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LO1 NOI DAU

Céc he théng o8 18p trinh ngdy cing hién dién trong rhiéu tht bj dign tid dén dung ciing nhu
trong céc thét bj diéu kién cong nghiep.

Uu diém cha thiét bi 6 Bp trinh 12 1am cho mach dién ngay cang rhd gon do mat dd tich hop
ca0, knbng mét rhidu thoi gian cho vigc k&t nbi va thi ngriém so véi IC rdi, d& thay d6i yéu ciu diéu
khién clia mach, chiém 1t dién tich khong dian, t8c db hay tén o8 13m viéc cao dép ng dugc cac
g dung doi héi vé t8c db hozc xd Iy khdli lugng dit iéu Ién.

Noi dung cubn sach ndly dugc bign soan gém 4 chuong hzm phuc vy cho mbn hoc 2 tin chl,
trong dé chuong 1 gidi thibu vé céc thiét bi o6 Bp trirh dugc, chuong 2 trinh bay ngbn ngdt VHDL
ding d€ 18p trinh cho hé thing <8, chuong 3 trinh bay cach 18p trirh cho c4c mach dién t8 hap,
chuong 4 trinh bay céch Bp trink eho che mach dién tudn ty.

N&i dung trong cubn séch rhéim brang bi céc kién thic co bén vé k§ thudt PLD va ASIC cho
sinh vién ngainh dién — dign 4.
Trong qué trirh bién soan cb tham khao dhitu t3i [8u nén van con edi sbt nén mong sy déng

gép X8y ding d€ bii géng dugc hodn thien hon xin hdy gdi vé thc g& theo dia of
phu_nd@yazhoocom - xin chan thanh cam on,

s 11+ i #8s s 54994 308 +3 I Vs i
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Chuadng 1

GIGI THIEU CAC CAU TRUC LAP TRINH
PUGCC

GIGI THIEU PLD
HOAT PONG CUA SPLD CO BAN LA PAL
HOAT PONG CUA SPLD CO BAN LA GAL
Kl HEU PON GIAN CHO 50 DO ClIA PALIGAL
50 B0 KHOI TONG QDA ClIA PALIGAL
MACROCELL Q.
CAC sPLD THUC TE
chccrp
CPLD CUA HANG ALTERA
CPLD MAX 7000
MACROCELL
KHOI MG RONG CHA SE
KHOI MG RONG SONG SONG
CPLD MAX I
CPLD CUA HANG XILINX
PLA (PROGRAMMABLE LOGIC ARRAY)
COOLRUNNER
LOGIC LAP TRINH FPGA
CAC kHBILOGIC €O THE DINH CAU HINH CLB
CAC MODULE LOGIC
FPGA DUNG CONG NGHE SRAM
cAC LOI CUA FPGA
FPGA CUA ALTERA
KHOI MANG LOGIC (LAB: LOGIC ARRAY BLOCK)
MODULE LOGIC THICH NGH ALM
Kiéu hoat déng binh thudng
Kiéu hoat déng LUT md réng
CAC CHJC NANG TICH HOP
FPGA CUA XILINX
cAc kHB1LOGIC ¢b THE DINH CAU HINH CLB (CONFIGURABLE LOGIC BLOCK)
cHUDI LEN TEP S0P
cAu TROC FPGA TRUYEN THONG VA CAU TRUC ASMBL
Cdu tric truyén théng

Thie vién Tregng BH Sie pham Ky thudt TP.HM

http:/www. thuviensplkt.ediu. va




Chtomg, 1Gidi thid c46l c8uttitic 18p trinh dugc

SPKT — Nguyén Pvh PHi

PHAN M

Cdau tric ASMBL
EM LAP TRINH

CACH THET KE
MO PHONG CHIC NANG

TONG HOP

LET

KE LUGI (NETLIST)

PHAN MEM THI HANH

MO PHONG THOI GIAN

LAP

TRINH CHO THET Bl — HAY NAP CHUONG TRINH CHO THET B

CAU HOI ON TAP VA BAI TAP

cAU

HOLON TAP
Hinh 1-1. Céu troc cba PAL.

Hinh 1-2.
Hinh 1-3.
Hinh 1-4.
Hinh 1-5.
Hinh 1-6.
Hinh 1-7.
Hinh 1-8.
Hinh 1-9.
Hinh 1-10.
Hinh 1-1.
Hinh 1-12.
Hinh 1-13.
Hinh 1-14.
Hinh 1-15.
Hinh 1-16.
Hinh 1-17.
Hinh 1-18.
Hinh 1-19.

PAL sau khi lap trinh dé tao ham.

Cau troc cOa GAL.

Ki hiéu don gian cho PAL/GAL.

Hinh cho vi du 1-1.

So d6 khéi ciid PAL/GAL.

So d6 mach cac Macrocell.

So do khéi va hinh dang vé cOa PAL16VS.

So d6 khéi va hinh darng vd cia GAL22V10.
So d6 khéi cha CPLD t6ng-quét.

Cdu froc CPLD MAX 7000

S do khodi mcrocell don gidn céia. MAX 7000.
Vi dy cach mé réng.

Minh hoa cho viéc chia sé.

Minh hoa cho bd mé réng song song.

Minh hoa cho bd mé réng song song tU macrocell khac.
So d6 khéi cia MAX II.

Phén biét 2 kiéu xdy dyng ham.

Phan biét 2 kiéu két nébi.

Hinh 1-20. So sanh PAL vGi PLA.

Hinh 1-21.

Hinh 1-22.
Hinh 1-23.
Hinh 1-24.
Hinh 1-25.
Hinh 1-26.
Hinh 1-27.
Hinh 1-28.
Hinh 1-29.
Hinh 1-30.

Hinh 1-31.

S do6 cdu tric cha Coolrunner |I.

Cau tric ca mét khéi chiic nang FB.

Minh hoa cho vi du 1-2.

Cau tric co ban cba FPGA.

Cac khoi CLB cOa FPGA.

S do6 khéi co ban cia 1 module logic trong FPGA.
Khéi niém co ban coa LUT dugc Iap trinh dé tao SOP ngb ra .
Minh hoa cho vi du 1-3.

Khai niém vé FPGA bay hoi.

Khai niém chic néng 16i phan cing trong FPGA.
So d6 khdi cOa cau tric LAB cla Stratix Il va ALM

Hinh 1-32. S6 d6 khéi ALM cba Stratix Il.
Hinh 1-33. Céc cdu hinh cb thé c6 cOa LUT trong ALM & kiéu binh thudng.

Hinh 1-34. M& rong ALM dé tao ra ham SOP 7 bién trong kiéu LUT mé réng.

Hinh 1-35. Minh hoa cho vi du 1-4.
Hinh 1-36. S6 d6 khéi cha FPGA Stratic Il.
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Hinh 1-37. Minh hoa céc cap logic dinh cau hinh tU té bdo logic cho dén CLB.
Hinh 1-38. Vi dy cédch ding chudi ndi tiép dé mé réng biéu thic SOP.

Hinh 1-39. Minh hoa cho vi du 1-5.

Hinh 1-40. Tich hgp nhiéu chic néng IP két qua lam gidm CLB va/hodc phdi tang kich thudc
chip.

Hinh 1-41. Minh hoa cdu troc ASMBL cGa FPGA platform.

Hinh 1-42. So d6 déng thiét ké tdng quat dé IGp trinh cho SPLD, CPLD hoéic FPGA.
Hinh 1-43. Céc thiét bj co ban dé lap trinh cho SPLD, CPLD hodc FPGA.

Hinh 1-44. Minh hoa cho 2 kiéu Iap trinh.

Hinh 1-45. Minh hoa cho kiéu Iap trinh tiing doan.

Hinh 1-46. Luu thanh khbi logic 3.

Hinh 1-47. Man hinh soan thdo dang séng téng quat .

Hinh 1-48. Thiét IGp cac dang séng ngd vao.

Hinh 1-49. Dang séng ngd véo va ra khi chay mé phéng.

Hinh 1-50. Minh hoa cho chiic ndng tdng hop.

Hinh 1-51. S d6 mach va danh sach liét ké.

Hinh 1-52. Minh hoa cho mé phéng théi gian.

Hinh 1-53. Download thi&gt ké vao thiét bi Idp trinh.

Ky thuat PLD va ASIC Thie vign Trieong DH Sie pham Ky thudt TP.HNY
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.  GIOI THIEU PLD:

Hai thanh phin chinh clia thi€t bi logic 1ap trinh don gidn SPLD (Simple Programmable
Logic Device) 1a PAL va GAL. PAL tugng trung cho logic mdng 1dp trinh (Programmable
Array Logic) vd GAL tugng trung cho logic mang tdng quét (Generic Array Logic). Thudng
thi PAL chi 14p trinh 1 1an con GAL thi cho phép 14p trinh lai, tuy nhién c6 nhiéu loai SPLD Iap
trinh lai vAn con dudc goi 1a PAL.

Thuat ngit GAL 1a tén do hiang Lattice Semeconductor dit va sau d6 thi dugc cAp phép cho
cdc nha sin xuat khéc.

CAu tric cd ban ctia PAL va GAL 12 mdng AND cho phép lap trinh va mdng OR c6 dinh t5
chitc theo phuong phip téng clia cdc tich SOP (Sum-Of-Product). Véi CPLD (Complex
Programmable Logic Device) dudc tich hop tir nhiéu SPLD d€ ¢ chtic ning manh hon cho cic
thi€t k& phic tap.

Trong phan nay chiing ta s& khdo sdt hoat dong ctia SPLD, phudng phdp téng clia cdc tich
dugc dung trong PAL \@ GAL, gidi thich dugc so dd logic cia PAL/GAL, md td macrocell cd
ban clia PAL/GAL, khao\%j PAL16V8 va GAL22V10, m6 td CPLD cd ban.

1 HOAT PONG CUA SPLD COBAN LA PAL

PAL chtta mang cdng AND {2p trinh va dugc nSi v6i mang c6ng OR c¢d dinh. Thudng thi
PAL ding cong nghé x& 1y cAu chi nén chi cho phép lap trinh 1 1lan OTP (One-time-
Programmable).

Cau triic PAL cho phép thuc hién tit ¢d cic ham tong clia cédc tich vdi cac bi€n di dudc
xdc dinh. Cau tric cia mot PAL don gidn dugc4rinh bay nhu hinh 1-1 cho 2 bi€n ngd vao va 1
bi&€n ngd ra:

[ ]
[ ]
L ]
[ ]

i

g
*, ¥
-
-
L ]
—i
L ]

Hinh 1-1. Céu tric coa PAL.

Mot mang 1ap trinh 12 mdt ma trin cdc diy din gdm cdc hang va cdc cot va ching c6 thé
lap trinh d€ ndi véi nhau tai di€m giao nhau. Mdi di€m ndi 1ap trinh ¢6 ciu tao 1a ciu chi ddi
v6i loai PAL va dudc goi 1a mot t€ bao cell. Mdi hang c6 thé ndi vdi mot ngd vio cla cong
AND va mdi cdt 12 mot bi€n ngd vao hodc bi€n phd dinh. Biing c4ch 1ap trinh giif nguyén cau
chi hay pha hdng ciu chi thi ¢6 thé tao ra bat ky ham t6 hdp nao tir cdc bi€n ngd vio d€ dua

4 Thar vién Trircmg
RITD 27 W
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[11Tp | ensonig 1 Gidithigu cae'cduttiic Bp trivh dugo. SPKT — Nguyn Dirh Phi
dén cdng AND tao ra cdc thanh phin tich mong muén. C4c cng AND dugc két ndi vdi cong
OR dé€ tao nén cdc ham ngd ra tdng clia cic tich.

Vi du 1: Mot PAL duoc 1ap trinh nhu hinh 1-2 d€ tao ra thanh phdn AB, AB va AB.
Trong hinh 1-2 ta c6 thé nhin thd'y mot s& cAu chi bi pha héng va mot s& ciu chi con nguyén dé
k&t nSi cdc bi€n ngd vao vdi cdc ngd vao clia cdc cdng AND tao ra ham tich theo yéu cau va
sau cling 13 ham téng clia cic tich:

X = AB+ AB + AB

Hinh 1<2. PAL sau khi lap trinh dé tao ham.

