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GIO' THIEU VE MO BbUN

Vi tri, y nghia, vai tré6 mé dun

Day la mét md dun chuyén nganh dwgc hoc sau khi hoc vién da hoan
tat cac mo dun hd tro trwdc d6 nhu: Linh kién dién tt, mach dién t&, ky
thuat s6

Vi mach sé chtre nang tw 1au da co vai tro rat quan trong trong cac hé
dleu khién s6. Nhung van dé thwong gap trong thiét ké cac hé phirc tap
la sé lwong cdng qua nhidu va qua trinh thiét ké cling rat kho khan kém
theo do linh hoat cling kem. Mot bién phap khac phuc la phai tim ra mét
linh kién sé da nang co thé dap tng dwoc cac yéu cau trén. D6 la cac
hé vi mach sé 1ap trinh tlr nhirng thiét bi quy mé nhd nhw PAL, GAL cho
dén cac chang loai cé6 mat do tich hop 1én dén hang ngan céng logic,
vai chuc thanh ghi, hang trdm chan 1/O. Uu diém cla chang l1a giam
kich thwéc, cong suét tiéu thu, tang do tin cay, tinh linh hoat va dac biét
véi su tro gilip clia cac cdng cu hd trg phdn mém qua trinh thiét ké tré
nén don giadn rat nhiéu. Do d6 hién nay chung dwoc ap dung rat phd
bién trong linh virc may tinh cling nhw diéu khién tw dong trong cong
nghiép. Chinh vi thé kién thirc vé ho thiét bi khong thé thiéu dbi voi
cbng nhan stra chira dién t&r cong nghiép

Muc tiéu cia modun
Sau khi hoan tat mo-dun nay, hoc vién cé nang lwc:

Hiéu dwoc cAu tao, déc tinh ctia cac ho vi mach s6 1ap trinh nhw : PAL,
GAL, CPLD...

Nam dwoc cac rng dung co ban va théng dung ctia op-amp

Giai thich dwoc cac so dd (rng dung thuc té.

Lap rap va slra chira duwoc cac thiét bi dién tlr dung vi mach PLD

Muc tiéu thuwc hién cia mé dun

Phén tich dwgc cac mach rng dung vi mach PLD

Xac dinh dwoc cac nguyén nhan gay hw hong thwong xay ra trong thue
te

Thiét k& dwoc yéu ciu diéu khién dung PLD ké ca phan cing 1an phan
mém

Stra chira va thay thé linh kién hw héng

Kiém tra dwoc diéu kién hoat dong cla thiét bi.

NGi dung chinh cia mé dun
M6 dun vi diéu khién bao gdm 5 bai hoc nhw sau :

o=

Gidi thiéu chung vé PLD
Mang logic lap trinh
Ngoén nglr ABEL

Ho CPLD

Phan mém ISP Synario
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CAC HINH THU'C HOC TAP CHINH TRONG MO PUN

Hinh thire 1: Hoc ly thuyét trén 16p
- TAtcacacbaihoctlr1dén5
- Lam bai tap va tra I& cac cau hai tai lop.
- Giai cac cau héi va bai tap phan ly thuyét
- Viét cac chuong trinh bang ngdn nglr ABEL va ap dung phan mém ISP Synario

Hinh thirc 2: Hoc thwe hanh trong xwéng
- Giai thich nguyén ly hoat dong cta so dé thuc tap
- L&p rap mach theo so d6.
- Do kiém tra, chay thtr va ghi nhan két qua.
- Phan tich cac hw héng thuwéng gép va dé ra bién phap khac phuc
- Thyc hanh quy trinh stra chira.

Hinh thrc 3: Ty nghién cru
- Phan tich nguyén ly hoat déng cac may thyc
- Tham quan xi nghiép.
- Tham kh&o céac van dé lién quan trén sach bao, internet...

YEU CAU VE DANH GIA HOAN THANH MO BbUN
Vé Iy thuyét: Hiéu va thwc hién dwoc cac ndi dung sau
- CAu tao, dic tinh cta cac ho PLD
Tap lénh va chuong trinh viét bang ABEL
- Céu tao, dac tinh ho ispLSI 1016
- Phan mém ISP Synario
- Ung dung ISP Synario trong thiét ké dung CPLD
Vé thwc hanh: Co6 kha nang lam dwoc
- Thiét ké va thi céng mach dién theo yéu ciu
- Viét chwong trinh diéu khién va kiém tra hoat déng ctia hé .

Vé thai do
- Cén than, ti mi, chinh xac.
- Ngan nap, kiém tra an toan trwéc khi chay thir



BAI 1

Tén bai: Gi&i thiéu chung vé PLDs Ma bai: CIO 01 12 01

GIO'l THIEU

Bai hoc nay gidi thiéu so lwoc vé ciu tric va cac dac diém chung nhat vé cac ho vi
mach sb lap trinh cling nhw hwéng phat trién cta chang. Tt nhivtng bd EPROM dé Iwu triv
d( liéu dén mach logic da nang cé kha nang thuwc hién dwoc nhirng so db logic phirc tap
bat ky, tlr nhirng vi mach mat do tich hop thap lap trinh mét [an dén nhirng vi mach mat
do tich hop cao lap trinh nhidu lan va con cho phép lap trinh ngay trén hé théng ma
khéng can nhirng thiét bi nap chuyén dung, do dé lam tang dé linh hoat cho thiét bi tng
dung.

MUC TIEU THUC HIEN

Hiéu dwoc sw can thiét va y nghia trong thiét ké logic ctia ho PLDs

Biét cAu tao so dd logic, phan biét gitra cac ho PLDs

Biét pham vi &ng dung cda tirng loai PLD

C6 mét kién thirc chung vé cac phan mém hd tro' phat trién hé logic rng dung
PLD

NOI DUNG CHINH
N6i dung bai hoc tap trung vé cac chi dé chinh nhw sau:
e Lich st phat trién ctia PLD
e CAu trdc co ban ctia PLD
e Céac ho PLD trén thj trwdng
e Cac cobng cu phan mém hé tro théng dung
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1. LICH SU PHAT TRIEN

Trwéce thoi ky vi mach sé 1ap trinh (Programmable Logic Device) ra doi, thiét ké
logic s6 truyén théng thworng ding nhiéu vi mach TTL loai MSI va SSI két hop lai dé tao
ra cac ham logic mong muén. Nhirng nha thiét ké dwa vao nhirng sach tra ctu cac vi
mach sd dé tim hiéu chirc ndng va cac théng sé kj thuat, sau d6 méi quyét dinh st dung
cac vi mach sé can thiét cho yéu cau thiét ké cta ho. Diéu bat lgi cla viéc thiét ké nay 1a
st dung nhiéu vi mach dan dén nhiéu khuyét diém nhu: Kich thuwéc board mach 16n,
cong suét tiéu thu cao, dé hw hdng, thi cong kho khan, tdn kém...Néi chung Ia khéng kinh
té nhét 13 v&i nhirng yéu cau diéu khién phirc tap.

Vao nam 1975,cong ty SIGNETICS da gidi thiéu vi mach sé 1ap trinh khéng c6
bd nhé dau tién 82S100 (hién nay la PLS100) goi la mang logic 1ap trinh tru@ng (Field-
Programmable Logic Array). Napoleon Cavlan, ngu¢i duoc gO| la cha dé cta mach logic
lap trinh, luc bay gi® 1a nha quan ly nhirng rng dung PLA cua Signetics da thuwc sw hiéu
rang st dung PLA la phwong phap tét hon dé thiét ké va thay déi hé thdng sb. Trong khi
do, cong ty Harris da sém gidi thiéu PROM, ho trinh bay trién vong ctia PROM va da &ng
dung vao trong mét sé mach logic.

Céng ty National Semiconductor da ché tao mét na lap trinh cho PLA, c4u tao
ctia né gébm mdt mang AND 1ap trinh kém véi mang OR 1ap trinh, cho phép thuc hién té
hop tdng cac tich sb ctia ham logic tiéu chuin. Bang cach két hop cong nghé PROM st
dung nguyén tac cau chi v&i khai niém PLA, Cavian da thuyét phuc dwoc cac nha quan ly
cong ty Signetics dé dwa dw an PLAvao san xuét.

Vi mach PLA dau tién 82S100, la thanh vién dau tién cta ho vi mach IFL
(Intergrated Fuse Logic) c6 hinh dang 28 chan. CAu tric ctia PLA gdm mdt mang AND lap
trinh va mot mang OR lap trinh, né cho phép thwc hién td hop logic téng cla cac tich sb
don gian .

Ky sw John Martin Birkner la mét ngwdi quan tam dén PLA, vi 6ng 4y hiéu rang
nhiéu phuong phap thiét ké logic duwoc hoc trong treong thi khong ap dung duoc nhiéu
trong cdng viéc hién tai. Do d6, vao nam 1975 6ng 4y da roi thung ling Silicon dé dén
coéng ty Monolithic Memories (MMI), day la cong ty ché tao PROM va cac vi mach logic
tiéu chudn. Vi vay, Birkner cé diéu kién hon trong viéc tim hiéu PLA va cong nhan nhiing
wu diém ctia mach logic 1ap trinh nhwng déng thdi 6ng ciing nhan ra khuyét diém cda
PLA l1a c6 hai mang lap trinh. Sau d6, Birkner da dwa ra khai niém ma&i vé vi mach sé lap
trinh, vi mach nay cling twong tv FLA nhwng thay vi cé hai mang Iap trinh thi PAL
(Programmable Array Logic ) chi c6 mét mang AND lap trinh va theo sau la mang OR
dwoc gitr cb dinh (khong 1ap trinh ). Nhw vay méi céng OR sé& c6 mét tich sé ¢d dinh dwoc
ndi v&i ngd vao cta nd, do vay sé gidm dwoc kich thuwéc cla vi mach va cho phép tin
hiéu duoc truyén nhanh hon trong khi van cho phép thwc hién céac t6 hop logic. PAL
dwoc dong vé 20 chan. Sau mét thoi gian thuyét phuc cac nha quan ly cia coéng ty MMI
thay ré nhirng loi diém ctia PAL va ddng y san xuét. Vi mach dau tién thudoc ho PAL dwoc
phd bién la PAL 16L8, PAL 16R4, PAL 16R6, PAL 16R8. Cac vi mach nay co thoi gian
truyén tri hoan 35ns. Mbi vi mach cé 8 ngd ra va 16 ngd vao, trong doé ky tw L trong ky
hiéu cla vi mach biéu thj 8 t6 hop ngd ra tac dong & mic thap, ky tw R cho biét c6 4, 6
hay 8 thanh ghi & ngé ra twong rng.

Sau mét thoi gian khéi dau cham, cudi cing PAL da dwoc thiét ké trong hé thdng
thwe. Nhirng cdng ty may tinh mini da nhan thy dwoc wu diém cta PAL 1a cho phép ho
gidm sbé board can thiét @& thwc hién tét nhixng yéu cau thiét ké, cong ty MMI da chon
phwong phap san xuét PAL céng doan mat na ché tao theo yéu cau khach hang. Vao luc
nay MMI lai gi¢i thiéu moét ho vi mach méi HAL (Hard Array Logic) va dé san xuét nhirng
chi tiét nay cho hang Data General and Digital Equipment. MMI da thay ddi cach sap xép
cong doan mat na cau chi va thay vao dé 1a 16p lién két kim loai phu hop yéu cau thiét
ké cta khach hang. Nhirng chi tiét nay cé nhiéu lgi ich gbm mang lai nhirng két qua tbt
va kiém tra dé dang hon. Béng thdi khach hang ciing dwoc loi hon b&i khong phal quan
tam dén |ap trinh va kiém tra cac chi tiét. Diéu nay da mang lai sw cai tién vé phwong
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phap ché tao PAL, va dugc sy chdp nhan cuda thi triedng. Vao nam 1978, MMI da xuét
ban sach huéng dan PAL dau tién. D6 1a mot buwdc khdi dau d& PAL mé rong thé gidi
cta nhirtng nguoi thiét ké mach logic. Ngoai ra trong sach hwéng dan con trinh bay danh
sach chwong trinh gbc cla ngdn ng 1ap trinh FORTRAN cho PALASM (PAL Assembler)
dé la phan mém danh cho viéc thiét k& mach logic PAL. PALASM c6 thé bién soan, dinh
nghia logic cho mét khuén thirc. Ngoai ra PALASM ciing cé kha nang mé phdéng sw van
hanh trén phwong trinh mach logic theo nguyén tac PAL. Trong viéc lién két véi nhirng
nha thiét k& dé dinh ré nhirng “vector kiém tra”, PALASM cé thé |a mét sw that phu hop.
Tét ca nhirtng d&c diém cta PAL bao gdm viéc khic phuc nhitng khuyét diém cia PLA
két hop véi viéc thic ddy st dung PAL da mang dén két qua tét dep. PAL da nhanh
chong vwot qua ho vi mach IFL clia cong ty Signetics va dwoc phé bién trén thi trvdong,
thuat ngtr PAL da tré nén déng nghia véi PLD.

Trong lic 4y, cong ty Signetics tiép tuc phat trién ho IFL, va vao nam 1977 Signetics
gidi thiéu ho vi mach FPGA (Field Programmable Gate Array) 82S103, vao nam 1979 la
ho FPLS (Field Programmable Logic Sequencer). Ho FPGA c6 ciu taoc mét mang AND &
murc don véi ngd vao lap trinh dwoc va cwe tinh ngd ra cling vay cho phép thwc hién cac
ham logic co ban (AND, OR, NAND, NOR, INVERT), cu tric cia ho FPLS c6 chirc cac
FlipFlop dé thuc hién cac trang thai clia ham tuan tw. Ddng thoi Signetics ciing gidi thiéu
AMAZE (Automated Map and Zap Equations) 1& chwong trinh bién dich dé& hé tro cho
nhirng vi mach clia ho. Twong tw, nhitng cdng ty ché tao PLD khac da 1an lwoc gidi thiéu
nhirng phan mém hd tro cda ho.

Ca 2 cong ty Signetics va MMI tiép tuc gi&i thiéu nhitng PLD méi dé dap &ng tinh
da dang theo céac yéu cau thiét ké. Vao gitra nam 1980, mach logic lap trinh da dwoc thira
nhan cung v&i sy phat trién tinh da dang cua IFL va PAL da cé nhiéu gia tri cho nhirng
nguoi thiét ké. Mac du sy khdi dau thanh céng ctia PLD, tuy nhién chi mét sé it cac nha
thiét k& quen v&i viéc dung PLD, mét sé trwéng dai hoc da dwa vi mach logic lap trinh
vao nhirng khoéa hoc thiét ké cla ho.

Tuy thé, ki thuat logic 1ap trinh tiép tuc cai tién va nhirng vi mach phat trién & giai
doan th&r hai dwoc gi¢i thiéu vao nam 1983. Céng ty Advance Micro Devices ( AMD) da
gi¢i thiéu PAL22V10 véi nhivng déc diém dac biét 1a sy linh déng ctia nhirng cdng PLD &
10 ngd vao. Mé&i cdng PLD c6 kha nang té hop hodc véi thanh ghi & ngd ra hodc mét ngd
vao. Cdng dém ngbd ra ba trang thai dwoc diéu khién béi mot tich sb riéng cho phép van
hanh hai chiéu. T4t ca thanh ghi déu duoc reset tw dong trong qua trinh tat hay mé va
mébi thanh ghi cé kha nang “dat truéc”, d6 1a dic diém dac biét cho viéc kiém tra sau nay.

Vé&i nhirng vi mach méi, dwoc gidi thiéu thwong xuyén trén thj trwong da dan dén
viéc can thiét phai c6 mot phan mém hd tro trong qua trinh st dung PLD dé dat hiéu qua
cao.

Bob Osann da nhan thdy dwoc sw can thiét cia mét chwong trinh bién dich PLD
van nang dung cho tat ca PLD cla nhirng cdng ty ché tao khac nhau.

Vao thang 9/1983, Cong ty Assisted Technology da dwa ra phién ban 1.01a cla
chwong trinh bién dich PLD co6 tén la CUPL( Universal Compiler for Programmable).
Chwong trinh nay hd tro cho 29 loai vi mach, sy ra d&i ciia CUPL da gay dwoc sw cha y
cta nhiéu coéng ty ché tao. Cong ty Data I/O, nha ché tao cac vi mach |ap trinh 1&n nhéat
trén thé giéi (EPROM, PROM, PLD), da quyét dinh phat trién phdn mém hé tro' cho riéng
ho. Nam 1984, Data 1/O gi¢i thiéu ABEL (Advanced Boolean Expression Language), do la
chwong trinh bién dich PLD c6 d&c diém twong tw nhw CUPL nhwng né duwoc dau tw tiép
thi nén dwoc cac nha thiét ké chip nhan. Vi vay, ABEL da sém theo kip CUPL trén thi
trwong.

Sw ra doi ctia chwong trinh bién dich van ndng cho PLD da thac day nén coéng
nghiép thiét ké sb s&n sang cho viéc ap dung PLD cho nhirng thiét k& mé&i. Nhirng
chwong trinh bién dich van néng nay da dwoc cai tién hon so v&i cac chwong trinh bién
dich PALASM va AMAZE, né dwoc cung cap cho cac nha thiét ké dé thuwc hién cac mach
logic va mé phéng nhirng thiét bi. D6 la nhivng ddc diém tiéu chuan cta hai bd bién dich
van nang CUPL va ABAL. JEDEC ( the Joint Electron Device Engineering Council) dy
dinh san xuat mét bo bién dich PLD tao ra mét tiéu chuan dé s dung cho tat ca cac cong
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ty ché tao PLD hién nay va twong lai. Vao 10/1983, the JEDEC Solid State Products
Engineering Council dwa ra tiéu chuan JEDEC tht 3“. Tiéu chuan khuén thérc chuyén ddi
gitra hé thdng tao di¥ liéu va thiét bi 1ap trinh cho PLD”. Thang 5/1986, JEDEC tiép tuc
dwa ra tiéu chudn 3-A, tiéu chuan nay tré thanh tiéu chuén chung cho céng nghiép PLD.

Thang 7/1984, céng ty Altera gi¢i thieu EP300. D6 la vi mach s&r dung céng nghé
CMOS ctia EPROM, né cé déc tinh la cong suét tiéu thu thap, co thé xéa dwoc (dung tia
cwe tim) cuing mét sbé déc tinh mé rong khac.Nam 1985, mét ho PLD méi dwoc cong ty
Lattice Semiconductor gi¢i thiéu la GAL (Generic Array Logic). Lattice dung cdng nghé
CMOS clia EEPROM, c¢6 cac dac tinh ki thuat nhw cong suét thap, coé thé 1ap trinh nhiéu
lan ( x6a bang dién &p v&i thdi gian xéa khodng vai gidy). Vi mach dau tién ctia ho GAL
dworc ki hiéu la GAL16V8 c6 kha nang thay thé hoat dong ctia PAL (ddi v&i vi mach cung
loai).

Ngay cang nhiéu cong ty tham gia vao thi trvong PLD dé tao ra nhirng vi mach dac
biét va st dung nhiéu cdng nghé ché tao khac nhau. Vao nam 1985, cong ty Xilen tao ra
mot ho méi 1a LCA (Logic Call Array). CAu tric ctia LCA cé 3 doan: mét ma trén cua khi
Ioglc dwoc bao quanh la khdi vao ra va mét mang dudng div liéu ndi gian tiép. Dac biét
ctia LCA la PLD dau tién s dung t& bao RAM ddng cho chirc ndng logic. Wu diém cla
cAu tric nay |a khach hang cé thé kiém tra dwoc chwong trinh ctia vi mach, do ban chét
dé xda cta LCA, nén can phai lwu trir céu hinh ctiia LCA & bd nhé ngoai. Vi vay, LCA
khéong duwgc sir dung & nhirng trdng hop doi hoi s hoat dong ngay lap tirc khi khoi
déng may. Di kem v&i LCA la chwong trinh soan thdo XACT va bé mé phdng gitp cho
viéc stra 16i cho nhirng thiét ké trén LCA dwoc thuan tién.

Nam 1985, cbng ty Signetics v&i moét khai niém méi la PML (Programmable Macro
Logic). Vi mach PML dau tién cta Signetics PMLS 501, vi mach nay st dung céng nghé
lwdng cwe, va dwoc déng vo 52 chan .

Vao nam 1986, cdong ty ExMicroelectronic gi¢i thiéu ho ERASIC (Erasable
Application Specific 7C) sk dung céng nghé& EEPROM CMOS. Vi mach dau tién 1a
XL78C00 c6 dang 24 chan va diéu dac biét la XL78C00 c6 thé thay thé chirc nang cho
PAL va EPLA cung loai (khéng tinh dén téc do), di kém la mét phan mém hé trg ERASIC.

Vao nam 1986, cong ty Signetics quyét dinh thay dbi ho IFL thanh ho PLS
(Programmable Logic From Signetics). Vi du nhw tr 82S100 thanh PLS100, tr 825157
thanh PLS157. Sau d6 2 ndm, cong ty Actel da cai tién khuyét diém ho LCA 1a vi mach cé
thé hoat dong khong nhét thiét phai cé bd nhé ngoai. Pdng thoi cong ty Gazelle
Microcircuit da cdng bé phat minh cong nghé GaAs

(Gallium Arsenide). Dac diém clia cdng nghé nay la cai tién tbc d6 , cong suét cua
cac vi mach trén nén tang la cdng nghé silicon, cho phép vi mach lam viéc véi téc do
nhanh hon céng suét tiéu tan khi & mc trung binh.

Ung dung dau tién cta cong nghé GaAs dwoc cong ty Gazelle dwa ra la phién ban
cta PAL 22V10. Uu diém cGia mach nay la cho phép vi mach GaAs c6 thé twong hop voi
cac vi machTTL, do d6 céng nghé GaAS da dwoc (rng dung rdng rai. Sau mét théi gian
cai tién khéng ngirng, nhizng PLD thé hé sau d& dwoc (ng dung rdng rai trong ky thuat
phan cirng, né tré thanh céng cu can thiét cho nhivng ky sw thiét ké.

Sw phat trién trong céng nghiép PLD noéi riéng va véi cong nghiép ban dan ndi
chung da tao nén sy canh tranh ctia cac cong ty ché tao PLD trén thé gi6i. Do do, da co
nhiéu xung dét xay ra gitra cac cong ty trong viéc canh tranh thi trudng.

