Machine File

Systemverilog HDL File
Tcl Script File
erilog HDL File!

; VHOL File
] —| Memory Files
1 Hexadecimal [Intel-Format) File

Memory Initialization File

- Werification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalT ap Il Logic Analyzer File
Yector Waveform File

-1 Other Files

9 AHDL Include File

Block Symbaol File

Chain Description File

Synopsys Design Constraints File

Text File o

0K I Cancel |

Hinh 2.6: Lua chon loai file can tao
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Budc 2. Chon loai file ma ching ta muén viét chuang trinh nhu hinh 2.6.
+ Verilog
+ VHDL
+ State machine
+ Block Diagram/Schematic
Budc 3. Nhép file vao clra sé viét chuong trinh.
Vi du: viét chuong trinh bang Verilog thuc hién ham XOR
Module light(x1, x2, f);
Input x1, x2;
Output f;
Assign f=(x1&~x2) | (~x1&x2);

endmodule

%', Quartus Il - D:fdemo/test - test - [Verilog1.v*]

d: File Edit Wiew Project  Assignments Processing Tools  Window Help

W

eEedd & o ftest K eEEH LA
Project Mavigator = * 4 Verilogl.v® ]
[ Files
= 1 Emodule lighixl,x2,£):
2 input x1,x2;
dh “"p 3 output £
) assign f=(xl&~x2) | [~x1&xd);
5 endmodules
Y
A4 %
%%
iy Hierarchy ‘ Filas ‘ g Design Llnils‘ i =

Hinh 2.7: Clra s6 viét chuong trinh
+ Luu file vira nhédp vao File > save As
+ File name phai trung vdi tén trong module hoac la tén trong Entity
+ Save type chon VHDL hoac Verilog tuy thudc vao budc 2.
+ Check hop Add file to current project
Budc 4. Sau khi luu file xong phai thiét 1ap cho file la top-level thi mgi bién
dich dugc.
Budc 5. Bién dich chudng trinh: Vao processing > Start compilation
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E v &G G %
Start Compilation Chrl+L ] @ Compilation

Start 4
Update Memory Initialization File
&b compilation Repart Ch+R bl Setti Flows Status
Quartus 1 Wers
Start Carpilation and Simulation  Cerl4+Shift+E Revizion MName
Generate Functional Simulation Metlisk Top-level Entit
P Start Simulation Chr+I Pl
Device

T e !
Hinh 2.8: Bién dich chudng trinh

a:\l_:-‘-_': ligh.» | %7 Lompilahon Heport - How Sum

=h'— Compilation Report
S B Legal Notice

&S0 Flow Summary
5B Flow Settings Flow Status
5B Flow Mon-Default Global Settir .
E3ER Flow Elapsed Time Quartus Il Yersion
& E FlowLog Rewvision Mare
+-&F Analysis & Synthesis Top-level Entity Mame
+ &5 Fitter Farrily
+- =] Assembler Davice
J + &[] Timing Analyzer Tirnirg M odels

tdet timing requirements

lements

binational functions

Tirme - d logic reqisters
‘!lj) Full Compilation was successful (9 warnings)

1y bits
00:00; Ermbedded Multiplier 9-bit elements
a0:00: Total PLLs
00:00:
* < >

Hinh 2.9: Qua trinh bién dich thanh cong
Budc 6. Nhan OK
Dén day ta cd thé nap chuong trinh vao chip FPGA trén board DE2

2.4 NAP CHUONG TRINH LEN BOARD DE2

2.4.1 Cau hinh chan
Trong qua trinh bién dich 8 budc 5 phan 2.3.2. Trinh bién dich tu do chon lua

bat ky cac chan trén FPGA lam ngd vao va ngd ra. Tuy nhién, trén board DE2 da

thuc hién két ndi cing cac chan FPGA vdéi cac thanh phan khac trén board. Chinh vi
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vay chung ta phai ti€n hanh gan chan theo két ndi ci’ng nay khi dung cac thanh
phan trén board DE2.

DE2 cung cdp moét file cdu hinh chuidn, DE2_pin_assigments.csv. File ciu
hinh chudn nay sé k&t ndi tat ca cac chan clia DE2. Khi db chi cdn dat tén tin hiéu
trung tén vdi tin hiéu ma DE2 quy udc. Vi du: cac nut nhédn sé cd tén la SW, cac

den led s€ co tén la LEDG hay LEDR, ...

Thuc hién viéc gan chan nhu sau cho vi du trén:

Component DE2
SWy PIN_N25
SWAa PIN N26

LEDGy PIN_AE22

Hinh 2.10: Gan chéan cho chip FPGA

Budc 1. Chon Assignments-> Assigment Editor clra s Iva chon chan xudt hién

€ Assignment Editor

il cateqoryn || Al =] @ an|[e-Fin & Timing| # Logr cptions |
i = | I Shorw assignments for specific rodes:
= | & Check all |
% Uncheck All |
g Delete Al |

4 Informaton: I Thig cell soecifies the pin name towhich you want to make an assignmert.  --> Double-click to creat

Edit: 3| [ = =new== |

Ta [Lacaticn |10 2ank 10 Standard Generdl Function | Special Fun

L “INEW  F

| | 2

Hinh 2.11: Cura s6 gan chan

Trong tuy chon Category chon all.
Budc 2. Nhdp dup vao 6 <<new>> & cdt To. Chon Node Finder. Clra s& Node

Finder xuat hién.
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Hode Finder 'z'
Named: IE LI Filter: IF'ins: all ;I Cuztomize. .. | List |
Laok it I | J [ Include subentities Stop | Cancel |
Modes Found: Selected Modes:

Mame | Agzignments | T Hame | Agsignments | 1T

EN

£

2 [ 511

(<] Il ] (2] A il ] (2]

Hinh 2.12: Clra s6 chon chan dé gan
Trong ctlra s6 Node finder:
+ Filter: Pins: all
+ Nhan vao List
+ Nh&n vao nat 2.
+ Nhan OK

S Muartus 111- Co/altera/s1/quantus/tung/project] - projectl - [Assignment EditorT]

File Edit Wew Tools ‘Window
—1|
@ TJ' Categary: | IAII ;I I ﬁ all & Tirning | # Logic Options |
7 Tle Information: | This cell specifies the source name For point-to-point assignments, Altera recommends using the Mode Finder to assign a sour
] .
= 11 e oAl |
] From To ¢ Assignment Mame Walue Enabled
1 po g3 Location es
—lE 1 Location es
R = Bz Location es
:BLZ“ 4 SN S EMEW P SN
o
B
o
b
»
w
Ready [ A

Hinh 2.13: Hoan tat chon chan
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Budc 3. Tiép theo nhdn vao 6 <<new>> & cot Assigment Name chon
Location (Accepts wildcards/groups) cho tat ca cac tin hiéu vao ra.

