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ABSTRACT

Various imported FPGA kits have been used for teaching digital circuit
design in practical labs at the University of Technical and Education in Ho
Chi Minh City since 2008. Many damaged kits cannot be repaired once
broken while in service and must be replaced with others, causing
considerable waste-replacement with different FPGA Kkits results in
equipment and learning materials discrepancies. The designs of some of
the Kits need to be optimized to mitigate teaching and learning difficulties.
This paper analyzes the advantages and limitations of used FPGA Kits
using analytical and experimental methods to propose a new FPGA kit
design. The new Kit is designed with many peripherals suitable for the
duration of a single course; the peripherals are designed independently, the
communication circuits choose the correct logic level, and the components
utilized in the Kit's design must guarantee optimal durability,
uncomplicated upgrade and easy replicability.
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TOM TAT

C6 nhiéu loai kit FPGA nhap tir nuéc ngoai dung dé giang day cho mén
thyuc hanh thiét ké vi mach sd tir nam 2008 tai truong Pai Hoc Su Pham K§
Thuat TP HCM. Qua trinh st dung c¢6 nhiéu kit hu hong khong thé sira
chira dugc, phai thay thé bang kit khac gy ra sy lang phi kha 16n, su thay
thé kit FPGA khac loai khong giéng kit dang dung dan dén sy khong dong
b6 vé thiét bi 1an tai liéu hoc, mot s kit thiét ké chua ti wu, gay kho khin
cho viéc day va hoc. Bai bao nay phén tich nhitng vu diém va han ché cia
cac kit FPGA da dung sir dung phuong phap phén tich va thyc nghiém dé
dé xudt thiét ké mot bo kit FPGA moi. Kit méi duge thiét ké véi nhiéu
ngoai vi phu hgp vai thoi lugng mén hoc, cac ngoai vi dugc thiét ké doc
1ap, cac mach dién giao tiép chon diing murc logic, cac linh kién dung dé
thiét k& kit dam bao d¢ bén, chic chin, dé dang thay thé va nang cép.
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1. Giéi thigu

Cong ngh¢ FPGA da dugc img dung trong nhiéu linh virc bao goém ca giang day, nghién clru va ing
dung vao cong nghiép. Cu thé, trong linh vyc giang day, cong ngh¢ thiét ké vi mach da duoc nhiéu
truong dai hoc giang day va phat trién lién tuc dé dap Umg nhu cau giang day do [1]-[5]. Hon nita, vé&i
vu diém vé kha nang xur 1y 1énh dong thoi cling nhu tan sd xung thyc hién dugc rat cao, cong nghé
FPGA ciing dugc tng dung vao thiét ké nhiéu mach dién trong thuc té. Cac mach g dung cong nghé
FPGA nhu xr 1y tin hiéu va hinh anh, diéu khién va do téc d6 dong co [6]-[10]. Tuy nhién, cac kit thuc
hanh FPGA hién nay dang duoc st dung thi gia thanh twong ddi cao. Dic biét, Kit DE2 1a mot kit FPGA
duoc thiét ké dé phuc vu chuyén cho giao duc voi gia thanh khoang 17 triéu vnd.

Trudng dai hoc Su Pham K§ Thuat TP HCM d3 trang bi cac kit FPGA do My san xuét dé phuc vu
giang day thuc hanh véi lich sir bit dau véi kit “FPGA XC3S200-BGA256 ho Spartan 3” duge ding
vao nam 2008 [11]. Sau mot thoi gian sir dung thi chuyén sang kit “FPGA XC3S500E FG320 ho Spartan
3E” vao nam 2010 [12]. Tiép theo 1a kit “Nexys2” dung chip XC3S500E FG320 ho Spartan 3E vao nim
2012 [13]. Dén nam 2015 la kit “Nexys3” ding chip LX16 CSG324 ho Spartan-6 [14] va dén nam 2018
thi duoc thay thé bang cac kit FPGA do Trung Qudc thiét ké [15].

Véi cac kit FPGA ciia My san xuét c6 thé khing dinh chat luong t6t, dep, nhé gon va cong nghé rat
cao nhung c6 nhuoc diém 16n trong qua trinh str dung néu hur hong thi rat kho sira chira duge vi khong
¢6 linh kién thay thé & Viét Nam nén phai bo ludn ca kit du chip FPGA chua hu, gy lang phi rat 16n.
Khi kit hu hong khong thé sira duoc thi trang bi kit khac thay thé nhung khdng cling chiing loai kit dang
dung, ho di thiét ké kit méi thay thé kit cii. Piéu nay dan dén viéc sir dung cac kit khong dong bd véi
nhau trong cting mot 16p hoc va mdi lan thay di kit nhu thé thi phai thay doi tai liéu thuc hanh cho phu
hop v6i kit méi. Qua trinh st dung cac kit FPGA thay ddi lién tuc & trén di chimg minh cho diéu nay
va tiéu tdn mot lugng kinh phi 16n. Vao ndm 2015 truong dugc Intel tai tro 10 kit DE2i-150 str dung
chip FPGA Cyclone IV cta Altera cho phong thuc hanh thir 2 [16]. Trong qua trinh st dung tir 46 cho
dén nay thi da c6 6 kit bi hu, khong stra duoc va ciing khong thay thé dugc vi kit nay khong con duoc
san xuat nén phai thay bang kit De2-115 dung chip Cyclone II ciia Altera [17].

