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LOI TUA

Nganh K§ thuat My tinh dugc bat dau tuyén sinh va dao tao tai truong
Pai hoc Can Tho tir nam 2008. Pay 1a mot nganh hoc c6 su két hop kién thirc
chuyén mén cua 2 linh vuc phan ctng dién tir va thiét ké phan mém.
Trong d6 Thiét ké Hé thdng sé 1a mot trong cac hoc phan cdt 1i trong chuong
trinh dao tao. N§i dung cta hoc phﬁn nay nham kip thoi cap nhat céac kién
thirc va phuong phap thiét ké hé théng thong qua viéc lap trinh sir dung ngon
ngit md ta phan cing (Hardware Description Language, HDL) dua trén ky
thudt mang logic kha trinh (Field Programmable Gate Array, FPGA).

Tai li¢u hudng (ﬁn hog tép nay dqqc sfg: dung huc’rng‘dén thuc tap cho
ngudi hoc hoc hoc phan Thiét ké HE thong s6. Noi dung gom 6 bai thue tap
duoc chia lam 4 mang kién thire chinh sau:

« Bai I - Gi6i thiéu board Altera DE2-115, phian mém Quartus II va
Modelsim.

« Bai 2 va Bai 3 - Mach t6 hop. Noi dung huéng dan 1ap trinh thiét ké
dang mach sé t6 hop thong qua 6 bai tap thuc hanh: thiét ké cong logic AND,
OR, mach kiém tra chin 1¢, mach cong ban phan, mach cong toan phan va
mach ma héa uu tién 8 dudong sang 3 dudng.

« Bai4va Bai 5 - Mach tuan tir. N6i dung huéng dan lap trinh thiét ké
dang mach sb tuan ty thong qua 6 bai tap thuc hanh: thiét ké flip-flop D,
mach dich trai, mach dich trai/phai, mach dém 1én, mach dém lén/xuéng,
mach dém vong.

* Bai 6 - May trang thai hitu han. N6 dung hudéng dan thiét ké cac hé
thong s6 4p dung _phuong phap may trang thai Moore va Mealy thong qua
3 bai thyuc tép thiét k& mach phat hién chudi bit 1an luot 4p dung may hiru
han Moore va Mealy, dén giao thong.

Ngoai ra ¢ cudi tai liéu con c6 Phu luc 1a Béang gén chan mot ) ngoai
vi phan ctiing trén board Altera DE2-115 giup nguodi hoc thuén tién tra cuu,
st dung trong cac bai thuc hanh.
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Bai 1
GI(')'I THIEU BOARD ALTERA DE2-115,
PHAN MEM QUARTUS I VA MODELSIM

Muc dich:

Gi6i thiéu board Altera DE2-115 Development Kit;

Huong dﬁn nguot hoc cai dat va tao du an (project) mé phong cac thiét
ké h¢ thong s6 véi phan mém ModelSim;

Huéng dan ngudi hoc cai dit va thiét ké hé théng sé véi phin mém
Quartus I1;

Huéng dan cic bude nap thiét ké hé thong sé xudng chip FPGA trén
board Altera DE2-115 va kiém tra hoat dong cua hé thong.

Yéu cau:

Nguoi hoc biét rd vé cac ngoai vi ciia board Altera DE2-115
Development Kit;

Ngudi hoc nam viing kién thirc va ki ning 1ap trinh thiét ké, mo phong,
thuc hién mot hé thong so dua trén cong nghé FPGA.

Luuy:

Nguoi hoc can doc k¥ tai liéu hudng dan nay ciling nhu 6n lai, doc trudc
cac 1y thuyét lién quan trong Gido trinh Mach s6 duoc dé nghi ¢ dau
moi bai thyc tap.

Tuan thii nghiém cac ndi qui, quy dinh vé an toan trong qua trinh
thuc hanh.

1.1 GIOI THIEU BOARD ALTERA DE2-115

Board Altera DE2-115 Development Kit 1a bo thi nghiém mach phuc

vu cho viéc nghién ctru va phat trlen trong cac linh vuc mang logic 1ap trinh
dugc (FPGA), thiét ké hé thong s6, klen trac may tinh va h¢ thong nhing.
DE2-115 sir dung cong nghé méi nhét vé ca phan cimg 1an cong cu thiét ké
CAD (Computer-Aided Design) mang dén cho nguodi hoc nhiéu tién ich,
thuan loi trong hoc tip, nghién ctru va phat trién cac Gmg dung.
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SDRAM x2
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SRAM FLASH LEDs

Hinh 1.1 Hinh anh thuc té board Altera DE2-115 [1]

1.2 CAC NGOAI VI CO TREN BOARD ALTERA DE2-115
1.2.1 Nt nhan

PS8/2 Port
VGA 24-bit DAC
Gigabit Ethemet PHY

Expansion Header (J15)
(with Prolection Diodes)

HSMC Connector

Allera 60-nm Cyclone IVE
FPGA with 115K LEs

50MHz Oscillator

SMA Ext Clock Out

SMA Ext Clock In

IR Receiver

Kit DE2-115 cung cp 4 nat nhén dwoc gan tén tir KEYO dén KEY3.
Céc nlt nhan nay & trang thai binh thuong (khi khong nhan) & murc logic cao

(logic 1), khi dugc nhan sé& & mirc logic thap (logic 0).