Budc 4. Nhan dup vao hop trong cot Value nhap gan chan tuong Urng nhu hinh

2.10.
r@ Aszignment Editor - Dt/introtutarial/light - light SNEEN X )
Fle Edit View Took Window Hep & cearch altera.com @
<<new>> v |V|Fiter onnode names: * + Category:|Al A
© Assignment Name Value Enabled Entity Comment Tag -

Location PIN_M25 Yes
Location PIN_N26 Yeg
Location PIN_AE22 es

Thiz cell shows the status of the assignment in the current row,

0% 00:00:00

Hinh 2.14: Qua trinh gan chan hoan tat

Budc 5. D€ luu lai file cdu hinh chan ban chon File -> save, sau d6 nhap tén file
can luu.

Budc 6. Thuc hién bién dich lai. Ldn nay trinh bién dich thuc hién bién dich
ding véi cac chan da gan.
2.4.2 Nap lén board DE2

DE2 ho trg 2 cach nap |én boardard: JTAG (Joint Test Action Group) va AS
(Active Serial). P& chuyén ddi gilta 2 ch& d& nap nay thi trén boardard DE2 cung
cap nut RUN/PROG. RUN tudng 'ng vdi ché do nap JTAG, trong khi PROG la ché
do AS.

2.4.2.1 Lap trinh theo ché do JTAG

Trong ché d6 JTAG (Joint Test Action Group) thi dif liéu cau hinh sé dudc nap
truc ti€p 1én FPGA. Trong ché d6 nay thi thong tin cdu hinh s& bi mat khi tat nguon.

Budc 1. Gat nit RUN/PROG trén boardard DE2 sang RUN, sau dé chon
Tools->Programmer

Budc 2. Trén clra sd |ap trinh, trong khung ché& dd Iap trinh (Mode) cho Iua
chon JTAG. Tiép d6é néu USB-Blaster khong dugc chon nhu trén hinh, thi ban
nhdn Hardware Setup, clra s6 Hardware Setup sé& xudt hién khi d6 ban chon
USB-Blaster dé Iua chon céng két ndi v3i boardard DE2.
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Budc 3. Trd lai clra s |ap trinh ban chon vao file 14p trinh (light.sof). Néu file
nay chua cé thi ban cé thé nhdn nut Add File dé thém file nay vao. Tiép d6 ban

nhap vao lua chon Program/configure

Budc 4. Nhdn nat Start dé bat dau viéc 1ap trinh. Trong khi 1&p trinh thi cac
dén led trén boardard DE2 s& sang md di. Trén clra sé 1ap trinh, thanh Progess sé&

cho thay ti€n trinh nap |én boardard DE2.

2.4.2.2 Lap trinh theo ché do As

O ché dd AS (Active Serial), thi di liéu c&du hinh s& dugc nap 1én bd nhd flash.
Mdi khi m& ngudn (reset) thi thong tin cau hinh & day sé& dudc load 1&n FPGA, do do
thong tin cdu hinh FPGA sé& khéong bi m&t moi khi tat nguodn.

Budc 1. Gat nut RUN/PROG trén boardard DE2 sang PROG.
Budc 2. Vao Assighment -> Device, chon Device va sau dé chon thiét bi la
EP2C35F672C6.
Ti€p dé nhdp vao Device & Pin Options, clfa s6 Device & Pin Opions sé&
xuat hién, ban chon tab Configuration, trong khung Configuration device chon
EPCS16. Nhdn OK dé &n dinh sau dé dich lai chuong trinh.

Device & Pin Options S]

Dua-PupesePins | Voltage |  FinPlacement |  Encr Detection CRC
General Configuration | Pregrarmening Files | Unused Pns
Specify the device configuration scheme and the configuration device,
Configuration scheme: |r-:ct-ve Serial [zam use Corfiguration Device) |

Configuration mode: |

Configuration device
v Use configuration devica: Auto j

Auto
EPC51
EPC54

[v Generate compressed bitsirearrs |EPCSE4

D escription:
Specifizs the configuation device that you want 1o use az the means of configuing
the target device

Reset

oK I Cancel ‘

Hinh 2.15: Clra s6 device & device options
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Budc 3. Tools->Programmer, clfa sd 1ap trinh s& xuét hién (nhu hinh clra sd
lap trinh). Tiép dé trong khung Mode ban chon Active Serial Programming. Mot
thong bao sé hién Ién ban chon Yes.

!E Some cevices in current device list cannot be added to selected programming mode Active Serial Programming, Do
{ voLl want to clear all devices In current device ISt and switth o saectad mode?

Yes I Mo I

Hinh 2.16: Thdong bdo thay déi ché dd 1ap trinh
Budc 4. Clra sd |1ap trinh & ché dd AS sé& hién ra nhu hinh bén dudi. Ban chon

nut Add File dé thém file cdn nap vao chuadng trinh (light.pof, file d& c&u hinh cho

ché do AS sé cé dang *.pof va file cau hinh cho ché d6 JTAG sé c6 dang *.sof).

ol ight.cdf*
&, Hadwae Setup...| |USEBlaster [USB-0] Mode: | aciive Seral Progianmng v | Progress: 0%
File Device IU-la:ksum Usercede E?j:;‘]}i I Yerify Em‘k I Ewamine
2 Add File...
G Add Device. ..
< >

Hinh 2.16: Cura s6 14p trinh ché& d6 AS

Budc 5. Nhdp vao luva chon Program/Configure. Ti€p dé ban nhan nut Start
dé€ nap chuong trinh c8u hinh 1én boardard DE2.

i light.cdf*
é_.‘ Haidware Setup...  JSBBlaster [USE 0] Mode. |Active Serial Piogramming v | Progess. “

Proagram/

Ph Stat File Checksum Usercode Conhioie Exarrine
= light pef EPCS18 1C79348E 00000000
- Page_0
X Dekte
b Change File...

Hinh 2.17: Qua trinh 1ap trinh hoan tat



n BAI 2: Boarp DE2 & PHAN MEM THIET KE TREN FPGA

2.5 MO PHONG CHUONG TRINH

2.5.1 Tao file m6 phong

Budc 1. Vao Menu > file chon New, sau d6 chon Vector Waveform File

-0k

Budc 2. Sau dé nhap chudt phai chon Insert, chon Insert Node or bus
Budc 3. Chon Node Finder

Budc 4. Clra so lua chon tin hiéu s& xuét hién

[T ) - ¢ ién 1 it i i hin
Haned :mn | e |m o |t L, B Chon Piss: all.
;T:;m l&b@‘;ﬁ‘ e B Sau dé chon nit List dé hién tit ca cac chan.
S e e i > Nt | - . Chon timg tin hiéu
e e . e # Nuot " : Chon tt ca cac tin hi¢u
=l # Nt I:Baﬁmgﬁnmeu
.I | O # Nit - : B tt cd cac tin higu
A # Vi dyu mudn chon3 tin hi¢u f, x1, xé 2 ¢éch:
B Chon timg tin higu theo nit -
®  Nhin nat " dé chon tét ¢a ¢4 tin higu
‘ i : # Nhin OK d& hoan tit viée chon tin hi¢u

Hinh 2.15: Clra sé chon tin hiéu
Budc 5. Thiét 1ap gia tri cac tin hiéu:

e Ta ré chudt dé€ td khdi chiing lai

e Sau d6 s dung cac nut 0, 1 dé thiét 1ap gid tri cho ching
Budc 6. Sau khi thiét Iap gia tri cia cac chan xong ta Save lai.