Vao nam 1986 céng ty MMI da kién hai cong tyAltera va Lattic vi da vi pham ban
quyén PAL. Két qua 1a hai cong ty nay da chap nhan thua kién va phai mua ban quyén.
Sau d6 coéng ty MMI mua cb phan trong cong ty Xilin va s& hitu ban quyén ho LCA. Sau
dé 1 n&m cong ty MMI hop véi AMD tré thanh mét tap doan san xuét cac linh kién ban
dan hang dau trén thé gidi. Tuy da hop nhét hai cong ty nhwng ho van tiép tuc phat trién
cac ho vi mach hién cé vi nhirng ho PLD nay da tré nén phé bién trén thi trwong. Vao
nadm 1987, coéng ty National Semiconductor da mua lai cong ty Fairchild va tiép tuc phat
trién ho PAL FASTPLA trén thi tredng.
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2. CAU TRUC CO BAN CUAPLD

Vi mach sb 1ap trinh trai qua thdi gian dai phat trién va cai tién da thuc sw mé ra
mot hwéng di méi cho nhirtng nha thiét ké. Uu diém caa PLD 1a gidi quyét dwoc vo sb
nhitng van dé thiét ké nho' vao nhiéu ho PLD khac nhau. Nhirng ho vi mach nay c6 céu
trdc va cong nghé ché tao khac nhau, do dé ching cé nhirng dac diém riéng dé trng dung
vao nhleu Iinh vire trong cong ngiép. Mac khac nguoi thiét ké con quan tam dén cac
théng s6 ky thuat ctia vi mach nhw téc d6, cdng suét tiéu thu, ngudn cung cép va coéng cu
hd tro dé lap trinh.

2.1 Ho vi mach PROM
PROM goi la b6 nh¢ chi doc 1ap trinh dworc. E)ay la ho vi mach déu tien dwoc st
dung nhu la nhung vi mach sb lap trinh theo quan diém cda vi mach sé. Cu tric cta
PROM rét don gian bao gom mot mang té bao nhé véi nhivng dwong dia chi ngo vao va
nhiing dwéng div liéu ngd ra. S6 dwong dia chi va dir liéu cho biét ma trAn nhé cua
PROM. M6t PROM don gian dwoc trinh bay & hinh 1.1

D7 3
oo %
A3
A2 D4

Ngé vao — A1 D3 > Ngé ra

AO D2

D1

DO

J

Hinh 1.1 CAu tao PROM don gian

PROM c6 5 dwéng diéu khién ngd vao cho phép tao ra 32 té hop logic va 8
dwdng dir liéu ra tao thanh mét ma tran nhéd 32x8, vi vay co téng céng 256 té bao nho.
CAu trac cia PROM gébm mo6t mang AND cé dinh theo sau 1a mang OR lap trinh, duoc
minh hoa & hinh 1.2.
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N AR VR R

: 17
L
O mang AND cb dinh cé 16 bién dwoc chon va lién két vai 4 tin hiéu ngd vao mang
OR. Do d6 bat ki mot lién két nao bj loai bd (nghia 1a ciu chi & d6 bi dwt, thi bién do sé
khéng c6 mat & biéu thirc ngd ra). Cac ham & ngd ra thay dbi tly thudc vao su két ndi
cla céac bién & ngd vao.

~ PROM thwong dwoc str dung dé giai ma dia chi va ¢ng dung dé lwu triv div liéu. Khi
thiét ké cac PROM, ngudi thiét ké phai chu y dén sy thay ddi mirc logic ngd vao (xay ra

Hinh 1.2 So db logic ciia PROM

Ghi chu: ] o )
- Dau x la nhitng diém ndi 1ap trinh dwoc (két noi bang mot cau chi)
- DAu @ 13 nhivng diém ndi cb dinh
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trong thoi gian ngan) khi dia chi ngd vao thay dbi. Phwong thirc ghi ctia PROM Ia khi ¢6
mot tin xung clock déng bo thi mach ngd ra chuyén sang trang thai khac. Bac diém nay
sé giup khac phuc dwoc van dé tap nhiém & PROM.

Khi khdo sat PROM, nguoi ta thwong quan tm dén tée do truy xuét div liéu. Théng
thuwong cac loai PROM cé thoi gian truy xuat dwdi 60 ns. Cac loai PROM thwéng stv dung
céng nghé lwdng cwc 1a nguyén tdc co ban dé& ché tao. Tuy nhién, khoa hoc tién bo da
phat minh ra cong nghé CMOS cho phép rut ngan thdi gian truy xuat. Céng nghé CMOS
dwoc dung dé ché tao EPROM, dé la mét dang PROM cé thé xéa dwoc bang tia cwc tim.
N6 da tao ra mot buwdc tién dang ké nhuw: EPROM WS57C256F ctia cong ty WaferScale
Integration cé dung lwong 32Kx8 vé&i thdi gian truy xuét la 55 ns, cong ty Cypress
Semicondutor gi&i thiéu PROM CY7C245 c6 dung lwong la 2048x8 véi thdi gian truy xuét
la 25 ns.

Trén day 1a mot vai vi du cho thdy cong nghé CMOS dwoc chip nhan cho nhirng
&ng dung thiét ké mach.

2.2 Ho vi mach FPLA ( Field Progammable Logic Array) ]
Ho vi mach FPLA dau tién dwoc cbng ty Signetics gidi thiéu vao nam 1975. Cau
trac cua FPLA la mot mang AND — OR don gian, dwgec trinh bay & hinh 3. 3.

C B A

| ! !
03 02 O1 00

Hinh 1.3 So dd biéu thirc ngd ra ctia FPLA

]
b

Mang AND — OR c6 thé Iap trinh d& thwc hién 4 ham logic bat ki v&i hai bién ngd
vao. M&i bién ngd vao duwoc dua qua cdng dém dé tao hai mirc logic 0 va 1. M&i mirc
logic nay dwoc nbi véi ngd vao cdng AND thédng qua mdt cau chi lap trinh. Tat ca 4 ciu
chi duwgce gilr nguyén.

Néu tat ca ciu chi déu théng, vi du nhw cdng AND c6 hai ngd vao la A va B, ngé ra
la K thi biéu thirc ngé ra cho cdng sé la:
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K=AABB

T két qua trén cho thay ngé ra ctia cong AND luén & murc thap, diéu nay khéng co
loi. Tuy nhién néu ta Iap trinh cho 4 cau chi trén, vi du ta chon A x B, ltc nay gia tri cta 2
bién nay sé& khong cé trong biéu thirc.

Biéu thirc ngd ra ctia cong luc nay la; K = A.B

Nguyén téc & day la lwa chon nhirng gia tri dé lap trinh, khi mét cau chi dwoc chon
nghfa la gia tri ctia né sé& khéng cé mét trong biéu thirc.

Lwu y mang OR trong mach & hinh 1.4. M&i ngd ra cong AND duwoc néi toi 1 ngo
vao cbng OR théng qua mot cau chi va mét Diode. Xét biéu thirc F1 gid st cac cu chi
déu théng, ta ¢ :

FI=K+L+M+N

Vi K,L,M,N la nhirng tich sb ctia AXB, F1 la tdng cac tich so cta hai bién A va
B. Bay gid ta sé& lap trinh bang cach lam dit cac cau chi thi cac s6 hang (rng v&i nhirng
cau chi bi dit s& khéng coé mat trong biéu thirc. Bang cach 1ap trinh cac ciu chi & mang
AND — OR (nghfa |4 loai bé gia tri gia tri ctia n6 trong biéu thirc) FPLA c6 thé tao ra cac
ham logic khac nhau theo mach thiét ké chi v&i hai bién ngd vao. Lwu y nhirng Diode
trong mang OR dwoc dung dé bao vé ngan mach.

So db mach trong hinh 1.4 1a mét vi dw don gidn cGa ho vi mach mang logic 1ap
trinh trwong. Néu vi mach do codng ty ché tao da dwoc lap trinh bang cdng doan mét na
véi cong nghé lwéng cwe thi chwong trtinh ¢b dinh khéng thay déi dwgc. Do d6 vi mach
nay dwoc goi 1a PLA. Néu vi mach dwoc san xuét dé ngudi st dung coé thé lap trinh thi
goi la FPLA
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Hinh 1.4 So d6 logic FPLA PLS153

2.3 Ho vi mach FPLS ( Field Programable Logic Sequencer)

Ho FPLS dworc gidi thiéu vao nam 1979, FPLS c6 cAu tric mé phdng theo c4u tric
cta FPLA nhung dugc bd sung thém nhirng thanh ghi cho phep ‘preloading” trang thai
cua thiét bi. Mot vai thanh ghi o’ ngd ra dwoc dua hodi tiép vé mang AND lap trinh va mot
sb khac cé nhung thanh ghi ngadm (nhirng thanh ghi dwoc bd sung trén chip va khong ndi
véi chan ctia ngd vao hay ngé ra) bb sung véi thanh ghi ngé ra, né cé thé hdi tiép hoac

khéng héi tiép.
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Hinh 1.5 So d6 logic FPLS PLS 157

So db logic ctia vi mach PLS157 dwoc cong ty Signetics gi¢i thiéu duwoc trinh bay &
hinh 1.5, c6 hinh dang bén ngoai 20 chan, cé clu tric16x45x12. PLS157 cé 6 thanh ghi
va 6 t6 hop & ngd ra. Cac té hop & ngd ra co chirc nang nhat, nhirng thanh ghi dwoc ciu
tao bang nhitng céng ddo M(M,-Ms). CAu tric méi clia PLS157 ¢6 nhivng dac diém dang
lwu y 1& nhitng thanh ghi cho phép chét nhirng tin hiéu & ngd vao va nhirng tin hiéu nay
dwoc dwa téi mang AND. Ngoai ra vi mach con dwoc thiét ké mét méang bb sung (mang
bu). Pay la tdng sé hang bu va dwoc thwe hién nhw mét ngd vao ctia mang AND, né cho
phép bd sung thém nhiéu té hop.
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2.4 Ho vi mach FPGA ( Field Progammable Gate Array).

Ho FPGA dwoc Signetics gidi thiéu vao nam 1977 dwoc s dung dé thay thé cho
nhirng cdng nhiéu ngd vao tiéu chuén, cAu tric cta né bao gdm mot mang AND 1ap trinh,
v&i lap trinh cyc tinh & ngd ra. Chi véi mot cdng AND cé thé bién dbi thanh cdng NAND,
NOR hay céng OR. Mé&i cdng AND trong FPGA cé thé bién dbi thanh cac cbng logic khac
nhau.

FPGA ciing duwoc bb sung linh ddng hon nhitng cong tiéu chuan khac. Vi mach dai
dién cho ho FPGA la PLS151, c6 hinh dang 20 chan dwoc trinh bay & hinh 3.6. PLS151
c6 6 ngd vao, 12 ngd ra va cé tin hiéu héi tiép dwa vé& mang AND dwoc st dung nhw
nhirng ngd vao. Cé thém 3 tich s6 dwoc tao ra bdi 3 dwong diéu khién, cac tin hiéu nay
diéu khién nhirng cdng dém ngd ra 3 trang thai. FPGA thich hop trong cac thiét ké dé giai
ma dia chi va dwgc thém vao cac chirc nang khac.

2.5 Ho vi mach PAL ( Programmable Array Logic).

PAL & mét ho phd bién nhat trong ho PLD dwgc MONOLITHIC MEMORIES INC
gi&i thiéu vao ndm 1978. PAL dwoc dang ky ban quyén vé ciu tric cta céng ty MMI. C4u
trac cta PAL bao gdm mét mang AND 1ap trinh theo sau la mét mang OR c¢6 dinh, ciu
trdc nay dwoc cai tién tr nhirng khuyét diém ctia ho FPLA. Hinh 3.7 minh hoa cho c4u
tric don gian cta PAL. Do loai b viéc st dung cau chi & mang OR, do d6 sb lwong tinh
thé Silicon dwoc str dung giam, dan dén gia thanh cla PAL thap hon so véi FPLA. Mat
khac thdi gian tri hodn ctia PAL ngén hon so véi FPLA do gidm dwoc sw tri hodn khi
truyén qua mang OR.

Khao sat PAL16L8 c6 hinh dang 20 chan so dd logic dwoc trinh bay & hinh 3.8. Vi
mach nay c6 8 t& hop ngd ra, mdi ngd ra dwoc dao véi 7 tich sd clia ngd vao, 6 trong 8
ngd ra dwoc hoi tiép vé mang AND, cho phép nhirng chan nay duoc sir dung véi chirc
nang 1/0. Do PAL16L8 cé ngd ra tac dong & mirc thap nén no coé thé két hop véi cac IC
khac cung mét mire tac dong.
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Hinh 1.8 So d6 logic PAL 16L8
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PAL16L8 dwoc rng dung trong linh vc gidi ma dia chi, né thuan tién trong viéc két
hop v&i cac bd vi xtr Iy va thiét bi ngoai vi vi cing mét mirc tac dong. V&i nhivng dac tinh
nhw téc d6 twong dbi cao, gia thanh thap, thoi gian truyén tri hodn khoang 7,5ns nén
PAL16L8 rat phd bién trong cong nghiép PLD. Ngoai ra PAL16L8 c6 mét dac diém mai so
v&i cac ho trudc la co cau chi bdo vé, né dung dé chéng sy sao chép, gitp bao vé noi
dung bén trong. Ngoai PAL16L8 céng ty MMI con gi¢i thiéu cac loai vi mach khac nhw
PAL16R4, PAL16R6, PAL16R8. Cac vi mach nay cé ciu tao gibng nhw PAL16L8 nhung
& ngd ra st dung thém cac FF D dé chét tin hiéu ngé ra.

Mot thé hé vi mach PAL dwoc cong ty AMD gi&i thiéu 1a PAL22V10 véi hinh dang
24 chan duwoc ché tao béng cong nghé CMOS thay thé cho céng nghé Iuwdng cuc. Pac
trng cda vi mach nay la ¢ ngd ra dwoc cho qua cong PLD.

Ngoai viéc tdng sb bién ngo vao vi mach nay con cé moét sd dac diém nira la trong
ham logic cac thanh phan tich s c6 thé thay dbi tir 8 dén 16 bién. Diéu nay sé giup cho vi
mach thwc hién nhiéu phucmg trinh phirc tap. Nhd vao ciu tao & ngo ra cac cong PLD
nén cac ngd ra hoac vao cua vi mach cé dac tinh giao tiép 2 chiéu, diéu nay lam tang kha
nang xt ly ctia vi mach va tao sw thuan loi cho viéc thiét ké. Do nhirng dac diém da duwoc
cai tién nén cac thé hé vi mach PAL dwoc phd bién rong rai (d&c biét la nhém vi mach 20
chan) va PAL dwoc xem la ho vi mach dai dién cho ho vi mach s6 lap trinh.

Ngoai ra cac cong ty ché tao PAL c6 chon Iwa trong viéc ky hiéu cac sé trén mét vi
mach. Diéu nay cung cap cho ngudi str dung nhirng thong tin can thiét cé lién quan dén
(rng dung cua vi mach. Cac ky hiéu trong viéc danh sd cta ho PAL néi chung bao g(‘)m 2
s6 dém dwoc tach roi nhau béi 1 hay 2 ky tw. S6 dan tién trong tén vi mach cho biét sé
ngd vao cla vi mach (day chinh la sé bién ngd vao ctia mang AND). Sé thi¥ hai biéu thi sb
ngd ra cla vi mach. Ky tw ndm gitra 2 s chi ra y nghia cac thudc tinh cta ngd ra. Mot sb
méa Ky tw co y nghia la:

H tac dong mirc thap.

L tac dong muirc cao.

P tac dong ngd ra co thé 1ap trinh.
C phan bd sung cac ngd ra.

S bod tuan ty.

Céc ky hiéu cta vi mach ho PAL duwoc xem 1a nhirng hwédng dan co ban cda vi
mach. Ngoai ra cac cdng ty ché tao con cung cap ban théng sbé kj thuat va so dd logic
cda vi mach kém theo dé lam tai liéu tham khao cho cac nha thiét ké.

2.6 Ho vi mach GAL ( Generic Array Logic).
GAL la mét nhém cta cédng nghé EEPLD, né dwoc gidi thiéu va phat trién béi cong
ty Lattice Semiconductor Comp. Coéng ty nay da dwa ra mot khai niém vé céng PLD c6 ky
hiéu Ia OLMCs (Output Logic Macrocells).
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Vi mach nay ciling c6 nhirng dac diém la co thé x6a bang dién va lap trinh lai bang
cac phan mém va codng cu hd tro. Khdo sat cAu tric cla vi mach GAL16V8 dwoc trinh
bay & hinh 1.10, GAL16V8 c6 hinh dang 20 chan 1a mét vi mach phd bién trong ho GAL.

M&i moét OLMC c6 8 ngd vao twong duwong véi 8 tich sé trong mét biéu thirc. Ngoai
ra OLMC ciing c6 tin hiéu hoi tiép dwa vé dé diéu khién, tin hiéu xung déng ho, tin hiéu
hdi tiép v& mang AND. Céac vi mach GAL dé&u c6 hd tro nhirng thanh ghi “Preload”, diéu
nay co ich trong viéc kiém tra vi mach. M&t khac moét thé hé vi mach méi dwoc phat trién
la vi mach |ap trinh hé théng ky hiéu Ia iSpEELD (In- system Progammable).

Vi mach dau tién 1a ispGAL16Z8, cau tric ctia n6 gan giong voi GAL16V8 nhung
dwoc thém vao 4 chan dé diéu khién Iap trinh. Trong hé thdng ispGAL16Z8 cho phép chu
ky lap trinh 12 10000 lan va dir liéu dwoc gitr ¢d dinh trong khoang théi gian 20 nam. D6
ciing 1a quy dinh ctia nhi*rng vi mach theo nguyén tdc EPROM. CAu tric ctia ho GAL la sy
lap lai cAu tric ctia ho PAL va nhirng dé&c diém cta ho GAL dwoc thiét ké dé két hop voi
nhirng vi mach ho PAL. biéu nay duoc thé hién qua viéc ky hiéu cac vi mach ho GAL va
cAu truc té bao bao vé cla no.

2.7 Ho vi mach PEEL (Progammable Electrially Erasable Logic).

Ho PEEL dwoc cong ty International Cmos Technology INC gidi thiéu. N6 duwgc ché
tao v&i cong nghé EEPROM. CAu tric cia PEEL ciing twong tw nhw PAL va GAL, né
duwoc x6a bang dién va lap trinh cling nhd vao phan mém hé tro. Khdo sat vi mach
PEEL18CV8 duwoc trinh bay & hinh 1.10.

Vi mach c6 20 chan véi 8 ngd ra dwoc ciu tao bédi cdng PLD, méi ngd ra co 8 tich
sb trong mot ham cdia biéu thirc va cé moét tich sb riéng dé diéu khién cbng dém ngd ra.
Cuwc tinh ngd ra ciing dwgc lap trinh cac thanh ghi & ngoé ra clda vi mach dwoc Reset
khéng déng bod, ngoai ra cac thanh ghi cé thé dwoc chbt bén trong khi ngd ra dugc diéu
khién b&i mot biéu thirc ctia tbng cac sb hang clia ngd vao. Pac diém nay dwoc cai tién
hon sb v&i cac vi mach PAL16V10 hay GAL16V8.
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Cong ty Altera Ian dau tién gioi thiéu thuat nglr xéa cac PLD bang tia cwc tim va
né da tré thanh thuat ngr chung cho cdng nghé PLD dé tham khao cho cac vi mach lap
trinh x6a bang tia cwc tim. Tl khi kh&i dau, cong ty Altera thay ddi cong nghé ché tao
PLD tir cong nghé lwdng cwc sang cong nghé CMOS vi céng nghé CMOS dat dwoc hiéu
suéat cao vé khong gian (mét do tich hop cao hon). Nhw PAL16L8 c6 mat do tich hop tir
100 lén 150 cdng, PAL22V10 c6 500 dén 600 cdng va EP310 (1a vi mach dai dién cho ho
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EPLD) c6 trén 1000 cbng. Hinh 3.12 trinh bay so db khéi ctia EP310 ¢ 20 chan cAu trac
gdm 8 cdng PLD, xung x6a khéng déng bo va cé thé dat truéc cac tich sb.

CAu truc ctia céng PLD bao gdm ca khéi diéu khién cau tric I/O. C4u hinh ctia ACB
gidng nhw cAu trac cta cdng PLD cla vi mach PAL va GAL nhung cé chirc nang hoat
dong don gian hon. Trong d6 mdi cdng c6 8 bién ngd vao cung véi mot bién dé diéu
khién céng dém ngd ra. Nhe vao cu tric ACB /0 ma EP310 c6 cac tin hiéu t& hop ngd
ra tac dong & mirc cao hodc thap hay cac tin hiéu dwoc ghi ciing tac ddong & mirc cao
hodc thap. Déi véi tin hiéu hdi tiép vé mang AND duoc dwa vé tir thanh ghi & ngé ra. Cac
céng dém ngd ra duoc didu khién bang cac bién riéng cho phép cac chan cla vi mach ¢
thé hoat ddng hai chiéu. Ngoai ra EP310 ciing cé cau chi bdo vé& chéng sao chép va gi®
day cau chi bao vé tré thanh mét tiéu chuén cho cac thé hé PLD mai. Mot sb vi mach tiéu
biéu cho ho EPLD Ia EP900, cé cau tao 40 chan, bén trong c6 24 khbi ACB, mat dé tich
hop hon 1000 cbéng véi cac té hop ngd ra coé lwa chon. Nhwng trong twong lai kj thuat
ngay cang phat trién thi mat do tich hop co thé 1én dén hon 10000 cbng logic trong mot
chip.