Ngoai M¥ thi sau nay Han Qudc va Trung Qudc c6 san xuét kit FPGA dé cung cép cho thi truong
nhung cong ngh¢ khong bang, chi co uu diém 1a gia thanh thap va d& sira chita khi hu hong. Kit FPGA
Trung Qudc san xuét co cung cap tai Viét Nam véi gia thanh thap hon nhiéu 1an, thuan tién cho viéc
trang bi nén trudng chuyén sang dung céc kit cua Trung Quéc cb ten la 21EDA. Tuy nhién khi str dung
thi phat hién ra cac kit nay thiét ké chwa t6i uu Ve murc logic giao tlep, gdy kho khan cho viéc giang day,
phai sura lai bai giang, tai liéu dé loai bo cac van dé giao tiép chua t6i wu trong ting bai thyc hanh. S6
luong giao tiép ngoai vi it va két ndi song song nhiéu module dan dén khi ding module nay thi khong
dung duoc module khac, 1am han ché kha ning giang day thuc hanh [18].

2. Phuong phap nghién ciru

Dé 1am co s¢ thiét ké kit FPGA méi, ching toi thong ké cau hinh 5 kit FPGA da qua qua trinh sir
dung dugc trinh bay ¢ bang 1. Trong d6 hang thir 1 1a loai chip FPGA thi kit DE2-115 dung chip Cylone2
¢6 cau hinh 16n, 672 chan nén c6 nhiéu IO nhat. Chip ¢ cdu va sé lugng IO 16n thi gia thanh cao, néu
khong dung hét thi gay lang phi 16n. Kit 21EDA dung chip Spartan 3E c6 208 chan thu¢c dang trung
binh v€ ca tai nguyén va 10, uu diém gia thanh thap. Kit méi phai lya chon chip FPGA du tai nguyén
va sb luong IO dap mg duoc cac bai thuc hanh ciia moén hoc, gia thanh hop 1y, sir dung hét cac 10 dé
tranh lang phi.

Hang thir 2 liét ké s6 luong va muc logic diéu khién led don: kit DE2-115 ¢6 s6 lugng led nhiéu nhat,
céc kit con lai chi c6 8 led. SO lugng led nhidu 1a wu diém nhung khuyét 1a ton nhiéu 10. Cac kit FPGA
duoc thiét ké muc logic 1 lam led sang va logic 0 lam led tat, su lua chon nay phu hop véi cac mach
dién tir s6, con kit 21EDA thi nguoc lai. Kit méi phai lya chon s lugng va muc logic phu hop.

Hang thtr 3 liét ké ) lugng switch gat: kit DE2-115 ¢6 $6 lugng led don nhiéu nhét, cac kit con lai
chi c6 4 hodc 8. S5 lwong nhiéu 13 vu diém nhung khuyét 14 ton nhiéu I0. Cc kit déu khong c6 led bao
hiéu mirc logic ciia switch, day chinh 1a khuyét diém. Kit méi can Iya chon sb lugng phtt hop va c6 led
bao hiéu murc logic.
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Hang thir 4 liét ké s0 lugng nut nhan thudng 1a 4 hogc 5. Cac kit FPGA dugc thiét ké nit nhén tich
cuc muc logic 1, sy lya chon nay phu hgp voi mach chong doi, con kit 21EDA thi nguoc lai. Kit méi

can Iya chon s6 luong phu hop va dang muc logic.

Hang thir 5 1iét ké s6 luong led 7 doan: kit DE2-115 va 21EDA déu c6 s6 lugng 8 led, cac kit con lai
chi ¢6 4 led hoic khong c6. S6 luong 8 led 7 doan 13 wu diém nhung kit 21EDA st dung phuong phap
quét chi dung 16 10, con kit DE2-115 thi dung phuong phap két ndi truc tiép nén dung dén 6410. Néu
so sanh so lugng 1O thi kit 21EDA uu diém hon. Mach dién diéu khién 8 led 7 doan ctia kit 21EDA lua
chon murc logic khong phut hop véi mirc logic ciia chip FPGA. Kit méi can lya chon s lugng pht hop
va diing muc logic.

Tuong tu cho cac hang con lai dung dé xem xét, so sanh, danh gia dé 1am co so thiét ké cho kit méi.