2.5.2 Chon ché do mo phong
Budc 1. Nhidp vao nut ¢  dé& lya chon ché dd simulate
Budc 2. Trong clra s setting test :
+ Trong khung categocy chon simulation settings

+ Trong khung Simulate mode chon chiic nang Functional
+ Ok

Budc 3. Vao Processing > Generate Functional Simulation Netlist dé tién

hanh qua trinh phan tich va téng hop
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Budc 4. HOp thoai thdng bdo qud trinh phén tich va téng hgp thanh cng, chon
OK dé &n dinh

2.5.3 Chon file mo6 phodng
Budc 1. Lua chon file testbench cho chuong trinh can mo6 phong

Vao Assigment > Settings

Budc 2. Nhan vao nt ! trong clra s setting test dé lua chon dudng dan luu
trir file testbench.
Budc 3. Lua chon vi tri luu trit file testbench trong hop thoai Select File — Ok

2.5.4 Tién hanh mo phong

Chon Processing > Start Simulation hoac nhap vao nut ¥. dé tién hanh qua
trinh simulation

Dén day, n€u mo6 phong thanh céng ta nhan dugc thdng bao:

“simulator was successful”
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TOM TAT

Trong bai nay hoc vién lam quen vdi board thi nghiém DE2:

+ N&m duoc t6 chdc phdn cing board DE2

+ Céc Ung dung cé thé trién khai trén board DE2

Su dung phdn mém Quartus:

+ Soan thao chuong trinh, bién dich chuong trinh, tao file mé phong, thuc hién
viéc mé phong

+ Thuc hién viéc gan chan cho FPGA

+ Nap chuong trinh I1én board DE2.
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N > N N
CAU HOI ON TAP
Cau 1: Dung Quartus thuc hién chuong trinh mach dén kénh 2 — 1 bang ngdén

nglr VERILOG. Thuc hién viéc soan thao chudng trinh, bién dich, m6é phoéng
chuang trinh trén.

Cau 2: Thuc hién cdu hinh chan va nap chudng trinh & cdu 1 theo ché& dd JTAG
Cau 3: Thuc hién ciu hinh chén va nap chuong trinh & cau 1 theo ché dd AS.
Cau 4: Thuc hién cdu 1, 2, 3 vdi ngén ngir Iap trinh VHDL

Cau 5: S dung cac Switch SWi70 nhu 1a céc ngd vao. Cac LEDRy; nhu [ céc

ngo ra.

a) Viét chuong trinh thuc hién két ndi cac SW vdi cac LEDR tudng Ung bang
VERILOG, thuc hién chudng trinh |én FPGA

b) Thuc hién viéc mo6 phong trén Quartus

c) Yéu cau giéng nhu cdu a va b nhung thuc hién bang ngdn ngilr VHDL
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BAI 3: NGON NGU LAP TRINH
VERILOG

Sau khi hoc xong bai nay, hoc vién cé thé:
— Dung ngén ngir dic ta phan ciing dé€ mé tad mach sé

— Viét chuong trinh cho FPGA bang ngdén ngit VERILOG;

3.1 GIOI THIEU

Mot s6 phudng phap mé ta mach sé:

+ M0 ta bang sc d6 khdi
+ M0 ta bang ngdn ngii mo ta phan cling
+ MO ta bang may trang thai

Trong bai thi nghiém nay gidi thiéu phuong phap mdé ta mach sé bang ngén nglt
phan cing.

Phudng phap nay cho phép mé ta vi mach bang cac cl phap tudng tu nhu cu
phap clia ngén ngil 14p trinh. MOt s8 ngdn ngif md ta phan cing phé bién hién nay
la:

+ Verilog

+ VHDL

+ AHDL

+ System verilog
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3.2 NGON NGU LAP TRINH VERILOG

bay la mét ngbn nglr mé ta phan cng cé cau tric va cu phap gan gidng vdi

ngdn ngir 1ap trinh C, ngoai kha ndng ho trg thiét ké thi Verilog rat manh trong viéc

hd trg cho qué trinh kiém tra thiét ké.

3.2.1 Cau tric chuong trinh Verilog
Ngo6n ng{r Verilog mo ta hé théng s6 nhu la thiét 1ap mét module. Cau tric mot

module nhu sau :
module module_name (danh sach cac port);
input;
output;
inout;
reg;
wire;

parameter ;

//cac cau lénh

Initial statement
Always statement
Module Instantiation

Endmodule
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3.2.2 Cac bai thi nghiém verilog
Bai 1: Viét chudng trinh Verilog thuc hién 8 b6 don kénh 2 sang 1 (eight-bit

wide 2-1 multiplexer):
a) Tao 1 project mdéi trén quartus

b) Viét file verilog s& dung SW;7 la ngd vao chon (s). SW7., ngd vao X. SWisg
ngd vao Y. Ngo ra M nGi dén cac LEDG;.o. NGi cac SW dén LEDR. Boan code
chuaong trinh 8-bit wide 2-1 multiplexer

module part3(SW,s,LEDR, LEDG);
input [15:0]SW; //X =7-0, Y=15-8
input s;
output [7:0]LEDG; //M
output [15:0]LEDR; //15-8=X, 7-0=Y
assign LEDG[0]=(~s&SWI[0])|(s&SW[8]);
assign LEDG[1]=(~s&SW[1])|(s&SW[9]);
assign LEDG[2]=(~s&SW[2])|(s&SW[10]);
assign LEDG[3]=(~s&SWI[3])|(s&SW[11]);
assign LEDG[4]=(~s&SW[4])|(s&SW[12]);
assign LEDG[5]=(~s&SW[5])|(s&SW[13]);
assign LEDG[6]=(~s&SW[6])|(s&SW[14]);
assign LEDG[7]=(~s&SW[7])|(s&SW[15]);
assign LEDR=SW;
endmodule

c) Thuc hién viéc gan chan

d) Bién dich chudng trinh

e) Nap chuong trinh 1&n board DE2, kiém tra.
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Bai 2: Cho mach JK-FF nhu sau:

Qa(Q)

Clic —

Sy

Hinh 3.1: Sc d6 khoi RS-FF
a) Tao 1 project méi trén Quartus
b) Viét File Verilog

module partl (Clk, R, S, Q);

input Clk, R, S;

output Q;

wire R_g, S_g, Qa, Qb /* synthesis keep */ ;
assign R_g = R & Clk;

assign S_g = S & Clk;

assign Qa = ~(R_g | Qb);

~(S_g | Qa);

assign Q = Qa;

assign Qb

endmodule

c) Bién dich chuong trinh, s&r dung cdng cu RTL Viewr clia Quartus dé xem

mach dugc vé& 8 mirc cdng
d) Tién hanh md phdng bang Quartus.