Ngoai vi mach EP900 thi cong ty Altera con gidi thiéu vi mach EP1800 c6 68 chan
vdi cac chire nang dwoc mé rong hon so véi EP900 vi sb cdng logic trong IC dworc tang
gap doi va sb ngo vao cling vay. Vi mach EP1800 c6 thé thyc hién dong th&i 4 chire nang
khac nhau, c6 thé xem nhw dé la 4 vi mach roi. Nhitng vi mach s0 1ap trinh dang hwéng
dén mat do tich hop trén 1000 céng logic trong mét chip thi dang gay anh hwdng dén cac
PLD c6 mat do tich hop thap. Céng ty Cypress Semicondutor dang san xuét cac san
phadm (rng dung c6ng nghé CMOS cé téc dd cao. San phadm canh tranh ctia ho chi yéu 13
cac ho PAL théng thwdng va PAL 22V10 da tao ra thé hé PAL cé cong suét thap, toc do
cao nén dwoc wng dung rong rai vao cac linh vwc cong nghiép khac nhau. Nhirng vi
mach phd bién cta coéng ty Cypress Semicondutor nhw CY7C330, CY7C331 va
CY7C332.
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2.8 Ho vi mach PML ( Programmable Macro Logic).

Ho vi mach duoc cong ty Signetics str dung cau tric maéi goi 1a “foldback” (gap ve)
Mach logic “foldback” st dung mét cong NAND don hay mang NOR két hop véi mot cau
trac lién két 1ap trinh trung tdm cho phép thuwc hién nhiéu murc logic khac nhau dé lién két
vé&i macro ngd vao va ngd ra. Nhw trong ho vi mach PML, mét mang NAND dwoc swr
dung vi céng NAND c6 té¢ d6 truyén nhanh nhat trong cong nghé luéng cuc.

T khoa macro dé tham khao mét khdi chirc nang va cé thé xac dinh mét tin hiéu
ngd vao, mdt cong dém ngd ra hay bat cr moét ham logic nao nhw FF, mach dém hay
mach t6 hgp. Cong ty Signetics phan loai cac macro nhw sau: ngd vao la macro ngé vao,
macro ngd ra va nhirng khédi chirc ndng khac nhw thanh ghi hay mach té hop thi goi la
macro chirc ndng. Macro ctia ho ML mé t& & hinh 1.13. So vé&i cau tric madng AND — OR
cla cac ho IC PAL va FPLA thi cAu tric mang NAND phurc tap hon. D& don gién cho viéc
tim hiéu, xét vi du sau:

Hinh 1.14 a trinh bay mét mach logic don gian s dung c4u tric AND — OR cta ho
vi mach PAL va hinh 3.14 b s dung cau traic NAND — NAND v&i chirc nang twong tw
nhwng c¢6 wu diém 1a khdng bi gidi han véi cac ham cé hon 2 cép logic. Méac khac, ciu
tric ctia PML tan dung téi da cac cbng logic va cac kha nang hoat déng ctia vi mach.

Vi du nhu & ho PAL va FPLA khi can thém moét bién & ngd vao sé chon dwdng tin
hiéu ngd ra xem nhw moét dwdng tin hiéu ngd vao, do d6 sé lam tang thdi gian truyén va
lang phi mot ngé ra. Béi véi ho PML thi tat ca cac ngd vao clia cdng NAND dwoc st dung
nhw la ngd vao cla tin hiéu va cac ham logic dwoc thue hién véi cau trac 3 cép logic. Vi
mach dai dién cho ho PML I& PLHS 501 c6 c4u tao gdm 72 céng NAND trong d6 co 44
cdng NAND dwoc dung dé hé tre cho macro ngé ra. Vi mach cé 24 ngd vao, 8 cdng dém
XOR & ngd ra v&i 4 cdng tac dong & muirc thap , cd 4 cong tac ddong & mirc cao va co 8
dwéng div liéu 2 chiéu. Vi mach c6 52 chan véi kiéu chan theo dang PLCC. Hinh 3.15
trinh bay cau truc ctia PLHS 501 .

Céc cdng dém ngd ra 3 trang thai dwoc diéu khién bang tirng cong NAND riéng dé
tao nén tinh linh hoat trong thiét ké.
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2.9 Ho vi mach ERASIC(Erasable Programmable Application Specific IC).

Ho vi mach ERASIC dworc gidi thiéu bdi cong ty Exel Microeletronics cé cau tric
twong tw nhw ho PML nhung dwoc ché tao béng cébng nghé CMOS EEPROM khac voi
ho PML dung céng nghé lwdng cwc . Mot déc diém khac biét nira la ho ERASIS str dung
cAu tric mang NOR , vi trong cong nghé CMOS cbéng NOR c6 thdi gian truyén nhanh
nhét. Vimach dau tlen cla ho nay la XL 78C800 cé 24 chan vé&i mat do thich hop khoang
800 cong.

XL78C800 cé 12 ngd vao va 10 chan I/O dwoc lién két véi cac cbng lap trinh. Chan
s6 1 la dwéng cung cép tin hiéu xung clock cho FF JK, chan 13 diung dé diéu khién cac
cbng dém ngd ra cho cac cbng lap trinh, 8 ngd vao dwoc dwa vao mang NOR théng qua
cac mach 1at, 2 céng NOR dwoc str dung dé diéu khién mach lat. Ngé ra ctia cdng NOR
duwoc cAu tao béng cac khéi PCE (Polarity Control Element ) dé tang tinh ling hoat.

XL78C800 c6 32 bién & ngd vao cong NOR, hai bién dung dé diéu khién mach lat
va c6 30 bién dung cho cbng lap trinh.

Hinh 1.17 trinh bay so dd logic cta cdng lap trinhtrong vi mach XL78C800.Cé6 ba
ngd vao cla tin hiéu J,K,0 dwoc dwa vao cdng lap trinh.Véi hai bién J,K dé diéu khién FF
JK. Tr cbng 1ap trinh ciing c6 4 dwong tin hiéu dwoc dwa vé mang NOR. Chan cda vi
mach két hop véi cac cbng lap trinh dwoc két ndi véi ngd vao cla bd da hop (IN-MUX) va
ndi v&i cdng dém ngd ra. Ngoai ra con cé cac dueng tin hiéu xung clock va xung xo6a
khéng ddng bd cho FF JK, mét dwdng tin hiéu OE dé diéu khién cdng dém ngé ra. Bo da
hop ngd ra sé lwa chon cac tin hiéu tr bién O hay tr ngd ra ctia FF JK. O IN- MUX cho
phép tin hiéu vao di mé&i mang NOR tr chan IC hay tir bién O ctia madng NOR. Chan diéu
khién cta bd da hop ngd ra OE-MUX dung dé diéu khién cdng dém ngd ra hoat déng 1
chiéu hay 2 chiéu hay & trang thai tbng tré cao. So' d6 cbng lap trinh & hinh 1.17

So db cdng lap trinh trén trinh bay 3 ché do lam viéc ctia vi mach. Thoi gian truyén
ctia vi mach ho ERASIC Ia 35 ns cdng véi thoi gian truyén qua mang NOR 14 20 ns do d6
thoi gian truyén cla vi mach la 55 ns, dong tiéu thu 35 mA, so v&i dong tiéu thu cua
PLHS 501 Ia 250 mA. Qua s so sanh trén cho thay céng suét tiéu thu cia ho ERASIC
thap hon ho PML, d6 1a wu diém cta cong nghé CMOS.
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2.10 Ho vi mach LCA ( Logic Cell Array)

Ho LCA duoc cong ty Xillinx gioi thiéu dwa theo cac ciu tric cta cong ty MMI, da
trinh bay mét ciu tric déc dao trong cac ho ctia PLD. Céu truc truyén théng ctia cac ho vi
mach PAL va FPLA |a cac mang AND — OR. Cac cdng lap trinh cé c4u tric ctia ho LCA
goi la cAu trac 1ap trinh cho nguwdi st dung. Déc biét 1a trong céu tao clia LCA, ho dung
RAM ddng dé tao ra cac chirc nang logic theo yéu cau thiét ké. Nhwoc diém cla cac té
bao RAM déng thwdng khéng 6n dinh. Do d6 cac chirc ndng sé tré lai trang thai ban dau
khi mét dién. D& hé tro cho van dé& nay ho st dung thém phwong phap lwu trir méi cé
chirc nang twong tw nhw ROM. Céu tric ctia LCA dwoc mé ta & hinh 3.18, bao gdm moét
khéi IOB bao quanh ma tran ctia khdi LCB.
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Lién két cac dwong tin hiéu doc va ngang gitra 2 khdi gidp cho viéc két néi gitra 2
khéi thém thuan tién. Vi mach dau tién ctia ho LCA la XC 2064, cé mat do thich hop kha
phirc tap khodng 1200 céng logic, 58 khdi IOB cting mét ma tran 8x8 hang va cot tao ra
64 khdi CLB. Tao ra mét vi mach khac 1a  XC 2018 cé mat dé tich hop khoang 1800
cbng, c6 74 khéi 10B cung mot ma tran 10x10 tao ra 100 khdi CLB. Vi mach cé cac
duwdng tin hiéu xung clock, tin hiéu reset dac biét va mach tao dao dong thach anh bén
trong IC duing dé két néi véi cac phan tir dao déng bang thach anh bén ngoa|

Hinh 1.19 trinh bay so dd cta khéi IOB, bao gom 1 cbng dém ngd vao, bd da hop
IN — MUX va FFD. Mwrc dién ap ngwdng & ngd vao cong dém thich hop cho ca hai ho
TTL va CMOS. Ngé ra ctia FFD duwgc néi véi ngd vao ciia bd da hop va & ngd ra ctia bod
da hop c6 thé ndi 1 hay nhiéu khbi CLB. Ngé ra cta khéi IOB gém 1 cdng dém 3 trang
thai dwoc ndi thang téi chan IC.
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3. PHAN MEM HO TRO' PLD

Céac phan mém hé tro cho cac vi mach Iap trinh dwoc cac cbng ty phat trién lién tuc,
ngdy cang cé nhiéu tinh da dang, c6 thé hd tro cho nhiéu loai vi mach khac nhau nén co
tinh canh tranh manh mé trong thj trwd'ng vi mach 1ap trinh.

3.1 Phan mém PALASM 2 (PAL Assembler)
PALASM 2 cta cong ty MMI la phan mém tiéu chuan cho cac vi mach lap trinh. Day
la bo bién dich thé hé thir 2 hd tro cho cac vi mach hoat ddng khéng déng bd, nhw cac vi
mach ho PAL cua céng ty MMI, vi mach ho PLA va cac vi mach cta cong ty AMD.

3.2 Phan mém AMAZE.

Phan mém AMAZE duwoc cong ty Signetics phat trién va né dwoc cung cip cho cac
khach hang st dung vi mach 1ap trinh cta cdng ty. Module chinh cia phdn mém AMAZE
la BLAST ( Boolean logic & State Transfer) dung dé bién dich cac thdng tin ngé vao
chuyén dbi sang céc file chwong trinh chuan cia Signetics (cac file c6 phan mé réng 1a
STD ’). AMAZE hd tro d& md phdng cac vecto kiém tra dé thiét ké theo yéu cau cla
ngwdi st dung.

3.3 Phan mém PLAN ( Programmable Logic Analysis).

Phan mém PLAN duoc cong ty National Semiconductor gioi thiéu hé tro' cho cac vi
mach lap trinh c& vira va nhd. PLAN la mét ngén nglr don gian, dung dé thuc hién cac
biéu thirc clia dai sb Boolean va cé kha ndng giao tiép v&i cac cong cu lap trinh dé lap
trinh cho vi mach.

3.4 Phan mém HELD (Harris Enhanced Language for Programmable
Logic).
Cong ty Harris phat trién phan mém HELD dé hé trg cho cac khach hang stiv dung vi
mach lap trinh ctia ho. HELD st dung giao dién twong tw nhw phdn mém PLAN nhung
cling cé nhitng diém khac biét. HELD khoéng c6 kha nang lwa chon cac vi mach Iap trinh
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nhung c6 kha nang kiém tra 16i tdng quéat. Ngoai ra HELD con yé&u ciu cac phwong trinh
ngd vao & dang tdng céac tich ( SOP).

3.5 Phan mém PLPL (Programmable Logic Programming Language).

PLPL dwoc cong ty Avanced Micro Devices gidi thiéu vao nam 1984. bay la phan
mém tién bd nhét so v&i cac phan mem trwdc, co nhirng dac diém méi va kha nang cai
dat dwgc mo rong hon so voi phan mém AMAZE. Nhitng dac diém méi nhw cho phép
dinh nghia va st dung cac chan cua vi mach cho mét nhém tin hiéu ciing nhw st dung
cac phuwong trinh cta dai sé Boolean. PLPL ciing hé tro cac phuo’ng trinh phirc tap co
nhiéu cép logic khac nhau. Ngoai ra bo bién dich nay ciing dé tng dung nguyén li
Demorgan, cac ham clia dai s6 Boolean nhung khéng bat dwoc & dang téng clia cac tich
do doé cho phép cu phap linh hoat hon.

3.6 Phan mém APEEL (Assembler for Programmable Electrically Erasable
Logic).

Vao nam 1987, Coéng ty International Cmos Technology gi¢i thiéu trinh bién dich
APEEL. APEEL 14 mét trinh bién dich don gidn phu hop véi cac yéu ciu thiét ké vira va
nhd va cé chirc ndng moé phdng. APEEL gébm mét chwong trinh soan thao toan man hinh
va & ngd ra theo tiéu chuan cta JEDEC. Nhung khuyét diém cta bd bién dich nay la
khéng hé tro dé téi gidn cac biéu thirc logic. Phdn mém APEEL cai dat trén cac may tinh
ca nhan cla cong ty IBM va cac cong ty khac thich hop véi né.

3.7 Phan mém IPLDS Il (Intel Programmable Logic Devolopment System
).

Phan mém IPLDS Il dwoc cong ty Intel gioi thiéu dé hd tro cho cac vi mach ho
EPLD. Diéu co ban cta phdn mém nay la cho phep thiét ké theo 2 phuwong phap la
phuwong phap dung phwong trinh dai sé Boolean va phwong phap liét ké cac l1énh. Dé tbi
gidng cac biéu thre logic IPLDS 1l stv dung thuat gidi don gian ESPRESSO I - MV. D6 1a
thuat giai dwgc phat trién bdi dai hoc California, n6é dwoc dung dé thwe hién viéc rut gon
céc tich sb trong cac ham logic clia cac vi mach do cong ty Intel s&n xuat. Twong tw nhw
cac phadn mém trwéce, IPLDS Il cai dat dwoc trong cac may tinh cla cong ty IBM va cac
may tinh khac cé cau hinh thich hop, dwoc st dung kém véi cong cu lap trinh cho vi
mach.

3.8 Phan mém CUPL ( Universal Compiler for Programmable Logic ).

CUPL duweoc cong tyAssited Technology giéi thiéu vao nam 1983. Day la bd bién
dich van nang dwoc hé tror cho 29 loai vi mach céc loai ké cd PROM va céac cong ty ché
tao vi mach lap trinh khac. CUPL 1a mét ngdén ng® manh hd tro' cho cac phwong trinh cla
dai s6 Boolean , bang su that va thiét ké so db trang thai, CUPL dwoc st dung hau hét
cac may vi tinh ca nhan trén cac hé diéu hanh khac nhau nhw trén may vi tinh ctia cdng ty
IBM hay CP/M, VAX/ UNIX va VAX/ VMS.

3.9 Phan mém ABEL (Advanced Boolean Expression Language).

ABEL la phdn mém clia cong ty Data 1/0, né dwoc st dung hau hét cac loai vi mach
lap trinh khac nhau k& cd EPROM. Day la bd bién dich van nang cé nhiéu chirc ndng hé
tro twong tw nhu CUPL.

Trén day 1a gioi thiéu so lwoc cac phan mém hé tre cho vi mach |ap trinh dé
soan thao va lap trinh cho cac vi mach. Ngoai ra con nhiéu phdn mém cda cac cong ty
khac dwoc san xuat dé hé tro cho cac vi mach 1ap trinh cla ho.

Sau day la bang tém tat cac ngdn ngi thiét ké cho cac vi mach 1ap trinh

| Phdanmém | Hé tro cho | Phwong trinh | Bangsw | Sodd | Dang | Ritgon |
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mach
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Boolean

that
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PALASM 2
(MMI)
AMAZE
(Signetics)
PLAN
(National)
HELP
(Harris)
PLPL
(AMD)
APEEL
(ICT)
A+PLUS
(Altera)
iPLDS II
(Intel)
ERASIC
(Exel)
CUPL
(Logical Dev)
ABEL
(Data 1/0)
ELDS
(Pistohl)
LOG/IC
(Elan)
PLDesigner
(Minc)

X X X X X X X X

x
X

XX

XX

XX

*

X: Chi hd tro cho vi mach cta chinh hang
Xx: Ho tro' cho nhiéu loai vi mach khac

40




BAI 2

Tén bai: Mang logic lap trinh Ma bai: ClO 01 12 02

GIO'l THIEU

Bai hoc nay gidi thiéu vé& mot cau tric mach logic da nang co ban nhat d6 la cac
mang logic lap trinh dwoc, tir phan ly thuyét cu tao, dac tinh va cach thuc hién cac ham
logic bat ky bang PLA, PAL. Ngoai ra ndi dung bai con dé cap dén cac mang cu thé
thwong thay trong thuwe té. Phan thwe tap la cac bai tap thiét ké két hop chay thir trén test
board va cac mé hinh kém theo.

MUC TIEU THUC HIEN
e Hiéu duoc cau tao, y nghta thic té cta viéc xtr dung mang logic 18p trinh trong
cac yéu cau thiét ke logic phire tap
e Biét cach xac dinh bang nap PLA va PAL, phan tich dwoc sy khac nhau gitra
hai thiét bi nay.
e Thuwc hién dwoc cac thiét bi GAL16V8 va ispGAL22V10

NOI DUNG CHINH
Noi dung bai hoc tap trung vé cac chi dé chinh nhu sau:
e Sw can thiét va cAu tao logic ctia PLA

Ap dung PLA trong thiét ké logic.

So sanh giltra PLA va PAL

Céac vi du rng dung dién hinh

Khao sat thiét bi GSAL16V8

Khao sat thiét bij ispGAL22V10
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1. GIOI THIEU CHUNG

Céc nha san xuat IC da rat thanh cong trong viéc tich hop hang triéu transistor trén
mot ban mach. Nhung cong nghé nay co thé gitip giam sé lugng thiét bi trong hé thng
sO ?

Van dé co ban & day |a phai tim ra cac khdi logic van nang c6 thé ap dung dwoc
cho nhiéu thiét ké logic khac nhau. Vi du nhw cac cdng AOI cé thé dung trong nhiéu thiét
ké song cac khdi nay ciing khéng gilp nhiéu trong viéc lam gidm cac sb lwong thiét b,
didu nay c6 thé thwc hién bang cach dwa vao x&r dung mot khéi chira hang trdm céng.
Nhuwng cu tric cac khdi nay phai nhw thé nao ?

Mot gidi phap khong khéo cho tinh hubng nay 1a sép xép cac cdng AND va OR
(hodc NAND va NOR) theo mét cu tric mang duwoc tbng quat héa ma cac diém nbi gitra
ching v&i nhau cé thé 1ap trinh dwoc dé thwe hién mot ham logic xac dinh. Nhirng khdi
logic muc dich chung nhw vay dwoc goi la PLA hoac PAL.

2. PLAva PAL

Hinh 2.1 biéu dién so dd khdi ctia mot thiét bi mang logic 1ap trinh. D6 |a cac thiét bi
nhiéu dau vao va nhiéu dau ra duwoc té chire thanh moét mang con cac phan t&r AND va
mot mang con cac phan tir OR. Mang con AND sé chuyén cac dau vao thanh cac tich sb
(product term) phu thudc vao cac diém ndi dwoc 1ap trinh. Mang con OR sé cong cac tich
sb nay véi nhau dé tao ra biéu thirc dang tdng cac tich cubi cung.

Tich sb

A 4

. . ! Hinh 2.1 CAu tric mang logic
Mang AND Mang OR ! lap trinh

A 4

Ngé ra

Mot thiét bi PLA c6 thé thwc hién mot tap hop cac ham kha phtre tap. Sy phirc tap
nay duo’c xac dinh boi sb lwong dau vao (input), sO lwong cac tlch sO (chinh la so Iuo’ng
cac cong AND) va sb lwong cac dau ra (chinh la sb lwong cac cdng OR) ma PLA c6 thé
cung cap.

Chéng han mét FPLA tiéu biéu kiéu TTL c6 thé c6 16 dau vao, 48 tich sb va 8 dau
ra dwgc déng goi trong mot vé 24 chan di liéu. N6 twong dwong véi 48 cdng AND 16
dau vao va 8 cong OR 48 dau vao. Néu xét mot vi mach SSI 12 chan di liéu thi né chi co
4 cbng hai dau vao, tir d6 cé thé thy tac dung thuc sw ctia cac mang logic. Vi du dé thuyc
hién cac ham boole sau day:
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FO=A+BC

F1=AC+AB
F2 =BC +AB
F3=BC+A

cac phwong trinh trén cé thé dwoc mé ta bang tap hop cac bién (A, B, C), cac tich
sb (A, BC, AC, AB, BC) va cac ham (FO, F1, F2, F3). Nhitng chir nay twong dwong v&i
s6 dau vao clia mang AND, céac dau ra tr mang AND sé twong dwong véi sb dau vao
clia mang OR va cac diu ra ciia mang OR la cac ham. Bé thuc hién cac ham nay phai
can mdt PLA co it nhat 3 dau vao, 5 tich s6 va 4 dau ra.

M6t cach tién loi d& mé ta cac ham 1a dung mét ma tran déc tinh dwoc vé trong hinh
2.2. N6 md ta dau vao nao phai ndi véi cdng AND dé hinh thanh tich sé mong muén (1 =
Bién khéng ddo; 0 = Bién dao; - = Khong ndi) va nhirng tich s6 nao phai dwoc OR voéi
nhau dé tao thanh cac dau ra cubi cung (1 = Néi; 0 = Khong ndi). cac hang trong bang
xac dinh cac tich sb, cac cot biéu dién cac dau vao va dau ra. Mét tich sb tham gia trong
nhiéu ham néu nhw cé nhiéu gia tri 1 trén hang cda né trong cac cot ra clia ma tran dac
tinh. Trong hinh 2.2 dé dang nha thay rang cac tich sé6 A, AB va BC dugc dung trong
nhiéu ham.