2. HOAT PONG CA SPLD CO BAN MAGAL

GAL vé co ban chinh 12 PAL c6 th€ 1ap trinh dugc, GAL c6 t& chiic AND/OR giéng nhu
PAL nhung su khdc nhau co ban 1a GAL duiig cong nghé x{t Iy cho phép lap trinh lai gidng nhu
EEPROM thay cho ciu chi dugc trinh bay nhurfinh 1-3.

—
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4 4 B

Yy : L o : z 3

HIE HIE HIE o Y b

— = = == L%/ |
A ’ . . s s ‘I

HIE HIE i D
st el

HE HIE HIE HIE E ) |

'J__ S |: e S

ML HIE i H

| i
Hinh 1-3. Cau tric cOa GAL.
3, Ki HEU PON GIAN CHO 50 PO ClIA PAL/GAL

I
Ky thuat PLD va ASIC Thir viégn Tneeng BH Sir pham Ky thudt TE.HM
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Cic thi€t bi 1ap trinh PAL va GAL c6 cdc cdng logic AND va OR va thém mot sd phan tif
khdc cling v6i cdc bi€n ngd vao va cdc bién phii dinh. Hiu hét cic PAL va GAL déu cé sd db ki
hiéu don gian nhu hinh 1-4:

[nput Input lines

buffer i

A A B B

:V'—O
A= | |
C— o "
é I | Fixed connection
| ®
B- D | | ¥ Single line with slash represents multiple
3 |
5 AND gate inputs. (In this case, 2 inputs)