Bai 3: Viét file Verilog thiét k€ mach dém Ién khong dong bd 4 bit cé ngd vao
x0a (clr) tich cuc muic thap. Thuc hién viéc gan chan nhu sau: Keyg ngd vao Clk,
SW; ngd vao Clr. HEXO hién thi gid tri bd dém.

Doan code chuong trinh:
module counter (clk, clr, q);

input clk, clr;
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output [3:0] qg;
reg [3:0] tmp;
always @(posedge clk or posedge clr)
begin
if (clr)
tmp <= 4’b0000;
else
tmp <=tmp + 1'b1;
end
assign q = tmp;
endmodule
a) M6 phdéng chuadng trinh trén Quartus.
Thuc hién chudng trinh trén board DE2

Bai 4: M6t mach giai ma 7 doan cé 3 ngd vao C,C;Co.

gatqtp | Character

naon H

0 o1 E

010 L

2 —™ SI 6 Il 011 ]
£ ——= T-segrnent — 100

decoder

&y ——= 4| |2 101
— 110
: 111

Hinh 3.2: B0 giai ma LED 7 doan va bang su that
a) Tao 1 project trén quartus

b) Viét file Verilog s& dung SW,.¢ cho cac ngd vao C,C;Cy. NGi cac ngd ra

mach giai ma tdi cac doan cua HEXO0. Doan code verilog
module part4(C, display);
input [2:0]C;

output [0:6]display;
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assign display[0]=~C[0];
assign display[1]=(~C[1]&C[0])|(C[1]&~C[0]);
assign display[2]=(~C[1]&C[0])|(C[1]&~C[0]);
assign display[3]=(~C[1]&~C[0]);
assign display[4]=0;
assign display[5]=0;
assign display[6]=C[1];
endmodule
c) Thuc hién viéc gan chan
d) Bién dich

e) Thuc thi chudng trinh trén board DE2
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TOM TAT

Trong bai nay, hoc vién lam quen vdi cac ngbén nglr Iap trinh dac ta phan cung
dé Iap trinh FPGA; Viét chuong trinh mé td mach s6 bdng ngbén ngit VERILOG va
thuc hién trén FPGA
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CAU HOI ON TAP
Cau 1: Thiét k& mach t6 hgp thuc hién viéc chuyén ma tir BCD sang LED 7
doan, hién thi I1én cadc LED tir HEX3 dén HEXO, céc gia tri dugc thiét 14p bdi cac
SWiso tu’dng L'l’ng nhu sau: SW15-12, SW11-8, SW7-4, SWs_ hlé,n thl [én cac LED

HEX3, HEX2, HEX1 va HEX0. Céac LED hién thij tlr 0 dén 9, cac t6 hgp 1010 dén

1111 xem la don't care.
a) Tao 1 project mdi trén Quartus
b) Viét file Verilog
c) Thuc hién viéc gan chan
d) Thuc thi chuong trinh trén board DE2

Cau 2: Cho mach D-FF

}— Qa ()
Clk — e
>0 ): R g }

a)Tao 1 project m@i trén Quartus

b) Viét File Verilog

c) M6 phéng chuadng trinh

d) Thuc hién viéc cau hinh chan: SWy = D; SW; = Clk; LEDR = Q.
e) Bién dich lai chuadng trinh va thuc thi trén board DE2.

Cau 3: Viét file verilog thuc hién mach dém xud6ng khéng dong bo 8 bit c6 ngd
vao clear tich cuc mdc thap. Thuc hién viéc gan chan nhu sau: Keyg ngd vao
Clk, SWo ngd vao Clr. HEX1 va HEXO hién thj gid tri bd dém

b) M6 phong chuong trinh trén Quartus.
c) Thuc hién chudng trinh trén board DE2

Cau 4: Cho mach dém



n ga1 3: Neon NGU' LAP TRINH VERILOG

EnahleED—‘—T Q T Q T Q

ClockT 0 — 0 |
Clear T

a)Tao 1 project mdi trén Quartus

A
-1
A1

b)Viét File Verilog cho mach dé€m. KEY, = clock, SWy = Clear, SW;
Enable. HEXO hién gia tri mach dém

c) Thuc hién viéc gan chan, bién dich chudng trinh va thuc thi trén board
DE2.
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BAI 4: NGON NGU LAP TRINH
VHDL

Sau khi hoc xong bai nay, hoc vién c6 thé:

Dung ngdén nglt dic td phdn cing d€ mé téd mach sé. Viét chuong trinh cho
FPGA bdng ngdn ngir VHDL.

4.1 GIOTI THIEU

MOt s6 phudng phap mo6 ta mach s6 da dudc dé cap & bai 3. Trong bai thi

nghiém nay gidi thiéu phuang phap mo ta mach sé bang ngbn ngilr phan cirng bang
ngon ngir VHDL.

4.2 NGON NGU LAP TRINH VHDL

VHDL dugc phét trién dua trén cdu trdc cia ngdn ngil 1ap trinh Ada. Cu tric

cua mo ta VHDL tuy phuc tap hon Verilog nhung mang tinh logic chat ché va gan
v3i phan cing han.

4.2.1 Cau tric chudgng trinh VHDL
C4u truc tdng thé ciia mét module VHDL gdm ba phan, phan khai bdo thu vién,

phan mo ta thuc thé va phan mé ta kién tric.
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Khai bao thu vién
LIBRARY declaration

MG ta thiee thé
ENTITY Declaration

M6 ta kién tric
ARCHITECTURE

Hanh vi Ludng dir liéu Cau tric
Behavioral DataFlow Structure

Hinh 4.1: C3au trdc mot thiét ké VHDL

4.2.2 Cac bai thi nghiém VHDL
Bai 1: Viét chuong trinh thuc hién D-FF trén board DE2

a) Tao 1 projcet mdi

b) Viét file VHDL nhu sau

library ieee ;

use ieee.std_logic_1164.all;

entity dff is

port( data_in:in std_logic;
clock: in std_logic;
data_out: out std_logic);

end dff;

architecture behv of dff is

begin
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process(data_in, clock)
begin
if (clock="'1" and clock'event) then
data_out <= data_in;
end if;
end process;

end behv;
c) Bién dich chuong trinh
d) Tao file m6 phong, ti€n hanh mo phong

e) Thuc hién viéc gan chan: data_n = SWy, data_out = LEDG,. Clock = KEYb.
Bién dich lai chudng trinh va thuc thi trén board DE2.