VCC3P3

KEY3

}

KEY2
KEY2 » [0
KEY2
e > ot /ANATERVA,
KEY1 74HC245 | keyq
- B ———— M21 Cyclone= IV
—O0 O KEYO
—————> M23
KEYD
i =B

0]
@]

Hinh 1.2 So db két ndi giita 4 nit nhn va Cyclone IV [1]



1.2.2 Cong tic

Kit DE2-115 ¢6 18 cong tac 2 vi tri dugc gan tén tir SWO dén SW17.
Khi cong tac & vi tri thap (gan nhit v6i canh cua board) thi mdi cong tic s&
cung cap mot muc logic thip (logic 0) va cung cip mirc logic cao (logic 1)
khi cong tic & vi tri cao.

/ANO[SRYAN,

Cyclone®1V
AC28

m e 1]

SRR E

SW17 Swié SWi15 SWi4 SW3  sw2 Swi1  SWo

Y23 AB28

Logic™1”

Logic™0"

Hinh 1.3 Két ndi giita cac switch va Cyclone IV [1]

1.2.3 LED don

Ngoai ra board c6 18 LED don mau d6 va 9 LED don mau xanh 14,
mdi LED duge két ndi truc tiép vo1 mot chan cua Cyclone IV E FPGA.
Pay 1a cac LED Cathode (cuc 4m) chung do d6 dé diéu khién LED thi chan
ctiia FPGA tuong tmg ndi v6i LED sé& dua ra mirc logic cao dé bat LED sang
va mirc logic thap dé tit LED.

LEDRO
LEDR1

LEDRO
LEDR1

G19

LEDGO
E21

LEDGO,

Fi9 LEDG1 LEDG1
LEDR2 LEDRZ (=i
ASH—\/VV— E19 LEDG2 LEDGZ
ASH—\LEDHH AA,—LEDR& F21 = o LEDG3 LEDG3
¥ ] » Teg —AA,—D{L
. LEDG4 LEDG4

H21

w F15 Cyclme@IV S
T e

LEDR15 LEDR15
G15 ez

LEDR16 G21

G186
LEDG8 LEDGS,
AN QEORIT T LEDRI [ Fi7 '—\/\/\/—HZL

LEDGS LEDGS

LEDGE LEDGE

LEDR16 LEDG? LEDGT

Hinh 1.4 Két ndi giita cac LED don va Cyclone IV [1]

1.2.4 LED 7 doan

Co6 8 LED 7 doan trén board dugc gan tén tr HEXO dén HEX7,
mdi LED 7 doan duoc két nbi véi chip Cyclone IV nhu so dd Hinh 1.5.
M&di doan trong mot LED 7 doan dugc diéu khién doc 1ap v6i nhau, vi du
HEXO0[0], HEXO0[1], v.v... Cac LED 7 doan déu 14 loai anode chung, mdi doan
ctia LED sang 1én khi tin hiéu diéu khién tuong tmg & logic thip, nguoc lai
doan LED bi tat khi tin hiéu diéu khién & mirc logic cao.



HEX0[0] ‘
HEXO[1]

HEX0[3]

WW—H Cyclone=1V
HEX0[5]
Wy HEXO0[8]

Hinh 1.5 LED 7 doan ndi v6i Cyclone IV [1]

1.2.5 PS/2 Serial Port

Board Altera DE2-115 hd tro 1 cong giao tiép PS/2 (Hinh 1.6a). Nguoi
hoc c6 thé st dung ban phim va con chudt cung mét lic bang cach str dung
cap m¢o rong PS/2 (Hinh 1.6b).

G6 < PS2_CLK

AN
PS2_CLK2
‘ Wy

G5 «

SN NN

J7
F5 P52_DAT2 \M/
Hs <« PSZDAT

Wy

Hinh 1.6a So dd két ndi PS/2 trén board DE2-115 [1]

)

Hinh 1.6b Cap mé rong PS/2Y [1].

1.2.6 Cong VGA

Board DE-115 ¢6 1 cong VGA voi céng néi 15-pin D-SUB. Cac tin
hi¢u dong bo hoa VGA dugc cung cap tryc tiép tir Cyclone IV E FPGA va
cac thiét bi Analog Devices ADV7123 triple 10-bit high speed video dugc str



dung d¢é tao ra céac tin hiéu hinh anh. N6 c6 thé hd trg cho chuan SXGA véi
do phan giai 1280 x 1024 pixel vdi bang thong 100 MHz.