/

/

J )..-u;
I o) et
).w D_ X=AB+AB+AB
7

~~~~~ g e
M ‘.\. Al

i ;

Fuse hIN#p Fuse intact

(no conneN@ (connection)

Hinh 1<4. Ki hiéu don gian cho PAL/GAL.

BN ()

Product
lerm lines

>
S

Céc bi€n ngd vao clia PAL hoi¢ GAL thudng ¢6 mach dém dé€ ngin chin qud tai khi c6
qud nhiéu cdng AND ndi téi ngd vio dd2Trong so dd, khdi dém 1a khdi tam gidc vira dém tin
hiéu ngd vao va dio tin hiéu d€ tao ra bi€n phi dinh cda tin hiéu d6.

PAL va GAL déu c6 mdt lugng ra't 16n cie’dudng 14p trinh k&t ndi bén trong va mdi cdng
AND c¢6 nhiéu ngd vao. Thudng thi trong sd d6 niach cia PAL va GAL thay cdng AND nhiéu
ngo vao bing cong AND chi cé mot duong ngé vao cho: gon nhung trén dé c6 ghi sd lugng ngd
vao thyc cho cdng AND d6. Trong hinh 1-4 thi mdi cdng AND déu c6 2 ngd vao.

Pié€m ndi lap trinh nim trong ma trin dugc xdc dinh bifg diu x nim trén cic dudng giao
nhau va ciu chi s& dugc giit nguyén, con cic di€m khong c6 dinh dau x thi ciu chi sé& bi pha
hdng. Hinh 1-4 cla vi du & trén dugc 1ap trinh d€ taora ham X = AB+ AB + AB.

Vi du 1-2: Hiy vé sd dd mach cho mot PAL di 1ap trinh d€ tao ra ham c6 3 bi€n ngd vao
nhu sau: X = ABC + ABC + AB + AC

Gidi: SJ dd6 mach ctia PAL nhu hinh 1-5:

filto 7 Wi, thilviens phi. edil. vil
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A A B B - (

3 \ ABC

3. AR(

I .',_ &

1 L

! EUdEE X ABC + ABC + AR + AC
; |

Al

4 s Al
& ’ B o

Hinh 1-5. Hinh cho vi du 1-1.

4. 50 PO kHOI TONG QBAT clA PAL/GAL

S¢ dd khdi cia PAL hoic GAL dudc trinh bay & hinh 1-6. Nén nhé ring sy khac nhau co
badn 12 GAL c6 mang cho phépdip trinh lai con PAL thi chi 14p trinh mdt 1An. Cdc ngd ra cla
mang cong AND l4p trinh dugc dira d&n cdc cong OR ¢ dinh da dugc k&t ndi d€ tao cac ham
logic ngd ra. Cong OR k&t hop vdi haatlogic ngd ra thudng dugc goi 1a macrocell.

Mauacrocells

Output

— O]
logie =
\‘;
! i i £330t
! —_— Pt —F 02

—_— .
—

1

1

1
—
——i
B ——
— (01

I »

|
—
_
—
e
——

pate - e Noein st
Programmable 7 5
AND array ;
: PAL: One-tirie - OR Output T
| programmable J | pate T lemic 0,
: GAL: Reprogrammable I
I ) : |
| . |
I i I |
| i i | |
I i . | |
] : e |
1 : : |
|I »OR Oulput W,L,?_ -
il | | gate i logic e L
I e ——— — o
-~ = 2. ?
Hinh 1-6. So do khoi cua PAL/GAL.
5 MACROCELL

Mot macrocell gdm mot cdng OR va cdc ham logic ngd ra két hgp. Mitc dd phiic tap clia
macrocell tuy thudc vao thi€t bi cu thé PAL hoic GAL. Mot macrocell c6 thé dugc dinh ciu
hinh cho mdt ham t8 hgp, him thanh ghi hodc cho c3 hai.

1
K§ thudt PLD va ASIC Thue vién Trieéng DH Sir pham Ky thudt TP.HVY
RTTD 7 Www. i ivienspki. edil. vil
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Ham thanh ghi c6 lién quan dé&n flip flop chinh vi th€ trong macrocell ciing c6 flip flop dé
tao ra cdc ham tuan tu.

Hinh 1-7 trinh bay 3 loai macrocell cd bin véi cac ham tS hop.

Tristate control

From AND

Outp
gate array Jutput

(@)

From AND

gate arras

Input/Output (1/O)

From \\[)
gate array -

*-o—K ] Input/( Jutput (1/0)
\*

¢
\

" Programmable

Q_J
(c)

Hinh 1-7. S d6 mach cac Macrocell.

|\ll~.L'

Hinh 1-7a trinh bay mot macrocell don gidn v6i mot cdng OR va mdt cong ddo ba trang
thdi. Ngo ra clia cong ddo ba trang thdi c6 thé hoat dong tao ra mitc HIGH, miic LOW va trang
th4i tdng trd cao xem nhu hd mach.

Hinh 1-7b trinh bay mot macrocell c6 thé hoat ddng nhu ngd vao hoic ngd ra. Khi ngd vao
dugc diing nhu ngd ra thi cong ddo phai & trang thdi tdng trd cao d€ hd mach va tin hiéu tir bén
ngoai dua d&€n bd dém va k&t ndi v6i mang cdng AND bén trong.

Hinh 1-7c trinh bay mdt macrocell c6 thé 1ap trinh d€ c¢6 ngd ra tich cyc mitc HIGH hoic
miic tich cyc miic LOW va ciing c¢6 thé sit dung nhu ngd vao. Mot ngd vao cia cdng XOR (ex-
or) c¢6 thé dudc 1ap trinh & mic HIGH hoic mi#c LOW. Khi 1ap trinh ngd vao cdng XOR & mifc
HIGH thi tin hiéu ngd ra clia c6ng OR sé& bi ddo vi :0@1=1 va 1®1=0. Tuong ty khi 1ap trinh
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ngd vao cong XOR & mitc LOW thi tin hiéu ngd ra cdng OR khong bi ddo vi: 0©0=0 va
1®0=1.

6. CACSPLD THUCTE

Thudng thi hinh dang vé ctia SPLD ¢6 c4Au hinh chin nim trong khodng tir 20 dén 28 chan.
C6 2 thanh phin gitip ching ta xdc dinh PAL hoic GAL mdt céch thich hgp cho cdc thi€t k&
logic da cho 13 86 lugng ngd vao va ngd ra ciing v6i so lugng cong logic. Mot vai thong s khic
cAn phai xem xét 1 tan s& hoat dong cuc dai, thdi gian tré va ngudn dién 4p cung cip.

Céc nha sdn xudt Lattice, Actel, Atmel va Cypress 1a cdc cong ty sdn xudt SPLD.

Céc loai PAL va GAL thudng sit dung 12 PAL16V8 va GAL22V10. C4c ma s6 cho bi€t s&
lugng ngd vao, s6 lugng ngd ra va loai ngd ra logic. Vi du: PAL16V8 s& cho biét thi€t bi nay c6
16 ngd vao, 8 ngd ra va ngd ra la bi€n (V: variable). Chit H hoic chit L ¢6 nghia 1a ngd ra tich
cyc miic HIGH hoic mitc LOW tudng tng. SO dd khdi ctia PAL16V8 va hinh dang v4 dugc trinh
bay & hinh 1-8.

P
— 7
Lt ——r—=| Mucrocell —&23 01
N 7
= Muacroceall £ 17101
A
-
] :_h-l.}— “‘;.y“
\%.141{
> +
NG 5 o
\.f:“"(’ Macrocell ——&=23 102
&,
Y — %
\ < —
= s —w!  Macrecell |—E=3 /03
15 E—
—d_|
B T ]
Programmable L
AND array _»J? ‘
7
( =]
I6 (25 Macrocell ——F&3 /04
17 E—— 7
Macrocell |——F=31/05
18 ES—
7
Macrocell ——E3 1106
9 FEp——
Macrocell - 1 02
10 E—— e -

Hinh 1-8. Sd d6 khdi va hinh dang vé cGa PAL16VS.

M&i macrocell c6 8 ngd vao l1ay tif mang cdng AND nén c6 thé c6 t6i 8 thanh phan tich
cho mdi ngd ra. C6 10 ngd vio ki hiéu 1a I, 2 ngd ra ki hiéu 12 O va 6 chin c6 thé dugc ding

1
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nhu 12 ngd vao hodc ngd ra va ki hiéu la I/O. Mdi ngd ra tich cuc mitc LOW. PAL16V8 ¢6 mat
do tich hgp khodng 300 cdng.
Sd dd khdi ctia GAL 22V10 va hinh dang v4 nhu hinh 1-9. GAL nay c¢6 12 ngd vao va 10

chan c6 thé st dung nhu ngd vao hodc ngd ra. Cac macrocell c6 cic ngd vao két ndi véi mang
cdng AND c6 thé thay ddi s6 lugng két ndi tir 8 d€n 16. GAL 22V10 c6 mat do tich hgp khodng

2
500 cong.
. ]
1. E— Macrocell &3 VOl
- 10
- Macrocell ——E73 102
I3 E—
12
- Macrocell —— 3 103
4 33—
14
TRE Mucrocell |—&73 1/04
16 [[— a- 16
" ) Macroeell ——& 3 103

Macrocell ——%& 3 [0

,*‘—" Macrocell ——E=3 1107
19 ED>——

12

10 D— Macrocell _E L
—————

111 EER— 10
Macrocell ——F53 [0

112 — r

Macrocell ——H&=3 10l

Hinh 1-9. Sc d6 khoi va hinh dang vé cba GAL22V10.
7. CACcrD
Mot CPLD chita nhiéu mang SPLD vdi k&t ndi bén trong cho phép 1ap trinh nhu hinh 1-10.
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Chiing ta xem mdi ming SPLD trong CPLD 13 mdt khéi mdng logic LAB (Logic Array
Block). Mot tén khic ddi khi cling dudc ding 13 khéi chitc nding, khoi logic hoic khoi tong
qudt.

Cédc k&t ndi 1ap trinh bén trong thudng dugc goi 1a PIA (Programmable Interconnect
Array) nhung mot s nha ch€ tao nhu Xilinx dung thuat ngit AIM (Advance Interconnect
Matrix) hodc cdc thudt ngit tuong tu.

Céac LAB va cdc két ndi bén trong dudc 14p trinh biing phan mém. Mot CPLD c¢6 thé dudc
lap trinh cho cdc chic ning phifc tap dwa vao ciu tric tong clia cic tich cho mdi LAB ddc lap
hay chinh x4dc hon 12 mdi SPLD. Cdc ngd vao c6 thé két ndi t6i bat ky khdi LAB nao va cic
ngd ra ciing c6 thé k&t ndi tdi bat ky LAB nao thong qua PIA.

{

Logic array . e b LOgic orray
ey <— block (LAB) block (LAB) ot /0
— P & . f—mr
SPLD arLD
G RSH IS 5 T Se— =t LOgic array
/O <.—') !\-'-“L_;‘. [LAB) block (LAB) <=> 10
2 ¢ ¢ SPLD
PIA
Logic wray =% . LOWIC AITAY
D < n black (LAB) ‘ L hlock (LAB) <‘::> Vo
SPLD SFLD
| |
| N |
| |
| \ |
| |
Logic artay - o mmmemNG Ty I ArTay
1o <> block (LAB) Nogk (LAB) - =5 10
SPLD =il o R,

Hinh 1-10. So d6 khdi cOa CPLD téng quat.

HAu hét cdc nha ché tao ra mdt chudi CPLD dugc sip x€p theo mat do tich hop, cong
nghé x{ 1y, cong sudt tiéu thu, ngudn cung ciAp va toc dd. Cdc nha ché tao thudng cung cip mat
dd CPLD theo cidc thanh phin macrocell hoic LAB. Mat dd tich hop c6 thé sip x&p tir 10
macrocell d&n 2000 macrocell trong mot vé c6 thé 1én dén vai trim chan.

PLD cang phifc tap thi mit do tich hdp cang cao. Mot vai CPLD c6 thé 1ap trinh lai va
diing cong nghé xtt Iy EEPROM hoic SRAM cho cic diém két ndi 1ap trinh. Cong suit tiéu tdn
c6 thé nim trong khodng tir vai mili watt d&€n vai trim mili watt. Ngudn cung cAp DC thudng thi
nim trong khodng tir 2,5V dé&n 5V tuy thudc vao cdc chi dinh cda thi€t bi. Cé nhiéu nha sdn
xudt CPLD nhu Altera, Xilinx, Lattice va Cypress.

Trong phan ti€p theo chiing ta s& khdo sit cic CPLD cdia hai nha sdn xuat 13 Altera va
Xilinx bdi vi hai cong ty nay dang chi€m linh thi trudng. Cdc nha ché tao khdc thi cling sdn xuat
thi€t bi va phan mém tuong tu.

Ky thudt PLD v& ASIC
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. CPLD CUA HANG ALTERA

Altera sdn xuét ra nhiéu ho CPLD nhu MAX II, MAX 3000 vdA MAX 7000. Trong phan
nay chi trinh bay cht y€u ho MAX 7000.

Sau khi hoan tit phan nay thi ban c6 thé: mo td dugc ho CPLD MAX, thio luian vé ciu
tric cia CPLD MAX 7000 va CPLS MAX 11, gidi thich cdch tao cdc thanh phin tich dudc tao ra
trong CPLD.

1 CPLD MAX 7000

C4u triic cia CPLD 1a cdch thifc ma cdc thanh phan bén trong dugc t6 chifc va dugc sip
x&p. Cau triic ciia ho CPLD MAX 7000 thi gidng nhu so ¢ khdi ciia CLPD t8ng quit dudc trinh
bay & hinh 1-11.

General-purpose inputs

i |
'\:__ “ LiC ]‘ o Logic array block Logic array block /0
pins/LAB | contrel (LAB A) {LABB) control
3 block P block
E— \11  Macrocell | Macrocell 1
|
I
! 16 Macrocell 2 816 :
: | -%?{» | mimen :
i o l i
i ) | i
i Macrocell 16 i
B & IR 816 3
B e ———— s s s = = 8 if}c 'ﬁ{r**_-‘:“'* T | G i ———— ——
2 »
&
B %,
] e Logie array block \ | Logic array block 1/
3— L';llnlrzl (LAB C} (LAB D) control 3
ES- ock . hlock |
. Bt
=3 Maerocell | )\ Maerocell | .
\@ £ 3
& 2> !
\i" f :
\ N I
4 16 Macrocell 2 16 6 hfocell 2 Q16 I
! 1
| 16 16 : :
: =z S : |
v 1 |
3 Macrocell 16 Macrocell 16 i [ 4
o - - » N
- 816 8-16 3
S | nm ey : “;&3% «fa?é-@wmm:%:a;;:m?ﬁm!-#;w's-‘-“'-'-& T

b Vi

Hinh 1-11. CGu troc CPLD MAX 7000.

CPLD MAX 7000 c6 ciu triic 16p PAL/GAL d€ tao ra cdc ham SOP. Mat @6 nim trong
khodng tir 2 LAB dén 16 LAB tuy thudc vio CPLD cu thé. Nén nhé 12 mot LAB tuong dudng
v6i mot SPLD ding cong nghé xi Iy EEPROM. Kiéu lap trinh trong hé thdng ISP (In-System
Programmable) diing giao ti€p chuin JTAG.

Hinh 1-11 trinh bay so d6 khdi tdng quat CPLD ho MAX 7000 ctia Altera. Bon khdi LAB
dugc trinh bay nhung s& lugng c6 thé 1én d&n 16 khdi LAB. M&i khdi LAB c6 16 macrocell,

I
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nhiéu khdi LAB dugc k&t ndi v6i nhau thdng qua PIA, PIA 1a cau tric bus 14p trinh todn cuc
(cho tit cd cic LAB) bao gdm cdc ngd vao cé ciing chifc ning, I/0 va cdc macrocell.

2. MACROCELL

So d6 khdi macrocell don gidn cda ho MAX 7000 dugc trinh bay trong hinh 1-12.
Macrocell chita mdt mang c6ng AND I4p trinh gdm 5 cdng AND, mdt cdng OR, mdt ma tran lya
chon thanh phan tich d€ k&t ndi cdc ngd ra cda cdng AND véi cdng OR, va logic k&t hgp dé c6
thé 1ap trinh cho ngd vao, ngd ra logic tdng hgp hodc ngd ra thanh ghi dich.

Parallel expanders
from other

| macrocells

y

To LO

Associated
control

logic

———

block

4

expander |

!- i 3 Shared |
I

e

36 lines from P1A 15 expander
product terms
[rom other
macrocells

Hinh 1-12. So do6 khéi macroceil don aidn cba MAX 7000.

Mic du vin dung ciing mot khdi niém nhung macrocell nay khic v6i macrocell da trinh
bay & phan SPLD bdi vi n6 ¢6 mang cdng AND lap trinh vix ma trin Iya chon thanh phan tich.
Trong hinh 1-12 ¢6 5 cdng AND tao ra cdc thanh phan tich ti PIA vio ma tran lya chon thanh
phin tich. Thanh phan tich tit cng AND nim dudi ciing c6 thé dudc hdi ti€p trd lai ma trin lap
trinh xem nhu phin m& rong chia sé dé€ sit dung bdi cac macrocell khic.

Cé4c ngd vao md rong song song cho phép mugn cdc thanh phan tich khong dung tir cic
macrocell khic dé mé rong bi€u thitc SOP. Ma tran lya chon thanh phan tich 12 mdt ma trin clia
cdc k&t ndi l1ap trinh dudc ding dé k&t nGi cac ngd ra di lya chon tir mang cdng AND va tif ngd
vao md rong dén cong OR.

3 KHOIMG RONG CHA SE

B clia thanh phan tich dugc diung dé ting sd lugng thanh phan tich trong bi€u thiic SOP
thi ¢6 thé dung dugc cho mdi macrocell trong LAB. Hinh 1-13 minh hoa céch thic thanh phin
m§ chia sé tit macrocell khic c6 thé dudc dung d€ thi€t 1ap thém cédc thanh phin tich.

Trong trudng hgp ndy mot trong 5 cdng AND trong 1 mang macrocell bi gidi han, chi c6 4
ngd vao va do d6 c6 thé tao ra 1 thanh phan tich c6 4 bi€n khidc nhau dugc minh hoa trong hinh
(a). Hinh (b) trinh bay phan mé rdng cho 2 thanh phin tich.

K§ thugt PLD va ASIC v thudt TP.HNE
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A
f@'-—-—-—} ABC(E + FY=ABCE + ABCF
E+F S
) EF . Produet term from anothér
macrocell in same LAB

.
I'rirorno

hittp e

A —
{‘E : } ABCD
D— '

a. Cdng AND 4 ngé vdo tao ra b. C6ng AND dudc mé réng dé
thanh phan tich 4 bién. tao ra 2 thanh phan fich.

Hinh 1-13. Vi dy cach mé réng.

MJdi macrocell cia MAX 7000 c6 thé tao ra 5 thanh phan tich tif mdng cdng AND. Néu 1
macrocell can nhiéu hon 5 thanh phin tich cho ham ngd ra SOP thi né phai diing thém thanh
phan md rong tir macrocell khdc. Gid st thi€t k& cAn bi€u thiic SOP chita 6 thanh phan tich.
Hinh 1-14 trinh bay cdch thinh phan tich tit macrocell khic c6 thé dugce dung dé ting bi€u thic
SOP ngo ra.

1 e - Macrocell |

ABCD + ABCD + ABCD
+ ABCD + ABCE + ABCF

,«fﬁ} wliet-term
AN/
N8l on
\> £

i ‘ﬂ)““ AR
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=
|
|
|
! &
\P N

oS
A QOUOY |-

ABCD + ABED + ABCD

pa i
7 s
2 7
Product-term
selaction
fatrix
&
i : \
: \
s Expander term E+ F
to Macrocell 1

A B C 5] E E

Hinh 1-14. Minh hoa cho viéc chia sé.

I
14 Thir vién Trieeng BH Sir phgondishein LE HAE
Rl 7wiww.Ilinvienspkl.edil. Vil




111110 | Gniony 1 Gidi i obcleurric Bp trivh duc. SPKT — Nguyfin Dirh P
Macrocell thit 2 tao ra thinh phdn md rong chia sé (E + F) dudc ndi d€n céng AND thit 5
trong macrocell thit 1 dé tao ra bi€u thitic SOP véi 6 thanh phan tich. Cdc ddu k&t ndi x dugc tao

ra trong phan ciing tif chuong trinh thi€t k€ va phdn mém bién dich rdi nap vao chip.

4. kHOIMG RONG SONG SONG

Mot phuong phéap khic dé ting s& lugng cdc thanh phan tich cho mot macrocell bing cich
diing bd m& rong song song — trong né cdc thanh phan tich mé rong dugc OR véi cdc thanh
phan dugc tao ra macrocell thay vi diing k&t hgp trong ma trin AND nhu & bd md rong chia sé.
Mot macrocell @ cho c6 thé mugn cdc thanh phin tich khong diing tir cdc macrocell 1n cin (c6
thé 1&n dé&n 5 thanh phin tir cdc macrocell khdc d6i véi MAX 7000). Khai niém nay dudc minh
hoa nhu hinh 1-15 trong d6 mach dién don gidn dugc tao ra tir 2 thanh phan tich mugn thém 3
thanh phan tich mé rong.

ABCD + ABCD + EFGH <— Parallel expander terms

ABCD + EFGH + ABCD + ABCD + EFGH

Hinh 1-15. Minh hoa ¢ho bd mé réng song song.
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Macrocell 1
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Hinh 1-16. Minh hoa cho bd mé rdng song song tU macrocell khac.

Hinh 1-16 trinh bay cdch mdt macrocell c6 thé mugn cac thimh phdn mS rong song song tir
macrocell khic d€ ting bi€u thic ngd ra SOP. Macrocell thi 2 dung 3 thanh phin tich tir
macrocell thit 1 d€ tao ra bi€u thitc SOP gém 8 thanh phin.

5 CPLD MAXI

CAu tric cia CPLD MAX II khdc v6i hoc MAX 7000 va dugc Altera goi 1a CPLD “Post-
macrocell”. Nhu da trinh bay trong sd dd khdi hinh 1-17, thi€t bi ndy chita cdc khdi LAB cling
vGi nhiéu thanh phﬁn logic LE (Logic Elements). Mot LE 1a mot don vi thi€t k& logic cd bdn va
tuong tu nhu macrocell. K&t ndi bén trong c6 thé 1ap trinh dudc sip x&p theo hiang va cot chay
gifta cdc LAB va cdc phan tif ngd vao/ngd ra (IOE: Input/Output Elements) dudc dinh huéng
xung quanh. C4u triic cia ho CPLD nay gidng nhu FPGA — c¢6 thé xem MAX II 1a FPGA c6 mat
dd thap.

Su khdc nhau giita CPLD MAX II va cdc CPLD thi€t k& tir SPLD la cdch xay dung mdt
ham logic. CPLD MAX II st dung cdac bang tra LUT (Look-Up Tables) thay cho ma trdn
AND/OR. Mot LUT vé cd ban 1a loai bd nhé cé thé 1ap trinh d€ tao ra cdc ham SOP. Hai
phuong phdp nay dugc minh hoa nhu hinh 1-18.
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Hinh 1-17. So d6 khéi cia MAX I,
Ap Ay A, A,
f‘lu - ["
— SOP | SOP
Y LUT TR _
output i output

Logi dung LUT.

Loai dung logic mang AND/OR
Hinh 1-18. Phdn biét 2 kiéu xdy dung ham.
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Nhu da dé cap CPLD MAX II ¢6 cdch sip x€p hang/cdt clia cdc két ndi bén trong thay
cho cdch k&t ndi bén trong theo loai kénh cé trong hau hét cic CPLD. C6 2 phuong phdp dugc

minh hoa trong hinh 1-19.

Két noi bén frong diihg hang/cot K&t nbi theo kiéu kénh
Hinf.1-19. Phan biét 2 kiéu k&t ndi.

HAu hét cic CPLD dung cong ‘nghé xit ly khéng bay hoi cho cic di€m ndi 1ap trinh. Tuy
nhién MAX II diing cong nghé xtt Iy nht:SRAM nén chiing ¢é thé bay hoi — ti't ci cic logic da
lap trinh s& mat hét khi mat dién. BO6 nhé ddgc gin vao bén trong chip d€ luu trit dit liéu chuong
trinh ding cong nghé bd nhé khong bay hoi vaisé dinh cAu hinh lai cho CPLD khi c6 dién.

. CPLD CUA HANG XILINX:

Ciing gidong nhu Altera, Xilinx sdn xuét ra cdc K, CPLD dudc sip x&€p theo mit do tich
hop, cong nghé xit 1y, dién 4p ngudn cung cip va tdc dd. ¥ilinx ché tao ra nhiéu ho CPLD nhu
Cool Runner II, Cool Runner XPLA3 va XC9500. Ho XC9360 thi c6 cdu tric gidng nhu ho
CPLD MAX 7000 ctia Altera st dung ciu tric loai PAL/GAI“Trong phin nay chiing ta chi
phén tich Cool Runner II.

Sau khi két thic phdn nay ban c6 thé: md td PLA va so sdnh v6i PAL, thdo ludn vé ciu
triic CPLD Cool Runner II va md t3 c4c khoi chic ning.

1  PLA (PROGRAMMABLE LOGIC ARRAY)

Nhu da trinh bay, ciu tric cia CPLD la cdch ma cdc thanh phin bén trong dugc t& chitc
va sip x€p. Cau tric ctia ho Cool Runner II ctia Xilinx thi dwa vao ciu tric mang logic 1ap trinh
PLA (Programmable Logic Array) t6t hon c4u tric PAL (Programmable Array Logic). Hinh 1-
20 so sdnh ciu tric PAL véi ciu triic PLA don gidn.

1
18 Thue vién Treong BH Sir phigenBizshead TE. KA

filto 7 Wi, thilviens phi. edil. vil




(1) ]Chtong, 1Gidi thidd 46l c8urtitic 18p trinh dugc. SPKT — Nguy8n Dirh P

| a

U0

AB+ AR+ AB +AB

|

A A BB A A B B

(a) PAL-type array Kj Kj | l

(b) PLA-type array
Hinh 1-20. So sanh PAL véi PLA.

Nhu di trinh bay, PAL c6 mang cong AND lap trinh va theo sau 12 mang cong OR c¢& dinh
dé tao ra cdc bi€u thitc SOP nhu hinh 1-20a. PLA c6 mang c6ng AND lap trinh va theo sau 1a
mang cdng OR 14p trinh nhu hinh 1-20b.

2. COOLRUNNER I

CPLD Cool Runner II dithg loai ciu triic PLA. Cool Runner II ¢é nhiéu khdi chitc ning FB
(Function Block) tuong tu nhu LAB, trong CPLD MAX 7000 ctia Altera. Mdi khdi chiic ning FB
chita 16 macrocell. Cdc khoi chiic niing dude k&t ndi bén trong bdi mot ma trin k€t ndi bén
trong cai ti€n AIM tuong tu nhu PIA trofig MAX 7000. SJ dd cau tric co ban cho Cool Runner 11
dugc trinh bay & hinh 1-21.

1
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Hinh 1-21. S6 d6 céu tric cba Cool runner II.

Sd dd khdi CPLD ciia Xilinx va clia Altera gin nhu 13 gidng nhau tuy nhién bén trong thi
khéc nhau.