Bai 2: Viét chuaong trinh thuc hién mach cong 2 s6 4 bit trén board DE2
a) Tao 1 projcet mdi
b) Viét file VHDL nhu sau

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity adder4 is

port(

Cin : in std_logic;

A : in std_logic_vector(3 downto 0);

B : in std_logic_vector(3 downto 0);
SUM : out std_logic_vector(3 downto 0);
Cout: out std_logic

)i

end adder4;

architecture behavioral of adder4 is
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signal A_temp : std_logic_vector(4 downto 0);

signal B_temp : std_logic_vector(4 downto 0);
signal Sum_temp : std_logic_vector(4 downto 0);

begin

A_temp <= "0'& A;

B_temp <= "'0'& B;

plus: process (A_temp, B_temp, Cin)

begin

sum_temp <= a_temp + b_temp + Cin;

end process plus;

SUM <= sum_temp(3 downto 0);

Cout <= sum_temp(4);
end behavioral;
c) Bién dich chugng trinh

d) Tao file m6 phong, ti€n hanh mo6 phong. Thuc hién viéc gan chan: A = SW;;
B = SW5;.4; Cin = SWg; SUM =LEDGs3.9; Cout = LEDRj

e) Bién dich lai chudng trinh va thuc thi trén board DE2.
Bai 3: Viét chuong trinh thuc hién mach dém n bit

a) Tao 1 projcet mdi

b) Viét file VHDL nhu sau

ibrary ieee ;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;

entity counter is

generic(n: natural :=2);

port( clock: in std_logic;

clear: in std_logic;
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count: in std_logic;
Q: out std_logic_vector(n-1 downto 0));
end counter;
architecture behv of counter is
signal Pre_Q: std_logic_vector(n-1 downto 0);
begin
-- behavior describe the counter
process(clock, count, clear)
begin
if clear = '1' then
Pre_Q <= Pre_Q - Pre_Q;
elsif (clock="1" and clock'event) then
if count = '1' then
Pre_Q <=Pre_Q + 1;
end if;
end if;
end process;
-- concurrent assignment statement
Q <= Pre_Q;
end behv;
c) Bién dich chugng trinh

d) Tao file mé phéng, ti€n hanh m6é phong. Thuc hién viéc gan chan: clock =
KEYy; Clear = SWy; cout = SW;; Q =LEDG-14an LEDGg.

e) Bién dich lai chuang trinh va thuc thi trén board DE2.
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TOM TAT

Trong bai nay, hoc vién lam quen vdi cac ngbén ng(r Iap trinh dac ta phan cung
dé 14p trinh FPGA. Viét chuong trinh mé td mach sé bdng ngdén ngit VHDL va thuc
hién trén FPGA
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CAU HOI ON TAP
Cau 1: Thiét k& mach td hgp thuc hién viéc chuyén ma tir BCD sang LED 7 doan,
hién thi Ién cac LED tir HEX3 dén HEXO, cac gia tri dudc thiét 1ap bdi cdc SWis.g
tu’dng L'l’ng nhu sau: SW15-12, SW11_8, SW7-4, SWs_g hlén thl |én cac LED HEX3,

HEX2, HEX1 va HEX0. Cac LED hién thij t&r 0 dén 9, cac t6 hgp 1010 dén 1111

xem la don't care.
a) Tao 1 project mdi trén Quartus
b) Viét file VHDL
c) Thuc hién viéc gan chan
d) Thuc thi chuong trinh trén board DE2

Cau 2: Cho mach D-FF

}— Qa ()
Clk — e
>0 ): R g }

a)Tao 1 project m@i trén Quartus

b) Viét File VHDL

c) M6 phéng chuadng trinh

d) Thuc hién viéc cau hinh chan: SWy = D; SW; = Clk; LEDR = Q.
e) Bién dich lai chuadng trinh va thuc thi trén board DE2.

Cau 3: Viét file VHDL thuc hién mach dém xud6ng khong dong bd 8 bit cé ngd
vao clear tich cuc mdc thap. Thuc hién viéc gan chan nhu sau: Keyg ngd vao
Clk, SWo ngd vao Clr. HEX1 va HEXO hién thj gid tri bd dém

a) M6 phéng chuadng trinh trén Quartus.
b) Thuc hién chudng trinh trén board DE2

Cau 4: Cho mach dém
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EnahleED—‘—T Q T Q T QF
ClockT 0 — 0 |

Clear

o'l
-1
¢
Fa)

d)Tao 1 project mdi trén Quartus

e) Viét File VHDL cho mach dém. KEYy = clock, SWy = Clear, SW; = Enable.
HEXO hién gid tri mach dém

f) Thuc hién viéc gan chan, bién dich chudng trinh va thuc thi trén board
DE2.
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BAI 5: THIET KE FPGA THONG
QUA SO PO KHOI

Sau khi hoc xong bai nay, hoc vién cé thé ndm dugc:
— C4c budc thiét ké mach té hop, mach tuén tu;
— Cac phuong phdp rut gon biéu thiic dai s6 BOARDOLEAN;

— Thiét ké FPGA théng qua so db khéi Schematic.

5.1 GIOT THIEU

Bai thi nghiém nay trinh bay phuong phap mo6 ta mach sé s dung sd d6 khoi
(Schematic), st dung truc ti€p cac khoi luan ly la mét trong nhitng cach kha thong
dung.

Mach s6 dugc md ta truc quan bang céch ghép ndi cac phan tU logic khac nhau
mot cach truc tiép. Thong thudng cac phan tir khong don thuan la cac doi tugng do
hoa ma con cé cac dic tinh vat ly gdbm chlc ndng logic, tai vao ra, thdi gian tré...
Nhirng théng tin ndy dudgc Iuu trit trong thu vién logic thiét k&. Mach vé ra cé thé

dugc md phong dé kiém tra chirc ndng va phat hién va slra 16i mot cach truc tiép.

5.2 THIET KE FPGA THONG QUA SO PO KHOI
(Schematic)

5.2.1 Tao sc d6 mach

P& ndm rd qua trinh thiét k& nay, ching ta thuc hién mot vi du ham logic thuc

phép NOR 2 ngd vao.
Budc 1. MG Quartus II va tao moét project méi (thuc hién nhu da trinh bay & bai
2)
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Budc 2. Vao File -> New. Cua s6 lua chon loai file s& xuét hién chon Block
Diagram/Schematic File sau d6 nhan OK.

Budc 3. Clra sd soan thao sé hién ra.