Tich sé A|B|C|F0O|F1|F2|F3
AB 111 -lo]1]1]o0
BC -lo|1|lo]|o0|o0] 1
AC 11 -]0]l0|1|o0]o0
BC oo l1]o|1]o0
A 1 -] -11]0]o0]1

Hinh 2.2 Bang ma tran dac tinh

Hinh 2.3 va 2.4 vé& cac so db thuc hién cac ham & trén dwdi dang cac cong roi rac
twong dwong voi mang logic lap tr|nh Hinh 2.3 la mang trwéc khi lap trinh voi tat ca cac
diém ndi gitra dau vao véi cac céng. C6 thé dac tinh héa mang bang cach xtr dung mot
thiét bi phan cirng goi la bo 1ap trinh.
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m ) *—F—XF ’L
R
e ¥ T
I Hinh 2.3 PLA trudc khi
— 1&p trinh
B SR O SR S R N S
L/
KK ) ¥ T
R ) %

Y Y )

Nhirng chi tiét clia qua trinh 1ap trinh phu thudc vao cac vi mach cu thé. Mot ky thuat
thwdng hay dwoc xir dung la dat cac cau chi gitra tit ca cac diém néi & dau vao va dau ra
clia mot cong. Mot ciu chi 1a mot tiép giap dién dwoc thiét ké dac biét dé cé thé bi dut
dwdi dong dién 1&n. Béng cach cho mét dong dién cao chay qua cac cau chi dwoc chon,
phan ctng lap trinh sé pha héng cac tlep giap nay. Phan mém |ap trinh se phan tich cac

phwong trinh boole dé xac dinh nhitng cau chi ndo can pha hdng nhirng cau chi nao can
dé lai. Hinh 2.4 trinh bay mang logic sau khi d4 lap trinh.

A B C
j L/
R
K—k T
L
R
—% R ) T
Hinh 2.4 PLA sau khi lap
trinh
) 0 T
R
~ —] |
AN N N
FO F2 F3

Sw khac nhau gitra PLA va PAL
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Trong hinh 2.3 cho nthay c& hai mang con AND va OR c6 thé d&c tinh hoa theo bét
ky cach nao msf ngudi thiét ké mong muébn. Nhirng thiét bj nhw thé dwoc goi 1a mang
logic chwong trinh héa (Programmable Logic Array — PLA).

Trong thyc té cé nhitng mang logic khéng cung cép kha nang lap trinh day da. Vi
du céc thiét bi PAL (Programmable Array Logic) c6 mang AND lap trinh dwoc con mang
OR thi dwoc xac dinh trwdc. S6 lwong tich sé di vao mot céng OR thwong duoc gisi han
la: 2, 4, 8 hoac 16.

C6 mét sy bu trir trong cac thiét bi PAL gitra do phirc tap clia cac ham véi sb lwong
tich sb trén mot cong OR va sb lwong cac ham doc 1ap ma thiét bi co thé thwc hién dwoc.
Céng OR cé dd chiu tai dau vao (fan — in) cang cao thi thiét bi PAL cang it dau ra.

Vi du mét ho PAL c¢6 thé ton tai dwdi 3 dang, méi dang déu c6 16 dau vao, 16 tich
s& nhung khac nhau vé t6 chirc cia mang OR: 4 cdng OR mébi cdng 4 dau vao, 2 cbng
OR méi cbng 8 dau vao hodc 1 cdng OR 16 dau vao. Con mang AND thi van hoan toan
c6 thé 1ap trinh. Hinh 2.5 biéu dién moét thiét bi PAL cé 3 dau vao, 4 tich s6 va 2 dau ra
con mang OR d4 dwoc xac dinh san, trong trwéng hop nay cac céng OR bj gi¢i han 2 tich
s& méi cong.

m ) O

.
—X KKK XK ) O

L/ Hinh 2.5 C4u truc PAL
—X KKK XK ) O

./
—X KKK XK ) O

L/

A N

Diém khac chinh gitra PLA v&i PAL la: PLA c6 thé loi dung cac tich sé chung dé
chia xé& cho nhiéu dau ra con thiét bj PAL khong thé lam diéu nay. Nhw vay nén dung mot
PLA khi can thyc hién mét tap hop cac ham ma cé nhiéu tich sb chung dé cé thé chia xé
cho cac dau ra.

Mat khac mét thiét bi PLA sé cham hon so v&i PAL do sy khac nhau vé tré khang
cua tiép giap, mot cé thé Iap trinh con mét thi da dwoc dinh vi clrng. cac tiép giap co thé
lap trinh dwoc cAu tao tir cac cau chi co tré khang cao hon 1a céc tiép giap da dwoc dinh
vi clrng. Vi vay tin hiéu di qua hai tiép giap lap trinh trong PLA bj tré hon khi chi di qua
mot tiép giap 1ap trinh trong PAL.

3. CAC VI DU THIET KE

Phan dwéi day sé trinh bay hai vi du thiét k& khac nhau d6 [a mét bd chuyén déi ma
va mot bd so sanh d& minh hoa cach thuwe hién mach logic té hop bang cach dung PLA
hoac PAL
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3.1Bo chuyén ma BCD sang Gray
Nhiém vu cta bd chuyén ma nay la chuyén mét s BCD 4 bit thanh ma gray 4 bit.
Mbi s6 trong ma gray chi khac so v&i sbé canh né 1 bit. Mach cé 4 dau vao A, B, Cva D
biéu dién s6 BCD va 4 ddura W, X, Y, Z biéu dién ma gray 4 bit.

_\_\_\_\_\_\_\_\OOOOOOOO>
_\_\oo_\_\oo_\_\oo_\_\ooo

XIX|X|X|X[X|olo|=|=|=|~|=|=|loo|<
X|X[X|X|X|X|o|=~|~|olo|lo|o|=|—~|o|N

X|X[X|X|X|X|=|=|=|=|~|o|o|o|o|o|S
X|X|X|X|X|X|o|lo|o|o|=|~|o|o|o|o|X

_\_\_\_\OOOO_\_\_\_\OOOOw

2O~ O~|O|n|O|nO|m|O|~|O0o|~ 0|0

Hinh 2.6 Bang sw that bd chuyén ma BCD sang Gray

= 01l o 1 X 1 (vh3
o 0 1 x|| o o
11| o 3 11 :
c x]] x o o 0 X | x
10 o 1 x|l x 10{ o 0 X | x
cD TR . E
®© o ! PN 0 o1 10
00| o 1 X 0 00| o o X 1
01 A= T -1 *“
0 1 X[l o 5 01 Tel xto
h] Al -
R of 12 | [ o] x
10 . ' '
LIRS ERED.4; m.3) 10 1/ 0o | x || x
| S — .
B - e

Hinh 2.7 Bang Karnaugh bo chuyén ma
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Két qua sau khi ti thiéu hoa
W=A+BD +BC Y=B+C

X =BC Z = ABCD +BCD + AD + BCD

f JeRVeRVe
B -
¥ ¥ D—- BD
¥ ¥ D—o BC
%HHHHHHHHD—Q 0
L D s BC
ek k1 ) ® 0
.
KKK KK D ® oY
SV S S B ® 0
I
i B g
W= L1
v
sk sk kesk sk T ® 0
L
ke ek ke kx| ) ® 0
L/ L
X% %% D o ABCD
*——%——% ) ® BeD
. _
—x X D ® AD .
X—X ¥ D ® BCD
\VAVA VAV

Hinh 2.8 Thyc hién bd chuy&n mach béng thiét bi PAL



Vi tap hop cac ham nay khong cd tich sb nao chung dé chia xé nén chung thich
hop v&i cach thuwe hién bang thiet bi PAL (hinh 2.8). Thiét bi nay gom 4 céng OR 4 dau
vao nhung c6 nhiéu cong AND khong dung dén, bai nay cé thé thwc hién bang thiét bi
PLA don gian hon nhwng toc d6 sé cham hon.

3.2 B6 so sanh hai bit

Bau vao ctia mach I hai s6 nhi phan hai bit ky hiéu la AB va CD. Pau ra la 4 ham
xac dinh b&i gia tri logic cia cac ménh de.

AB = CD (EQ: Bang nhau)  AB = CD (NE: Khéng bang nhau)
AB < CD (LT: Nhé hon) AB > CD (GT: Lén hon)

B
’ Bang Camaugh cho NE
Bang Camatgh cho EQ : A
T AB _ . GT AB S
cD 00 01 M 10 | cb oo 01111 10
ofo 10| 0}0 ool o |1

y \ 1
01"1‘\ o| o}l O 0 otfo | O 1 __'_10
il o1} o E Y ol e 1
c ; 1 c
. 1 1

0 9% 1 1 0

L L_._—JB
B
Béng Camaugh cho LT Béng Camaugh cho GT

Hinh 2.9 Bang Karnaugh bd so sanh
Céc phwong trinh logic sau khi tdi thiéu hoa

EQ = ABCD + ABCD + ABCD + ABCD

NE = AC + AC +BD +BD

LT = AC + ABD + BCD

GT = AC+ ABD +BCD

Cac ham x& dung 14 tich s6 trong d6 c6 2 tich s6 (AC va AC) dwoc dung hai Ian

nén ding PLA c6 Igi hon. Mot PAL hoéc PLA c6 thé thay thé tir 5 dén 15 vi mach so roi.
Do 14 ly do hién nay ching dwoc dung rat dé thuwe hién cac hé logic.
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D_' ABCD
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X X 3 o BD
X X D ® sz
X——¥ X D I fBD
K—K X D BCD
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% *—1x D ® BCD
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EQ NE [T g1

Hinh 2.10 Thywc hién bd so sanh béng PLA

4. CAC MANG LOGIC LAP TRINH THONG DUNG

4.1 GAL16V8C

La mét vi mach duwoc san xuét bdi hang LATTICE c6 tri hoan truyén téi da 5 nS, la
mot két hop gitra cong nghé CMOS hiéu néng cao vé&i cdng nghé ghi x6a dwoc bang dién
nham tao ra cac PLD téc dé cao trén thj trudng. Do thdi gian xéa cao (< 100 mS) cho
phép thiét bi dwoc 1ap trinh lai mét cach nhanh chong va hiéu qua.

Céu truc tébng quat cla thiét bi cung cap kha nang thiét ké linh ddng nhat nhe vao
tinh nang cau hinh ngd ra OLMC béi ngwdi dung, mét tap hop phu nhiéu kha nang cau
hinh cla GAL16V8 la cac ciu tric PAL dwoc liét ké trong mot bdng & phan mo ta
macrocell. Cac thiét bi GAL16V8 cho phép mé phdng mét céu tric PAL bat ky véi sw
twong thich hoan toan vé chirc ndng/ban dé cau chi/théng sb.

Mach thtr ddng nhat va cac té bao lap trinh lai cho phép thir toan bo dic tinh AC,
DC va chirc ndng trong khi san xuat. Két qua la cong ty LATTICE bao dam 100% chirc
ndng va kha nang lap trinh tit ca cac san pham GAL. Thém vao dé con bao dam 100 |an
ghi/xda va d liéu dwoc lwu trr trén 20 nam.

49



50

Dip

PLCC etk [ 1 = 20 ] vee
1 ] vora
L L Yo e R i ] vora
& T !
4 = 18] oo GAL o
[ on "0 qeve P Hinh 2.11 Hinh dang vé
GAL16VE o] wa 1 s [] vova GAL16V8
Top View o 1] 15[] vova
1 [ 1 vova
8y 1 13 up vem
T T T T J 1 I: :ll'l:l.'l:l
1 CHO VOE VOO WQ
1 ] voa
Gho ] 10 1 [] VGE

TLH —tr
CLE
_f;_-:nmcll g
| —DF i H
7‘3’_DLMC_1| e
| —O i B
L _"aLDLMGl ]
| —t = EI }_ 3 T
E éﬁ _"g_IZILMC_l [Lata
| —t] =x™ L s
< "7'; I e . Hinh 2.11 So' d& khéi GAL16V8
o g _:;'1—
| —t] o |
E =y T
oL _"Q_ancl [Talal
| — ] | =
7';_-:|Lw:1| g
| —t i B
_"g_ancl [l
. pa P

Pac tinh ky thuat

Co6ng nghé CMOS va E?

- Tri hoan truyén téi da 5 nS

- Fmax = 166 MHz

- Tré t6i da 4 nS ké tr ltc c6 xung ddng hd cho dén khi nhan dwoc di liéu ra
Cong suat giam tlr 50% dén 75% so vdi loai lwdng cwc
- Dong lcc dién hinh 75 mA dbi véi loai cong suét thap
- Dong lcc dién hinh 45 mA déi véi loai V4 cong suét
Co dién tré kéo 1én & tat ca cac chan

Co6ng nghé té bao E?

- Cho phép logic cau hinh lai

- Cac té bao lap trinh lai dwoc

Bé&o dam kiém tra 100%

- Téc d6 xda cao (< 100 mS)

- Kha nang lwu trr div liéu 20 ndm

8 OLMC

- R4t linh hoat déi v&i cac thiét ké logic phirc tap



- Lap trinh dwoc cwe tinh ngd ra
- M6 phéng dwoc cac thiét bi PAL 20 chan véi chire ndng/ban dd ciu chi/théng
sb twong thich
e Nap trwdc va reset khi mé nguén tat ca cac thanh ghi
- Kha nang kiém tra chirc nang 100%
e ng dung dién hinh
- biéu khién DMA
- Diéu khién may trang thai
- Xt ly d6 hoa téc do cao
- Nang cép téc dd logic chuan
e Co6 ky hiéu nhan dang dién t&

4.1.1 Ngé ra OLMC

Trong phan nay gidi thiéu vé cach cau hinh ngé ra macrocell. Trong thuyc té cong
viéc nay dwoc thuc hién bang cac cdng cu phan mém ciing nhw phan cirng va hoan toan
dé dang x& dung.

C6 3 ché dd ché dd cau hinh chung dé la: Simple, complex va registered. Hai bit
toan cuc SYN va ACO xac dinh ciu hinh cho tat ca cac ngé ra macrocell. Bit XOR ctia méi
macrocell xac dinh cwc tinh ngd ra ctia mét trong 3 ché dd. Trong khi bit AC1 clia mbi
macrocell cé nhiém vu diéu khién cau hinh 1/O. Hai bit toan cuc két hop v&i 16 bit ciu
trdc riéng dinh nghia tat cd cac ciu hinh clia GAL16V8. Théng tin cung cap bdi cac bit
cau tric nay chi nham lam hiéu ré hon vé thiét bi. Chwong trinh dich sé thiét l1ap cac bit
céu trac nay mot cach ré rang théng qua viéc dinh nghia chan linh kién, do d6 nguoi dung
khéng can thao tac truc tiép dén chung.

Tiép theo sau day la mot bang liét ké cac cau tric ciia PAL ma GAL16V8 c6 thé md
phdéng, né ciing cho thay ché d6 OLMC trong cac cau triic md phéng PAL ciia GAL16VS.

Cau truc mé phéng PAL cua GAL16V8 Ché d6 OLMC toan cuc
16R8 Registered
16R6 Registered
16R4 Registered

16RP8 Registered
16RP6 Registered
16RP4 Registered
16L8 Complex
16H8 Complex
16P8 Complex
10L8 Simple
12L6 Simple
14L4 Simple
16L2 Simple
10H8 Simple
12H6 Simple
14H4 Simple
16H2 Simple
10P8 Simple
12P6 Simple
14P4 Simple
16P2 Simple

4.1.2 Trinh dich hé tro OLMC

Phan mém dich hé trg' 3 ché d6 OLMC toan cuc khac nhau khi cac kiéu thiét bi khac
nhau. Céac kiéu thiét bj nay dwoc liét ké trong bang duéi day. Hau hét cac trinh dich déu
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c6 kha nang tw dong chon kiéu thiét bi thwdng dwa vao viéc x&r dung thanh ghi va chan
cho phép ra (OE). Viéc dung thanh ghi s& buéc phdn mém chon ché dé thanh ghi. Tat ca
cac ngd ra t6 hop véi OE dugc diéu khién bdi thanh phan tich sb s buéc phan mém
chon ché dd complex. Phan mém chi chon ché do simple khi tat ca cac ngé ra déu 1a
dang t6 hop khéng co diéu khién OE. Céc kiéu thiét bj khac nhau dworc liét ké trong bang
c6 thé dwoc dung dé hay bd viéc tw dong lwa chon thiét bi ctia phan mém. Dé biét thém
chi tiét c6 thé tham khao tai liéu ctia chwong trinh dich.

Khi dung phan mém dé c4u hinh thiét bj can phai lvu y dén nhirng gidi han cho méi
ché d6 nhw sau

Registered Complex Simple Tw déng chon

ché do

ABEL P16V8R P16V8C P16V8AS P16V8

CUPL G16V8MS G16V8MA G16V8AS G16V8

LOG/iC GAL16V8 R GAL16V8 C7 | GAL16V8 C8 | GAL16V8

OrCAD-PLD “Registered”’ | “Complex”’ “Simple” GAL16V8A

PLDesigner P16V8R? P16V8C? P16V8C? P16V8A

TANGO-PLD G16V8R G16V8C G16V8AS® G16V8

1) Buwoc dung voi tir khoa configuration
2) HO tro trwde version 2.0
3) Puwoc hé tro tir version 1.20 tré di

4.1.3 Ché dé thanh ghi

Trong ché dd nay cac macrocell dwoc ciu hinh thanh cac ngd ra dang thanh ghi
hoac chire nang 1/0.

Céc cau hinh kién trac trong ché dé nay twong tw cac thiét bj 16R8 va 16RP4 voi
sw bd tri 1/0, thanh ghi va cuc tinh thay dbi.

T4t ca cac macrocell kiéu thanh ghi chia x& chung chan xung déng hd va chan cho
phép ra. Mét macrocell bat ky cé thé dwoc cau hinh 1a thanh ghi hodc 1/0. Ché dé nay
cho phép dén 8 thanh ghi ho&c 8 1/0. cac chirc nang vao ra dinh san cé thé dwoc thuc
hién nhu mét tap hgp phu cla chirc nang 1/0.

Mbi ngd ra kiéu thanh ghi c6 8 thanh phan tich s, méi ngd ra kiéu 1/0 cé 7 thanh
phan tich s6.

S6 lwong cau chi JEDEC bao gém cau chi UES (User Electronic Signature ) va
PTD (Product Term Disable) dworc trinh bay trong so' dd logic sau day.

Céau hinh thanh ghi trong ché d6

thanh ghi
SYN=0
ACO=0

XOR = 0 Ngé ra tich cwc mire thap
XOR =1 Ngé ra tich cwc mirc cao
AC1 =1 Céuhinhra

; Chan1 la ddng hd chung cho cac ngd ra
o thanh ghi
Chéan 11 la OE cho cac ngé ra thanh ghi
Chan 1 va 11 luén dwoc cau hinh la CLK

véﬁ

Cau hinh thanh ghi trong ché dé

thanh ghi
SYN=0
52 AC0=0

XOR =0 Ngé ra tich cwc mirc thap
XOR =1 Ng(’) ra tich cwc mirc cao




Ghi chud: Phan mém phat trién tw dong cau hinh tat ca cac bit diéu khién kién tric va
kiém tra viéc x& dung cac chan twong (rng )
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OLMC ;Lh—{jﬁ

a2 HOR-2048
o— 3 AC1-H 30

oLmc — 1R

0480 —-
HOR-2049
iC—x T AC1-2121

OLMC

ane —-
HOR-PE0
IE—IE AC1-2172
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oLmc —31E

1=

. HOR-20E1
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L
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. ¥OR-2062
sC—% 3 AC1-2124

OLME —314

HOR-2063
o= HC1-2126

oLmc — 313,

HOR-2054
a—x H AC1-2128

OLMC

20NE - -
X HOR-IES
a— ACA-HET

Fal-i = 31 1

2 - w AR T SYM-215E
yle F[ovd _ byie 1 [Idn g ACD-2196

n L
i B
Bk

Hinh 2.12 So d6 khéi ché dé thanh ghi

4.1.4 Ché d6 complex
Trong ché dd nay cac macrocell chi dwgc cu hinh 1a ngd ra hodc chirc néng /0.
cac cau hinh kién tric trong ché dd nay twong tw cac thiét bi 16L8 va 16P8 vé&i cuc tinh
lap trinh dwo'c cho mdi macrocell
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Cho phép 1én dén 6 1/0, cac ngd vao va ra dinh san co thé dwoc thuc hién nhw cac
tap hop phu cta chirc nang I/0. Hai macrocell ngoai cling (chan 12 va 19) khong thé 13
ngd vao. Cac thiét ké can 8 1/0 c6 thé thuc hién & ché do thanh ghi.

M&i macrocell cé 7 thanh phan tich s6, mot tich s dwoc dung dé diéu khién chic
nang cho phép ra. Chan 1 va 11 luén la ngd vao d liéu cho mang AND

Sé lwong ciu chi JEDEC bao gdbm cac cau chi UES va PTD dwoc trinh bay trong
so do logic sau day.

Cau hinh 1/0 t6 hop trong ché do

complex

i g SYN =1
:<Z N xD i g . ACO =1 .
g/ : a XOR = 0 Ngé ra tich cwc mirc thap

: XOR ; XOR =1 Ngé ra tich cwc mirc cao
Eﬂ : : AC1 =1

: Chéan 13 dén 18 duoc cau hinh
chtrc n&ng nay

Cau hinh ngé ra t6 hop trong

i éc ché dé complex
:::<: b : SYN =1
) -

ACO =1

%j XOR 5 XOR = 0 Ng ra tich cyc mirc thap

: XOR =1 Ngé ra tich cwc mirc cao
Chan 12 dén 19 dwoc cau hinh
chirc nang nay

Ghi chi: Phdn mém phat trién tw ddng cau hinh tt ca cac bit diéu khién kién tric va
kiém tra viéc x& dung cac chan twong (rng
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orox
LY

Hinh 2.13 So dd khdi ché do complex

4.1.5 Ché do simple

Trong ché dd nay cac macrocell dwoc ciu hinh nhw cac ngd vao hodc cac ngé ra to
hop dinh san. cac cau truc kién tric trong ché dd nay twong tw nhw cac thiét bj 10L8 va
12P6 v&i nhiéu sw hoan vi cta cwe tinh ra hodc viéc lwa chon vao.

Tt ca ngd ra trong ché do simple co téi da 8 tich s6 co thé diéu khién logic. Thém
vao dé cuc tinh ctia mdi ngd ra co thé |ap trinh duorc.

Chan 1 va 11 luén la ngé vao d lieu cho mang AND, hai macrocell trung tam (chan
15 va 16) khong thé dung lam ngd vao hodc chan I/O va chi la cac ngd ra dinh san.

s e e e e : Ng6é ra té hop cé héi tiép trong ché do
‘ vee simple

i T SYN = 1

— ACO =0

g—/ D—"D’G_'ﬂ XOR = 0 Ngb ra tich cwc mirc thap
: XOR i XOR =1 Ngé ra tich cwc mirc cao

2 — AC1 = 0 Xac dinh cAu hinh nay
Tét ca OLMC trir chan 15 va 16 déu
dwoc cau hinh chirc nang nay
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Ng6 ra té hop trong ché do
— simple
SYN =1

—Q\ N 1‘: AC0=0

— i—)D £ XOR = 0 Ngé ra tich cywc mirc

:g XOR ; thap

------- : 5 XOR =1 Ngb ra tich cwc mirc cao
AC1 = 0 Xac dinh c4u hinh nay
Chan 15 va 16 dwogc cau hinh
thwong trec & chirc nang nay

Ngé vao dinh sin trong ché do
- simple
:lH €3 SYN=1

| ; ACO =0
i XOR = 0 Ngé ra tich cwe mirc
thap

XOR =1 Ngé ra tich cwc mirc cao
AC1 = 1 Xac dinh c4u hinh nay
Tt ca OLMC trir chan 15 va 16
déu dwoc cau hinh chire nang

_ Ghi chi: Phan mém phat trién tw dong cau hinh tat ca cac bit diéu khién kién tric va
kiém tra viéc x(r dung cac chan twong trng
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Hinh 2.14 So d4 khéi ché do simple
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IMNPUT o
182 FEEDBACK

COMBIMATIOMAL
auTPUT

A L o

\\\\\\\\\\\\\ﬂ

Combinatorial Cutput

ke tes

Input or i3 to Output Enable/Disable

INFUT or
VO FEECBACK

COMBIMNATICMAL
SUTPUT

CLK

i
Clock Width

Gi&i han tan sé fmax

CLK

LOGEIC

I

’—:’ ARRAY
H
i

W

REGIETER

— t gt

fmax hoi tiép ngoai 1/(tsu + tco)

Ghi chd: fmax dworc tinh tlr cac gia tri do

tsu va tco
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Hinh 2.15 Dang séng chuy&n mach

CLE
e
LOGE
BARKY e i
REGIETER
| ™
Ei fof ——————
e tpa ™

fmax hdi tiép trong 1/(tsy + tcr)

Ghi chu: tcs = 1/fmax — tsy. Gia tri cla ter
dwoc dung dé tinh tri hodn tir thoi diém
ddng hd cho dén ngé ra td hop. VD trén
hinh thoi gian ti thoi didm ddng hé dén
ngo ra té hop béng tcr + tog



CLKE

r fmax khong cé hoi tiép

V| Losic i . X
i ARRAY | g TEOISTER L E Ghi chu: fmax khong co hi tiép co thé

: i nho hon 1/(twh + twl), dieu nay cho

_____________________________ phép xung dong ho cé chu ky nhiém
i teur s th———] vu khac 50%

Ky hiéu nhan dang

M6t ky hiéu nhan dang dién t&r dwoc cung cap cho méi thiét bi GAL16V8, nd gom
64 bit nhé 1ap trinh dwoc. Cac bit nay co6 thé chra di liéu dinh nghia bdi ngwoi dung.
Trong moét sb ng dung bao gdbm ma nhan dang nguoi dung, cac sb doc lai hodc diéu
khién kiém ké. D& liéu nhan dang ludn cho phép ngui dung khéng phu thudc vao trang
thai bit bao mat.

Ghi chi: Ky hiéu nhan dang dién t&r dwg bao gdm trong phép tinh kiém tra téng.
Viéc thay dbi ky hiéu nhan dang sé lam thay dbi kiém tra tong.

Bit bao mat

Mot bit bdo mat dwoc cung cip trong GAL16V8 dé ngan viéc sao chép khong ban
quyén ndi dung cac mang. Méi khi dwoc lap trinh bit nay sé ngdn khéng cho phép doc
cac bit chirc nang trong thiét bi. Bit nay chi cé thé x6a bang cach 1ap trinh lai thiét bj. Vi
vay cau hinh nguyén thiy khéng bao gi&r dwoc kiém tra méi khi bit nay dwoc l1ap trinh.
Nhwng dir liéu nhan dang thi ludn dwoc phép bat chap trang thai cta bit nay.

Chéng dién tich khéa

Céc thiét bj GAL16V8 dwoc thiét ké cé tinh ndng nap trong hé théng véi nén dwoc
pjhan cwc am. Sw phan cwc am gitp lam gidm dién tich khéa gay ra bdi cac nhiéu xung
am & ngd vao. Thém vao dé, ngd ra con duoc thiét ké vdi kénh N kéo Ién thay vi thong
thudng 1a kénh P kéo 1én dé triét hién twong khda gay ra béi sy vot 16 & ngd ra.

Lap trinh thiét bj

Céc thiét bj GAL dwoc nap chwong trinh bdng mét thiét bi 1ap trinh logic phu hop
chuan cta LATTICE. Chwong trinh dwoc nap hoan tat chi trong vong vai gidy, qua trinh
x6a dé dang déi véi nguwdi dung va dwoc thue hién tw dong trong thdi gian 1ap trinh.

Nap trwéc thanh ghi ra

Khi kiém tra két qua thiét k& may trang thai phai kiém lai tit ca cac trang thai va sw
chuyén trang thai ctia hé. Piéu nay 1a can thiét vi trong cac tinh hubng hoat dong nhét
dinh c6 thé tao ra tin hiéu logic tai trang thai khéong hop 18 (bat ngudn, nhiéu lwai dién...).
Dé kiém tra thiét ké trong nhirng diéu kién nhw thé phai cung cap mét phwong phap cho
phép cach ly dwéng hoi tiép va ap dat mo trang thai bat ky vao thanh ghi, sau do hé tiép
tuc hoat dong va gia tri ra dwoc kiém tra tai cac trang thai thich hop tiép theo.

So d6 mach clia GAL16V8 cho phép méi ngd ra thanh ghi dwoc thiét 1ap déng bd
véi mot trong hai mre cao hodc thap. Do d6, mét trang thai hién tai bat ky cé thé dwoc ap
dat dé kiém tra hoat dong tuan tw. Khi can thiét cac thiét bi nap GAL c6 kha nang chay
cac vecto thtr ty dong thuwrc hién viéc nap trwéc cac thanh ghi ra.

B6 dém ngé vao

Thiét bj Gal16V8 duoc thiét ké véi cac bd dém vao twong thich véi mirc TTL. Céac
bd dém nay cé tré khang vao cao nén lam giam dong tai hon nhiéu so v&i cac thiét bj TTL
lwdng cuec.

Ngé vao ctia GAL16V8 va cac chan 1/0 c6 dat san cac dién tré kéo lén, nén cac
ngd vao va cac chan 1/0 khéng dung sé dwoc treo Ién mic cao (logic 1). LATTICE
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khuyén céo nén ndi cac ngd khong diing nay dén cac ngd vao khac, Ve hodc GND. Viéc
lam nay nhdm giam nhiéu va dong lcc cla thiét bi.

Typical Input Pull-up Characteristic

e

-20 /

-40 _._,_.-lll"

Input Current ju k)

-80

[¥] 1.0 2.0 3.0 1.0 5.0

Input Voltage (Volts)

RESET khi mé& ngudn

. weo (min. F
Voo

f—— |y ——

MTERMAL REGISTER Irdsared Fiscptar
- DJTRUT Famat o Loge T
FEEDEACK/EXTERMAL [T
OUTPUT REGISTER Feasat 1= Logic 1"

Mach dién GAL16V8 cung cap mot tin hiéu reset cho tat ca cac thanh ghi trong subt
thdi gian mé& ngudn, ngd ra Q cla tat ca cac thanh ghi ndi bd dwoc thiét 1ap mirc thap sau
mét thoi gian xac dinh (tpr, 1 uS MAX). Két qua 1a trang thai ciia cac chan ra kiéu thanh
ghi (néu ching dugc cho phép) sé luén & mirc cao khi m& ngudn bat chap cuc tinh da
lap trinh & cac chan ra. D&c tinh nay c6 thé 1am don gian hoa rat nhleu qua trinh thiét ke
may trang thai bang cach tao ra mot trang thai da biét khi m& nguon Vi viéc m& nguon
xay ra ngau nhién nén phai cé moét vai diéu khién dé bao dam thiét bj dwoc chac chén
rsset. Th&r nhat dién ap Vcee phai tang déu, thi hai xung dong ho ngd vao phai cb dinh &
mic TTL nhw trinh bay trén d6 thi trong subt thdi gian m& ngudn. cac thanh ghi sé reset
trong khoang thoi gian téi da la tpr.

Khi hé thdng hoat déng binh thuwérng nén tranh kich thich thiét bi cho dén khi tat ca
cac thoi gian thiét 1ap ngd vao va cac dwéng hoi tiép hoan tat. Xung déng hd ciing can
phai c6 bé rong téi thiéu.

60



e

Fesdback ————

\ee
Active Pull-up Active Pull-up
Circuit I:lrcuil
Vee! klf i Ve Tiswe  E Vref
EsD T ' T! T Control
Protection | | i
Circuit i i
L1 L r“: [ L]
. ; Diata
N[> L e £ e
[

ESD
Protaction
Circuit
i v

. A, ) s o Faedback
Typ. Viraf= 3.2V Typ. Vref= 3.2V {Ta Input Buffer)

Typical Input Typical Cutput

Hinh 2.16 So d6 twong dwong vao/ra

4.2 ispGAL22V10

Thiét bi ispGAL22V10 c6 thoi gian tri hodn truyén tbi da 1a 7,5 nS. Két hop gitra
coéng nghé CMOS hiéu n&ng cao v&i cong nghé cdng E? (Electrical Erasable floating gate)
da tao ra san pham 22V10 d4u tién lap trinh dwoc trong hé thdng cho cong nghiép. Céng
nghé E? c6 thdi gian x6a nhanh (< 100 mS) cung cap kha nang lap trinh hodc cAu hinh lai
thiét bi mot cach nhanh chong va hiéu qua.

Céu truc tbng quat tao kha nang thiét ké linh ddng mét cach t6i da nhd vao sw cho
phép c4u hinh ctia OLMC bé&i ngudi dung.

Thiét bi ispGAL22V10 c6 chirc nang/ban dd cau chi/thdng sb twong thich véi cac
thiét bi GAL22V10 lwéng cwc va CMOS.

Mach dién kiém tra ddng nhét va cac té bao lap trinh lai cho phép kiém tra day du
chirc nang, dac tinh AC, DC trong khi san xuat. Thém vao do thiét bi con co kha nang ghi
x6a 10.000 lan va dw lieu dwoc lwu trie trén 20 nam.

PLCC SSOP
_ _2Rs28
R
. - Ece ! ] =
LT = . :..:.:
miova = B vom
o ig i hE Hinh 2.17 So db chan
ToispGALZ2ZVAD  #Apiog :E I?S_ESE}L 5 fom .
. il gr Frym e el
Top View = 1= ] B vom
74 [1 WO g Top View pom
} g B vov
[l vovc = b vom
g m ]
o 18] WD = =K
._.._.3_'.1._.1._5.._.1._.”-‘] oo O 14 b =
- T @@ " g2ag
6" g

Pac tinh ky thuat
e Laptrinh trong hé thong (5V)
- 4 dwdng giao tiép lap trinh ndi tiép
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- Téi thiéu 10.000 lan ghi/x6a
- Mach kéo xubng bén trong chan SDI lam gidm dién tré& ngoai (chi dbi voi
ispGAL22v10C)
e Cdng nghé CMOS va E?
- Tri hoan truyén tbi da 7,5 nS
- Fmax =111 MHz
- Tré t6i da 5 nS tir khi cé xung déng hd cho dén khi cé di liéu ra
e Co mach kéo lén & tat ca cac chan vao va chan I/0
e Twong thich v&i cac thiét bi 22V10 chuan
- Chtrc nang/ban db cau chi/théng sb céac loai 22v10 luwéng cwec va CMOS
e Cobng nghé té bao E2
- Lap trinh trong hé théng
- Bao dam dwoc kiém tra 100%
- Téc d6 xda bang dién cao (< 100 mS)
- D liéu Iwu trr trong vong 20 nam
e 10 OLMC
- Pat d6 linh hoat téi da v&i cac thiét ké logic phirc tap
e ng dung dién hinh
- biéu khién DMA
- Diéu khién may trang thai
- Xt ly d6 hoa téc d6 cao
- Driver cAu hinh phan cirng
e Nhan dang béng ky hiéu dién t&

4.2.1 OLMC

Mbi OLMC trong ispGAL22V10 c6 sé thanh phan tich sb thay déi. Hai trong 10
OLMC ¢ 8 tich sb (chan 17 va 27), hai OLMC c6 10 tich s6 (chan 18 va 26), hai OLMC
12 tich s (chan 19 va 25), hai OLMC 14 tich s6 (chan 20 va 24) va hai OLMC 16 tich sb
(chan 21 va 23). Thém vao dé mdi OLMC con c6 1 tich sé6 danh san dé diéu khién chirc
nang cho phép ngo ra.

Cuec tinh ra ctia méi OLMC cé thé dwoc Iap trinh riéng ré & moét trong hai ché d6 td
hop hodc thanh ghi. Diéu nay cho phép méi ngd ra cé thé dwoc céu hinh tich cwc mirc
thap hodc mirc cao mdt cach doc lap.

Thiét bj ispGAL22V10 c6 mdt tich sb reset khdng déng bd (AR) va mét tich sb
preset ddng bd (SP). Hai tich sd nay dung chung cho tat cad cac OLMC kiéu thanh ghi. AR
sé thiét |ap tat ca cac thanh ghi vé 0 bt cu khi nao tich s6 nay dwoc xac dinh. SP sé thiét
lap tAt ca& cac thanh ghi I&n 1 tai canh 1&n cha xung déng hd ké tiép sau khi tich s& nay
duwoc xac dinh.

Lwu y: Hai tich s6 AR va SP sé bat budc ngd ra Q clia FF vao cuing trang thai bat
chép cwc tinh ngd ra. Do d6, mdt thao tac reset sé lam ngd ra cac thanh ghi tré vé 0, dan
dén két qua chan ra co thé cao hoac thap 1a tuy thudc vao viéc chon cuwc tinh ctia chan.
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Hinh 2.18 C4u tao OLMC
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4.2.2 Cau hinh OLMC
Mbi OLMC trong ispGAL22V10 c6 hai mode chirc nang co ban: Thanh ghi va I/O té
hop. cac ché do va cuc tinh ra duwoc thiét 1ap béi hai bit (SO va S1). Théng thueng cac bit
nay dwoc diéu khién béi chwong trinh dich.

Ché d6 thanh ghi

Trong ché d6 nay, chan ra dwoc két hop véi mot OLMC duoc lai béi ngd ra Q cla
FF-D trong OLMC d4. Cwec tinh tin hiéu ra tai chan nay c6 thé dwoc chon bang cach xac
dinh bd dém ra cta né tich cwe mirc cao hodc mire thap. Viéc diéu khién ngd ra 3 trang
thai c6 hiéu lwc nhw mot tich sé riéng ctia mdi OLMC va vi vay cé thé dwoc dinh nghia
bang mét phwong trinh logic. Ngé ra Q ciia FF-D dwoc hoi tiép vé mang AND.

Luu y: Trong che do thanh ghi, tin hiéu hoi tiép lay ti» ngd ra Q cla thanh ghi cht
khong phai tir chan thiét bi, do dé6 mét chan khi da dugc dinh nghia la thanh ghi thi sé chi
la ngd ra va khéng thé dung lam 1/0 déng nhw cac chan to hop.

Ché d6 1/0 t6 hop

Trong ché dd nay mot chan duoc lién két véi mot OLMC riéng dwoc diéu khién tor
ngd ra ctia mot téng s6. Cuc tinh tin hiéu ra tai chan nay cé thé dwoc chon béng cach xac
dinh bd dém ra diéu khién tich cwc mrc cao hodc mirc thap, viéc diéu khién ngd ra 3
trang thai cé kha ndng nhw mot thanh phan tich sé riéng cho méi ngé ra va cé thé dwoc
thiét 1ap b&i chwong trinh dich la ON (ngd ra dinh san), OFF (ngd vao dinh san) ho&c tich
sb diéu khién (1/0 dodng). Tin hiéu hoi tiép dwa vé mang AND |4y tir chan cltia bd dém cho
phép ra, ca hai cuc tinh cia chan (dao va khéng dao) déu dwoc hoi tiép vé mang AND.

AGTIVE LOW ACTWE HIGH

)

Sﬁ
SI

o
non
[= =]

Hinh 2.19 Ché dd thanh ghi
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Hinh 2.20 Ché d6 t6 hop

PLCC & 330P Package Pinout
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fmax vé&i hoi tiép ngoai 1/(tsy + tco)

Luu y: fmax véi hdi tiép ngoai dwoc tinh tir
cac gia tri do tsy va tco

fmax véi hoi tiép trong 1/(tsy + tcr)

Lwu Q.‘ tcs = 1/fmax — tsu. Gia tl’i ter
dwoc dung dé tinh thdi gian tri hoan ké
tlr khi c6 xung ddng hd cho dén ngé ra
t& hop 9qua héi tiép thanh ghi) , thoi
gian nay la tcr + tpq
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fmax khéng c6 ho tiép

— :: i Luu y: fmax khong héi tiép co thé nhé hon
— e tRRAY | g PEGISTERL | 1/(twh + twl). Biéu nay cho phép xung dong
H ho c6 chu ky hoat ddng khac 50%

H—t:u-'lh—”

Ky hiéu nhan dang

Mbi ispGAL22V10 dwoc cung cAp mdt ky hiéu nhan dang dién t& (ES) gdbm 64 bit
nhé cho phép Iap trinh lai. cac bit nay c6 thé chva d liéu dwgc dinh nghia béi nguoi
dung. Mét sé &ng dung bao gdbm ma nhan dang nguwdi dung, sd phién ban hoac diéu
khién kiém ké. D& liéu nhan dang luén dwoc phép xi dung khéng phu thudc vao trang
thai cia té bao bao mat.

Ky hiéu nhan dang dién t&r la mot déc tinh bd sung khéng co6 hd tro trong cac thiét bi
22V10 cla cac nha san xuat khac. D& x&r dung tinh nang nay phai chon loai 22V10 cla
LATTICE khi dich mét tap hop cac phwong trinh logic. Thém vao dé nhiéu may lap trinh
c6 hai kha nang lya chon: M6t ispGAL22V10 va mét ispGAL22V10-UES (User Electronic
Signature) hodc ispGAL22V10-ES, diéu nay cho phép ngwdi dung duy tri sy twong thich
v&i cac thiét ké 22V10 hién c6 trong khi van con kha nang tuy chon x& dunngj tinh ndng
mé réng cla cac thiét bji GAL.

Ban d6 JEDEC cua ispGAL22V10 bao gbm 64 cau chi bé xung cho ky hiéu nha
dang dién t&r trong téng s6 5892 cau chi. Tuy nhién, ispGAL22V10 van con c6 thé dwoc
lap trinh theo ban @b JEDEC 22V10 chudn (5828 cau chi) véi may lap trinh bét ky.

Té bao bao mat

Mbi ispGAL22V10 cé mdt t& bao bao mat dé chéng sao chép ndi dung clia mang.
Mbi khi dwoc 1ap trinh té bao nay sé ngan viéc doc cac bit chirc nang cla thiét bi. Té bao
nay chi c6 thé bi xéa khi lap trinh lai nén ciu hinh nguyén thiy cé thé khéng bao gi¢r
dwoc kiém tra. Ky hiéu nhan dang dién tlr van cho phép x&r dung bat chap trang thai cla
té bao nay.

Chéng nghén mach

Thiét bj ispGAL22V10 duogc thiét ké véi mdt bom dién tich trén mach dé phan cuc
am khdi nén, bién dd phan cwc am dd dé ngan cac nhiéu xung am & ngd vao cé thé lam
nghén mach. Ngoai ra, cac ngé ra dwoc thiét ké véi mach kéo 1én kénh N thay vi théng
thwong la kénh P dé giam thiéu moi kha nang nghén mach cam &ng SCR.

Lap trinh thiét bj

Céc thiét bj ispGAL22V10 x&r dung mét file ban d& cau chi JEDEC 22V10 chuan dé
mo ta thong tin 1ap trinh cho thiét bi. cac chwong trinh dich cta hang thir ba c6 thé tao ra
file JEDEC cho thiét bi nay.

Kha nang lap trinh trong hé théng

Thiét bi ispGAL22V10 c6 tinh nang lap trinh dwgc trong hé thdng. Bang cach tich
hop tt cd mach |ap trinh dién ap cao trén chip, viéc lap trinh dwgc thye hién don gian
bang cach dich chuyén di liéu vao thiét bi. M&i khi dwoc 1ap trinh div liéu trong cac té bao
E2CMOS van duy tri ngay ca khi tt ngudn.

Tét ca cac diéu kién can thiét cho viéc lap trinh dwoc thuc hién thong qua 4 tin hiéu
giao tiép mrc TTL. Céac tin hiéu nay dwoc dwa dén mach lap trinh trén chip, noi dé6 mot
may trang thai sé diéu khién viéc 1ap trinh. Cac tin hiéu giao tiép la: D& liéu vao néi tiép
(SDI), div liéu ra néi tiép (SDO), xung ddng hd nédi tiép (SCLK) va tin hiéu diéu khién ché
d6 (MODE).
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Nap trwéc thanh ghi ra

Khi kiém tra cac thiét ké may trang thai can thiét phai kiém tra tit cad cac trang thai
c6 thé va cac qua trinh chuyén trang thai. Day la nhirng tinh huéng c6 thé xay ra khi may
dang hoat déng cé thé xuat hién nhiéu gay ra bdi viéc tdt/mé ngudn, nhiéu trén lwdi
dién...Dé kiém tra mot thiét ké phu hop véi cac diéu kién nay can phai cung cap mot
phwong phap cach ly dwdng héi tiép va ap dat moét trang thai bat ky vao cac thanh ghi.
Sau dé may trang thai cé thé hoat dong tiép tuc va cac ngd ra dwoc kiém tra ding theo
cac diéu kién cua trang thai ké tiép.