CPLD ho Cool Runner II chia tir 32 macrocell d&€n 512 macrocell. Do c6 16 macrocell cho
mdi khdi chic ning, s& lugng khdi chitc ning nim trong khodng tir 2 dén 32. So d6 khdi cla
mdt khdi chitc ning FB dudc trinh bay nhu hinh 1-22.
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. 95y

/‘f qh \ Lk | —] )
I |
Product-term L Sumi-term
! drTa }" array

______ 16 16 macrocells

!{3

from AIM | |

Associated logic
for each macrocel

Hinh 1-22. Cau tric cha méot khéi chic nang FB.

Méng cdng AND c6 56 cdng AND va midng cdng OR 1ap trinh c¢6 16 c6ng OR. Véi cAu
triic PLA thi bat ky thanh phan tich nio ciing ¢d thé ndi tdi cdng OR d€ tao nén bi€u thitc SOP
cho ngd ra. Vi kha ning cuc dai mdi khdi chitc ning cé thé tao ra 16 ngd ra va mdi ngd ra c6
bi€u thitc SOP chita 56 thanh phan tich.

Vi du 1-2: Hay lap trinh k&t n6i bén trong khoi FB clis hinh 1-22 d€ tao ra ham chifc ning
SOP tir macrocell tht 1 1a: ABCD+ ABCD+ ABCD va ‘ham cho macrocell tht 2 1a:
ABCD + ABCD + ABCD + ABCD

Giai: k&t quéa nhu hinh 1-23:
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) ' j/ [\ ABCD
, ity
' 1AL i\ ABCD
| ! A7 il
[ ABCD
1! - =% ABCD
| EnFf
3\ ABCD
e . e 2
D ABCD
W ¥ / |
|
o SN ABCD | L 000 |
? | J |
|
|
s \
o _/ |
Product-term J/ Sum-term |,
ATy | array 7
€ < C t 4
/\\/\\/\\7/\\ 2= ) S
| [ | I 2 |6 16 macrocells
A B C D

ABCD + ABCD + ABCD + ABCT
ABCD + ABCD + ABCD

Hinh i-23. Minh hoa cho vi du 1-2.

IV. LOGIC LAP TRINH FPGA %,

Nhu da trinh bay & trén, ciu tric phan loai CPLD bao gdm cédc khoi logic loai PAL/GAL
hodc PLA v6i cdc két ndi bén trong c6 thé 1ap trinh. ¥¢ cd ban FPGA (Field Programmable
Gate Array) c6 cau tric khdc — khong ding mang loai PAL/PLA — ¢6 mat do tich hgp cao hon
nhiéu so v6i CPLD. C4c phin tif diing d€ tao ra cdc ham logic trong FPGA thudng thi nhd hon
nhiéu so véi cdc thanh phan trong CPLD. Tuong tu trong FPGA thi cdc k&t ndi bén trong dugc
td chic theo hiang va cot.

Sau khi k&t thic phan nay ban c6 thé: mo t3 ciu tric co ban clia FPGA, so sdanh FPGA vé6i
CPLD, thio luan vé LUT, thdo ludn vé FPGA dung ciu tric SRAM va dinh nghia 13i clia
FPGA.

C6 3 thanh phin co badn trong FPGA 1a khoi logic c¢6 thé dinh cAu hinh logic CLB
(Configurable Logic Block), cidc két ndi bén trong va cdc khdi ngd vao/ra dugc minh hoa nhu
hinh 1-24.

I
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Hinh 1-24. C&u troc co bdn coa FPGA.

Céc khdi c6 thé dinh ciu hinh logic CLB trong FPGA thi khdng phifc tap bing cdc khoi
LAB hoic FB trong CPLD nhung thudng thi ¢6 nhiéu thanhphan hon. Khi CLB kha don gidn thi
ciu tric FPGA dudc goi 12 fine grained. Céc khoi IO nim xiig quanh cla ciu tric tao ra su
truy xuit ngd vao, ngd ra hoic ca hai chiéu cé thé lya chon mot cach doc 1ap dén thé gisi bén
ngoai.

Ma tran phan loai clia cdc k&t ndi bén trong c6 thé 1ap trinh tao ra cdc k&t ndi bén trong
cia CLB va két n6i dé€n cdc ngd vao va cic ngd ra. Cac FPGA 16n c6 thé c¢6 10000 CLB va c6
thém bo nhé va cdc ngudn tai nguyén khic.

HAu hét cdc nha ché€ tao cdc thi€t bi logic 1ap trinh thudng sip x&p thanh chudi FPGA
phin loai theo mat do, cong suat tiéu tin, dién 4p ngudn cung cip, toc dd va mot vai mitc do
khdc nhau vé cdu tric. FPGA 1a thi€t bi ¢6 thé 1ap trinh lai va st dung cong nghé x&r ly SRAM
hodc ban ciu chi d&€ 1ap trinh cho cic diém ndi. Mat @6 c6 thé nim trong khodng tir vai trim
module logic dén sip xi khodng 180000 module logic trong 1 vé véi s lugng chin 1én dén
1000. Ngudn cung cap DC thudng nim trong khodng 1,2V dé&n 2,5V tuy thudc vao loai chip.

1 CACKHOILoGC ¢b THE PINH CAU HINH CLB

Thudng thi khoi logic cia FPGA chita mdt vai module logic khd nhé tuong ty nhu
macrocell trong CPLD. Hinh 1-25 trinh bay cdc khdi CLB c¢6 bidn nim trong cdc k€t ndi bén
trong c6 thé 14ap trinh hang/cot toan cuc — dugc dung dé két ndi cac khdi logic. Mdi CLB dudc

Treone BH Sie pham Ko thudt TE.HM
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thi€t 1ap tir nhiéu module logic nhé hon va cic két ndi bén trong c6 thé 14p trinh cuc bd — dudgc
diing d€ k&t n6i cac module logic v6i CLB.

- s
U i
— s
CLB CLB
G2 Logic modul e A Logic module
K=" Logic module = Logic module
o 0 3 pamy | Yy o 1 R
- A Logie module ST o A G Logic module
Local y Loval :
mlerconnect interconnect
|} 1
I 1
A 1 > e —
——— 21 Logic module (3 Logic module
My
i [
N g

L

Hinh 1-25. Cac khdi CLB cUa FPGA.
2. CACMODULE LOGIC

Mt module logic trong mdt khoilogic cia FPGA c6 thé dude dinh cAu hinh cho ham logic
t6 hdp, ham logic thanh ghi hodc cho cA2, Flip flop 1a thanh phan logic k&t hgp va dugc diung
cho cdc ham logic thanh ghi. S0 db khdi ctia- module logic tiéu bi€u dung ciu tric LUT dudgc
trinh bay nhu hinh 1-26.

- Assoei .
s e e Eﬂ,r[_}
. lopre

Y

A s R | LUT

Logic module

Hinh 1-26. S0 do khéi cd ban cGa 1 module logic trong FPGA.

Thudng thi t§ chitc clia mot LUT bao gdm mdt s6 cdc 6 nhd biing véi 2", trong d6 n 1a s§
lugng cdc bi€n ngd vao. Vi du: 3 ngd vao c6 thé lwa chon dén 8 6 nhé, do d6 LUT vdi bi€n ngd
vio c6 thé tao ra bi€u thiic SOP 1én d&n 8 thanh phan tich. Mot md hinh miu cda 1 va 0 c6 thé
dugc 1ap trinh vao trong cic 6 nhé cia LUT dugc minh hoa nhu hinh 1-27 dé tao ra hAm SOP
theo chi dinh. C4c 6 nhS chia s6 1 c¢6 nghia 13 thanh phin tich dudc két hdp trong bi€u thitc
SOP ctia ngd ra va 6 nhG chita s& 0 c6 nghia 12 thanh phan tich k€t hgp khong xui't hién trong
bi€u thitc SOP ctlia ngo ra.

I
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K&t qua biéu thitc SOP ngdrala A/AA +AAA +AAA +AAA

Selection logic Memory
cells

ArA Ay

’IJ"'I 14

| ) A 1 A 0
Ay ——= .Iyl].-'ln -
A | SOP ( Ul
Ay —# AxA Ay

AsA A

AsAq4p
1]
]

ArA Ay

Hinh 1-27. Khai niénm:cd ban coa LUT dugc Idp trinh dé tao SOP ngb ra.

Vidu 1-3: Hiy thi€t 1ap LUT ¢ 3 bi€n cd ban dugc 1ap trinh d€ tao ra bi€u thitc SOP theo
sau: AL A A +AAA+AAA+A AR ARAA
Gidi: k&t qua nhu hinh 1-28:

Selection logic W

11‘1|‘1|| _4@ N
A _I"{ |L{|| l'

r'I:.'IL | r:.i”
'lll' e .rqzillr"“
A ——= SOP outpu!
a0 A A,
- Er
1’"13.'1'."'1” T ] !'_ b4
- |'_|'
A _‘,'1|'_p"!|“ —IL",—-
AaAAq 0

Hinh 1-28. Minh hoa cho vi duy 1-3.

3. FPGA DUNG CONG NGHE SRAM

Céc FPGA ciing c6 thé 1a khong bay hdi n€u diing cdng nghé ban ciu chi hoic cé thé bay
hon néu dung cong nghé SRAM. Kh4di niém bay hdi c6 nghia 1a tit cd cdc dit liéu da 14p trinh

I
K§ thudt PLD va ASIC Thue vién Trieéng DH Sir pham K¥ thudt TP.HM

RTTD 7 Www. i ivienspki. edil. vil




Tricomz BH Sw pham K7 thudr TP. HCM

hitip]

1CHuomg, 1Gidi thidd 6l cButtitic 18p trinh dugc SPKT — Nguyén Pvh PHi

vao trong cdc khoi CLB sé& bi mat hét khi mat dién. Do d6, cic FPGA dung cong nghé SRAM
chita cd bd nhé khdng bay hdi tich hgp bén trong chip dé luu trit chuong trinh va dit liéu va dinh
cdu hinh lai cho thi€t bi mdi khi c6 dién trd lai hodc ching ding bd nhé bén ngoai vdi viéc
chuyén dit liéu dugc diéu khién vi xi 1§ chl. Khdi niém bd nhd tich hgp trong chip dudc minh
hoa nhu hinh 1-29a va kh4i niém dinh cAu hinh lai dung vi x& 1y dudc trinh bay nhu hinh 1-29b.
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b. FPGA bay hai dinh lqi cau hinh dong bé nhé khong bay hai va vi xU ly.
Hinh 1-29. Khai niém vé FPGA bay hai.
4. CACLOICOA FPGA

Céic FPGA vé cd ban giong nhu cdc phié€n tring ma ngudi ding c6 thé 1ap trinh cho cic
thi€t k& logic. Cdc FPGA tién 1gi khi ma né chia cdc mach logic “16i phan cing” (hard core).
Mot mach logic 16i phian ciing 12 mdt phan logic trong FPGA dugc dit vio bén trong bdi nha
ché tao d€ cung cdp cdc chifc ning dit biét va khong thé 1ap trinh lai. Vi du n€u khdch hang
cAn mot vi xi Iy nhd nhu 14 mot phan clia thi€t k€ hé thong thi n6 c6 thé duge 1ap trinh vao
trong FPGA cho khich hang hoic né cé thé dudc cung cidp nhu 12 mot 16i phan cing bdi nha
ché tao. N&u chifc ning dudc tich hgp vao bén trong cé vai ciu tric ¢6 thé 1ap trinh dudc thi né
dugc xem nhu 12 chic ning “16i mém” (soft core).

Uu di€m clia phuong phdp diing 16i phan cting 12 cling mot thi€t k& ¢ thé thyc hién day
di dung kha ning clia FPGA it hon né€u so v6i cdch ngudi dung st dung cdch 1ap trinh, k&t qua
12 khong gian trén chip nhé hon va thdi gian thi€t k&€ ngin hon.
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Khuyé&t diém clia phuong phap ding 16i phan citng 1a cic thong s6 k§ thuat 1a c§ dinh
trong qud trinh ché& tao va khdch hang phai c6 kha ning ding dudc chic ning d6. N6 khong thé
thay ddi vé sau.

Cic 16i phan citng thudng c6 tdc dung cho céc chifc ning ma chiing dudc st dung phd bién
trong cac hé thong s6 nhu vi xit 1y, giao ti€p ngd vao/ngd ra va xu 1y tin hiéu s6 (Digital Signal
Processor). C6 nhiéu chitc ning 16i phin citng c6 thé 1ap trinh trong FPGA. Hinh 1-30 minh hoa
cho kh4i niém 16i phin ciing dudc bao quanh bdi CLB dugc 14p trinh bdi ngudi st dung.

oo

Remaining CLBs

are programmed
by user.
Hard core:
portion of CLBs
programmed during

manufacturing for a
specific function

o s L L o | o o [ [
T [T o [T o [ e

s L [ | Lo [

Hinh 1-30. Khai niém chic nang 16i phan ciing trong FPGA.

Viéc thi€t k€& cdc 16i phan ciing thuong dugc xdy dung bdi nha ché tao FPGA va chiing
thudc sd hitu clia nha ché tao. Céc thi€t k& riéng bdi nha ché tao dudc dit tén 1a Intellectual
Property (IP) — sG hitu tri tué. Mot cong ty thudng liét cdc loai s hitu tri tué ma ching c6 hiéu
luc trén cdc website. Nhiéu s& hitu tri tué 13 sy k&t hop ctia 16i phan citng va 18i phan mém. Vi
xtr 1y 12 mdt vi du minh hoa — ¢6 vai tinh ning mémi déo trong lwa chon va diéu chinh mot vai
thong s6 bdi ngudi dung.

Cé4c FPGA chifa cdc vi xtt 1y tich hdp mot trong hai hodc cd hai 16i phdn ciing va 18i phan