J13

: ur
VGA_R[7..0] §
VGA_G[7..0] -
55! I]I =.'f "n!aé . VGA_B[7..0] -
VGA_GLK | Asurizs
CycloneFIV VGA SYNC N
VGA BLANK N
VGA_VS
VGA_HS

Hinh 1.7 So db két néi VGA trén board DE2-115 [1]

1.2.7 SRAM

Board Altera DE-115 str dung bo nhé 2MB SRAM véi d6 rong dir liéu
16 bit, dugc st dung v6i tan s hoat dong 16n nhat khoang 125 MHz trong
diéu kién dién thé cung cip 3,3 V. B6 nhd SRAM dugc két ndi v6i chip
Cyclone IV FPGA nhu Hinh 1.8.

Uiz
SRAM_ADDR][19..0] o] A19.0]
L SRAM_DQ[15..0] o 10[15..0]
/ANO[S RY/AN
L RAM CE N
3 _CF_ » CE_n
SRAM_OE_N
Cycl’onengV s » OE_n
& SRAM_WE_N » WE_n
SRAM_UB_N » UB_n
SRAM_LB_N R fire
SRAM

Hinh 1.8 So dd két ndi SRAM trén board DE2-115 [1]

1.2.8 SDRAM

_ Board st dung 128MB SDRAM, bao gém 2 chip SDRAM 64 MB.
Mo6i mét chip SDRAM giao ti€p voi chip FPGA thong qua duong dir liéu 16
bit riéng biét va chia sé chung duong diéu khién va dia chi.



U1s

DRAM_DQ[15..0] »|D[15.0]
DRAM_DQMO A
| LDOM
DRAM_DQM1 Jlubam
DRAM Other Control Signals:
DRAM_CKE
DRAM_CLK 5
DRAM_WE_N doMA 6
DRAM_CAS_N SDRAM 0
DRAM_RAS_N
= DRAM_CS_N
. DRAM_BA[1..0]
DRAM_ADDR[12..0]
Cycione®1V u13
32MX16
»  SDRAM 1
[
= » LDQM
DRAM_DQM3 _|ubpam

Hinh 1.9 So db két ndi SDRAM trén board5 DE2-11[1]

1.2.9 FLASH

B0 nh¢ Flash trén board c6 dung luong 8MB str dung bus dir li€u 8 bit
va str dung chuan tin hiéu 3.3 V. CMOS. Boi vi bo nhé Flash 12 b nhd khong
mat dir liéu khi mat dién, nén né thudng duoc sir dung dé luu trix dir lidu
chuong trinh, hinh anh am thanh,...

u18
FL_ADDR[22..1]
FL_DQ[7..0 i (G
7 FL_ADi)é(J] ¥ D0
e N[ l » DQ15/A-1
ARTERA = »| W
L2
Ft—RST—N »| RESET#
FL_WP_N q
Cyc}one,@IV m— p WPH#ACC
— RY/BY#
FL_CE_N )| cex
FL_OE N
» OE#
] BYTE#
— FLASH
(BYTE Mode)

Hinh 1.10 So d6 két ndi FLASH trén board DE2-115 [1]

1.2.10 EEPROM

Board Altera DE2-115 ¢6 32 Kb EEPROM truy xuét theo chuan 12C,
c6 theé dugc st dung nhu 1a noi luu trit dir 1liéu nhu thong tin phién ban, dia
chi MAC, v.v...

6



VCC3P3

u24

vee —() VCCaP3
EEP_I2C_SCLK
— &—>|SCL A0 —A\N—
EEP_I2C_SDAT A2 I—AN—2
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241L.C32A -

Hinh 1.11 So d6 két ndi bd nhé EEPROM trén board DE2-115 [1]

1.2.11 Thé nhé SD

Nhiéu tng dung str dung nhimg bd nhd ngoai c6 dung luong 16n nhu
thé SD (Secure Digital) hodc the CF ™ luu trir dir liéu. Board Altera DE2-115
cung cap phan cting can thiét cho viéc glao tlep v6i thé nhé SD. Thé nhé SD
c6 thé duoc 1ap trinh truy theo chudn giao tiép SPI, ché do SD card 4 bit
hodc 1 bit.

VCC3P3

?%éé

—— _ SD_DAT[Z] 9
< & »

" SD_DATI3] 1.

~ SD_CMD 2

% sD_CLK O 5

Cyclone: 6
§W _ SD_DAT[0] 7

" SD_DAT[1] 8

T SD_WP_N 1 |

Hinh 1.12 So d6 két ndi thé nhd SD trén board DE2-115 [1]

1.3 PHAN MEM MODELSIM

ModelSim la phan mém cung cap moi truong mo6 phong va kiém thu
cac thiét ké h¢ thong s6 bang ngdn ngit mo ta phan cting cua Mentor dugc str
dung rong rai hién nay. Chirc ning ctia phan mém ModelSim nhu sau:





