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CHUONG TRINH MO PUN

Tén mé dun: VI MACH SO LAP TRINH (FPGA)
Ma& mo dun:
Thei gian thwc hign mé dun: 75 gio (Ly thuyét: 15 gio; Thuc hanh: 57 gio; KT: 3
gio)
. Vi tri, tinh chat cia mé dun:
- Vi tri: Truéc khi hoc mé dun nay can hoan thanh cac mon hoc co s& nghé va mot
s6 md dun chuy&n mdn nghé nhu: PLC co ban, Ky thuat Vi diéu khién.
- Tinh chét: LA mb dun tu chon trong chuong trinh dao tao nganh/ nghé Dién tir
cong nghiép.
1. Muc tiéu mo dun:
- Vé kién thirc:
+ Trinh bay duoc nguyén Iy hé diéu khién lap trinh ¢& nho
+ Phan tich dugc cdu tao phan ciing va nguyén tac hoat dong cua bo l1ap trinh ¢
nho.
- Vé ky nang:
+ Thuyc hién dugc mot sé bai toan tng dung don gian trong cdng nghiép.
+ Két ndi thanh thao phan cting caa bo 1ap trinh ¢& nho, PC véi thiét bi ngoai
Vi.
+ Viét chuong trinh va nap duoc chwong trinh vao bo 1ap trinh ¢ nho dé thyuc
hién dugc mot s bai toan wng dung don gian trong cong nghiép.
- Vé nang luc tu chii va trach nhiém:
+ Chu dong, séng tao va dam bao an toan trong qua trinh hoc tap.
1. No¢i dung m6 dun:
1. Noi dung tong quét va phan phdi thoi gian:

Thati gian
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Bai 1: Pai cuong vé diéu khién lap trinh
cd nho

1.1. Tong quét vé diéu khién lap trinh

1.2. Thiét bi diéu khién lap trinh.

1.3. Xur ly chuong trinh.

1.4. Cai dat va sir dung phan mém.

Bai 2: Cac tap Iénh cua dir lidu.

2.1. Cac lién két logic

2.2. Céc lénh ghi/xoa gié tri cho tiép diém.
2.3. Timer.

2.4. Couter (Bo dém).

15

10

Bai 3: Cac phép toan sb cua bo lap trinh
cd nho

3.1. Chirc nang truyen dan.

3.2. Chuc nang so sanh

3.3. Bong ho thoi gian thyc

30

25

Bai 4: Lap dat mé hinh diéu khién bang bo
lap trinh ¢& nho.

4.1. Gigi thiéu.

4.2. Cach két ndi day

4.3. Cac md hinh va bai tap ttng dung.

28

22

Cong:

75

15

57




BAI 1: PAI CUONG VE LAP TRINH CO NHO

Muc tiéu:

- Trinh bay duoc ciu tric va nhiém vu cac khéi chirc niang cua bo 1ap trinh
cd nho.

- Thuc hién dugc su két ndi giira bo 1ap trinh ¢& nho va cac thiét bi ngoai vi.
- M ta duoc ciu tric cua chuong trinh bo I4p trinh ¢& nho

- Chua dong, sang tao va dam bao an toan trong qua trinh hoc tap.

Noi dung chinh:

1.1.Téng quan vé diéu khién lap trinh:

1.1.1. Piéu khién ndi cieng va diéu khién lap trinh
Vi mach kha trinh gém céc dang sau:

v SPLD (Simple Programmable Logic Device) bao gom cac loai IC kha
trinh PROM, PAL, PLA, GAL. Bic diém chung caa nhém IC nay la
chtra s6 legng cong twong dwong vai chuc (PROM) dén vai tram
(PAL, GAL) cong.

v CPLD (Complex Programmable Logic Device) la IC kha trinh phuc
tap thuong duoc ghép tir nhiéu SPLD trén mét chip don. Sé lugng
céng twong duong cua CPLD dat tir hang nghin dén hang chuc nghin
cong.

v FPGA (Field — Programmable Gate Array) la IC kha trinh dugc cau
trdc tir mang cac khdi logic 1ap trinh duoc.

PROM (Programmable Read — Only Memory) duoc phat minh béi Wen
Tsing Chow nam 1956 khi lam viéc tai Arma Division cua cong ty American
Bosch Arma tai Garden, New York. PROM duoc ché tao theo don dit hang tur
luc lugng khong quan My ldc by gio véi muc dich ¢d duge mot thiét bi hueu
trit cac tham s6 vé muc tiéu mot cach an toan va linh dong. Thiét bi nay ding
trong may tinh cua hé thong phdng tén lira Atlas E/F va duoc gitr bi mat trong
vong vai nam trugc khi Atlas E/F tra nén phd bién. PROM 1 vi mach lap
trinh dau tién va don gian nhat trong nhdm cac vi mach béan din co thé lap
trinh dugc (PLD — Programmable Logic Device).