mém va nhiéu chifc ning khic thi dugc dit tén 12 Platform TPGA bdi vi chiing c6 thé dudc
diing d€ diéu khi€n mot hé thong ddy di ma khong can thém mot thi€t bi hd trg nao.

V. FPGA CUA ALTERA

Altera sidn xuit ra nhiéu ho FPGA bao gém Stratix II, Stratix , Cyclone vd ACEX. Trong
phan nay chiing ta chi khdo sit ho Stratix II &€ minh hoa cho cdc khai niém.

Sau khi k&t thiic phan nay chiing ta c6 thé:

Thao ludn vé ciu tric co ban ciia FPGA ho Stratix II, gidi thich cich thanh phin dudc tao
ra trong FPGA, thdo luan vé cdc chic ning dugc tich hgp.

1 KHOIMANG LOGIC (LAB — LOGIC ARRAY BLOCK)

So @6 khdi ctia FPGA tng quét di dudc trinh bay nhu hinh 1-24; cdu tric clia Stratix II
va cdc ho Altera khdc thi gidng nhau. Chiing déu c6 cau tric loai LUT cho cdc module logic —
dugc goi 12 module logic thich nghi ALM (Adaptive Logic Module) dugc trinh bay trong thiét
bi tong quat LAB. Mat do dudc phan loai tir 2000 LAB cho d&n 22000 LAB tuy thudc vao cic
ho cu thé va mdi LAB c6 8 ALM. Kich thudc vd thay ddi tir 314 chan dén 1173 chan. Thiét bi
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yéu cau sit dung nguén DC cung cdp tir 1,2V; 1,5V va 2,5V. Ho FPGA Stratix II st dung cong
nghé cia SRAM.

Hinh 1-31 trinh bay so d6 khdi ctia cdu tric LAB cda Stratix II. Mdi LAB chia 8 ALM,
cidc LAB dugc lién két vdi nhau thong qua cic két ndi hang va cot bén trong. Cac diém két noi
cuc bo bén trong lién k€t cdc ALM v6i mdi LAB.

I |

’—L LAB _l_ LARB
ki L
AlLM] y ALMI =
ALM2 [ | ALM2
ALM3 ALM3
1 |
negl } Liveal !
it rconneet. interconnect :
X I |
E o .\.x:p}l o 3 5
i M8 | ALmg
NG ’
__’:_‘ ZAN i
& 5 l Global row
B interconnect
GlobNEnlumn

intes D\, (19
Hinh 1-31. S6 dd khdi cOa cGu 4ric LAB cOa Stratix Il va ALM
2. MODULE LOGIC THICH NGH ALM

ALM la don vi thi€t k€ co ban trong FPGA Stratix I]. Mdi ALM chita mdt phan t6 hdp
logic diing c&u tric LUT va mach logic k&t hgp c6 thé dudc 1ap trinh cho 2 ngd ra logic t& hgp
hodc hai ngé ra thanh ghi dich. Bén canh d6, ALM c6 mach cong logic, cdac flip flop va cic
mach logic khdc — cho phép thuc hién chifc ning tinh todn s6 hoc, chiic ning d€m va thanh ghi
dich. Sd d6 khdi ALM clia Stratix II dugc trinh bay nhu hinh 1-32.

Hoat déng cua ALM:
Mot ALM c6 thé dugc lap trinh cho ra nhiéu kiéu hoat dong nhu sau:
e Kiéu hoat ddng binh thudng.
e Kiéu hoat ddng LUT md rong.
e Kiéu tinh todn sd hoc.
e Kiéu tinh todn s6 hoc diing chung.

Ngoai 4 ki€u hoat dong thi ALM c6 thé dugc dung nhu 13 1 chudi thanh ghi d€ x4y dung
bd d€m va thanh ghi dich. Trong phan nay chiing ta s& khdo st ki€u hoat dong binh thudng va
kiéu hoat @dng LUT m4 rong.
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Hinh 1-32. S6 d6 khdi ALM cua Stratix II.
a. Kiéu hoat déng binh thudng

Pudc st dung dau tién d&tao cdc ham logic t6 hgp. Mot ALM c6 thé thuc hién mot hoic
hai ham ngd ra t8 hgp v6i hai LUT ciia né. Vi du vé 4 cdu hinh LUT dugc minh hoa & hinh 1-33.

_—
—— —
———» deingut 4 ———*1 G-input
e ISl : —=r e B
—_— -
&———>
e
—*| 4-inpwt —¥F|), 2-input
————  LUT —— R LUT
i A
— e
—_—i] L
S-input £  S-input
LUT e
——  4-input = : S-input
—— i Bl LUT
——

Hinh 1-33. Cdc cdu hinh c6 thé c6 cOa LUT trong ALM & kiéu binh thuéng.

Hai ham SOP — mdi ham c6 4 bi€n hoic it hon — c¢6 thé dugc thuc hién trong mot ALM
ma khong cin ding cdc ngd vao chia s&. Vi du ban c¢6 thé c¢6 “2 ham 4 bi€n”, “mdt ham c6 4
bi€n va mot ham 3 bi€n” hodc “hai ham 3 bi€n”. Bing cich chia s& cdc ngd vao, ban c6 thé c6
bat ky t8 hgp ndo cla 8 ngd vao 1én dén t&i da 6 ngd vao cho mdi LUT. Trong ki€u hoat dong
binh thudng thi ban bi gidi han 1a cdc ham SOP chi c6 t6i da 12 6 bién.

1
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b. Kiéu hoat déng LUT mé réng

Cho phép md rong ham 1én dén 7 bi€n dugc minh hoa & hinh 1-34. Mach dién AND — OR
v6i ngd vao ddo 1a mot vi du don gidn clia mach don kénh. Mach don kénh 12 mdt phan cda

mach logic dung ri€éng trong ALM.

-~

ALM

g S-input
EUT

/input J
variables | | _ SOP output

———-

S=inpul
LUT

=

Hinh 1-34. M& réng ALM dé tao ra ham SOP 7 bién trong kiéu LUT mé rdng.

Vi du 1-4: Mot ALM trong FPGA Stratix II dugce dinh ciu hinh hoat dong & ki€u LUT mé
rong dugc trinh bay & hinh 1-35. #iy x4dc dinh biéu thitc ngd ra SOP.

1\:"'._] 'l_".'t-_".'l|| =T .'L‘..‘I-l l-“\ ;.’l_.-"lll .= .'1:—.31. E;'Il_,.'ll_l. 1|

2] ALM

_,11:1 g g liaamnt
Ay o - LUT
4 *—=
.
: S-inpul
LUT

AgAsAiAsAs + AgAsAsAz AL + AgAsA AL A

Hinh 1-35. Minh hoa cho vi du 1-4.
Gidi: biéu thitc ngd ra § trén thi AND vé6i bi€n ngd vao A, va biéu thic ngd ra bén dudi thi
AND véi A, . Biéu thitc sau ciing nhu sau:
AARAAA +AARAAA +AAAAAA + AAAARA+AARAAAR+AARAAAA
3. CAC CHIC NANG TICHHOP
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Sd @6 khdi téng qudt cia FPGA Stratix II dudc trinh bay & hinh 1-36. FPGA chita cic
thanh phin bo nhé va chic ning x 1y tin hiéu s6 DSP. Chifc niing ciia DSP nhu cdc mach loc
s6 thudng dudc st dung nhiéu trong cdc hé thdng. Khi quan sit s6 dd khdi, cdc khoi tich hgp
bén trong dugc sip x&p & khip ndi trong ma tran k&t ndi bén trong clia FPGA va cdc phan ti
ngd vao/ngd ra dugc dit xung quanh chu vi FPGA.

Embedded Embedded Embedded I/0
memaory DSP memaory elements
/O elements hlocks blocks blocks

Hinh 1-36. So dé khéi cba F#Q,A Stratix .

VI. FPGA CUA XILINX “«9

Xilinx ¢6 2 ho FPGA chinh la Spartan va Virtex va c6 nh\é*ﬁ loai khdc nhau trong mdi ho.
Vi du Spartan 3 va Spartan IlIE, Virtex-4, Virtex Il va Virtex II Pro X. Xilinx dinh r6 Virtex-4,
Virtex II va Virtex II Pro X 1a cdc FPGA loai platform (nén) bdi vi chiing tich hgp nhiéu chifc
ning nhu bd nhé, vi xt 1y, bo thu phét va cdc phan cling khdc va cdc 16i phan mém IP. Cdc ho
FPGA thudng thi khac vé mat do tich hgp va cdc thong s& k§ thuat. Hau hét cdc thiét bi cla
Xilinx ¢6 ciu triic FPGA truyén thdng, tuy nhién Virtex II Pro X ¢ cdi goi 1 ciu tric khoi
module chi dinh Wng dung ASMBL (Application Specific Modular Block — dugc phat am la
assemble) c6 trén 1 ti transistor trong 1 chip don.

1 CcACKHBILOGIC ¢O THE PINH CAU HINH CLB (CONFIGURABLE LOGIC BLOCK)

Viung logic dinh cAu hinh ctia hau hét cic FPGA ho Xilinx dugc chia thanh nhiéu khdi
logic c6 thé dinh cAu hinh CLB vdi mdi CLB chita nhiéu don vi logic cd ban dugc 1a céc t&€ bao
logic (logic cell - LC). Mdi t&€ bao logic LC stt dung mach logic LUT truyén thdng c6 4 ngd vao
va thém mach logic cong va mdt flip flop. Mot LUT c6 4 ngd vao c6 thé tao ra tir mot thanh
phan tich cho d€n ham SOP chita 16 thanh phan tich. Hai t& bao logic LC giéng nhau dudc goi
1a slice (ldt méng). Hinh 1-37 minh hoa cdc cip logic dinh ciu hinh tir t& bao logic cho dén
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CLB. Mat do tich hgp nidm trong khodng tir 2000 dén 74000 t€ bao logic LC trong mot thiét bi
Virtex don.

i
| LuT Associiated Jx
- logic
- _
|
— .
w L | Associmed ) e
G AR -
i ; . - Associated
Wl & ) T T i i !
Logic cell (LC) LU gl T
-
Slice (2 LCs)
2>
_ e 7
g 41{,{,;«) LN SRR e —
LUT L‘\i}%’ Associated =l L W e
—i 6 e | T oau
5 :
L P
LUT > = : _ Aaam.mrcd
=i g LUT 1 Tlogic
Slice 2
—_—
| uur | Associated
e . logic -
A
T I
| :
Sl-it‘.{!' 3 Sllce 4

Configurable logic block (CLLB)
Hinh 1-37. Minh hoa cac cap logic dinh cdu hinh tU té bdo logic cho dén CLB.

2. crdl LEN TEP soP

Slice don gidn (hai t€ bao logic LC) véi logic chudi lién ti€p dugc trinh bay & hinh 1-38.
C6 mach da hgp (MUX) danh riéng nim trong mach logic két hop clia mdi LC — dudc diing
trong chudi lién ti€p va modt cdng OR danh riéng nim trong slice.

I
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Hinh 1-38a trinh bay vi du cdch ma mdt slice trong CLB c6 thé€ dudc dinh cdu hinh nhu 13

mdt c6ng AND d€ tao ra thanh phan tich 8 bi€n. Hai slice c6 thé dudc dinh ciu hinh d€ tao ra
mdt ham SOP véi 2 thanh phan tich 8 bi€n dugc trinh bay & hinh 1-38b. Toan bd CLB cia 4
slice c¢6 thé dugc dinh cAu hinh thanh mot chudi lién ti€p dé tao ra mot ham SOP véi 4 thanh
phan tich c6 8 bi€n dugc trinh bay nhu hinh 1-38¢c. Biéu thitc SOP dai hon nita c6 thé dugc thuc
hién dung thém cdc CLB md rong.

AqAgAsA A AA Ay

A IJ..‘.II_}I.’l ;."'c“
Ay ——=
A) —o _
i, —il 1 LUT
by ——s

Aoy
(a)
A7AASA A AN

\ -

x X2
‘%' AsAA A A AA Ay
N7 + B,B,BsB,BB,B, B,

&
A A A BB

Ay —=m! By ——
Al —m By —=
4 _ SElUTUT B '} LuUT
Ay — B B, — i
Ay —= By ——»
Az —d r'n- — feny
4 LUT : LUT
Ay —> By ——=
- ./ Viee
ArAg AsAL Slice 1 BBy BBy
(b)
1
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[~ A7AGAsA A ALA Ay

¢

A AAA AR ALA Ay

t BaB BB, B B8 B,
Ay ——= By —=
A —» e B ] o
A LUT B. : LUT
Ay 28 By ——
1y ——b B, ——=]
A B By e T
Ay LUT B, —2n LT
Lo —d 1y .

Slice 2
i > AAcAA A AA A,
+ B, BB BB BB R,
MUX G L G O (0 s

b Dy D DD DDy Dy
() —
L —a a
G —int LUT
Ly —m
L —]
o fé
0, 1L
[ |

(c)
Hinh 1-38. Vi dy cdch ding chubi nbi tiép dé mé rong biéu thic SOP.

Vi du 1-5: Hay trinh bay cdch cdng AND c6 16 ngd vao c6 thé tao ra biéu thitc trong CLB.

Gidi: Hai slice dugc dinh cau hinh dudc trinh bay & hinh 1-39 13 két qui clia cdng AND c6
16 ngd vao.

34
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ArAcAsA A3 AsA Ay BB BsB4B3B B\ B)

LUT LUT

LUT LUT

 Shcedl : Slice 2

Hinh 1-39. Minh hoa cho vi du 1-5.

3, cAU TRUC FPGA TRUYEN THONG VA CAU TRUC ASMBL
a. Cdu tric rr@en thong

Nhu di biét, ciu trui:‘ﬂ?GA truyén thdng xuat hién nhu 12 mdt mang cda cdc khdi logic
(CLB hodc LAB) dugc bao boc\&ung quanh bdi cic t& bao ngd vao/ngd ra ¢ thé dinh ciu hinh.
S6 LCB trong FPGA tuy thudc va\e\w lugng cac phan ti 10 — c6 thé dit xung quanh Khi 161 IP
nhu DSP va bd nhd tich hgp bén tro?}g khi dugc yéu cau thi mot hIdng logic dinh c&u hinh phéi