TaskB | 5 DO\ :

| Thanh cong cu ] ' ’
\a:e ]

| Cira so project

G qu'u,sﬂ - E/Working/giang day/Thiet ke mach 50 voi HDL/Working/Schematic/Schematic ... &4 i
@ Ede Edt Yiew Project Assignments Pio«'eﬂmg Jools Window Help

Dede & ® - [Schemate 3

72788 S © »Wr DO % & 9® & 0

Projectiovigator — + X {23 Block1.bar

=) Fies |

. &

T D || —— 5 2

& B"ﬂ 2 A o Dj Z Cira s6 lam viéc
——\—— 154 @ @

1/

5:\5"“‘/{ Processng A Extiaindo ) info \ Wamng A CitcalWamng A Emor ) Suppeessed )\ Flag [

For Help, press F1 [Ceiem | Ide

Hinh 5.1: Clra s6 soan thao so dd khdi

Chirc nang mot s nut trén thanh cong cu:

a. (Select tool): con tro la cdng cu giup chon lua cac thanh phan trén clra sb
lam viéc

b. A Nt (Text tool) : cdng cu tao cac ra cadc dong van ban trén clra sd lam viéc

c. T (Symbol tool): chira linh kién sir dung cho qud trinh soan thao (cac céng
ludn ly, cac megafunction, va cac chlra nang khac)

d. O (Block tool): céng cu hd trg viéc tao ra cac khdi chlfc ndng. Gilp cho viéc
thiét ké nhiéu cap chic nang.

e. 1 (orthogonal node tool): ndi day tin hiéu

f. "1 (orthogonal bus tool): n8i bus cho cac tin hiéu

g. & (Zoom tool): phong to, thu nho

h. & (Full Screen): Lua chon ché& dd cira s6 lam viéc la Full Screen hay khdng.

i. # (Find): cong cu tim ki€m trén ctra s lam viéc

Budc 4. Tiép dén chon nit © (Symboardl tool) clra s6 symboard| xuét hién
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Budc 5. Trén clra s6 lua chon linh kién ban chon primitives -> logic -> NOR2
sau d6 nhdn OK. Ti€p dd ban nh&n chudt trai I1én clra s6 lam viéc dé thuc hién viéc
déc mot linh kién cdng NOR (2 ngd nhép). P& két thic viéc chon c6ng NOR2, ban
nhdp chubt phai vao clra sé lam viéc va chon Cancel.

Budc 6. Ti€p tuc chon © (Symbol tool), trong ctra s6 Iuva chon linh kién ban
chon dudng dan primitives -> pin -> input, sau dé ban ddt 2 tin hiéu ngd nhap.

L3p lai qué trinh nay dé cé thém mét tin hiéu output nhu hinh bén dudi

¥, Quartus Il - F/Working/giang day/Thiet ke mach so voi HDL/Working/Schematic/Schematic - Schematic - [Blockl.bdf*)
[%a) File Edit View Project Assignments Processing Jools Window Help

D& d C & |m v - ScnemSuc El o G 4 @ @ @ o ,: > Po (E) >
Dvo;cftfu:-w!a - u‘ @ Block1.bdf* l
) Fles .
=
A e SARLL M hors
g 0 o [ DO o e
5= =2
o {EF

Hinh 5.2: Clra s6 b8 tri cdc phan tur trong sé d6 khdi

Budc 7. Budc ké tiép 1a k&t ni chan cac linh kién. Ban nhdp vao biéu tugng |
(orthogonal node tool) trén thanh cong cu, sau d6 drag chudt tUr vi tri mudn ndi

dén vi tri dich. Sau khi két n6i cac ngd vao ngd ra ta dugc sd d6 khoi hoan chinh.

W Quartus Il - D:ftamfschematic - schematic - [Block1. bdr™]
Y Fle Edet View Projct Astgrments Processng Took  Window Help

DS & €1 oo [senematc T HIERG e D B @9 42 e
Praect Navigatior “* B lockl.bar
1 Files
@
L A P — - |
o0 ] D VT e e
17 S T
1

Hinh 5.3: Thuc hién néi day cac phan tu

Budc 8. Luu si do khéi Vao File > save As
Check hop Add file to current project
Budc 9. Sau khi luu file xong phai thiét l1ap cho file la top-level thi mgi bién
dich dugc.
Budc 10. Bién dich chuong trinh: Vao processing > Start compilation

Budc 11. Nhan OK
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5.2.2 M6 phong chuang trinh
Budc 1. Tao file m6 phéng: Thuc hién nhu phan 2.5.1 bai 2

Budc 2. Chon ché dé6 mod phong: Thuc hién nhu phan 2.5.2 bai 2
Budc 3. Chon file m6 phdéng: Thuc hién nhu phan 2.5.3 bai 2
Budc 4. Tién hanh mo phong: Thuc hién nhu phan 2.5.4 bai 2

5.2.3 Gan chan va nap chucong trinh
Budc 1. Nh&ap ddp vao tin hiéu nhap d€ gan chén cho mach thiét k&. Nhép gia

tri SW[0] vao 6 pin name sau dé nhan OK.
Budc 2. Tudng tu nhu vay ban thiét 1ap cho tin hiéu nhap con lai la SW[1] va
tin hiéu output la LEDR[O0].

¥, Quartus Il - F/Working/giang day/Thiet ke mach so voi HDL/Working/Schematic/Schematic - Schematic - [Block1.bdf*]

% File Edit View Project Assignments Processing Jools Window Help

Dedd & ) |Schematic OO > 7 >
oeatvoy = X 8 locki.bar |
) Fies
s

kA
o~ ™
Hinh 5.4: Thiét 1ap tin hiéu
Budc 3. Chon Assignments -> Import Assignments, clra sd lua chon file c&u

hinh chadn cho FPGA xudt hién, ban chon dudng dan cho file

DE2_pin_assignments.csv roi nhan OK.

Budc 4. Nhan Ctrl + S hodc nhdp vao biéu tugng H tren thanh cong cu. Khi
hop thoai Save As xuat hién ban chon dung thu muc chlra project hién tai cia minh
va luu vdi tén trung véi tén project cia minh, dong thdi chon Add file to current
project sau dé nhan OK

Budc 5. Nhap nut » trén thanh cong cu hoac chon Processing -> Start

Compilation dé& bién dich chuong trinh
Budc 6. Sau khi qua trinh compilation hoan tat nhan OK

Budc 7. Tién hanh nap |én boardard DE2. Quy trinh nap nay hoan toan gidng
phan 2.4.2 bai 2.
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TOM TAT
Trong bai nay, hoc vién lam quen vdi viéc lap trinh FPGA théng qua so dé khoi:
+ Tao so d6 mach trén phdn mém Quartus.
+ Tao file mé phong cho so dé vua tao.
+ Tién hanh mé phong.

+ Thuc hién viéc gan chan & Iap trinh cho FPGA.
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CAU HOI ON TAP
Cau 1: Thuc hién ham logic Y = ZABCD (1,3,5,7,9,10)+d(8) b&ng sc do
Schematic trén Quartus va thuc hién 1én FPGA
Cau 2: Thuc hién ham logic Y =11,,.,(0,2,4,6,8,12)+d(9) bang sd do
Schematic trén Quartus va thuc hién Ién FPGA.

Cau 3: Thuc hién cac mach ma hoa, giai ma, don kénh, phan kénh bang sc do

Schematic trén Quartus va thuc hién Ién FPGA.
Cau 4: Hay hién thuc ham F (khoéng rdt gon) Ién FPGA bang phuong phap thiét

ké so do khai, tin hiéu nhap dudc dua vao tu cac SW, va tin hiéu xuat la céac
LEDR.