Bang 1. Cau hinh cdc kit FPGA da sir dung

Thi | Thanh Kit Kit Kit Kit Kit DE2-115
tw phan Spartan 3 Spartan 3E Nexys3 21EDA

1 Chip FPGA:
Tai nguyén XC3S200 XC3S500E LX16 XC3S500E Cyclone2
Dang vo BGA256 FG320 CSG-324 PQ208 BGAG72
Ho Spartan 3 Spartan 3E Spartan 6 Spartan 3E Cyclone

2 Led don 8. Mirc 1 sang, 0/8. Muc 1 sang, 0/8. Muc 1 sang, 0 tat 8. Muc 0 sang, 1126.  Mirc 1

tat tat tat sang, 0 tat

3 Switch gat 8 4 8 8 18

4 Nt nhan 4 4 5 5 4

5 Led 7 doan |4 Khéng 4 8 8

6 LCD Khong Cé, 16x2 Khong Co, 16x2 C6, 16x2

7 Buzzer Khong Khong Khong Co Khong

8 GLCD Khong Khong Khong Co Khong

9 SRAM Cé Khong Khong Co Cé

10 |SDRAM Khéng Co Co Cé Co

11 FLASH Khéng Co Co Khoéng Cé

12 PROM Co Co Co Cé Co

13 RS232/ RS232 RS232 USB-UART RS232 RS232
USB-UART

14 Ethernet Khéng Ethernet PHY  |Ethernet PHY Khéng Ethernet PHY
PHY/Wifi

15 Module ADC|Khéng Khong Khong Khong Khong
24 bit

16 Real time Khong Khong Khong Co Khdng

17 ADC/DAC Khong Cé Khong Co Khdng

18 DS18B20 Khong Khong Khong DS18B20 Khdng

19 IrDA Khong Khong Khong Co Cé

20 Port m¢é rong  |CO Co Co Khoéng Co

21 Dao dong 50MHz 50MHz 100MHz 50MHz 50MHz
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22 PS2 Cé Cé Khong Co Co
23 VGA Cé 8 mau Cé 8 mau Cé6 256 mau C6 8 mau Co
24 SD card Khoéng Khéng Khéng Khoéng Co
25 USB-HID Khoéng Khéng Co Khoéng Co

2.1. Lwa chon chip FPGA

C6 nhiéu tiéu chi dé chon chip FPGA gdm: tai nguyén dé thiét ké mach, sb lwong 10 dé giao tiép \!
céc ngoai vi, dang dong goi ctia chip dé co thé dé dang thi cong, ké thira tai nguyén dang co va cubi
cuing la gia thanh. Khao sat cac chip FPGA dang c6 tai Viét Nam, két qua c6 rat nhiéu loai chip khéc
nhau. Bang 2 liét ké 4 loai chip FPGA c6 tai nguyén gan véi cac chip FPGA da va dang dung ¢ cac kit
da thong ké ¢ bang 1.

Bang 2. Cac chip FPGA ¢4 tai thi truong Viét Nam

TT Nha cung cip chip Altera Xilinx
FPGA
1 M sb chip EP3C25 EP3C16F XCS40XL- XC3S500E-
Q240C8N 484C8 5PQG208C 4PQ208C
2 S lugng 10 148 346 169 158
3 S6 LABs/CLBs 1.539 963 784 1.164
4 S6 phan tir logic 24.624 15.408 1.862 10.476
5 Tdng s6 bits Ram  |608.256 516.096 25.088 368.640
6 Sb cong 40.000 500.000
7 Kiéu dong goi 240-BFQFP 484-BGA 208-BFQFP 208-BFQFP
8 Gia 559.000 VNP [622.000 VNP [288.000 VND  [370.000 VND

Can ctr vao cac tiéu chi nhu da trinh bay & trén, chip FPGA duoc chon 1a XC3S500E PQ208 vi chip
¢6 cAu hinh tai nguy@n [19] dap tng duoc cho tit ca cac bai thuc hanh vi chip nay di sir dung & mot sb
kit c6 trong bang 1. S6 lwong IO ctia chip FPGA 12 158 dii giao tiép voi cac ngoai vi, ké thira cac tai liéu
dang dung dé khong mét nhiéu thoi gian bién soan lai. Cac chip FPGA c6 s6 lugng IO 16n gia thanh cao
hon rét nhiéu nhung phan 16n cac 10 chwa dung dugc thiét ké & dang port mo rong.

2.2. Lwa chon cdc ngoai vi co bdan

Cac ngoai vi co ban nhu led don, switch gat, nat nhén, led 7 doan ludn dugce thiét ké & tat ca cac kit
FPGA v6i muyc dich phuc vu cho ngudi ding méi bét dau 1am quen véi 1ap trinh thiét ké chip dé thiét
ké cac mach to hop, mach tuan tu co ban.

Led don: theo bang 1 thi c6 2 dang 8 led va 26 led, khong c6 quy dinh sO luong, néu it thi han ché
viéc xay dung cac bai thyc hanh, cang nhiéu thi cang tot nhung t6n nhiéu 10, can phai lya chon cho can
dbi. Theo kinh nghiém giang day va tham khao thém kit “Nexys4” [20], dé xuét kit méi s6 luong led
don phu hop nhit 14 16. Mirc logic diéu khién led: mirc 1 1am led sang, murc 0 1am led tit, mach dién chi
tiét & hinh 5(c).