Thiét bj ispGAL22V10 bao gdm mach dién cho phép mdi ngd ra kiéu thanh ghi dwoc
thiét lap dong bd véi mirc cao hodc muirc thap. Do d6 mét trang thai hién tai bat ky co6 thé
duwoc ap dat dé kiém tra hoat dong ctia may. Khi can thiét may nap GAL cé kha nang tién
hanh cac véc to thir bang cach ty ddng thwe hién viéc nap trwdc cac thanh ghi ra.

Pbém ngo vao

Thiét bi ispGAL22V10 dwoc thiét ké véi cac bd dém vao twong thich TTL. Cac bd
dém nay cé tré khang vao cao nén mirc tai twong dwong nhd hon nhiéu so véi cac tai
TTL thdng thwong khac.

Tt ca cac chan vao va chan 1/O (ngoai trir chan SDI cla ispGAL22V10C) déu co
mach kéo 1&n bén trong, do d6 cac ngd vao dé hé sé cé mirc cao TTL (mtc 1), chan SDI
c6 mach kéo xudng bén trong dé gitr cho thiét bj thoat khoi trang thai Iap trinh khi chan
nay khéng dwoc diéu khién tich cwe. Tuy nhién, cong ty LATTICE khuyén nén ndi cac ngd
vao khéng dung, cac chan 1/O 3 trang thai véi cac ngd vao tich cwc gan do, véi Vee hodc
véi GND nhdm cai thién kha nang chdng nhiéu va giam dong lcc cho thiét bi.

Typical Input Current

i

Pa

InputCument &)

(

10 H 10 40 5D
Input Vollage(vols)

Reset khi m& ngudn

X Wiz imin
Voo 7

P 1y —m

INTERMAL REGIETER niarmal Ragskr
- oLTPUT Resctio Logic T
ACTWVELOW Caca AN
JUTPUT REGISTER Reset o Logie ™1°
ACTIVE HIGH DavicaFn
JUTPUT REGIETER Fiasal ko Logez 0

mach dién cltia ispGAL22V10 cung cdp mdt tin hiéu reset cho tat ca cac thanh ghi
trong subt thdi gian mé ngudn. Ngé ra Q cla cac thanh ghi dwoc dwa vé mirc thdp sau
mot thdi gian xac dinh (tpr, 1 uS MAX). Két qua la trang thai clia cac chan ra kiéu thanh
ghi (néu chung dwoc cho phép) sé & mot trong hai mirc cao hodc thap khi mé nguén phu
thudc vao cuc tinh da dwoc lap trinh clda cac chan ra. Bac tinh nay lam don gian viéc
thiét ké may trang thai qua viéc tao ra moét trang thai biét trwdc khi mé ngudn. Vi thoi
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diém mé ngudn la ngau nhién nén phai thda man mot s diéu khién dé dat dwoc qua trinh
reset hop |1&. Trwdc tién, Ve phai tdng Ién, thé hai xung déng hé phait dat mic TTL trong
subt thoi gian mé ngudn nhuw trinh bay trong dé thi. Cac thanh ghi sé reset trong khoang
thoi gian tdi da tpr. Trong ché dd hoat ddng binh thwdng tranh kich thiét bi cho dén khi tat
ca cac dudng vao va dudng hoi tiép da hoan tat thoi gian thiét 1ap, xung déng hé ciing
phai cé bé rong téi thidu.

So d6 twong dwong vao/ra

[l Tyl = 3.5 Feadback #————

Achiva Pull-up o
Clrcult {Exeapt 501

_— Aciive PUll-up
on IspEALZZVI0C) Circut
| . _|_ [l Tyl = 22%0)
- vieo wral oo Tr-State = Vel
Pretachan i |
Cireuit i
rq[ L 10
PN [ : Dala I =] Pin
|_“: Culput L
ESD L
Frotechon
Clrzult
o
| -
Pull-doan Restsior w  Feathack
(=00 on EpGALZA10C 0Ny (T Input Burier)
Input Crutput
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BAI 3

Tén bai: Ngén ngir ABEL Ma bai: CIO 01 09 03

GIO'l THIEU

Bai hoc nay gidi thiéu vé mét trong sb cac ngdn nglr md ta phan cing théng dung
phuc vu cho yéu cau thiét ké logic dung PLDs d6 1a phan mém ABEL, ngoai kha nang tao
ra file d6t cau chi, ABEL con c6 thém tinh nang mé phdéng dé kiém tra chirc nang hoat
déng cuia hé théng giup lam gidm théi gian cling nhw chi phi qua trinh thiét ké.

MUC TIEU THU'C HIEN

e Hiéu dwoc cAu tric chung ctia mét chwong trinh ABEL
 Hiéu ro cu phap, tinh nang cac dong Iénh )
e Phan tich va viét dwgc chwong trinh logic theo yéu cau

NOI DUNG CHINH
N6i dung bai hoc tap trung vé cac chi dé chinh nhw sau:
e CéAu tric chwong trinh ABEL
Cac mo ta chwong trinh : Module, title, device...
Cac hé thdng sé : thap phan, nhi phan, bat phan, thap luc phan.
Céac chi dan chwong trinh
Khai niém vé tap hop va (rng dung.
Phwong phap mé ta hé théng : Phwong trinh logic, bang sw that, so db trang
thai.
e Mét s6 chwong trinh mau
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1. GIOI THIEU

ABEL (Advanced Boolean Equation Language) la mét ngdn ng 1ap trinh radt manh
cho PLDs bao gdm ca phan lap trinh, md phéng va tao file cau chi d& dét PLDs. N6 cho
phép nhap nhirng mo ta twong tw hanh vi ctia mét mach logic. ABEL la mét ngén nglr mo
ta4 phan cirng (HDL) chuén cong nghiép dwoc phat trién béi cong ty Data 1/0 cho cac thiét
bi PLD. Trén thwc té con cé nhiéu ngdn ngir md ta phan cirng khac nhw VHDL va Verilog.
ABEL don gian hon VHDL la mét ngdn ngir c6 kha ndng mé ta cac hé théng c6 d6 phirc
tap cao hon.

ABEL c6 thé dwoc dung d& mé ta hanh vi cia mot hé thdng trong mét loai cac dinh
dang bao gdbm cac phwong trinh logic, cac bang sw that va cac so dd trang thai bang
cach dung cac cau Iénh giébng nhw ngdén ngir C. Chuwong trinh dich ABEL cho phép md
phéng va thuwc hién cac thiét ké trén PLDs nhw PALs, CPLDs, FPGAs.

2. CAU TRUC FILE NGUON ABEL
Mét file ngudn ABEL gém cé cac thanh phan sau day
e Phan mé& dau: Bao gdbm module, cac tuy chon va tiéu dé.
Phan mé t&: Chan linh kién, hdng sb, chan an, tap hop, trang thai, thw vién.
Phan mé ta logic: Phwong trinh, bang sw that, so’ d6 trang thai.
Phan véc to thir: cac véc to thir.
Két thuc.

Cac tr khéa (cac tr dwgc nha dang b&i ABEL nhw cac Iénh, VD: goto, if, then,
module...) khdng phan biét ch&r hoa va chi thwong. cac tén do ngwoi dung dinh nghia,
cac nhan (tr dinh danh) cé thé duwoc viét bang chir hoa, chir thworng hodc 1an 16n. Mot
mau dién hinh dwoc trinh bay nhw sau:

module module name

[title string]

[devicelD device deviceType;]
pin declarations

other declarations

equations

equations

[Test Vectors]

test vectors

end module name

Vi du sau day la file nguén cla mét mach cong ban phan

module my first circuit;
title 'ee200 assignment 1'
EE200XY device 'XC4003E';
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" input pins
A, B pin 3, 5;

" output pins
SUM, Carry out pin 15, 18 istype 'com';

equations

SUM = (A & !B) # (!A & B) ;
Carry out = A & B;

end my first circuit;

Khi xt¢ dung ABEL v&i phdn mém CAD Xilinx nguwoi dung cé thé dwa trén mau
hwéng dan cé san ctia ABEL va thém vao mot s6 tlr khéa, cling twong tw nhw trong phan
tro gilp cda trinh soan thao ABEL cung cap cac trg giup tryc tuyén. Vao thwc don TOOL
> LANGUAGE ASSISTANT. Cac biéu mau cé san cung cap mot mé ta cua hau hét cac
lénh ABE, cu phap, cau tric...Trong khi cac mau tdng hop trinh bay cac vi du mach dién
hinh.

3.CACMO TA

Module: Mbi file nguén bat dau véi mot cau 1énh module va theo sau [a mét tén
module (nhan dang). cac file nguén I&n thuwérng bao gdm nhiéu module véi cac thanh
phan riéng clia ching nhw: Tiéu d&, phwong trinh, 1énh end...

Title: La tuy chon va co thé dwoc dung dé nhan dang dv an, tén tiéu dé phai dwoc
dat gitra hai ddu méc don. Dong chira tieu dé& dwoc chuwong trinh dich bd qua nhung
dwoc dung dé tao tai liéu cho chwong trinh.

String: La mét chudi cac ky tw ASCII dwoc bao bdi hai d4u moc don, string dwoc
diing cho tiéu d&, cac cau Iénh tiy chon, md ta chan linh kién, chan an va thudc tinh.

Device: M6 ta nay la tuy chon va twéng véi mét dinh danh thiét bi PLD xac dinh.
Cau lénh device phai duwoc két thic bang dau chdm phay. Khi dung hé théng CAD xilinx
dé dich thiét ké tét hon la khédng nén dat cau lénh device trong file ngudn dé gitr cho thiét
ké khong phu thudc vao linh kién. Khi can tao mét dw an méi trong xilinx thi can phai xac
dinh kiéu thiét bj (cling c6 thé thay dbi trong clra s6 quan ly dw an bang cach chon nut
théng tin dw an). Dang thirc nhw sau:

device id device 'real_device';
Vi du: MY_DECODER device XC4003E’ ;
~ Comment: Co thé duoc chén vao bat ky noi nao trong file ngudn va duoc bat dau
bang dau maoc kép va két thuc bang dau moc kép khac hoac khi dén cudi dong.
Pin: M6 ta pin cho bao cho chuwong trinh dich tén cac ky hiéu twong (ng voi cac
chan bén ngoai cta thiét bi. Dang thirc nhw sau:
[!lpin id pin [pin#] [istype 'attributes'] ;
One can specify more than one pin per line:
[Mpin_id , pin_id, pin_id pin [pin#, [pin#, [pin#]]] [1stype 'attributes'];
Vi du:

IN1, IN2, Al pin 2, 3, 4;
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OUT1 pin 9 istype 'reg';

ENABLE pin;

!Chip select pin 12 istype 'com';
150..!86 pin istype 'com';

Lap trinh vién khéng can xac dinh chan. S6 chan c6 thé dwoc xac dinh sau dé bang cach
xt& dung mét file ngwdi dung trong khi dang dich bang CAD xilinx. Diéu nay giup két qua
thiét ké dwoc téng quat va linh ddng hon. Ky hiéu ! biéu thi mirc tich cwe 1a mirc thap (tin
hiéu bj dao) istype 1a mét thudc tinh tuy chon cia chan linh kién vi du ‘com’ bao cho biét
tin hiéu ra 13 kiéu t6 hop hoac ‘reg’ 1a mét tin hiéu tuan tw (dwoc ghi vao mot FF). Thudc
tinh nay chi ap dung cho cac chan ra.

Node: M6 ta node cé cung dang thirc nhwr mo ta pin. Node la cac tin hiéu bén trong
linh kién chung khéng dwoc ndi dén cac chan ngoai.

Vi du:

tmp1 node [istype 'com’

Cac mo ta khac cho phép nguwéi dung dinh nghia cac hang sé, tap hop, macro, biég
thirc nham muc dich don gian héa chwong trinh. Nhw vi du sau day la mét mé ta hang s6

id [, id],... = expr [, expr].. ;

Vi du:
A = 21;
C=2*7;

ADDR = [1,0,11];

D = [D3..D0];

Hai phwong trinh cudi cung la twong dwong nhau. Ky hiéu “..” dwoc x& dung dé
dinh nghia mét khoang. Vi du sau cung dung cho chu thich véc to, khi D dwoc X dung
trong mot phwong trinh thi né sé tham chiéu dén véc to [D3, D2, D1, DOQ].

4. SO

Gia tri sb6 c6 thé dwoc nhap vao theo 4 dang khac nhau: Nhj phan, bat phan, thap
phan va thap luc phan. Hé théng sé méc dinh |a thap phan. Hé thdng sb dwoc xac dinh
bang mot trong cac ky hiéu sau day (chap nhan chir hoa va chir thuweng). Khi khéng co ky
hiéu xac dinh thi sd dwoc hiéu 1a thap phan. Co thé thay dbi hé thong sé mac dinh bang
chi dan “radix”

Hé thong so Co sb Ky hiéu

Nhi phan 2 b
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Bat phan 8 Mo
Thap phan 10 Ad (mac dinh)
Thap luc phan 16 h
Vi du:
Pinh nghia béi ABEL Gia tri thap phan twong trng
35 35
h35 53
b101 5

5. CAC CHi DAN
Cac chi dén cho phép thao tac va xt ly cac file nguon va chung c6 thé dwoc dat bat
ky noi nao khi can trong file nguon.

5.1 @ALTERNATE

Cu phap
@alternate

@ALTERNATE cho phép mét tap hop luan phién cac toan tr. Viéc x(¢ dung tap hop
toan t&r luan phién dé tranh viéc dung cac toan tir ABEL-HDL céng (+), nhan (*) va chia (/)
b&i vi chiing biéu dién cac toan ttr logic AND, OR va NOT trong tap hop luan phién. Toan
tlr cG van hoat dong khi @ALTERNATE c6 hiéu lwc. Toan t& luan phién van duy tri tac
dung cho dén khi @ALTERNATE dwoc x&r dung hodc két thic module.

@RADIX

Cu phap
@radix expr ;

Expr la mot biéu thire hop 1€ cho ra cac gia tri 2, 8, 10, 16 dé& dé bao mét co sé mac dinh
mai.

Chi dan @RADIX thay déi hé théng sb méc dinh, co sc‘? mac dinh duy tri hiéu lyc cho dén
khi mot chi dan @radix khac du’o’c~x0’ dung ho,éc khi két thuc module. Lwu y la khi mC),t
@radix m¢&i dwoc tao ra thi dac diém cua co sO méi phai & trong dang thirc cua co so
hién hanh.

Vi duy: @radix 2; “ thay ddi co' s mac dinh & nhj phan

@radix 1010; “ chuyén tir nhj phan sang thap phan

5.2 @STANDARD

Cu phap
@standard

Chi dan @standart phuc hoi cac toan t& vé chudn ABEL-HDL. Tap hop luan phién duwoc
chon vé&i chi dan @alternate
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6. TAP HOP
Mot tap hop Ia mot bd céc tin hiéu hoac hdng sé dwoc dung dé tham chiéu dén mot
nhém tin hiéu thdng qua mét tén. Tap hop rét tién loi d& lam don gian cac biéu thire logic.
M6t toan t&r bat ky ap dung cho tap hop sé tac dung dén tirng phan ti trong tap hop do.
Tap hop la mét danh sach cac hang s hodc tin hiéu phan cach nhau béi d4u phay
hodc toan tr khodng (..) dat gilra cac ngoac vuong.

Vi du:
[DO, D1, D2, D4, D5]
[D0..D6] “ Khodng tang
[b6..b0] “ Khoang giam
[D7..D15]
[b1, b2, a0..a3] “ Khoang trong mét tap hop 1én hon
[!s7..1s0] “ Khoang gidm cua cac tin hiéu tich cuwc
murc thap

Tuy nhién, khéng dwoc phép viét [DO, x] ;

Trong d6 x ciing 1a moét tap hop x = [x3..x0], do d6 phai viét la [DO, x3..x0]

6.1 Chi s6 hodc truy xuat mét tap hop
Chi sb cho phép truy xuat cac phan t&r trong tap hop, cac gia tri sé dwoc dung dé
biéu thj chi s& ctia mot tap hop. Chi s6 tham chiéu dén vi tri bit trong tap hop va dwoc bat
dau 14 0 twong &ng véi bit thp nhat trong tap hop. Sau day la mot sé vi du.

D1 = [D15..D0] ;“ m6 ta tap hop

X2 =[X3..X0]; “mo ta tap hop

X2 :=D1[3..0] ; “lam cho X2 bg“ng voi [D3, D2, D1, DO]

X2 := D1[7..4] ; “Iam cho X2 bing véi [D7, D6, D5, D4]

Cu phap sau day dung dé truy xuat mét phan to trong tap hop
OUT = (X[2] ==1);

Toan t& so sanh == dwoc dung dé bién déi phan t& ( X[2] ) ra gia tri bit chinh 1a X2,
Toan t&r == cho ra két qua 1 hoac 0 la tuy thuéc vao phép so sanh true hoac false.

6.2 Cac toan tw trén tap hop )

Hau hét cac toan ti co thé ap dung cho tap hop va dwoc thwe hién trén tirng phan
tlr theo dung quy luat dai s6 Boolean. Cac toan t&r dwgc thwc hién theo thr tw wu tién.
Cac toan tr c6 cung mirc wu tién dugc thue hién tir trai sang phai (tre treong hop dung
dau ngoac don).

Vidu 1:

Signal =[D2, D1, DO] ; “mo ta tap hop cac tin hiéu

Signal =[1,0, 11 &[0, 1, 1]; “két qua la signal sé bang [0, 0, 1]

Vidu 2:

[A,B]=C&D;

twong dwong véi hai cau 1énh
A=C&D;
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B=C&D;

Vidu 3:

[A1,B1] =[D1, D2] & [C3, C2];
twong duwong voi

[A1,B1]=[D1 & C3,D2 & C2];
Két qua Ia
A1=D1&C3vaB1=D2&C2.
Vi du 4:

X &I[A, B, C];

Twong dwong voi

X&A X&B, X&CJ;

Tuy nhién, hay xem biéu thirc sau day
2&[A, B, C];

~ Truwoc tién, gia tri 2 dwoc bién dbi thanh nhi phan va dugc thém vao cac sé 0 néu
can thiét (0010), phwong trinh trén tré thanh.

[0&A,1&B,0&C];

Vidu 5:
A =[A2, A1, AQ]; “ thiét 1ap mo ta
B =[B2, B1, BO]; “ thiét lap mo ta

A#B ; twong dwong v&i [A2 # B2, A1 # B1, A0 # BO] ;
IA ; twong duwong vaoi [1A2, A1, IAQ] ;
Vi du 6:

,[b3, b2, b1, b0] = 2 ; twong dwong v,c’)’i b3=0,b2=0,b1=1,b0=0.Gia tri 2 dwoc
chuyén thanh nhi phéan va thém vao cac so zero.

Vidu7:

Tap hop ciing rat thuan tién dé xac dinh cac phwong trinh logic

Chip_sel =!1A7 & A6 & A5 ; )

Yéu cau nay cé thé duoc thye hién bang cach dung tap hop. Trwdece tién, dinh nghia

mot tap hop hang Addr.

Addr = [A7, A6, A5]; “mo ta tap hop hang Addr
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Sau d6 cé thé dung phwong trinh sau day dé xac dinh dia chi.
Chip_sel = Addr == [0, 1, 1] ; két qua twong dwong
Chip_sel = I1A7 & A6 & A5 :

Néu A7 =0, A6 = 1, A5 = 1, biéu thirc Addr == [0, 1, 1] la true (hoac 1) nén Chip_sel
cling la true (hoac 1). Phwong trinh trén cé thé viét cach khac.

Chip_sel = Addr == 3 ; “tri thap phan 3 twong dwong v&i 011

Phuwong phap trén rat théng dung khi lam viéc véi cac bién gia tri Ién (vi du dia chi
16 bit)

Vi du 8:

Ciing nhw vi du trén, biéu thirc

3 & Addr ; twong dwong voi

[0, 1, 1] & [A7, AB, A5];
[0&A7,1&A6,1&AS5];

[0, A6, A5].

Tuy nhién, phat biéu sau thi lai khac.
3 & (Addr==1);

Biéu thirc twong duong

3 & [IA7, IAB, A5] ;

Tuy nhién, toan t» so sanh chi cho két qua 1 bit nén gia tri tinh cling dwoc danh gia
Ia 1 bit va gia tri 3 bi cat thanh 1. Phwong trinh trén tré thanh

1 & IA7 & I1AG & A5

7. TOAN TU

C6 4 kiéu toan t&r co ban: Logic, sb hoc, so sanh va gan

7.1 Toan tw logic
Bang sau day trinh bay cac toan ttr logic. Ching dwoc thwc hién tirng bit mét. Vo
chi dan @alternate nguoi ding cé thé chuyén tap hop toan tlr nhw trinh bay trong béng

Toan tr (mac dinh) Mo ta Toan ttr luan phién
! NOT (bu mét) /

& AND *

# OR +

$ XOR T+

1$ XNOR S
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7.2 Toan tir sé hoc
Bang sau day trinh bay cac toan t&r s6 hoc, trong doé 4 toan tir sau cung khoéng ap
dung dugc cho t6 hop, dau trr cé thé cod y nghia khac: La phép trlr (hoac phép cong so
bu hai) néu dung véi hai toan hang va la sé bu hai khi dung véi 1 toan hang

Toan twr Vi du Mo ta
- - D1 Sé bu 2 (d&o)
- C1-C2 Phép tri
+ A+B Phép cbng
Cac toan tlr sau day khong dung véi tap hop
* A*B Phép nhan
/ A/B Phép chia s6 nguyén khéng dau
% A% B Modulus s6 dw ctia phép chia
<< A<<B A duoc dich trai B bit
>> A>>B A duoc dich phai B bit

7.3 Toan tr so sanh
~BoOn toan tr nay cho ket qua la gia tri boolean: True (-1) hoac falsse (0). Gia tri 1a -1
khi tat ca cac bit déu bang 1. Vi du véi s6 16 bit -1 twong dwong v&i 1111 1111 1111
1111

Toan twp Vi du Mo ta

== A == B 3= = 5 (false) Bang nhau

I= A!=B 3 !=5 (true) Khac nhau

< A <B 3 <5 (true) Nhé hon

<= A <= B 3 <= 5 (true) Nhé hon hodc bang
> A>B-1>5 (true) Lén hon

>= A >=B 10 >= 0 (true) Lén hon hodc bang

Toén tr so sanh la khéng dau. Cha y: 10 1a bd tic cta 0 hodc 1111 1111 (div liéu 8
bit) cé gia tri la 255. Vi vay 10 > 9 la true va biéu thirc -1 > 5 cling la true
Gia tri -1 hoac 0 co thé dwoc thay thé tuy thudc vao két qua logic vi du:

A=B1$ (C==D):

A bang B néu C = D (true hodc 1111...B XNOR 1 bang B). Nguoc lai A sé bang b
tuc ctia B (néu C khac B (false hoac 0)).