mat di va tai mot vai vi tri dugc thay tTl%' bang 10 néu c6 yéu cau. Khi nhiéu 16i IP dugc thém
vao thi kich thudc vat 1y ciia FPGA phai ta\n‘g JJén @€ dam bio s6 lugng logic cAu hinh cin thiét
va ting thém s6 lugng 0. Khdi niém nay du’o‘s{mlnh hoa béing hinh 1-40.

Column Raw Q‘/{/ Embedded
interconnects interconnects )y memory DSP cores

”3 \

1/Os

o Mo B o s

nmmmmmmm@@mﬁ
BOODODODOoODODoE
o W I o e e i e e -

1000000000 m
oDoooooDoDooE

cLBs nm@gm@@m@mmﬂ

(a) FPGA véi logic dinh hinh day do. (b) FPGA cung kich thuéc véi bé nhé
va 16i IP (DSP) nén c6 it CLB hon.

I
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3 e
| 21 3 B
_"_E.'.IEI
"";Hﬂﬂ

mmm

Processor core

(c) FPGA c6 nhiéu bo nhé, thém 16i ﬁsg va 16i vi xU ly sé yéu cau kich thuéc 16n hon.

R
Hinh 1-40. Tich hgp nhiéu chic nang IP qua lam gidm CLB va/hodc phdi tang kich
4. .

Logic c&u hinh trong FPGA cang phic tap thi ¢ } diing nhiéu 10. Mdi lién hé rang budc

gifta logic va IO sé& din dén ting kich thu6c chip va téno';gié thanh. Ngoﬁi ra mot van dé khic

v6i FPGA platform 1a khi thém cédc chic ndng 161 IP tich hc )g,en trong néu c6 yéu cau thi phdi
(a

thi€t k& lai thanh phin chinh hoic thi€t k& lai mot phan tron gach bd tri chip (layout) ¢ thé
dudc yéu cau sé& 1am ting thém gid thanh.

a  Cdu tric ASMBL

Xilinx da xdy dung mot phuong phdp mém déo cho FPGA platform & chip Virtex II Pro X
d€ khic phuc mot vai han ché xuit hién trong ciu tric truyén thong. Cau triic ASMBL la ciu
tric st dung cot thay vi dung ciu tric hang/cot. C4c 10 dudc dit rai rdc khip ndi tot hon 1a dit
xung quanh, din d€n s6 lugng IO clia né ting ma khong cin lam ting kich thudc chip. Mdi cot
vé& co ban 1a mot ddi logic c6 thé dugc thay thé biing dai logic khdc ma khong can thiét k€& lai
cach bd tri chip. Cdc vi du vé cdc loai clia cac dai logic 12 cdc khdi logic dinh cAu hinh CLB,
khoi 10, bd nhé va cédc 16i phan citng v phAn mém nhu DSP va vi x{t 1y.

S& lugng khic nhau clia mdi loai dai logic c6 thé dugc tron lai d€ tuong thich véi cdc yéu
cAu tng dung riéng biét. Vi du, trong ciu hinh don gidn nhat thi c6 thé pha tron cac dai CLB va
cic dai khoi I0 dugc minh hoa nhu hinh 1-41a. Nhiéu hoic it hon cdia cd 2 ciing c6 thé dudc si
dung tuy thudc vao cdc yéu ciu.
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Né&u cin nhiéu bd nhd thi mot hodc nhiéu ddi CLB c6 thé dugc thay th€ nhu hinh 1-41b.
Né&u viing riéng biét trong wng dung 13 xi¥ 1y tin hiéu s6 thi ¢6 thé thém vao cdc 16i IP DSP tron
v4i bd nhé nhu hinh 1-41c. Hinh 1-41d trinh bay céc 16i vi x& 1y dugc thém vao.

Routing resources
around and between
ClLBs 10Bs columns Memory

(b)

)
}
(D

/,

(c) (d)
Hinh 1-41. Minh hoa cdu tric ASMBL cUa FPGA platform.

VIl. PHAN MEM LAP TRINH

D& st dung thiét bi logic 1ap trinh thi phdi c6 phin cting va phdn mém k&t hgp v6i nhau.
TAt cd cdc nha ché tao SPLD, CPLD va FPGA cung cAp phan mém hd tr¢ cho mdi thi€t bi phan
cting. Cdc géi phan mém nim trong danh sich phAn mém dudgc diing dé thi€t k& duéi sy gidp dd
clia may tinh — CAD. Trong phan nay phAn mém lap trinh dugc giGi thiéu mot cich tdng quat.

Sau khi k&t thiic phan nay ban c6 thé: gidi thich quy trinh 14ap trinh cho cdc thanh phin clia
thi€t k&, mod ta giai doan thi€t k&, mo ti giai doan mo phdng chitc ning, md ta giai doan tong
hgp, mo ta giai doan thi hanh, m6 td m6 phong theo thdi gian, md ta cdch tdi chuong trinh.
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Quy trinh 14p trinh thi€t k& dugc xem nhu 12 dong thi€t k& (design flow). Gidn dd dong
thi€t k& co ban diing d€ thuc hién thi€t k& logic cho thi€t bi 1ap trinh dugc trinh bay nhu hinh 1-
42. Hau hét cdc g6i phan mém riéng 1€ s& k&t hgp cdc cong doan clia quy trinh lai véi nhau va
qué trinh xtt Iy hoan toan tu dong. Thi€t bi d€ dugc 1ap trinh thudng dudc xem la thi€t bi dich
(target device)

Design entry |
[} Schemtic
[J HDL
l I‘ Synthesis

Functionl
stmulation

[ " Implementation - lv

Tuning -
l simularon

Devive

| Programming
(downloading)

Hinh 1-42. So d6 dong thiét ké"riéng quat dé lap trinh cho SPLD, CPLD hodc FPGA.

¢

Phai c6 4 thiét bi d€ c6 thé lap tr1nh~ch0 thi€t bi 1a: may tinh, phan mém I4p trinh, thiét bi
logic 1ap trinh (SPLD, CPLD hoidc FPGA) va: t]znet bi k&t n6i mdy tinh v4i thi€t bi 1ap trinh (cdp
hodc mach nap). T4t c4 c4c thanh phan nay du’dc mmh hoa nhu hinh 1-43.

T e

ta) Computer (b) Software (CD or Website download)
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(c) Device (d) Programming hardware (programming fixture or development board with cable for
conneclion o computer port)

Hinh 1-43. Cdc thiét bj co ban dé Iap trinh cho SPLD, CPLD hodc FPGA.
1 CACHTHETKE

Gia st ring ching ta c6 mot thi€t k€ mach dién logic mudn diéu khién bing thiét bi 1ap
trinh thi chiing ta c6 thé thi€t k& trén mdy tinh bing mot trong hai cdch co ban: thi€t k& dung so
dd nguyén 1y (schematic entry) va cich dung ngon ngit (text entry).

Pé diung cich thlel; k& bing ngdn ngit thi phdi lam quen véi ngdn ngit HDL nhu VHDL,
Verllog, ABEL hodc AHDL HAu hét cdc nha ché tao thi€t bi 1ap trinh cung cip cdc géi phan
mém hd trg ngon ngit VHDL ya Verilog bdi vi chiing 12 ngdn ngit HDL chuin. Nhiéu nha ché
tao con cung cAp thém ngdn ngL?ABEL AHDL.

Kiéu thiét k& dung so dd deh cho phép chiing ta dit cdc ki hiéu clia cdc cong logic va
cdc chtc ning logic khdc tir thu vién }en man hinh va k&t ndi ching theo yéu cau clia thiét k&.
Véi ki€u thi€t k& nay thi can bi€t cic ngon ngu’ HDL. Hinh 1-44 minh hoa cho c3 2 kiéu thi&t k&
cho mot mach dién logic AND-OR don gidn.* &

73

EE-“m(t Editor

File Edit View Prolect Ass:gnments Proce ; nls Window
/‘ ek
entity AND_OR is \f‘/} E
port (A0, A1, A2, A3: in bit; X: out bit); \(<’?
end entity AND_OR; \“~§j,j~~.}
r

architecture Log|cFunct|0n of AND_OR is
begin

X <= (A0 and A1 and A2 and A3) or
(A0 and not A1 and A2 and not A3);
end architecture LogicFunction;

(&) Text entry using VHDL to describe an AND-OR logic circuit

I
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Fﬂe Edit View Pro;ect Asmgnments Processing Tools Wmdow

i it
SR Sl LR R 2 S o o T e e i s
R R B e s e e s el e S R R

(b) Schematic entry of the same AND-OR logic circuit entered in (a)
Hinh 1-44. Minh hoa cho 2 kiéu Iap trinh.
Xdy dung so dé logic:
Khi xdy dung mach dién logic day di trén man hinh thi né dudc goi 1a sd @b phing “flat”.
N S LA s . PPN . LR A LA

Céc mach dién logic phicitap hon thi khé ma tuong thich v6i man hinh. Chiing ta c6 thé thi€t ké
mach dién logic thanh nhic¢i doan (segment), Iuu tri¥ méi doan nhu 12 mot ki hiéu khdi va sau
d6 k€&t nodi cac ki hieu khdi laI v01 nhau dé tao thinh mot mach dién hoan chinh — dugc goi 1a
thi€t k€ ¢6 thit ty. =

Vi du thi&t k&€ mach dién c6 bic i thifc SOP nhu sau:

~(AAAA+ RARA ) (AR ARS ARAR + RAAA)

Ching ta dung phuong phap thi€t k& c6 thu’ [ va xay dung mach logic cho 2 thanh phin
tdng trong phuong trinh, lam don gidn mdi mach dxen Jogic biing mot ki hiéu duy nhat, sau khi
thi€t k&€ xong cd 2 mach dién thi dit ching 1én man hmh va k&t ndi cdc ngd ra vdi cong OR dé
tao thanh mach hoan chinh — tit ¢4 dugc minh hoa bing }111}1}21 -45.

s N\GA EEE

File Edit View Project Assignments Processing Tools Window el
N

A Al —

o = T

“—Lg A ————y
b @k s Y
o ey
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| Graphic Editor R T
File Edit View Project Assignments Processing Tools Window i
va\

i Logicl
S
oy [——— AO
O—— Al )
@k Kt————— 4]
O0—— A2
o ——— A3 2

| Graphic Editor o S
File Edit View Project Assignments Processing Tools Window

‘Graphic Editor

File Edit View Project Assignments Processing Togls W §
IR =
A Logicl
i -
oy —— Ao .
[————— At ¥ -
& B A2 o
=] B A3 |

d. Lam don gidn khéi mach dién béng ki hiéu logic 2.
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£ Graphnc Ed]tur

| File Edit View Project Assignments Processing Tools Window ﬂ
AN Logicl ot
i I, A
i :

5 Al )
: O—cL - X

W, A2
& = A3
@ Logic2 :D—D z 5

e. K&t nbi 2 khéi logic 1va logic 2 béng cdng OR.
ng 1-45. Minh hoa cho kiéu I@p trinh tiing doan.

N
Toan bd mach dlen\ﬁr\én c6 thé dit 1én man hinh nhung phuong phép thi€t k€ theo trinh ty
rat tién 1gi khi mach dién logl%’/l‘gn va phdi chia ra thanh nhiéu phan.

O hinh 1-46e, mach dlenl\ogq\(; c6 thé 1am don gidn bing 1 ki hiéu khdc va dudc st dung
dé thi€t k&€ mach dién 16n hon hoac\s\the luu va dung lai cho cdc thi€t k€ khdc dugc minh hoa
nhu hinh 1-46.

R \
{7
A NKods
o o A0 &,
o Al A&
- X R
O A2 \oF
& o A3 G i
A
O Logic2 D 0.2
— A0
1 Al
5
A2
A3
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S E
A
9
G_(!J Logic3
& O——— A0
- e 7 f——=n
O———- A2
—] A3

Hinh 1-46. Luu thanh khéi logic 3.
2. MO PHONG CHJC NANG

Muc dich ciia chL’ré:"ang md phdéng trong dong thiét ké'1a dé€ ddm bio chdc chdn thiét ké
hoat dong diing theo yéu cdu truge khi tdng hop thanh thi€t k€ phan citng. V& cd ban sau khi
mach dién logic dugc bién dlCh thl sau d6 c6 thé md phdng bing cach cung cAp cic dang séng
dau vio va kiém tra dang séng ngo ra cho cdc t8 hop ngd vao cé thé c6 dung trinh soan thdo
dang séng.

Trinh soan thdo dang séng cho phép lira chon cdc nit (cac ngd vao va cdac ngo ra) mudn
ki€m tra. Tén cdc ngd vao va ngd ra da chonxuit hién trén man hinh soan thio dang séng bing
ki hiéu hoiic tén khac d€ xdc dinh cho mdi mot ngo vao hodc mot ngd ra — dudc trinh bay & hinh
1-47. Khi bit ddu thi tat cd cdc ngd vao mic nhién? © miic 0 va cdc dudng chéo song song tugng
trung cho tin hiéu chua x4c dinh. C6 thé lya chon céc khoang thdi gian @€ hién thi.

| Waveform Editor