Switch gat: khong quy dinh s lvong nhung theo bang 1 thi it nhét 1a 4 va nhiéu nhat 1a 18. S6 lugng
it thi han ché nén dugc dé xuat sb lwong phit hgp nhat 1a 16. C6 thiét ké thém led bao hi¢u mirc logic dé
gitip ngudi hoc xac dinh mirc logic ngd vao true quan hon, mirc 1 1am led sang, mirc 0 lam led tit, mach
dién chi tiét & hinh 5(a).

Nut nhén: khoéng quy dinh s6 luong nhung theo bang 1 thi it nhat 1a 4 nhiéu nhét 1a 7, két qua chon
14 7 nat nhan va chon muc logic tich cuc 1a marc 1, mach dién chi tiét & hinh 5(b).
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Led 7 doan: khong quy dinh sé luong nhung theo bang 1 thi it nhit 1a 4 va nhiéu nhét 1a 8. Chon 8
led 14 phtt hop dé c6 thé hién thi dugc nhiéu thong tin. Ngoai vi nay c6 2 dang két nbi: dang thir nhit 1a
két ndi truc tiép thi can 64 10, dang nay c6 uu diém mach dién don gian nhung str dung nhiéu I0; dang
thir 2 1a két n6i theo phuong phap quét thi chi can 16 10, dang nay c6 uu diém tiét kiém IO nhung mach
dién diéu khién quét 8 led kha phirc tap. Do chip FPGA di chon c6 s6 lugng IO it nén chon dang phuong
phap quét. Stir dung loai led cathode chung va transistor loai npn dé khi chua ding dén thi 8 led déu tat,
mach dién chi tiét & hinh 5(d).

2.3. Lwa chgn ngoai vi ndng cao

Céac ngoai vi nang cao nhu LCD (Liquid Crystal Display), b6 nhé SRAM (Static Random Access
Memory), SDRAM (Synchronous Dynamic RAM), truyén dit lidu dugc thiét ké & mot sé kit FPGA véi
muc dich cho ngudi dung 1dp trinh thiét ké chip thuc hién cac mach ng dung 16n hon, phtc tap hon.
Cac ngoai vi nay dugc lya chon nhu sau:

LCD: theo bang 1 thi ¢6 loai LCD 16x2, kit méi dé xuét diing loai 20x4 dé hién thi dugc nhiéu thong
tin giup viéc xay dung cac bai thuc hanh da dang hon, chon giai phap giao tiép chuan song song 8 bit
dé dap tng dugc cho ca chuan song song 4 bit. C6 transistor diéu khién Backlight cia LCD dé ting tudi
tho LCD va tiét kiém nguon tiéu thu, mach dién chi tiét & hinh 6(a).

Bo nhé SRAM va SDRAM: theo bang 1 thi tat ca cac kit déu c6 giao tiép day du cac loai bo nhd nay
vi day 1a 2 thanh phan rit quan trong trong hé thong. Hai b nhé nay dung chung cac duong dia chi va
cac duong dir liéu va mot s6 tin hidu diéu khién, mach dién chi tiét & hinh 6(c) va 6(d).

Giao tiép may tinh: theo bang 1 thi c6 2 dang. Dang RS232- UART (Universal Asynchronous
Reciever Transmitter) thi hién nay khong con phd bién va dugc thay thé bang dang USB-UART va kit
moéi nay chon dang thtr 2, mach dién chi tiét & hinh 6(h). Mach diéu khién Bell tao 4m thanh bao dong
sir dung transistor giao tiép loai npn nén khi chua dung thi ngd ra FPGA & muc logic 0 1am tit transistor
va tit Bell, mach dién chi tiét ¢ hinh 7(a).

2.4. Lwa chon cdc ngoai vi danh cho nghién ciru

Ngoai cac ngoai vi co ban va nang cao thi kit FPGA ¢ thiét ké thém mot s6 ngoai vi danh cho nghién
ctru dé sinh vién nghién ctru 1am bao céo cudi ky, 1am dd an mén hoc, db an tot nghiép. Cac ngoai vi
nay dugc lya chon nhu sau:

Giao tiép vai cac cam bién so: kit thiét ké c6 giao tiép voi mot vi mach cam bién DS18B20 va DHT11
theo chuan mét day, mach dién chi tiét & hinh 7(a). Giao tiép v&i cac dong co: kit thiét ké c6 mach giao
tiép dong co budc va mach giao tiép dong co DC c6 encoder dung dé thuc hanh thiét ké mach diéu khién
ddng co budc, dong co DC va diéu ché d6 rong xung, mach dién chi tiét ¢ hinh 5(€) va 5(f).

Giao tiép voi IC thoi gian thuce sir dung chip DS1307 theo chudn I12C (Inter Integrated Circuit). Chuén
nay cho phép giao tiép 1én dén 128 thiét bi nhung chi str dung 2 tin hi¢u IO nén kit c6 giao tiép thém
cac thiét bi khac nhu chip nh¢d Eeprom AT24C64, ADC-DAC PCF8591 va mot s6 module nhu Oled,
cam bién 4nh sang, cam bién 4p sudt va cam bién 3 truc, mach dién chi tiét & hinh 6(¢), 6(f) va 6(g).