F=AB+C)+D+BC

CAau 5: Thiét k& mach chét RS, JK, D, T dung cac céng logic va hién thuc ching
[én FPGA.
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BAI 6: MAY TRANG THAI

Sau khi hoc xong bai nay, hoc vién cé thé:
— N3&m dugc mé hinh may trang thai kiéu Moore & Mealy
— Thiét ké st dung mé hinh may trang thai

— Tao file ngén ngr mo ta phén cung t&r may trang thai.

6.1 MAY TRANG THAI

Mdy trang thai la mach tuén tu. G6m mach t& hgp cdng vaSi phén tr nhé. Gia tri

ngd ra cua may trang thai doi vdi gia tri ngd vao phu thudc vao trang thai hién tai
cla no.

Mdy trang thai cé 2 ki€u: Kiéu MOORE va MEALY
6.1.1 May trang thai ki€éu MOORE

Ngd ra chi phu thudc vao trang thai hién tai. Ngd ra FSM chi thay déi khi trang

thai cia FSM thay ddi. Vi ngd ra “chdng lién quan” gi dén ngd vao.

Moore machine

next state
I . rl._'1'|||1-::
. y| Combinaticnal —
inputs lgic 4
for + > #
Tl Mexi Stata o
+—{reg #  for  |—= oulpuls
> | raitpute

stale feadback
[present stale —
p_slate)

Hinh 6.1: Mdy trang thai kiéu MOORE

Khi céc gia tri ngd vao thay ddi thi cac gid tri cua cac ngd ra chi cé thé thay déi

& xung ddng ho ké tiép ( ludn tré hon 1 xung ddng hd)



n BAI 6: MAy TRANG THAI

6.1.2 May trang thai ki€éu MEALY
Ngd ra phu thudc vao trang thai hién tai va gia tri ngd vao. Nghia la, ngd ra

FSM thay déi khi trang thai cua FSM thay ddi hodc gia tri ngd vao thay daéi.

Mealy machine next state
n_state
e
_'__.o-""
E— Logyhe f"/i -
inputs —* for II.' *  outputs
— outputs }' -
*| Combinational [TT ™
- logic for -

req
Mext State —Ig—r- nﬂ
I

state teedback
(present state — p_slate)

Hinh 6.2: Mdy trang thai ki€u MEALY

Khi gid tri cia cdc ngd vao thay déi thi gid tri cia cac ngd ra cd thé thay déi

trong cung chu ky xung déng ho6

6.2 GIAN PO TRANG THAI

Gian do trang thai cung cap mot phuong phap mé ta dap Ung cua mach tuan tu.

Céc trang thai dugc biéu dién bdi cac vong tron hodc cac nat, va qua trinh chuyén
la cac mii tén ndi gilra cac nut.
Cé 2 loai gian @6 trang thai dudc chon va biéu dién cho 2 loai mdy trang thai

khac nhau: Loai MOORE va loai MEALY

6.2.1 Gian do trang thai ki€u MOORE
Cac trang thai ra phoi hgp vdi cac trang thai dat biét. Vi vay, xuat hién cac danh

sO kém theo tén trang thai hoac s6 & cac nut.

Céc chuyén tiép chi danh s véi té hgp vao tao ra chuyén tiép.
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Bit ngd vao 1

0« 1 - ~_

Hinh 6.3: Gian db trang thai ki€u Moore

6.2.2 Gian d6 trang thai ki€u MEALY
Cac trang thai ra dudc vé nhu la cac ham cua cac trang thai vao va cla cac bién
trang thai noi.
Céc dudng dan chuyén tiép dudc danh s6 vai t& hgp cac gia tri vao lam chuyén
ti€p va td hgp cac gia tri ra dudc tao ra tir phép chuyén tiép.
O mot trang thai xac dinh gia tri clia bit ngd vao x quyét dinh gia tri ngd ra —

SO trang thai it hon 1 trang thai so véi may Moore

0/0 1/0

Ngd vae Ngd ra

Hinh 6.4: Gian db trang thai ki€u Mealy

6.3 LAP TRINH FPGA THONG QUA MAY TRANG
THAI

6.3.1 GiGi thiéu
Quy trinh thiét k€ FPGA thong thudng kha phlc tap doi hdi ngudi thiét ké phai

thong qua kha nhiéu budc phic tap. May trang thai la mot trong nhitng budc trung
gian gilip cho qua trinh thiét k& va hién thuc code verilog trd nén dé dang hon doi
vGi ngudi lap trinh. Thong thudng cé 2 dang may trang thai: Moore va Mealy. Tuy

nhién trong Quartus chi hé trg may trang thai Moore.
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6.3.2 M@ cua so soan thao may trang thai
Budc 1. M3 Quartus va tao ma@i mot project (cach tao nhu da trinh bay trong

bai 2)

Budc 2. K& tié€p ban vao File -> New dé tao mdi mét file

Budc 3. Trong clra s6 tao mdi file ban chon loai State Machine file, sau d6 nhan

OK. Clra s6 soan thao sé& xuét hién nhu hinh vé

Cira so project

EIEI
Tesks
Fow: [Full Desgn
Tasic
= ] Start Projeat

mmmmmm

’f Typs [mmsange

g
§|M=ssm J [Lot

| System | Fiocessiog §| Edalnio f Inba f Werng & Coled Wanng f| Evae fy Supprezeed ) Flag [

=] e |
[comem [ @ HUM

Hinh 6.5: Clra s6 soan thao State machine file

6.3.3 Qui trinh tao may trang thai

D€ cu thé sau day la qui trinh tao ra mot may trang thai c6 kha ndng nhén dién

chudi 2 bit 1 lién ti&p. Sau d6 chuyén file nay thanh code verilog.

Budc 1. Ban nhdp vao cong cu @ (State tool) sau dé vé 3 trang thai nhu hinh

~

ve
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Quartus I - [SMLsmP] = | B
File Edit View Tools Window
— | InputTable —— « x [T .
=E il —IrputPc[t
E- reset
by & B dock
@® 7
=il « [m b
Sl = | R R R SRR R RS,
e OutputPort | 00 il il Il
i __________________________________________________
[ 4 mn [
| Option
| |1 Reset Mode Synchronous
o 2 | Reset Active Leve Active High
.ﬂ
-
o
= Beneral{n( States }, Inputs )‘. Outputs J, Transiions }, Actions f
For Help, press F1 |
b L ———.

Hinh 6.6: Tao cac trang thai

Budc 2. Tiép theo ban nhap vao cong cu ™ (Transition tool) va drag chudt tu
trang thai statel dén trang thai state2 d€ hinh thanh dudng chuyén trang
thai tUr trang thai statel sang trang thai state2. Tuong tu ta vé dugc may
trang thai nhu hinh vé (trudng hdp néu vé& dudng chuyén trang thai vao
chinh né thi chi can chon cong cu transition tool, sau d6 nhap chudt trai vao

trang thai do).