PAL (Programmable Array Logic) ra doi cudi nhitng nam 1970. Cu tric
ciia PAL ké thira cau tric caa PROM, sir dung hai mang logic nhung néu nhu
¢ cdc PROM mang OR la mang lap trinh duoc thi 6 PAL mang AND lap trinh
duoc, con mang OR duoc gan cing, nghia la cac thanh phan tich c6 thé thay
ddi nhung t6 hop cua ching s& ¢ dinh, cai tién nay tao su linh hoat hon trong



viéc thuc hiénNCéc‘ham khac nhau. Ngoai ra cdu tric PAL c~0n phan piét VoI
PROM la & moi dau ra caa mang OR lap trinh duoc duoc dan boi khoi logic
goi la Macrocell.

PLA (Programmable Logic Array) ra doi nam 1975, va la chip lap trinh
thir hai sau PROM. Céu tric cia PLA khdng khac nhiéu so vai cu tric cua
PAL, ngoai trir kha nang 1ap trinh & ca hai ma tran AND va OR. Nho cau tric
d6 ma PLA c6 kha nang lap trinh linh dong hon, nhung bu lai tbc d6 cua PLA
thip hon nhiéu so véi PROM va PAL va cac san pham cung loai. Thuc té
PLA duoc tng dung khong nhiéu va nhanh chéng bi thay thé béi nhitng cong
nghé maéi hon nhu GAL, CPLD,...

GAL (Generic Array Logic) duoc phat trién boi cong ty Lattice
Secmiconductor vao nam 1983. Ciu tric cia GAL khdng khac biét PAL
nhung thay vi 1ap trinh sir dung cdng nghé cau chi nghich thi GAL dung cong
nghé PROM CMOS x6a bing dién, chinh vi vay ma ddi khi tén goi GAL it
duoc sir dung, ma con goi 1a PAL duoc cai tién.

Tat ca cac chip kha trinh PROM, PAL, GAL c6 khuyét diém Ia thiét ké
don gian, chi phi thap cho san xuat ciing nhu thiét ké, c6 the chuyén dé dang
tr cong nghé nay sang cong nghé khac. Tuy nhién, nhuoc diém cua nd la téc
do lam viéc thap, s6 luong codng logic twong duong nho, do d6 khong dap tng
dugc nhitng thiét ké phac tap doi hoi nhiéu tai nguyén va téc do cao hon,
chinh vi vay ma CPLD (Complex Programmable Logic Devices) ra doi.

CPLD dugc Altera tién phong nghién ctru va ché tao dau tién, nham tao
ra nhitng IC kha trinh dung lugng 16n nhu MAX5000, MAX7000. Sau su
thanh cong cua hing Altera, thi mot loat cac hdng khéac ciing bit tay vao
nghién cau ché tao CPLD nhu Xilinx véi cac dong san pham nhu ho CPLD
XC95xx, Lattice véi ho ISP Mach 4000, ISP March XO,...

S6 lugng cong cia CPLD ngay cang trd nén nho cho nhiing tng dung
16n va phuc tap hon. Nam 1985, cong ty Xilinx dua ra y tudéng hoan toan
mai, d6 1a két hop thoi gian hoan thanh san pham va kha nang diéu khién
duoc cia PLD véi mat do va uu thé vé chi phi cua Gate Array dé tao ra FPGA
(Field Programmable Gate Array). Hién nay, Xilinx van 1a nha san xuat chip
FPGA s6 mot trén thé gioi. FPGA c6 ciu trdc va hoat dong phic tap hon
CPLD.

1.1.2.C4u trac caa mét bd lapi tinh ¢ nhé

Trong phan nay trinh bay cu trdc cua mot sé loai IC kha trinh thudc
dong SPLD nhu PAL, GAL, PLA.