Giao tiép v6i ngoai vi GLCD Nokia 5110 theo chuan SPI, mach dién chi tiét & hinh 6(b). Giao tiép
v6i 4 vi mach thanh ghi dich 16 bit theo chuan SPI dé thuc hanh bai diéu khién chuyén di dit liéu dang
song song thanh ndi tiép khi cAn mé rong port diéu khién cho mét sé g dung thyc té nhu bang led ma
tran, mach dién chi tiét & hinh 7(e) va 7(f).

Giao tiép v6i cac module ndi tiép dong bo: Co module phim cam tng touch 4x4 dé thuc hanh giao
tiép chuén truyén ndi tiép ddng bd dong thdi mo rong thém nit nhin diéu khién, mach dién chi tiét &
hinh 7(b). C6 module HX711 1a ADC 24 bit va load-cell, mach dién chi tiét & hinh 6(j). C6 module
Blue-tooth dé co6 thé didu khién thiét bj dung App dién thoai trong pham vi ngén, mach dién chi tiét &
hinh 6(i). C6 module SIM dé c6 thé diéu khién thiét bi tir xa dung tin nhian SMS, mach dién chi tiét ¢
hinh 7(c). C6 module Wifi Node MCU dé thuc hanh diéu khién tmg dung 10T, mach dién chi tiét & hinh
7(d).
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C6 giao tiép v6i module Rotary encoder ding cho mot sé tmg dung di chuyén hogc cai dat. C6 port
mo rong giao tiép led ma tran chuan P5 dé co thé thiét ké mach diéu khién quét led ma tran RBG. C6
mach phat hién diém OV va mach diéu khién Triac thay d6i goc kich dé thay doi cuong do sang ciia dén
gia nhiét. C6 mot relay dung dé diéu khién quat 1am mat.

So dd khéi cua kit FPGA dé xuét thiét ké nhu hinh 1. Khdi chinh giira 1 chip FPGAXC3S500E ho
Spartan 3E, dang déng goi PQ208, c6 két ndi véi IC Prom va mach dao dong tan s6 S0MHz. Cac khoi
con lai chinh la cac ngoai vi giao tiép v6i FPGA nhu di trinh bay va khbi ngudn cung cip cho ca hé
thong.

[ 16 SWITCH GAT |ﬂ,::> | 16 LED PON )
Al -
| 7BUTTON (siep7pOANQUET )
| BO NHG SRAM E;:> { BUZZER, RELAY, TRIAC ﬁ
oG soRAM K=y (~LcD 20%4, GLCD NOKIA |)
FPFA XILINX
[ Dsiseo0,onTiL IRE K=  xcassooE IC CONG SUAT L298

PQ208 > VA PONG CO BUGC
CAC IC, MODULE GIAO : -
TIEP CHUAN 12C IC NHO FLASH > IC CONG SUAT L298
CAUHINH VA PONG CO DC
XCF045V020
TOUCH KEYPAD 4X4 GIAO :
TIEP CHUAN 12C IC TAO DAO GIAO TIEP VOI MAY TiNH
PONG 50MHZ = (UART-USB)
ADC HX711 + LOAD CELL -
GIAO TIEP CHUAN USRT C:{>| GIAO TIEP BLUETOOTH ﬁ
- K=>|  GIAO TIEP VOI SIM ﬁ
GIAO TIEP THANH GHI
DT D NGNS FORT (= GIAC TIEP WIFINODE_])
CAC LOAI NGUON ﬁ > PORT GIAO LED RGB P5

Hinh 1. So d6 khoi kit FPGA giao tiép véi cdc ngoai vi
3. Két qua va ban luan

Phén két qua thuc hién nghién ctru chinh gdm c6 3 phan: phan thir nhét 1a so 6 nguyén 1y thiét ké
kit FPGA va mach in, xem chi tiét & phan phu luc; phan thir hai 1a két qua thi cong kit FPGA nhu hinh
2; phan thtr ba 1a so snh va danh gia cac kit FPGA da dung va kit FPGA d& xuét thiét ké nhu & bang 3.
Thé hé kit tht nhat da thiét ké thir, dang sir dung giang day thuc hanh ¢ phong D402, kit hoat dong rat
t6t. Thé hé thir hai hoan chinh hon da dugc thuong mai hoa va khoa dao tao Chat Lugng Cao da trang
bi 2 bo kit FPGA nay.