7.4 Toan ttr gan
Céc toan tir nay dwoc dung trong phwong trinh d& gan gia tri mot biéu thire cho tin
hiéu ra. C6 hai kiéu toan tir gan: Té hop va thanh ghi. Trong mét toan ti t6 hop phép gan
xay ra tirc thdi khong cdé tri hoan. Trong khi phép gan kiéu thanh ghi xay ra tai xung dong
ho ké tiép két hop véi ngd ra. Vi du mét FF cé thé dwoc dinh nghia bang cac dong 1énh
sau day.

Q1 pin istype ‘reg’;
Q1:=D;
Dong Iénh dau tién dinh nghia FF Q1 bang mé ta istype ‘reg’. (registered output).

Dong Iénh thir hai cho bjét ’rén,g ngd ra cla FF nhan gia tri cia ngd vao D tai thoi diém
chuyén tiép xung ddng ho ké tiép.
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Toan tor Mo ta

Gan t6 hop

Gan thanh ghi

7.5 Th tw wu tién
Murc wu tién ctia mbi toan tlr dwoc trinh bay trong bang dudi day, véi 1 1a mie wu
tién cao nhéat va 4 1a thap nhat. Nhirng toan tlr c6 cing mirc wu tién thi dwoc thwe hién tir
trai sang phai.

Mdrc wu tién Toan tw M6 ta

1 - Phu dinh (bu 2)

1 ! Pao

2 & AND

2 << Dich trai

2 >> Dich phai

2 * Nhén

2 / Chia khoéng dau

2 % Modulus

3 + Céng

3 - Trer

3 # OR

3 $ XOR

3 1$ XNOR

4 == Bang nhau

4 I= Khac nhau

4 < Nho hon

4 <= Nhé hon hodc bang
4 > Lén hon

4 >= Lén hon hodc bang

8. MO TA LOGIC

Mot thiét ké logic cé thé dwoc mé té theo cac phwong phap sau day:

e Phuong trinh.
e Bang sw that
e So d6 trang thai

8.1 Phwong trinh

M6 t& phwong trinh logic dwoc bat du bang tlr khda equations. Phwong trinh xac
dinh céac biéu thirc logic bang cach dung cac toan tlr nhw da trinh bay & phan trén hoac
cau lénh “When — Then — Else”.

Cau lénh “When — Then — Else” dwoc dung trong phwong trinh d& mé td mét chie
nang logic (Lwu y: “If — Then —Else” dwgc dung trong phan so dé trang thai d& mé ta qua
trinh chuyén déi trang thai).

Dang thirc cua cau Iénh “When — Then — Else” nhw sau:

When diéu kién Then phan t& = Biéu thirc ;
Else phwong trinh ;

Hoac:

When diéu kién Then phuong trinh ;
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Vi du:

SUM = (A & !B) # (!A & B) ;
A0 := EN & !D1 & D3 & !D7;
WHEN (A == B) THEN D1 out = Al;

ELSE WHEN (A == C) THEN D1 out = AQ;
WHEN (A>B) THEN { X1 :=D1; X2 :=D2; }

Ciing co thé dung dau ngoac moc dé nhém cac doan lai véi nhau thanh mét khoi,
Doan van ban trong khoi c6 thé dwoc viét trén mot dong hodc rai trén nhieu dong. Cac
khoi dwgrc dung trong phwong trinh, so do trang thai va cac chi dan.

8.2 bang sw that
T khoéa la truth_table va cu phap la

TRUTH TABLE ( in ids -> out_ids )
inputs -> outputs ;

Hoac
TRUTH _TABLE ( in_ ids :> reg ids )

inputs :> reg outs ;

Hoac
TRUTH TABLE

( in_ids :> reg ids -> out ids )

inputs 1> reg outs -> outputs ;

Ky hiéu -> 14 ngd ra t6 hop va > 1a ngd ra kiéu thanh ghi. Dong dau tién ctia bang
sy that (trong c&p ngodc don) dinh nghia céac tin hiéu vao va ra. Cac dong tiép theo cho
biét gia tri cta tin hiéu vao va ra, méi dong phai két thic bang dau chdm phay. cac ngd
vao va ra cé thé la tin hiéu don hodc tap hop. Khi la tap hop thi cac tin hiéu phai dwoc
bao béng cac ngodc vudng va cach nhau bang cac dau phay. Gia tri khéng xac dinh dwoc
biéu dién bang ky hiéu “.X.”.

Vi du 1: mach cong ban phan

TRUTH _TABLE ( [ A, B] -> [Sum, Carry out] )
[0, 01 - [0, O1 ;
[o, 11 ->101, 01 ;
[ 11 O ] -> [11 O ] 7
[1, 11 - [1, 11 ;

Tuy nhién, néu dinh nghia mét tap hop IN = [A, B] hodc OUT = [sum, carry_out] ; ltic
nay bang su that sé tr& nén don gian hon

TRUTH_TABLE (IN -> OUT )
0 -> 0;
1 -> 2;
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2 -> 2;
3 -> 3;

Vi du 2: Mach EXOR cé hai ngd vao va méot ngd cho phép, vi du nay cho thay cach
dung cac tri khdng xac dinh

TRUTH TABLE ([EN, A, B] -> OUT )
[ 0, .X.,.X.1 -> .X. ;
[1, 0, 01 -0 ;
[1, 0 , 11 -1 ;
[1, 1, 01 ->1 ;
[1, 1, 11 -0 ;

Bang sv that ciing c6 thé dugc ding dé dinh nghia hé tuan tw vi du mét mach dém
Ién 3 bit tr 000, 001,dén 111,vé tré vé 000. Goi QA, QB vz‘3\ QC la ngo ra cua cac FF va
ngd ra OUT khi bé dem dat dén gia tri 111, boé dem bi x6a ve 000 khi tin hiéu reset &@ mirc
cao.

MODULE CNT3;

CLOCK pin; " input signal

RESET . pin; " input signal

OUT pin istype 'com'; " output signal (combinational)
QC,QB,QA pin istype 'reg'; " output signal (registered)

[QC,0QB,QA] .CLK = CLOCK; "FF clocked on the CLOCK input
[QC,QB,QA] .AR = RESET; "asynchronous reset by RESET

TRUTH_TABLE ) [QC, 0B, QA] :> [QC,0B,QA] -> OUT)

[0OO0OO0] :>[ 0011 ->0;
[0OoO0O11]1 :>[ 0101 ->0;
[01 0] :>[ 0111 ->0;
[011] :>[ 1001 ->0;
[1 001 :>[ 1011 -> 0;
[101] :>[ 110171 ->0;
[110] :>[ 1111 ->0;
[111] :>[ 000171 ->1;

END CNT3;

8.3 M6 ta trang thai
Phan so d6 trang thai bao gdm viéc mo ta trang thai mot thiét ké logic. Trong phan
nay dung cu phap state_diagram v&i cac cau lénh “If — Then —Else”, “Goto”, “case” va
“With”. Théng thwéng tén trang thai dwoc dét trong phan mé ta dé giup viéc doc chwong
trinh dé hon.
Cu phap: state_id [, state id ...] STATE ;

Vi du: SREG =[Q1, Q2] ; két hop tén trang thai SREG véi cac trang thai dwoc dinh
nghia la Q1 va Q2.

Cu phap phan so db trang thai nhw sau:
State diagram state reg

STATE state value : [equation;]

[equation;]
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trans stmt ;

Tw khoa state_diagram bao cho biét vj tri bat ddu phan mé t& may trang thai. Tw
khéa STATE va cac cau Iénh theo sau trinh bay mét trang thai clia so d6 trang thai trong
doé gbm co gia tri va tén trang thai, cau Iénh chuyén trang thai va mét phwong trinh ngé ra
tuy chon. Trong cu phap trinh bay & trén:

» State_reg: La mét dinh danh dinh nghta cac ky hiéu xac dinh trang thai cla may.
DPay c6 thé la mét thanh ghi trang thai da dwgc mo ta trwdc trong phan mo ta.

e State value: C6 hé l1a mét biéu thirc, mot gia tri hodc tén trang thai hién hanh.
Equation: Phwong trinh dinh nghia cac ngé ra cia may trang thai.

e Trans_stmt: cac cau lénh “If — Then — Else”, “Case” hodc “Goto” dung dé xac
dinh céc trang thai ké tiép, dwoc theo sau bdi cac phuong trinh chuyén tiép
WITH tay chon.

“If — Then — Else” . . , o
Cau lénh nay dwoc dung trong phan so do trang thai dé moé ta trang thai ké tiép va
xac dinh cac diéu kién chuyén tiép

Cu phap:
IF expression THEN state exp

[ELSE state_exp] ;

state_exp c6 thé 1a mét biéu thirc logic hodc tén trang thai. Lwu y |a cau lénh If —
Then — Else chi cé thé dwoc dung trong phan so dd trang thai (dung “When — If — Then”
dé mo t& cac chirc nang logic). Ménh dé ELSE Ia tuy chon. C4u lénh If — Then — Else ¢c6
thé dwoc ké tiép béi cac cau l1énh Goto, Case va With.

Vi du:

Trong phan mé ta, trwdc tién chung ta dinh nghia cac thanh ghi trang thai
SREG = [Q1, QO] ; "definition of state registers
S0 = [0, 0];
S1 = [1, 11;

state diagram SREG
state S0: OUT1=1;

if A then S1
else SO;
state S1: 0OUT2 =1;

if A then SO
else S1;

Cac cau lénh If — Then — Else c6 thé 16ng nhau nhw vi du sau day. Gia st réng cac
trang thai va cac thanh ghi da dwoc dinh nghia trong phan mé ta.

state diagram MAK
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state INIT: if RESET then INIT else LOOK;
state LOOK: if REST than INIT

else 1if (X == LASTX) then OK
else LOOK;
state OK: if RESET than INIT
else if Y then OK
else 1if (X == LASTX) then OK
else LOOK;
state OK: goto INIT;

Cau lénh “With”
Cu phap:

trans stmt state exp WITH equation
[equation ] ... ;

trans_stmt c6 thé Ia cau I&énh “If — then — else”, “Goto” hodc “Case”, state_exp 13
trang thai ké tiép va equation la mot phwong trinh ra ctia may.

Cau lénh nay co thé dwoc dung véi “If — then — else”, “Goto” ho&c “Case” tai vi tri
ctia mét biéu thirc trang thai don. Cau l1énh “With” cho phép cac phwong trinh ra dwoc ghi

vao cac sb hang clia sw chuyén tiép.
Vidu 1:
if X#Y==1 then S1 with Z=1 else S2;

Trong vi du trén ng6 ra Z sé dwgc xac dinh ngay khi biéu thirc sau cau lénh If cé gia
tri la 1 (hoac ’grue). Bieu thrc sau tr khéa WITH cé thé 1a mét phwong trinh va dwoc dinh
tri ngay khi diéu kién If la true nhw trong vi du 2.

Vidu 2:
if X&'Y then S3 with Z=X#Y else S2 with Z=Y;

Cau lénh “With” cling thwdng duwoc dung d& mé ta hanh vi ra clia cac ngd ra kiéu
thanh ghi. Do cac ngd ra kiéu thanh ghi cham sau mét chu ky ddng hd. N6 ciing cho phép
thé hién dé xac dinh ngd ra thanh ghi cé mét gia tri xac dinh sau mét chuyén tiép dac biét
nhw & vi du [1]

Vi du 3[1]
state S1:
if RST then S2 with { OUT1 := 1;
Error-Adrs := ADDRESS; }
else if (ADDRESS <= “hC101)
then S4
else S1;

Lwu y 1a c6 thé dung cap ngodc nghoéo d& nhédm chung cac ngd ra va cac phuwong
trinh nhw vi du trén.

Vidu3
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state S1: if (A & B) then S2 with TK = 1
else SO with TK = 0 ;

Can phai quan tam dén thoi gian khi dung cau I&nh “With” dbi v&i cac ngd ra td hop
hoac khong déng bd (nhw trong hé Mealy). Hé Mealy thay ddi cac ngé ra ctia nd ngay khi
cac ngd vao thay dbi. Diéu nay co thé Iam cho ngd ra thay dm qua nhanh va sé gay ra
nhiéu logic.Cac ngd ra ctia Mealy phai 6n dinh tai thdi diém cudi cla trang thai (cé nghia
la ngay truéc khi xung déng hd thay déi). Vé diém nay thi mét ngd ra Moore sé it gay 16i
hon.

Cau lIénh “Case”
Cu phap:

CASE expression : state exp;

[ expression : state exp; ]

ENDCASE ;

expression la mot biéu thirc ABEL bét ky va state_exp la mot biéu thirc cho biét
trang thai ké tiép (c6 thé dwoc theo sau béi cau Iénh “With”)

Vi du:
State SO0:
case ( A == 0) S1;
(A ==1) : SO0;
endcase;

Cau lénh case dwoc dung dé liét ké mot chudi cac diéu kién chuyén tiép loai triv
nhau va cac trang thai ké tiép twong (rng. Cac diéu kién cla cau lénh case phai loai trir
l&n nhau (khénmg thé cé hai diéu kién chuyén tiép cung bang true) hodc két qua trang
thai ké tiép khong thé doan duorc.

8.4 Dau cham ()
D&u cham co thé dugc ding dé mo ta hanh vi mach dién mét cach chi tiét hon. Viéc
m& rong tin hiéu rat thuan lgi va cung cap mot phwong phap tham chiéu dén tin hiéu bén
trong va cac chan noi két hop véi mét tin hiéu so cép.

Cu phap

signal name.ext

M6t sb ddu chdm mé rong dwoc cho trong bang sau. Cac mé rong khong phan biét
chi hoa chir thwérng, mét sé dau chdm mé réng c6 cong dung chung (ciing con duwoc goi
la déc 1ap cau tric hodc diém — diém) va co6 thé dwoc dung véi nhiéu kiéu cau tric thiét
bi. Cac dau chdm mé réng khac dwoc dung cho cac ciu truc thiét bi xac dinh va dwoc goi
la phu thudc cau tric hodc ddu chdm mé réng chi tiét.

Diu chdm mé réng | M6 ta
Mé& rong khéng phu thudc cau tric hodc diém - diém
ACLR Reset khéng doéng bo
ASET Preset khéng déng bod
.CLK Ngé vao dong ho FF tac dong canh
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.CLR Reset dong bd

COM Ngo vao di liéu hdi tiép kidu td hop tr FF
FG H6i tiép thanh ghi

.OE Cho phép ra

PIN H3i tiép chan thiét bj

SET Preset dong bo

Cac mé rong xac dinh (phu thuéc cau truc)

Ngé vao dir liéu cua D — FF

Ngo vao J cua JK — FF

Ngd vao K ciia JK — FF

Ngo vao R clia SR — FF

NgévaoTcuaT-FF

D
J
K
.S Ngo vao S cua SR — FF
R
T
Q

Hoi tiép thanh ghi

PR Preset thanh ghi

.RE Reset thanh ghi

AP Preset thanh ghi khéng ddng bd
AR Reset thanh ghi khéng dong bod
.SP Preset thanh ghi dong b6

SR Reset thanh ghi dong bo

Hinh sau day trinh bay mét sé cac mé réng

oy “roy’ Tebgpes “regd, Imvert
XN JOE
SET (A3ET ] 3 (a) 1
S
an——b * e LA
nx —h o —>p o
R
XLR {ACLR) | 38 (A0) ]
Fa a
i S
n b

Hinh 3.1 M6 ta cac mé rong : (a) Khong phu thudc ciu trac, (b) Phu thudc ciu trac. D — FF hodc T - FF

Vidu1:

[S6..50] .OE = ACTIVE;

Truy cap dén tin hiéu diéu khién 3 trang thai ctia bd dém ra clha cac tin hiéu
S6...S0. Khi ACTIVE & murc cao, cac tin hiéu dwoc cho phép. Nguwoc lai, cac ngd ra sé &
trang thai Z cao.

Vidu2:

Q.AR = reset;

[Z.ar, Q.ar] = reset;
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Ngé ra ctia cac thanh ghi (FF) tr& vé 0 khi reset & murc cao

8.5 Cac véc to thwr ) ] o
Cac véc to thtr 1a tuy chon nham cung cap mét phwong phap dé kiem tra hoat dong
c@a may trang thai. Cac véc to xac dinh hoat dong logic mong mudn ctia mét thiét bi logic
bang cach cho cac ngé ra la ham clia cac ngd vao mét cach ré rang.
Cu phap :

Test vectors [note]

(input [, input ].. -> output [, output ] .. )
[invalues -> outvalues ; ]
Vidu:

Test vectors
( [A, B] -> [Sum, Carry] )

1] ->
1 ->
1 ->
]

4
4
4
-> ;

R OOOo
g

A
A
A
A

HoRro
R RO

A
A
A
A

R E OO

Ciing c6 thé xac dinh céac gia tri cGa tap hop véi cac hang sé nhw chi ra sau day :

( [A, B] -> [Sum, Carryl )

0 -> 0;
1 -> 2;
2 -> 2;
3 -> 3

Tri bat dinh (.X.), ngd vao ddng hd (.C.) dwoc dung nhw cac hang sb, xem vi du sau

test vectors

( [CLK, RESET, A, B ] -> [ YO0, Y1, Y3] )
[.X., 1, .X.,.X.1->[ so, 0, 0];
[.Cc., 0, O, 1] -> [ so, 0, 0];
[.c., 1, 1, 01 - [ s0, 0, 11;

8.6 Cac cau Iénh thudc tinh ] ‘

ABEL cho phép cung cap cac cau Iénh xac dinh thiet bi bang cach dung Iénh thudc
tinh. Lénh nay dwgc bd qua trong qua trinh dich. Thudc tinh clia cac thiét bi CPLD gom
co:

e Do dbc
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Ti wu logic

Sép xép logic
Thiét lap cong suat
Gia tri nap truéc

8.7 Linh tinh )
M6 ta tich cwc mwre thap
Cac tin hiéu tich cwc mire thap dwoc dinh nghia véi toan tir

nhw sau:
10UT pin istype 'com' ;

Khi tin hiéu dwoc x&r dung trong sw mo ta thiét ké tiép theo sau, né sé duoc ty dong
dao lai nhw trong vi du sau day

module EXAMPLE

A, B pin ;

10UT pin istype 'com';

equations

OUT = A & !B # !A &B ;

end

~ Trong vi du trén, tin hiéu OUT la két qua EXOR gilra A v&i B c6 nghia la OUT sé

bang 1 (High hodac ON) khi chi mét trong cac ngo vao bang 1. Mat khac OUT sé bang 0.
Tuy nhién, vi ch,én ra dwoc dinh nghTa la 'OUT co6 nghia Ia tin hiéu tich cwc mwc thap.
Dieu nay cho thay rang chan ra sé bang 0 (tich cwc mtre thap hoac ON) chi khi mét trong
hai ng6 vao bang 1. Cling c6 thé nhan dugc cung ket qua bang cach dao tin hiéu trong
cac phuwong trinh hodc bang cach mé ta chan ra la OUT. Vi du:

module EXAMPLE

A, B pin ;

OUT pin istype 'com';

equations

IOUT = A & !B # !A & B ;

end

Tich cwe mre thap cling c6 thé ap dung cho t6 hop, nhw vi du sau day dinh nghia
cactbhop A,BvaC

A = [A2,A1,A0Q0]; "set declaration
B = [B2,B1.B0]; "set declaration
X = [X2,X1.X0]; "set declaration

IX = A & !B # !A & B;
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Phwong trinh cudi cung twong dwong véi cach viét sau
IX0=A0 & !BO # !AO0 & BO;

IX1=A1 & !Bl # !Al & B1;
IX2=n2 & !B2 # !A2 & B2;

9. CHU'ONG TRINH MAU

Chuwong trinh 1:

1 module Alarm_Circuit

2 title 'Alarm Circuit Example

3 J. Wakerly, Micro Systems Engineering’

4 ALARMCKT device 'P16V8C’;

5 " Input pins

6 PANIC, ENABLEA, EXITING pin 1, 2, 3;

7 WINDOW, DOOR, GARAGE pin 4, 5, 6;

8 " Output pins

9 ALARM pin 11 istype ‘com’;

10 " Constant definition

11 X=X;

12 " Intermediate equation

13 SECURE = WINDOW & DOOR & GARAGE;

14 equations

15 ALARM = PANIC # ENABLEA & !EXITING & !(WINDOW & DOOR &
GARAGE);

16 test_vectors

17 (IPANIC,ENABLEA, EXITING,WINDOW,DOOR,GARAGE] -> [ALARM])
18 [1,.X, X, X, X, X]->[1];
19 [0,0, X., .X., X, X]->[0];

20 [0,1,1, X, .X, . X]->]0];
21 [0,1,0,0,.X,, . X]->[1];
22 [0,1,0,.X,0, X]->[1];
23 [0,1,0,.X,.X,0]->[1];
24 [0,1,0,1,1,1]1->[0];

25 end Alarm_Circuit

Giai thich chwong trinh:

Dong 1 khai bao module tén la Alarm_Circuit

Dong 2 va 3 khai bao tiéu d& ctia module

Dong 4 khai bao kiéu thiét bj Ia P16V8C (ché dd t6 hop)

Dong 5 la chu thich cho biét bat dau khai bao cac chan vao

Dong 6 va 7 khai bao cac chan vao

Dong 8 la chu thich cho biét bt dau khai bao cac chan ra

Dong 9 cho biét tin hiéu ra kiéu t& hop ALARM dwoc két ndi véi chan 11
Dong 10 chu thich dinh nghia hang sé

Dong 11 dinh nghia X |a gia tri khdng xac dinh

Dong 12 va 13 chu thich va dinh nghia phwong trinh trung gian SECURE
Dong 14 tr khda equations cho biét bat dau phan phwong trinh

Dong 15 khai bao phwong trinh cta tin hiéu ALARM

Dong 16 tir khoa test_vectors bao bat dau phan véc to thir kiém tra chirc nang
hoat ddng ctia mach

Dong 17 khai bao cac tin hiéu vao va ra can kiém tra

o Dong 18 dén 24 1a cac véc to thiy
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« Dong 25 két thuc module Alarm_Circuit bang tir khéa end

Chuwong trinh 2: cach dung céc tri bat dinh

module DontCare

title 'Dont Care Examples'

@DCSET

" Input and output pins
N3..NO, A, B pin;

F, Y pin istype 'com’;
NUM = [N3..NOJ;
X=X

truth_table (NUM->F)
0->0;
1->1;
2->1;
3->1;
4->0;
5->1;
6->0;
7->1;
8->0;
9->0;

truth_table ([A,B]->Y)
[010]'>0;

[0, 1 ]'>x;

[1,0]->X;

[1 11]'>1 ;

end DontCare

T chwong trinh trén cho thay co thé xac dinh cac té hop bat dinh mét cach ré rang

nhw & bang sy that thr hai.