PAL:



PAL dugc cé‘u trdc tur céc mang AND lap trinh dugc va cac mang OR
duoc gan cirng, dong thoi moi dau ra caa mang OR 1ap trinh dugc dan boi
khoi logic goi la Macrocell nhu trong hinh 1.1.
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Hinh 1.1 — C4u tric PAL

Hinh 1.2 minh hoa cho ta thiy mot macrocell (MC). Mdi macrocell chua
mot flip—flop, bd mux2 va mux8 va céng logic ba trang thai. Tin hiéu diéu
khién cia mux4 c6 thé dugc lap trinh dé cho phép dan tin hiéu Ian lwot qua
cac dau vao 0, 1, 2, 3 cta bé6 mux4 va gul ra ngoadi cong giao tiép 10. Tuy
thudc vao cau hinh nay ma tin hiéu co thé duoc gui ra ngoai 10 hay khéong.
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Hinh 1.2 — C4u trtic Macrocell

Nho c6 cau trac macrocell ma PAL c6 thé duoc sir dung khong nhirng dé
thuc hién cac ham logic t6 hop ma ca cac ham logic tuan tu.

CAu tric PLA khac cau tric PAL 1a ¢ chd PLA c6 thé 1ap trinh & ca hai
ma tran AND va ma tran OR (hinh 1.3).
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Hinh 1.3 — C4u tric PLA



GAL

Nhu da trinh bay ¢ phan 1.1, thi ciu trdc cua GAL khdng khac biét PAL,
nhung thay vi lap trinh st dung cdng nghé cau chi nghich thi GAL sir dung
cdng nghé PROM CMOS xda bang dién, do d6 GAL cho phép lap trinh lai
gidng nhu EEPROM.
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Hinh 1.4 — Céu tric he vi mach GAL
CAu tric co ban cia CPLD:

Muyc tiéu: trinh bay cho nguoi hoc hiéu rd cdu tric co ban cia ho vi
mach kha trinh CPLD.

Progranming Contraol ler

FastCONMECT Swileh Walrix

2or 4

i

Hinh 1.5 — C4u tric co ban caa CPLD

Thiét bi kha trinh phtc tap CPLD (Complex PLD) ¢ mat d6 logic cao
hon so v&i cac PLD don gian da xem xét & phan trén. CPLD bao gdom nhiéu
mach logic, mdi mach c6 thé coi 1a mot SPLD. Trong mot mach don chi thuc
hi¢n cac chuc nang logic don gian. Cac chuac nang logic phuc tap can sb
luong khdi nhiéu hon, sir dung ma tran lién két chung gitra cac khol dé tao két
ndi. CPLD thuong dung dé diéu khién ghép cong phuc tap ¢ tbc do rat cao
(5ns, twong duong véi 200MHz). Cau tric co ban caa CPLD dwgc minh hoa
trong hinh 1.5.

CPLD c6 ciu tric dong nhat gdm nhiéu khéi chuac ning "'Function
Block™ dugc két noi véi nhau thong qua mot ma tran két noi ""FastCONECT
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Switch matrix". Mdi khdi function block gédm c6 maot khéi logic - gdm cac
dang tich AND va OR sip xép giéng PLA hoic PAL, cho phép thuc hién cac
ham logic t6 hop, va nhiéu khéi MC (Macrocell) c6 chta tai nguyén 1a cac
Trigo cho phép xay dung cac thanh ghi va mach tuan ty. Phan 16i bén trong
ciia CPLD duoc ndi ra bén ngoai théng qua cac khdi vao ra 1/0 cho phép thiét
lap chirc nang cho cac chéan caa IC ¢o6 chirc nang vao hoac ra hoac vira la chan
vao vira la chan ra, ngodi ra con c6 thé thiét 1ap cac chan 1/O nay lam viéc ¢
cac muc logic khac nhau, co dién tré pull-up hoac pull-down,...

Vi cau tric ddng nhat, gia thanh ré, tinh nang kha manh, dé sir dung nén
CPLD d4 va dang dugc si dung réat rong rai trong thuc té, gitp cho nha san
XUat phét trién nhanh san pham caa minh véi gia thanh ré. Bac biét hién nay
céc hang dé phat trien cac ho CPLD vdi tinh nang rat manh, cdng suat tiéu thy
thap, chung dang duoc sir dung rat nhiéu dé phat trién cac san pham dién ti,
vién thdng, cdng nghé thong tin, nhat 1a trong cac thiét bi cam tay, di dong...

Trong thuc té rat c6 nhiéu loai CPLD khéac nhau, cua cic hidng khéc
nhau, va da duoc phét trién va&i nhidu chung loai, thé hé CPLD khac nhau.
CAu tao, dung luong, tinh nang, dac diém, ang dung... cia mdi loai CPLD
ciing rat khac nhau. Trong gido trinh nay khéng di sau trinh bay cau tao cu thé
cua tat ca cac ho CPLD, ma chi trinh bay kién trdc chung don gian nhat cua
CPLD. Khi str dung cu thé loai CPLD nao, ngudi hoc nén tham khao cac tai
lieu khac, nhat 1a tham khao céc tai liéu ky thuat dugc cung cap kém theo cau
kién do céc hing dua ra (datasheet). Cac hdng dién tir noi tiéng trén thé gioi
dang s& hitu, phat trién, cung cap cac loai linh kién CPLD 1a Xilinx, Altera...