Hinh 2. Kit FPGA hoan chinh
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Bang 3. So sanh va danh gid cac kit FPGA da ding véi kit dé xudt

Thir | Ngoai vi| Doi twgng so sinh Kit Kit Kit Kit Kit DE2 | Kit dé
tw Spartan 3 | Spartan 3E | Nexys3 21EDA Xuat
1 |Led don S6 lugng led 8 8 8 8 26 16
S6 lwong 10 8 8 8 8 26 16
S6 lugng bai 3 3 3 3 |Rétnhiéu| 10
chuyén doi s6 nhi
phén sang s6 BCD
2 Led 7 S6 luong led 4 0 4 8 8 8
doan X
S6 luong 10 12 0 12 16 56 16
S6 lugng bai dém, | Ratit Khongcé | Ratit | Rétnhiéu |Rétnhiéu|Rat nhitu
dong ho gio phut
giady, ...
3 Switch Switch gat 8 4 8 8 18 16
gt $6 10 8 4 8 8 18 16
S6 lugng bai 5 1 5 5 13 13
chuyén doi $0 nhi
phén sang s6 BCD
4 LCD LCD Khong 16x2 Khong 16x2 16x2 20x4.
S6 10 0 11 0 11 11 11
S6 lwong bai hién 0 C6 nhung 0 Co6 nhung |C6 nhung| Co rat
thi trén LCD han ché han ché | han ché |nhi€u bai
5 | Cacbai Led don, Thiéu LCD | Thiéu led 7 |Thiéu LCD| Khong | Dap tng | Dap tmg
kéthop 3| |ed 7 doan va doan thuc hién | dugcit | dugc
module LCD vi dung nhiéu
chung
6 Mtc So dd khéi Ping Ping Pung Nguoc Dung Dung
logi . . . . . .. .-
ogie Chuong trinh: toi wvu|  Toi uu Toi uu Toi uu Khong Toiuvu | Toiuu
7 |Stra chita Stra chira Kho Kho Kho Dé Kho Dé
a nan . N N N N N
van g Nang cap chip Khong Khong Khong Khong Khéng | Dugc
cap
FPGA
Hu thay timg phan | Khéng Khéng Khéng Khoéng | Khong | DPuoc
8 Céc Co ban Cé Cé Cé Cé Co Co
neoarvt Ung dung va nghién it it it it it Nhiéu
clru

3.1. Gidi quyét vin dé so lwong ngoai vi dwoc lwa chon phit hop

Ngoai vi co ban nhat 14 led don can phai chon s6 lugng cho phtt hop, & bang 3 muyc led don so sanh
s6 luong ngoai vi led don cua céc kit d dung va kit dé xuat thiét ké.

Dbi voi cac kit FPGA chi c6 8 led don dé hién thi thi s§ lugng bai thuc hanh rat han ché. Vi du khi
x4y dung bai chuyén déi s6 nhi phan sang sé BCD (Binary Coded Decimal) néu kit FPGA c6 8 led don
thi chi c6 thé xay dung duge 3 bai chuyén doi sang s6 BCD ctia s6 nhi phan: 4 bit; 5 bit; 6 bit. Néu kit
c6 16 led, hién thi thém sé BCD hang trim va hang ngan, khi d6 sé xay dung dugc dén 10 bai chuyén
dbi: tir 4 bit dén 13 bit. Vay kit d& xuét chon s lugng 16 led don |a phu hop dé thiét ké dugc nhiéu bai

JTE, Volume 19, Issue 04, 2024


mailto:jte@hcmute.edu.vn

JT E TAP CHi KHOA HQC GIAO DUC KY THUAT
Truong Pai hoc Su pham K thuat Thanh pho H6 Chi Minh

HCMIUTE Website: https:/jte.edu.vn
ISSN: 1859-1272 Email: jte@hcmute.edu.vn

thyc hanh. Khuyét diém cia kit dé xuat 1a ton thém 8 10 nhung phan 16n cic chip FPGA c6 s lugng
10 16n nén van dé nay tré nén khong quan trong khi xem xét giita wu va khuyét thi phan wu mang lai
nhiéu hon.

Ngoai vi co ban thtr hai la led 7 doan can phai chon ) lugng cho phu hgp, 6 bang 3 muc led 7 doan
so sanh sd luwgng ngoai vi led 7 doan cua cac kit da dung va kit dé xuat. Khi sb luong led 7 doan 1a 4 thi
sO lwong bai thyc hanh rat han ché. Vi du khi xay dung mach dém hién thi sé BCD thi chi co thé duoc
4 bai: dém 1 s6; dém 2 s6; dém 3 s6; dém 4 s6. Néu kit c6 8 led 7 doan thi c6 thé xay dung 8 bai dém:
dém 1 s6 cho dén dém 8 sb, thém duge nhiéu bai khac nhu hai mach dém 4 sd, bédn mach dém 2 s6 hodc
céc bai dém gid phut gidy tir co ban dén phtic tap, chi c¢6 8 led méi du dé hién thi gio phut gidy. Kit dé
xuét dung 8 led 7 doan quét 1a hop 1y.

Ngoai vi co ban thtr ba la switch gat tao mirc logic dung de kiém tra mach. O bang 3 muc switch gat
S0 sanh sO lugng switch gat cua céc kit da ding va kit d& xuét. S6 luong céc switch rat quan trong néu
sb lugng it [am han ché viée ung dung. Vi du khi thiét ké mach chuyen ddi s6 nhj phan n bit thanh )
BCD. Néu kit ¢6 4 switch chi kiém tra duoc 1 s6 nhi phan 1a 4 bit. Néu kit c6 8 switch thi ¢6 thé kiém
tra duoc cac s6 nhi phan tir 4 dén 8 bit 12 5 bai. Néu kit c6 16 switch thi ¢ thé kiém tra duoc tir s6 nhi
phan tir 4 bit &én 16 bit 12 13 bai.