| Name:

@ AO

S e TSN IO s ToReT O YT
*5% oSe%els s&’é‘

\ F R =

Hinh 1-47. Man hinh soan théo dang séng tdng quat .

Budc ti€p theo chiing ta xay dung dang séng cho mdi ngd vao bing cdch nhip vao 1 hoic
0 cho mdi khodng thdi gian. Hinh 1-48 trinh bay cdc dang séng ngd vao.

I
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| A2 - BERE | Bl

B~ A3 :
- 7 h‘r X\:: ,:Eﬁa\:f\f\\ ot (:/\'
AT -

Hinh 1-48. Thiét ldp cac dang séng ngd vdo.

Sau khi thi€t 14p cdc dang séng ngd vao thi m§ cita s6 diéu khi€én mo phdng d€ thiét 1ap
thdi gian bt ddu va thdi,gian k&t thic cho viéc mod phdng va chi dinh cdc khodng thdi gian hién
thi. Khi bit diu mo phong thi dang séng chia tin hiéu Z s& dugc hién thi trén man hinh dang
séng nhu hinh 1-49. N

K&t qua dang séng ngd ra % ciia vi du nay s& cho ching ta biét thiét k& hoat dong ding
hay khong diing. Trong trudng hgp wiy dang séng ngd ra 1a ding v6i dang séng ngd vao di
chon. Khi dang s6ng ngd ra khdng dung thl phal quay lai ki€m tra thi€t k& ban dau cho d&n khi
mach hoat dong ding.
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Hinh 1-49. Dang song ngd vao va ra khi chay mé phéng.
3. TONGHOP

Mbi khi mach logic dugc xay dung va dudec md phdng chiic ning d€ ki€m tra ding sai clia
mach logic thi€t k& thi phan mém bién dich di ty dong thyc hién mot vai cong doan d€ chuin bi
cho viéc nap thi€t k& vao cho thiét bi 1ap trinh.

Trong cong doan tong hop cia dong thiét ké thi thi€t k€ dudc t6i uu theo cdc thanh phan
dé 1am gidm s& lugng cOng, thay thé cdc phin tif logic bing cdc phan ti logic khdc ma chiing c6
thé thuc hién cling mot chiic ning nhung hiéu qua hon va loai trir cdc thanh phan logic thira.
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Ngé ra cudi cling tlif cong doan tdng hgp 1a liét ké k&t ndi (netlist) — ching dién t3 trang
thdi t01 vu ctia mach dién logic.

4. LETKE LUGI(NETLIST)

Liét ké 1uGi vé co ban 1a mdt danh sach liét ludi ma ching md ta cdc thanh phﬁn va cach
k&t nGi véi nhau. Téng quit, liét ké 1udi chira cdc tham chi€u mo ta cdc thanh phin va cdc phan
to dugc st dung.

M&i 1an mot thanh phan nhu cdng logic dudc st dung trong liét k& 1uéi thi né dude goi 1a
instance. Mdi instance c6 xac dinh liét ké cic két ndi. Cic diém két ndi dude goi 1a cic cdng
(port) hodc cdc chdn (pin).

Thudng thi mdi instance s& c6 mot tén duy nhat, vi du nhu néu c6 2 instance clia cic cong
AND thi mdt 1a “and1” va cdng con lai 12 “and2”. Ngoai tén ra con c6 tén khac, cic 1u6i la cic
dudng diy — ndi v6i nhau trong mach dién. Bdng liét ké cdc lui thudng md td tt cd céc
instance va cédc thudc tinh clia chiing, sau d6 mo ta tirng lu6i va dit biét 1a cdc port ndi v6i mdi
instance.

Mach dién logic AND-OR di thi€t k€ § trén dugc trinh bay & hinh 1-50a c¢6 thé dugc tdi
vu thanh mach dién hinh 1-50b. Trong phdn minh hoa nay, trinh bién dich thay th& c4dc c6ng OR
va bing mdt cdng OR c6 5 ng6, vio, bd hai céng ddo thira trong mach.
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(a). Mach dién thiét ké (b). Mach t6i uu sau khi téng hgp
Hinh 1-50. Minh hoa cho chiic nang tng hgp.

Phin mém téng hgp tao ra danh sich liét ké lu6i. Pé& minh hoa cho khéi niém tao ra danh
sdch ludi thi hinh 1-51a s€ trinh bay cdch gén tén cho ludi, gén tén cho instance va gan tén cho
10. Danh sich liét ké 1u6i dugc trinh bay & hinh 1-51b khong can thiét phdi giong bat ky danh
sach liét ké nao vé cti phap va khudn kho. Danh sdch liét ké nhim x4c dinh cédc loai thong tin
cAin @€ mo td mach dién. Mot khudn khd dugc dung cho bang liét ké cic ludi 1a EDIF
(Electronic Design Interchange Format).
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Netlist (Logic3)
net<names! instance<names, <froms; <to>;

instances: and1, and2, and3, and4, ands, orl, inv], inv2,
inv3, invd;
Inputfoutputs: 11, 12, I3, 14, O1;

13
3.

netl: andl. inportl;

net2: and !, inport2;
net3: andl, inport3: [3;
netd: and1, inport4; [4:
net3: and!, outport!; orl, inportl;
net6: and2, inport!; 11:
net?: and2, inport2; 13;

netd: and2, inportd; invZ, outportl;

net9: and2, inport4; inv4, outport!;

net10: and2, outportl: orl, inport2;

netll: and3, inportl; inv2, outportl;
net12: and3, inport2; inv3, outportl;
netl3: and3, inport3; I4;

netl4: and3, inportd; 11;

invl netl | o1 netl5: and3, outportl; orl, inport3;
1 FDO : metTZ[ et i"l\ 0 7 netl6: andd, inport1; 4;
A0 2 - netld =/ T2~ net26 net17: and4, inport2; 12;

e net!3 net!8: and4, inport3; invl, ontportl:
i ”I_“Dc,i a6 net]9: and4, inport4; inv3, outportl;
Al [:'> netl? 1 : et nel20; and4, outportl; orl, inportd:

net21: ands, inportl; inv1, outportl;

net?2: and3. inport2; inv4, outportl;

13 net23: and3. inport3; I3;

A2 > i net24: and5. inport4; 12;
net25: and3, outportl; orl, inport5:
14 r e nel26: orl, outport1; O1;
A3 S ® net24 —& end
(a) (b)

Hinh 1-51. So d& mach va danh sach liét ké.
5. PHANMEM TH HANH

Sau khi thiét k&€ di dugc tong hop thi trinh®ién dich thi hanh thi€t k€ — vé& cd ban cong
viéc nay chinh 12 sip x&p thi€t k&€ dé né c6 thé tuong thich véi thi€t bi 1ap trinh di chon bing
c4ch dua vao ciu tric va cdu hinh chan.

Qud trinh x@ 1y nay goi 12 1am cho tuong thich (fiteing). PE két thic cong doan thi hanh
clia dong thi€t k& thi phaAn mém phai biét thi€t bi 6 rang va cd @iy dd cdc thong tin chi tiét vé
chan. Dif liéu ddy di cho tit cd cdc thi€t bi thudng dugc Ivu trong thu vién clia bd nhd va ngudi
thi€'t k€& chi cAn chon diing thiét bi 1ap trinh.

6. MO PHONG THOI GIAN

Phan ndy nim trong dong thi€t k& dudc thyc hién sau khi phan mém thi hanh bién dich va
trudc khi nap chuong trinh vao thi€t bi. Md phdng theo thdi gian d€ ki€m tra mach dién hoat
dong tai tAn s6 thiét k& va khong c6 thdi gian tré hodc cdc vin dé vé thdi gian khdc 1am 4nh
hudng dén hoat dong ctia mach.

Phan mém thié€t k& diing cdc thong tin cla thi€t bi 1ap trinh nhu thdi gian tri hodn cda cic
cong d€ thuc hién mo phdng theo thdi gian cia thiét k&,

Khi m6 phdng chic ning da dugc thuc hién thi mach dién sé hoat dong ding theo quan
di€m logic. Khi mo6 phéng chiic ning thi cdc thong s chi dinh vé thi€t bi dich 1a khong can thiét
nhung khi m6 phéng vé thdi gian thi phdi lya chon thiét bi dich. Phin mém soan thio dang séng
c6 thé dugc dung d€ xem két qua mod phdng ciing nhu md phdng chifc ning dugc minh hoa nhu
hinh 1-52.
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Né&u khong c6 van dé gi véi két qua md phdng nhu dudc trinh bay & hinh 1-52a thi thiét ké
c6 thé nap vao thi€t bi 1ap trinh. Tuy nhién, gid st ring cdc khodng md phdéng thdi gian phat
hién khong déu hay khong giong nhau phu thudc vao thdi gian tré nhu dugc trinh bay & hinh 1-
52b.
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(b) Timing problem

Hinh 1-52. Minh hoa cho md phdng thgi gian.

Viéc thyc thi khong gidng nhau chi xdy ra trong mot khodng thdi gian rat ngin trong dang
séng. Trong trudng hdp nay can phdi phin tich thi€t k& mot cach cin than d€ tim ra nguyén
nhan va sau d6 hiéu chinh lai thi€t k& va lip lai cdc budc thiét k&.

7. LAP TRINH CHO THET Bl— HAY NAP CHUONG TRINH CHO THET B

Sau khi ki€m tra m6 phéng chifc ning vd mo phéng theo thdi gian va thi€t k& da hoat
dong ding thi c¢6 thé ti€n hanh download. Chudi bit nhi phian dudc tao ra tugng trung cho thiét
k& va dudc gdi dén thiét bi dich € ty dong dinh ciu hinh cho thi€t bi. Sau khi thuc hién xong thi
thi€t k&€ c6 thé dugc ki€ém tra bing mach dién thyc t&€. Hinh 1-53 trinh bay kh4i niém cho qua
trinh download.
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Hinh 1-53. Download thiét ké vao thiét bi lgp trinh.

vill. CAU HOI 6N TAP\@LBAI TAP

Cédu I-1. PAL tugng tru’ng cho cdigi?

Céu 1-2. GAL tugng trung cho, cdigl?

Cdu 1-3. Sy khac nhau gitta PAi: Va GALla gi?

Cdu 1-4. Mot macrocell ¢d ban Chl’I'El‘?:Cé;Q"[.hé\lnh phan nao?

Cdu I-5. CPLD 1 gi? X

Cau 1-6. LAB tugng trung cho cdi gi ?

Céu 1-7. Mo ta LAB trong CPLD MAX 7000 ?

Céu 1-8. Muc dich ctta bd md rong chia sé 1a gi ?

Cdu 1-9. Muc dich ctra bd m§ rong song song la gi ?

Cau 1-10. CPLD MAX II khdc v6i MAX 7000 & diém nao ?

Cdu 1-11. Sy khac nhau c¢o ban ciia CPLD hang Altera va hang Xilinx 1a gi?
Cdu 1-12. Hay mo td PLA ?

Cdu 1-13. PLA khic véi PAL 1a gi ?

Cau 1-14. FB tugng trung cho cdi gi ?

Céu 1-15. FPGA khéc v6i CPLD nhu thé nao ?

Cau 1-16. CLB tugng trung cho cdi gi ?

Céu 1-17. M6 ta LUT va cho biét chitc ning ctia n6 ?

Cdu 1-18. Sy khic nhau giita k&€t ndi bén trong toan cuc va cuc by trong FPGA 1a gi ?
Cdu 1-19. 1L.6i FPGA la gi ?

Céu 1-20. Pinh nghia thuat ngit IP ¢6 lién dén nha sdn xuat FPGA ?
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Céu 1-21. Pon vi thiét k& logic co ban trong FPGA Stratix II 1a gi?

Cdu 1-22. C6 bao nhiéu ALM trong LAB?

Cdu 1-23. C4i gi tao ra cdc ham logic t8 hop trong ALM?

Cédu 1-24. C6 bao nhiéu ham SOP ¢6 thé dugce tao ra tir mot ALM ?

Céu 1-25. Hiy cho biét tén clia 2 loai chic ning tich hgp trong Stratix II ?
Cdu 1-26. CLB trong FPGA cta Xilinx chia cai gi ?

Cédu 1-27. LC chtra cdi g1 ?

Cdu 1-28. Hay mo ta slice trong FPGA cua Xilinx ?

Céu 1-29. Chudi ndi ti€p SOP 1a gi ?

Cédu 1-30. ASMBL tugng trung cho cdi gi ?

Cdu 1-31. Hay liét ké cic cong doan ctia dong thi€t k€ cho mot thi€t bi 1ap trinh ?
Cdu 1-32. Hiy liét ké cdc phin tif cd ban dé 1ap trinh cho CPLD va FPGA?
Cdu 1-33. Hay cho hi¢t chifc ning clia bing liét ké ca 1udi ?

Cdu 1-34. C6 bao nhiéu him SOP c6 thé dudgc tao ra tr mot ALM ?

Céu 1-35. Hiy cho biét tén cia 2 loai chic ning tich hgp trong Stratix II ?

end
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