CAu truc co ban caa FPGA:
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Hinh 1.6 — CAu tric caa FPGA

Hinh 1.6 trinh bay c4u trdc tong quan nhat cho cac loai FPGA hién nay.
CAu trac chi tiét va tén goi cua cac thanh phan c6 thé thay ddi tuy theo céc
hdng san xuat khac nhau, nhung vé co ban FPGA duoc cau thanh tir cac khéi
logic (Logic Block), sé lrgng cua cac khdi nay thay ddi tir vai tram dén vai
chuc nghin, va duoc bé tri dudi dang ma tran, chiing dugc két néi voi nhau
thdng qua hé thong cac kénh ndi kha trinh. Hé thdng nay con c6 nhiém vu két
ndi vai céc COng giao tiép vao ra (I0_PAD) cua FPGA. S6 luong céac chan
Vvao ra thay doi tir vai tram dén hang nghin chan.

Bén canh céc thanh phan chinh d6, nhitng FPGA ¢& I6n con duoc tich
hop ctng nhitng khdi thiét ké sin ma thuat ngir goi 12 Hard IP cores, cac IP
cores nay c6 thé 1a cac bo nhé RAM, ROM, cac khéi thyc hién phép nhan,
khdi thuc hién phép xtr 1y tin hiéu s6 (DSP),...bd vi xir ly ¢& nho va vira nhu
Power PC hay ARM.

1.2.Thiét bi diéu khién lap trinh
1.2.1. Pia chi cac ngd vao/ ra.
CAu tric co ban cia ho CPLD XC9500 dwgc mé ta trong hinh 2.1.



12

3
o JTAG

JTAG Port {Gi Controller
Ty A

Y / \

In-System Programming Controller

= 36 = =
Function
o K FH—— 18 Block 1
Macrocells
K 3—— - &
e 1to 18
o K3 ¢ T 4
36
o K F——— > *|  Function
. 18 Block 2
. Macrocells
] 1o . 1t0 18
* Blocks

e L

o K ———"

Fast CONNECT Il Switch Matrix

36 . -

g 33— s > Function

18 Block 3
o g _ jF——— Macrocells

- 1t0 18

o KA . A A

, 3 oy
I/O/GCK K 36

1 EEE— = Function

I/0/GSR K4 18 Block N
2ord Macrocells

VOIGTS K3 -~ 1t0 18

DS083_01_710501

Hinh 2.1 — Céu triic ho CPLD XC9500

Mdi khéi chicc nang (Function Block: FB) duoc cho trong hinh 2.1 bao
gom 18 macrocell doc lap nhau, moi macrocell cé thé thuc thi cdc ham ket
hop hoac thanh ghi.

M3bi khoi FB c6 b nhan xung clock, két ndi dén ngd ra va set/reset cac
tin hiéu. Cac FB tao ra 18 ngd ra két noi t¢i ma tran Fast CONNECT switch.

Macrocell 1
Programmable Product
AND-Array Term
Allocators 18, , ToFast CONNECT Il
From  ag Switch Matrix
Fast CONNECT Il — 73— 18
Switch Matrix = OUT

To I/O Blocks
18, . PTOE

Macrocell 18

toq

Global  Global
Set/Reset Clocks

Hinh 2.2 — Khéi FB ciia XC9500
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Hinh 2.3 — Céu tric macrocell bén trong khéi FB

1.2.2. Phan chir chi vi tri va kich thwéc cia 6 nhé.

Khoi 10 (I0B) giao tiép gira c4c logic bén trong va cac chan ngudi ding
bén ngoai. Moi 10B bao gom by dém ngd vao, b lai, bo mux ngd ra va bo
dieu khien tiep dat nguoi dung co thé lap trinh dugc (hinh 2.4).

Bo dém ngd vao twong thich véi chuan CMOS 5V, TTL 5V va cac mac
tin hiéu 3.3V. Bo dém ngd vao su dung dién ap cung cap bén trong 5V
(Vceint) dé dam bao ngudng ngd vao la hang s6 va khéng khac véi dién ap
Vccio.