Ngoai vi thir tur 1a LCD kha phd bién ding dé hién thi dugc nhiéu thdng tin. O bang 3 muc LCD cho
thay c6 kit khong c6 LCD, c6 kit ding LCD 16x2 va kit dé xut dung LCD 20x4. Khi FPGA giao tiép
v6i LCD thi dung 11 hodc 12 IO néu c¢6 thém mot 10 diéu khién dén nén. Khi ting kich thudc ctia LCD
16x2 thanh LCD 20x4 thi s6 lugng thong tin hién thi duoc nhiéu gip d6i ma khong lam ting thém I0O.
Nén kit d& xuét chon loai 20x4 14 hop 1y nhét.

3.2. Gidi quyét vin dé thiét ké chia sé ngogi vi

Sau khi thyc hanh xong cac bai thiét ké cho timg ngoai vi doc 1ap, vi du bai s6 1 1 thiét ké dém
Johnson 16 bit hién thi trén 16 led don; bai s6 2 14 thiét ké mach do nhiét d¢ tir vi mach cam bién
DS18B20 hién thj trén led 7 doan; bai s6 3 1a thiét ké mach dong ho so hién thi gior phit gidy trén LCD,
thi phai xay dung cac bai két hop dé tang ham luong kién thirc, k¥ nang phan tich, xir 1y 15i phat sinh
khi két hop cho ngudi hoc, dap ung yéu cau két hop didu khién song song phat huy thé mach FPGA.

Céc bai két hop: bai 1 voi bai 2, bai 1 vdi bai 3, bai 2 véi bai 3 va ca 3 bai. Két qua la kit FPGA dé
xudt va kit DE2 1a d4p tmg duoc nhung kit d& xuét dung LCD 16n hon s& c6 nhiéu bai két hop hon, xem
& bang 3 muc céc bai két hop 3 module. Cac kit FPGA khac thiéu ngoai vi va c6 kit cac ngoai vi ding
chung 10 khong thé dap ung.

3.3. Gidi quyét vin dé cdc ngogi vi khong phix hop mirc logic

Chip FPGA c6 rét nhiéu IO va giao tiép v6i rat nhiéu ngoai vi. Khi thiét ké mot mach nao do thi chi
c6 mot s6 10 duoc st dung, cac IO con lai méac nhién ¢ muc logic 0. Nhung mdt sb kit thiét ké mach
diéu khién Bell tich cuc mirc logic 0, khi chua dung dén Bell thi Bell lai kéu. Twong tu led don mirc
logic tich cuc 12 0, khi chua dung dén thi cac led lai sang hodc khi thuc hanh bai thiét k& mach giai ma
ngd ra tich cuc mirc 1 thi led sang nguwoc muc logic thanh mach giai ma tich cyc muc 0, gdy hiéu nham
cho ngudi hoc. Tuong tu cho mach dién diéu khién module 8 led 7 doan Anode chung, khi chua ding
thi 8 led déu sang hodc khi dung 1 hodc 2 led thi céc led con lai déu sang. Kit dé xuat va mot sb kit da
dung Iya chon diing mirc logic giao tiép nhu trong bang 3 muc mirc logic.

Khi thyc hanh cho kit ¢6 mtc logic khong phit hop thi phat sinh thém 1énh dé dao muc logic cho phu
hop, Bell khong dung nhung phai khai bao Bell va thém lénh d¢ tat Bell, minh hoa bang bai thiét ké 2
mach gidi ma gom so d6 khoi hinh 3(a) va chuong trinh nhu hinh 3(c). Kit dé xuét da thiét ké ding mirc
logic, loai bé cac 1énh dao mirc logic va 1énh tit Bell nhu trong so d6 3(b) va chuong trinh hinh 3(d).
So d6 va chuong trinh kit dé xuét t6i uu hon so véi kit ¢6 mire logic khong phtt hop. Tét ca cac bai thiét
ké trong tai liéu giang day déu dugc hiéu chinh lai giéng nhu bai di trinh bay. Kit FPGA c6 thé ding
ngén ngit VHDL va Verilog dé 1ap trinh thiét k& mach nhung do tai liéu dang dung dé giang day sir
dung VHDL nén 2 chuong trinh ¢ hinh 3(c) va 3(d) dugc trinh bay dung VHDL.
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GIAIMA2_24H GIAIMA_24H_2IC
GIAIMA_SELECT_INS bell GIAIMA_24H_SEL
—
=1 o= |, 20 e
ed_n led
SW
. SW
4 8 4 8
—2/— 1 (o) f?—» - 1 [¢) E7N
GIAIMA_CONDITIONAL_INS GIAIMA_24H_CON
@ (b)
entity GIAIMA2 24H is
port (sw: in std logic vector(3 downto 0);
led_n: out std _logic_vector(7 downto 0);
bell: out std logic); entity giaima 24h 2ic is
end GIAIMA2 24H; port (sw: in std logic_vector (3 downto 0);:

X X led: out std logic vector(7 downto 0));
architecture Beha of GIAIMA2 24H is end giaima_24h_2ic;

signal led: std logic_vector (7 downto 0);

begigall <= 17 architecture beha of giaima_24h 2ic is
led n <= not led; begin A L.
ICl: entity work.giaima select ins ICl: entity work.giaima 24h sel
port map(i => sw(l downto 0), port map( i => sw(l downto 0),
o => led(3 downto 0)); o => led(3 downto 0));
IC2: entity work.giaima conditional_ins IC2: entity work.giaima 24h con
port map (i => sw(3 downto 2), port map( i => sw(3 downto 2),
o => led(7 downto 4)); o => led(7 downto 4));
end Beha; end behavio;
© (d)

Hinh 3. So sdnh viéc hiéu chinh bai thwe hanh: (a) So' doé khéi kit FPGA cii; (b): So dé khoi kit FPGA mdéi; (C)
Chuong trinh cua kit FPGA cii; (d) Chwong trinh cua kit FPGA moi

3.4. Gidi quyét van dé cdac hw hong, siva chita va ndang cap

Trong qua trinh st dung cac kit FPGA dé giang day thuc hanh thi c6 rat nhiéu hu hong da xay ra ¢
khéi ngudn, khdi mach nap, khdi cong giao tiép, khéi ngoai vi va khong 1 thé stra dugc do khong c6 linh
kién & Viét Nam nén phai thay thé kit khac, gay lang phi 1on. Kit dé xuét Iya chon cac linh kién c6 tai
Viét Nam dé d@ dang thay thé. Cac linh kién dé hu hong duoc lua chon loai chéc chin hon. Cac ngoai
vi ding nhiéu nhu nit nhin s& nhanh hu hon thi dugc thiét ké gip doi sé luong.

Kit d& xuét dugc thiét ké md, module FPGA va cac module ngoai vi doc 1ap. Cach thiét ké nay cho
phép thay thé chip FPGA khéc loai hodc nang cAp mot cach dé dang so véi cac kit con lai dang cd dinh,
khong thé nang cip, xem két qua so sanh ¢ bang 3 muc sira chita va ning cip, kit d& xuat t6i wu hon,
linh hoat hon. Khi bo ngoai vi hu khong stra dugc thi thay thé bﬁng bo ngoai vi khéc, van st dung dugc
bo chip FPGA va nguoc lai, tiét kiém hon so véi cac kit dang ¢ dinh phai bo ludn ca kit.

3.5. Thém nhiéu ngoai vi

Vi thoi lugng thyc hanh cua mon hoc thiét ké vi mach 1a 90 tiét thi chi c6 mot sb kit FPGA trong
bang 1 1a du ngoai vi dé ap tng. Cac kit it ngoai vi phai gin thém cac ngoai vi thong qua port mé rong.
Kit dé xuat co thiét ké thém cac ngoai vi mang tinh Umg dung dé dap g du thoi lugng va thém cac
ngoai vi danh cho nghlen ctru dé 1am bao céo cudi ky, 1am dd 4n mén hoc, t6t nghiép nhu da trinh bay
0 bang 3 muc céc ngoai vi.

4. Két luan

Kit FPGA da duoc thiét ké dung voi yéu cau sb luong ngoai vi phul hop, giao tiép diéu khién cac
ngoai vi ding mirc logic phu hop, cac ngoai vi hoat dong doc 1ap, co thém nhiéu ngoai vi tng dung va
ngoai vi danh cho nghién ctru, dap tng t6t thoi lwong thue hanh ciia mén hoc. Kit sir dung ngudn linh
kién co tai Viét Nam, khi hu hong thi dé dang stra chira. Cac linh kién tuong tac nhiéu nhanh hu dugc
tang thém s6 lugng va Iya chon linh kién chac chan hon. Kit thiét ké dang mo, dé dang nang cap va thay
thé. Khi 1am chi dugc cong nghé thiét ké kit ciing nhu stra chita dugc khi hu hong gép phan lam 6n
dinh trang thiét bi, 6n dinh tai liéu giang day, s& nang cao chét lvong day va hoc thuc hanh mén thiét ké
vi mach, gop phan giam lang phi.
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Lo&i cam on
Xin cam on Truong Pai Hoc Su Pham K¥ thuat TP HCM da giup d6 chung t61 hoan thanh nghién
clru nay.
Xung dot lgi ich
Céc tac gia tuyén bd khong c6 xung dot loi ich trong bai bao nay.
Tuyén bé dir liéu sin cé

Dit liéu hd trg cho cac kham phé ctia nghién ctru nay khi doc gia yéu cau mot cach hop 1y s& duoc
tac gia lién hé cung cap.
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