Cuartus 11 - Fy/Warking/giang dayThiet ks mach 20 v HDL Warking StateMachine/ Stabedachine - Statebdaching - [Machinal L] [ | =]

IFi; Edit_ View Tools Window
[ Tampurmabl e T Tt
| @ B raget
[k & || = rpun
|-
=
= =
o b

@ Dutput

Cptian Eettng |
1 | Reset Mode Synchronous
2 Ipset Active Lavel Active High

State Tabla:— - »

Genaal 4 States ) ol b Dupits b Traetoes B Action: [

[For Help, press F1 MR s

Hinh 7.7: Tao cic dudng chuyén trang thai
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Budc 3. Tiép theo ban nh&p vao biéu tugng = (Insert input port) dé thém mot
tin hiéu nhép va click vao biéu tugng = (Insert output port) d& thém mot tin
hiéu xuat

Budc 4. Nhap vao biéu tuong 2 (State table) dé€ hién thi bang trang thai (néu

bang nay da bi &n di). Trong clra s trang thai nay chon tab Transition (xem

\
hinh)
r l - —ry
Quartus [ - FAWorking/giang day/Thiet ke mach 5o voir HDOLWo rkingStateMachine/StateMachine - StateMachine - [Machinellsmf] |5 5 |
File Edit Wiew Tools Window |
InputTabl + = |- - . - BN -
@ InputPr f--cove-es
s @, | [Er reget
B dack
@ 7 B imput1
=]
e ;
SN )
OUMpUtTz » %
DutputF
L outpuki
b - .
e —
£3 Source State | Destination State = | ?ginnﬂ |
1] ot |
] £ ~nelt
E |3 | otste? state inputl
§ 4 | atate =ta edriIt] 5
3",. enzral }\ Shates !". Inpuls }\ Dulpth f
}For Helg, press FL HUM
1=

Hinh6.8: Thiét |ap bi€u thlc chuyén trang thai

Budc 5. Nhap tin hiéu tén tin hiéu nhap vao (inputl). Trudng hgp néu dudng
chuyén trang thai nay chi bi &nh hudng bdi duy nhdt mét tin hiéu nhép
(inputl) thi:

a. N&u chuyén trang thai xay ra khi gdp mét tin hiéu 0 thi nhap tén tin hiéu dé
vao (inputl)

b. Néu chuyén trang thai xay ra khi gap tin hiéu nhép la 1 thi nhap tén tin hiéu
doé va phia trudc cé dau ~ (~inputl, dao tin hiéu inputl) Trudng hgp dudng
chuyén trang thai bi anh hudng béi nhiéu tin hiéu thi thém d&u & gilra cac tin
hiéu do6 (vi du: inputl & input2).

Budc 6. Tuong tu nhu vy ddi vai cac dudng chuyén trang thai khac.

Budc 7. K& ti€p ban chon trang thai statel sau d6 nhdap chudt phai chon

properties. Clra s6 properties s& xuat hién, ban chon tab Action (xem hinh)
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State Properties ﬁ

General | Incoming Transitions | Outgoing Transitions  Actions ] Format |

Output Port _—aytput value | Additional Conditions
0

| f,[outputi

‘ oklumﬂ‘.

Hinh 6.9: Thiét 1ap tin hiéu xu&t & Action clia mdi trang thai

Budc 8. Trong cot Output Port ban chon tin hiéu xuat, & cot Output Value ban
thiét 1ap gia tri xuat ra cho trang thai dé. Sau d6 nhan OK
Budc 9. Lap lai thao tac nay cho 2 trang thai con lai.
a. Statel: Output Port la outputl, va Output Value la 0
b. State2: Output Port la ouputl, va Output Value la 0
c. State3: Output Port la outputl, va Output Value la 1
Budc 10. Cubi cung ban sé dugc may trang thai nhu hinh vé:

= — ™
[E] Quartus I - F:AWorking/aiang day/Thist ke mach so voi HOLWorking/StateMachine/StateMachine - StateMachine - [Machinel1smi] Elﬂlé'
| Ble  Edit Niew Teels Window
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Input P |2

E- reset BlGre
h Q B clock
@ 7 B input1
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=2

HEl
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"

HEEN
g
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£
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"
T
g
E
]
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E}

srate Table

Generd i States i Inpue f Ouipdie j Tierilions b Actione
For Help, press FL _ KU

Hinh 6.10: May trang thai phat hién chudi 2 bit 1

Budc 11. Nhdn Ctrl + S, hodc nh&p vao biéu tugng Htren thanh cdng cu dé

Iuu lai may trang thai nay vdi tén la Machinell.smf.
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6.3.4 Tao file ngon ngir mo ta phan cirng tUd may trang

thai

Nh&n vao biéu tugng (Generate HDL file) trén thanh cdong cu. Khi ban théng
bao sinh file HDL xuat hién ban nhap vao lua chon Verilog HDL sau dé nhan OK,

Quartus sé sinh ra mot file Verilog (Machinell.v) tir sd d6 may trang thai nay.

|

-
Generate HDL File

=)

Specify the hardware design language

e~

WHDL

" Systermi/erilog

Hinh 6.11: Chuyén may trag thai sang ngén ngr mé ta phan cling

E@} Quartus I - F:/Working/giang day,/Thiet ke mach so voi HDL/Working/St... I&@l—g_h]

File

Edit View Project Processing Tools

Window

20
21
22
23
24
25
28
27
28
29
30
21
32
25
34
EH)
36
27
38
)
40
41
42
43
44
45

4

For Help, press F1

(L

‘timescale 1lns/1lns

Emodule Machinell
reset,clock, inputl,
cutputl)

input reset:;

input clock:

input inputl;

trid reset;

tri0 inputl:

cutput outputl;

reg outputl:

reg [2:0] fstate;

reg [2:0] reg fstate;

parameter statel=0,stateZ=1,state3=2;

always @ (posedge clock)

= begin
= if (clock) begin
fstate <= reg fstate;
end
end
always @ (fstate or reset or inputl)
= begin

Ln 47, Col 31

MNUN

m

Hinh 6.12: Code Verilog dugc tao tu may trang thai
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TOM TAT
Trong bai nay, hoc vién nam duoc:
+ May trang thai va cac loai may trang thai
+ Gian db trang thai va cac loai gian dé trang thai
+ Cac soan thao moét thiét ké théng qua may trang thai trén Quartus

Tao ma ngbén ngr dac ta phan cung t&r may trang thai.
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N ? N N
CAU HOI ON TAP
Cau 1: Cho luu d6 trang thai nhu hinh vé:

S0 Z

a

0 1
.‘—
Z
#7.
St | 7b
< X

a) Vé gian d6 trang thai cua Iuu do6 trang thai trén
b) Thuc hién may trang thai nay trén FPGA

Cau 2: Cho hé théng s6 sau:

clock
BO phat hién
—  chudi 1001 O S

X (FSM)

X ngd vao nbi tiép. Z = 1 khi nhan dugc chudi bit 1001 (bit MSB di
trude).

a) Vé gian d6 trang thai

b) Thuc hién may trang thai nay trén FPGA
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