Ngd ra két ndi c6 thé dugc tao ra tir mot trong bén lya chon: tin hiéu
duoc tao ra tir macrocell, cac tin hiéu OE toan cuc, ludn lubn la mac “1” hoac
luén ludn muc “0”. Co6 hai ngd vao két ndi toan cuc cho thiét bi véi 144
macrocell, va bén ngd vao két néi toan cuc két ndi téi cac thanh phan. Ca hai
cuc cua bo diéu kién ba trang thai cua cac chan (GTS) c6 thé duoc sir dung
trong thiét bi.
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Hinh 2.4 — Khéi 10 va két ndi ngd ra cia CPLD XC9500
1.2.3. Ma tran Fast CONNECT Switch

Ma tran Fast CONNECT switch két ndi céc tin hiéu téi cac ngd vao FB
(hinh 2.5). Tat cac cac ngd 10B (twong wng véi cac chan ngd vao nguoi dung)
va tat ca cac ngo ra lai ma tran Fast CONNECT.
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Hinh 2.5 — Ma tran Fast CONNECT Switch

1.2.4 Céu trac b nhé
Lap trinh trong hé thng:

XC9500 duoc I4p trinh trong hé thong vai chuan JTAG 4 chan (JTAG:
Joipt Test Group). Khi lap trinh, tat ca cac port ngd vao trong khoi I/0 duoc
thiet 1ap & muac cao “H”.
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Hinh 2.6 — Két n6i CPLD véi chua JTAG
1.3. Xir li chwong trinh

1.3.1. VOng quét chwong trinh
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Hinh 3.1 — Céu truc chung ciaa ho FPGA Spartan 3E
FPGA spartan 3E duoc cau tric tir cac thanh phan sau:

v CLBs (Configuration Logic Blocks): 1a cac khdi chuta cac LUTS
(Look Up Tables) dé thuc thi cac phép luu trix logic nhu flip-flop hay
chét, thyc thi cac ham logic.

v 10Bs (Input/Output Blocks): 1a cac khéi diéu khién dit liéu giira cac
chan 1/0 va céc logic bén trong cua thiét bi. Mdi 10B hd trg dir liéu
hai chiéu hoat dong ¢ ba trang thai.

v Khdi RAM: cung cap cho viéc luu trir dir liéu véi cac khdi RAM
18Kbit

v Khéi Multiplier : Tinh toan cac s nhi phan 18 bit

v Khéi DCM (Digial Clock Manager): cung cap cac giai phap do, tré,
nhan, chia va dich pha cac tin hiéu clock

1.3.2. Céu tric chwong trinh

~ Khéi logic kha trinh cua FPGA cua hang Xilinx la cac khoi CLB. CLB la
phan tir co ban cau thanh FPGA, la nguon tai nguyén logic chinh tao nén cac
mach logic.
M3di CLB duoc ciu thanh tir 4 Slice, mdi Slice lai dugc cAu thanh tir 2
LUT (Look Up Tables). Phan bo cua cac CLB duogc thé hién ¢ hinh 3.2.
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Hinh 3.2 — Phan bé caa cac CLB trong FPGA

_ Céc CLB duoc phan bé theo hang va theo cot, mdi CLB duoc xac dinh
bang mot toa do X va Y trong ma tran. boi yc’yi Spartan 3E thi so luong hang
thay doi tir 22 dén 76, so luong cot tir 16 dén 56 tuy thudc vao cac linh kién
cu thé.

a. SLICE:

Mbi CLB duoc tao thanh tir 4 slice va céc slice nay chia 1am hai nhom
trai va nhdm phai. Nhém 2 slice bén trai cé kha nang thuc hién cac chic nang
logic va 1am viéc nhu phan ti nhé nén duoc goi 1a SLICEM (Slice Memory).
Nhom hai slice bén phai chi thuc hién dugc cac chac nang logic nén dugc goi
la SLICEL (Slice Logic). Thiét ké nhu vay xuét phat tir thyc té nhu cau thyc
hién chirc nang logic thuong 16n hon so véi nhu cau luu tri dir liéu, do d6
viéc hd tro chi mot nira 1am viéc nhu phan tir nhé 1am giam kich thudc va chi
phi FPGA, mit khac 1am tiang toc do 1am viéc cho toan khdi.
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Hinh 3.3 — B tri slice bén trong mét CLB
Ca hai thanh phan SLICEM va SLICEL c6 chira cac thanh phan dé thuc

thi cac ham logic, thuat toan va ROM:

LUT
Thanh phan luu trit

Hai bo mux m¢ rong FSMUX va FIMUX

Logic nhé va logic s6 hoc

Ngoai ra SLICEM hd trg thém hai RAM phan b6 16x1 goi 13 RAM16 va
hai thanh ghi dich 16 bit [a SRL16 nhu hinh 3.4.
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Hinh 3.4 — Phan bd tai nguyén trong SLICEM va SLICEL