Chuwong trinh 3: Dung phwong phap may trang thai thiét k& mach dém I&n, déng bo,

16 dung GAL 16V8 c6 nga-Cl-AAna hA tich o

ck ——»| 3
cL ——»| 4

GAL16V8

19
18
17
16

rc mirc thap nhw so dd mach sau
> Q3

L, @2
L, ot
5, Qo

Hinh 3.2 So' d6 chan mach dém

T so dd trang thai kém theo va lww y 1a cac ngd ra Q3...Q0 ciing chinh la cac bién

trang thai.

1 module Count4
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title ‘b6 dém I1én 16’

2

3 U4 device ‘P16V8R’ ; >

4 Ck, cl pin 1,2; S0 ¢ 0000
5 Q3, Q2, Q1, Q0 pin 19, 18, 17, 16 ;

6 Count = [Q3,Q2,Q1,Q0] ;

7 c,h 1=.C,1,0; l

8 “dinh nghia cac trang thai

9 s0 = *b0000 ; s1 = *b0001 ; s2 = *b0010 ; 0

10 s3 = *pb0011 ; s4 = *b0100 ; s5 = *b0101 ;

11 s6 = "b0110 ; s7 ="b0111 ; s8 = *b1000 ;

12 s9 = Ab1001 ; s10 = *b1010 ; s11 = Ab1011 ; s1 0001
13 s12 ="b1100 ; s13 ="b1101 ; s14 = *b1110 ;

14 s15="b1111; i

15 state_diagram [Q3,Q2,Q1,Q0] l

16 state sO : if cl then s1 else sO ;

17 state s1 : if cl then s2 else s0 ; ‘%>
18 state s2 : if cl then s3 else sO ;

19 state s3 : if cl then s4 else sO ; |

20 state s4 : if cl then s5 else s0 ;

21 state s5 : if cl then s6 else sO ; S15 ¢ 1111
22 state s6 : if cl then s7 else sO ;

23 state s7 : if cl then s8 else sO ;

24 state s8 : if cl then s9 else sO ;

25 state s9 : if cl then s10 else sO ;

26 state s10 : if cl then s11 else sO ;

27 state s11 : if cl then s12 else sO ;

28 state s12 : if cl then s13 else s0O ;

29 state s13 : if cl then s14 else s0O ;

30 state s14 : if cl then s15 else s0O ;

31 state s15 : goto sO ;

32 test_vectors ([ck,cl] -> count)

33 [c,h] -> Ap0000 ;

34 [c,h] -> Ab0001 ;
35 [ch] -> Ab0010 ;
36 [ch] ->  b0011;
37 [c,h] -> Ab0100 ;
38 [c]] -> Ab0000 ;
39 end Count

Giai thich chwong trinh

e T dong 9 dné 14 dinh nghia cac trang thai sO dén s15 bang toan tlr gan “

trong chuwong trinh nay dung ma nhi phan “*b”

Dong 15 dinh nghta 4 bién trang thai Q3Q2Q1Q0 bang t» khda state_diagram
Tw dong 16 dén 30 la cac cau lénh if — then md ta qué trinh chuyén trang thai
Dong 31 cau Iénh goto dwa trang thai bd dém vé 0 vo diéu kién

Dong 32 bat diu phan véc to thir bang tir khéa test_vectors

T dong 33 dén 38 |a cac véc to thr

Dong 39 tir khéa end két thic module.
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BAIl 4

Tén bai: Ho CPLD Ma bai: ClO 01 09 04

GIO'l THIEU

Bai hoc nay gidi thiéu vé ciu tao logic, ddc tinh dién clia mét trong cac ho CPLD
thong dung ctia hang LATTICE d6 la vi mach ispLSI 1016, ngoai kha nang cho phep lap
trinh lal vi mach nay con cé thé duwgc nap chuwong trinh ngay trén hé thong lam viéc, diéu
nay rat thich hop v&l nhirng yéu cau cap nhat tinh ndng cla hé théng diéu khién sé

MUC TIEU THUC HIEN
e Hiéu dwoc chu truc logic cla ho ispLSI 1016
e Nam dwoc cac tinh nang can thiét cta thiét bi dé& c6 thé khai thac thiét bj mot
cach hiéu qua nhat.

NOI DUNG CHINH
N6i dung bai hoc tap trung vé cac chd dé chinh nhw sau:
e Giol thiéu chung vé CPLD

Cac dac tinh co ban cua ho ispLSI 1016

M6 ta chi tiét vé cAu truc logic cta ispLSI 1016

Céc théng s6 gi¢l han

Pac tinh DC

Cong suéat tiéu thu

So d6 chan
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1. GIOI THIEU CHUNG

Trong mét vi mach logic don 1é dwoc Vi du trong trwdng hop cta IC 7400 gom 4

cdng NAND duoc thiét ké & bén trong. Trong trwéng hop IC 7406, 6 cdng dao dworc thiét
ké & bén trong. Pay |a nhirng IC riéng biét nén dé sir dung can phai két ndi ching voi
nhau trén board mach va vi thé ching chiém nhiéu khoang tréng trén board. Trong
trwong hop CPLD, né két ndi cac khdi chirc nang logic nay véi nhau trong cung moét IC
(so dd két ndi nay dwoc xac dinh bdi phan mém) nén khéng chiém nhiéu khoang tréng va
nho thé mach thiét k& sé gon hon.. Ngoai ra CPLD con cé cac wu diém khac hon han so
véi khi duing cac ho vi mach truyé théng nhu :

L)
L)
L)

L)

Cong suéat tiéu thu thap

Do tin cdy cao

Kich thwé'c board mach nhd gon, so dd ndi day bén ngoai rat don gian dan dén thi
cong don gian

Qua trinh thiét ké dé dang nho co sy tre gidp clia cac cong cu phan mém p-hat
trien hé thong

Gia thanh ré

7404 7400 o o
. T i 1 = =]
Y LB »
O YZ: T N
Y e
|-E ‘@: ‘\: m CFLD
I:IJ IJIJIJ:I

di diy trén board mach in

Tuy nhién, Kha nang clia CPLD ciing c6 gi6i han, do la s gioi han vé sb chan vi

vay durng trong mong quéa nhiéu vao CPLD. Mé&c khéac vi dugc ché tao theo dang flash
nén CPLD c6 thé tai lap trinh khodng 10.000 14n d6 14 con s6 ma nha san xuét cung cap

2. VI MACH ispLSI 1016
2.1 Pac tinh

» Vimach logic méat dé cao

Kha nang két nél téc dd cao

Gb6m 2000 céng PLD

— 32 chan I/0O, 4 ngd vao dinh san

96 thanh ghi

Cbng vao dal rong cho chirc nang dém tbc d6 cao, may trang thai, gidi ma dia
chi...

Kha nang bdo mat chéng sao chép

= Co6ng nghé E’CMOS
—  Tan sb tdl da fa = 110 KHz
—  Tan s6 frax = 60 MHz db1 vol thiét bi cdng nghiép va quan sw
—  Tri hoan truyén t,g = 3 nS
— Ngo vao va ra twong thich TTL
— Cho phép lap trinh lal va x6a bang dién
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— C6ng nghé bd nhé khdng mét dir liéu E2CMOS
—  Puwoc kiém tra 100%

= L&p trinh trong hé théng
— Kha nang lap trinh 5 V ngay trong hé théng
— Tang linh vwc san xuét, giam thdl gian thwong mal héa va cal thién chét
lwong san pham
—  Tim 181 nhanh

=  Két hop dé dang giira viéc tng dung céc hé PLD téc do cao vél mat do va tinh
linh hoat ctia FPGA
— Thiét bj lap trinh toan bd co thé két hop gitra logic té hop vol thiét ké cé cau
trac
— C6 3 ngd vao déng ho dinh san
—  Xung déng hé déng bo va khéng dong bo
— Vj tri chan linh hoat

2.2 Mo ta

IspLSI 1016 Ia vi mach s6 1ap trinh mat do cao bao gébm 96 thanh ghi, 32 ngd 1/O da
nang, 4 ngd vao dinh san, 3 ngd vao ddng hé dinh san va mot khdl két nél toan cuc
(global routing pool). IspLSI 1016 cho phép lap trinh ngay trén hé théng vél mirc dién ap
5V va ciing la thiét bj logic dau tién cé bd nhé 1ap trinh lal dwo'c ma khéng mét dir liéu.

Khél logic co sé trong ispLSI 1016 1a khél logic tdng quat GLB (generic logic block),
cac khél nay dwoc dat tén 1a A0, A1,...,B7 (hinh 4.1), c6 tat ca 16 GLB : M&l GLB c6 18
ngd vao, mét madng AND/OR/XOR lap trinh dwoc va 4 ngd ra. Cac ngd ra cé thé duoc
cau hinh theo kiéu t6 hop hodc thanh ghi. Tin hiéu dwa vao GLB lay t» cac GRB hodc twr
cac ngd vao dinh san. Tat ca ngd ra ctiia GLB dwoc hoi tiép vé GRB dé cé thé két ndl vol
ngd vao clia cac GLB khac trong thiét bi.

e
Loge Biodes
ks,
COE N 3
MODE"H 2
r=-—_ - - - C— —

1 Y [ | o
wolim | = 1] | o=
= a |} om
! ol H

H o
oz 1] 0 -

o] | 1 [ [ | e
o4 (1] & ! g - b

— 1 L
WoE 1 i s H |
= =] | e I HILE

" 2 [ Rou g -
wr i[O 4 H o o=

i & i e 2 H | s
welim Bl 5 ) e = = | ==
W =l 2 i g ] | o=
oo [ f E] o m

e i ; 1 - —
=11 |1 ! O | e
[ I e
Laba i = | ioar
o | ! = | ioie
1=
3T i H —
15 1 |
'm ‘ L]
=DM D || .
a1 || (B —— e N
Distribution — e
Hebmork ]
Megablock
e | [0 é%

" EpLE 10%6E Oniy e Mo 1 @nd REEET
* aie mul

on ha s pn

Hinh 4.1 So d6 khdl ispLSI 1016
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Céc thiét bj cling c6 32 don vij I/O dwoc ndl truc tiép dén cac chan 1/0O bén ngoai.
M&I don vi /0 c6 thé dwoc lap trinh riéng ré theo cac kiéu : Ngé vao td hop, ngd vao
thanh ghi, ngd vao chét, ngd ra hodc chan I/O hai chiéu 3 trang thai. Cac murc tin hiéu
twong thich TTL, dong ngudn ngd ra 4 mA va dong nhan ngé ra la 8 mA. Ml ngd ra cho
phép 1ap trinh doc 1ap vél tbe d6 ting dién ap ra nhanh hodc cham nham giam thiéu nhiéu
phat sinh khi ngd ra chuyén trang thai.

Tam khél GLB, 16 don vi I/0, hai ngd vao dinh san va moét ORP dwoc ndl vél nhau
tao thanh mot khél mega (hinh 4.1), cac ngd ra cta 8 GLB dwoc ndl dén mét tap hop
gdm 16 don vi /0 da nang b&l ORP. Mél vi mach ispLSI 1016 gdm c6 hai khdl mega

Khdl GRP cé cac ngd ra ciing nhw cac ngd vao dwoc cung cap tir cac GLP, cac ngd
vao clia don vi I/0 hai chiéu. T4t ca céac tin hiéu nay co thé dung lam tin hiéu vao cho céac
GLP

Xung ddng hé trong ho ispLSI 1016 dwoc chon bdl khdl phan phél xung. Ba chan
ddng hé dinh san YO0, Y1 va Y2 duwgc dwa vao khdl nay va nam ngd ra déng hé CLK 0,
CLK 1, CLK 2, IOCLK 0 va IOCLK 1 dwoc cung cp dén cac GLB va cac don vj I/0. Khél
phan phdl xung ciing cé thé dwoc didu khién tir mot GLB ddng hd dic biét (BO trong
ispLS| 1016). Chirc nang GLB nay cho phép ngu®l dung tao ra xung déng hé bén trong
qua viéc két hop cac tin hiéu trong thiét bi

2.3 Théng s6 gi®l han

Dién ap nudi VCC.. ..o -0,5 dén +7V

Dién 4pNgd VA0 .....ovvviiiieee, -2,5dénVcc+1V
Dién dpra & trang thaitat.................. -2,5dnVecc+1V
Nhiét do lwu trde.............ooooeeeiii -65 dén + 150°C
Nhiét 6 vé khi cap nguén.................. -65 dén + 125°C

Nhiét d6 mél nél tél da (T,) khi cAp nguén..150°C

2.4 Piéu kién hoat déng DC

Ky hiéu | Théng sé Min Max | Don vi
Vce Dién ap nuéi | Thwong mai T, = 0°C ..+70°C 475 5,25 V
Cong nghiép T, = -40°C .+85°C | 4,5 5,5 v
VIL Dién ap vao murc thap 0 0,8 V
VIH Dién ap vao mwrc cao 2 Vce + 1 V

2.5 Pién dung (Ta = 25°C, f =1 MHz)

Ky Théng sé Dién | Pon | Diéu kién thw

hiéu hinh Vi

C1 ngd vao dinh san, 1/0, Y1, Y2, Y3, 8 PF Vece=5V,Vpn=2V
(thwong mai, cdng nghiép)

c2 ngd déng hoé Y0 12 PF [Vcc=5V,Vpn=2V

2.6 Pac tinh lwu trir div liéu

Théng s6 Min Max Don vj
Thoi gian lwu trir 20 - Nam
S6 lan lap trinh lal 10000 - Lan
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2.7 Piéu kién thir chuyén mach

Mtrc xung vao GND dén 3V -E'
thol gian tadng va gidm ngo -125 <2ns 2R
vao 10% dén 90% -100,-80 | <3ns Deiice ’
Mtrc tham chiéu thé| gian vao 1,5V Output 4}—1—'
Murc tham chiéu thé| gian ra 1,5V SRy Lot
Tal ngd ra Hinh 4.2 L I
Hinh 4.2 Tai ther
Diéu kién tal ngé ra (hinh 4.2)
Piéu kién thu R1 R2 CL
A 470 O 390 O 35 pF
B Tich cwc mic cao ) 390 Q 35 pF
Tich cwc mirc thap 470 Q 390 Q 35 pF
Tich cwc H dén Z tal VOH 0 390 Q 5 pF
c -05V ]
Tich cwc L dén Z tal VOL 470 Q 390 Q 5pF
+0,5V
2.8 Pac tinh dién DC
Ky hiéu | Théng sé Diéu kién Min | Typ | Max | Pon vi
VoL Dién ap ra mirc thép loo =8 mA - - 0,4 V
Vou Dién ap ra mlrc cao lon = -4 mA 2,4 - - V
I Dong ri mire thap ngd vao | 0<V <V, - - -10 nA
hoac 1/0 (max)
Iy Dong ri mirc cao ngd vao | 3,5 V<V in<Vee - - 10 HA
hoac I/0
li-isp Dong ri ngd vao ispEN 0<VinsViL - - -150 HA
I -PU Dong kéo Ién 1/O 0<V NV - - -150 uA
los Dong ngén mach ngé ra Vee = 5V, - - -200 mA
VOUT = 0,5 V
ICC D(‘)ng nuobi V||_ = 0,5 V, - 90 - mA
Vig=3V,
foLock = 1
MHz

2.9 M6 hinh théi gian ispLSI 1016
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Hinh 4.2

2.10 Thol gian tri hoan tél da cia GRB vol tal GLB

I=pLEl and plal 101 EE-20

a
1

EpLSI and pl21 1016E-100

I=pLEland plL2l 10MBE-125

GRP Dty is)
\

9
o
L)
-
[=)

Hinh 4.3 Thol gian tri hoan cia GRB

2.11 Céng suat tiéu thu

Cong suéat tiéu thu cta ispLSI 1016 phu thudc vao hai yéu té chinh : Téc dd lam viéc

va sb lwong tich sé da x& dung. Hinh 4.4 cho thdy quan hé gitra cong suat vol tbe do lam

Hinh 4.4 C6ng suét tiéu thu v&i frax

130 - ispLSland pLSI 10M6E
120 ) )
Lwu y : Cau hinh 4 b dém 16 bit v&i
o dong dién hinh tai 5 V, 25°C
100 |-
E
g 0
80 |
| | | | | | |

0 20 40 B0 &0 100 120 140
frax (MHz)

lcc ¢6 thé dwoc tinh theo phwong trinh sau :

lcc (MA) = 23 + (# of PTs * 0,52) + (# of Nets * max freq * 0,004)

Trong do : ] ]
# of PTs : SO tich s6 da dung

# of nets : Sé tin hiéu x& dung
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max freq : Tan sé lam viéc cao nhat

Viéc tinh toan Icc dwa trén cac diéu kién chuan (Ve =5V, 25°C) vol tal 1a 4 khél
GLB va cau hinh thiét bj 1a 4 by dém 16 bit. Do gia tri cﬂa' lcc dé bi énh’hu’c’rng vol dieu
kién lam viéc va chwong trinh trong thiét bi nén tri s6 thuc té cla Icc cé thé thay dol

2.12 So dd chan

B
=] E (2] - m
REaR o H Hage®
CEEEEE R
6654 3 2 14443424149
10 28 7 oA
11020 8 3B 1017
1130 09 rgnoiE
1o i Oio = 36O MODENN 2=
mgn ispL Sl 1016E 35 [ ¥ 1AESET
VOC O12 pLS| 1016E MOVOC
LSEREING 13 Taop View 33 [ SCLENE
“BONN D 14 zans
a0 Ois nOammu
a1 e oz
102 07 w2
16 19 20 21 22 23 2 25 26 27 28
i
L I - E : o O 'C'— =
eeggguggegg
Hinh 4.5 So db chan PLCC 44
=
Z
RESRpogRARR?
=g = = o
ainfininininizizini=] =l
44 43 42 41 40 3930 T 36 306 M
o O aa[woin
oz 02 a2 woiT
1o 3 Ha R i m =21
¥ Oa B a0[] mooEan 2'
vo e ispLSl 1016E 20 w1 AEEET
voo e Top View an[Jwos
EpEd 7 27 [ =Lk’
‘=ouno Oa e[ vois
mode FLINL=2F
1o Oio 24 w013
oz 11 FRIm =R}
12 13 14 15 16 17 1819 20 M 22
OO0 OO O OO
?'?IDFE;EEE:
geoeg =00,
£5=28mF=Z2g0
H

Hinh 4.6 So db chan TQFP 44

2.13 Y nghia tén linh kién
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{is)pLS!

TMEE- 3K X XKK X

Device Family L Grade _
ispLS Blank = Commercial
pL&l I = Industrial

Device Number Package

Speed J=PLCC
125 = 125 MHz frnax T44 = TQFP
100 = 100 MHz frnax
80 = 84 MHz frma Powar

L = Low
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Tén bai:

BAI 5

Phan mém ISP Synario

GIOI THIEU

Bai hoc nay gidi thiéu vé cong cu phan mém hé tro phat trién hé thdng trén co sé&
CPLD cta cong ty LATTICE SEMICONDUCTOR d6 la ispVHDL va ISP Synario, hai hé
théng nay cho phép lap trinh dang so d6 mach va dang modul VHDL hodc két hop ca hai
gitp dé dang cho lap trinh vién c6 kha nang thiét ké dwoc cac yéu cau phirc tap ma
khoéng can quan tdm dén cac thao tdc nham chan nhwng rat quan trong nhw qua trinh tdi

thiéu hoa, lién két cac file ngudn ...

) N6i dung bai két hop véi cac yéu cau thuc hanh trén board m‘ach UNIKIT va chu
yéu tap trung vao ho CPLD ispLSI cua LATTICE nhw 1016, 2032 da de cap & bai 4

MUC TIEU THUC HIEN

Hiéu dwoc cach xtr dung céng cu phan mém phat trién hé diéu khién CPLD ISP

Synario

Biét van dung ISP Synario dé thwc hién mot dw an cu thé

NQI DUNG CHINH

N6i dung bai hoc tap trung vé cac chd dé chinh nhw sau:

98

Gidi thiéu chung vé ISP Synario

Yéu cau hé théng

Kh&i dong Synario

Nhap modul VHDL vao dw an

Nhap so d& mach vao dy an

Hoan tat thiét ké

Nhap thubc tinh

Tao file véc to thir

Bién dich VHDL, so dd va véc to thi

Mo phdéng chirc nang va dang séng ra
Tao mét ky hiéu

Twong thich thiét ké vai thiét bi LATTICE
Tinh nang nhap hén hop

Tao file nguén ABEL-HDL

Bién dich ABEL-HDL

M6 phdng két qua thiét ké

Twong thich thiét ké vai thiét bi LATTICE

ClO 01 09 05



1. GIOI THIEU

Vé&i Synario navigator ngwd| dung cé thé thuc hién cac yéu cau thiét ké bao gébm
viéc truy cap cac thanh phan trong thiét k&, theo ddl cac budc xt ly. Ngwel dung co thé
mé& so dd mach va trinh soan thao van ban théng qua cac cap thiét ké. Trong phan sau
sé hwéng dan viéc ng dung phan mém thiét ké ISP synario qua cac dé muc sau :

N O N N O N N N N NN

Yéu cau hé théng

Khél déng ISP synario

Nhap mét modul VHDL vao dy an thiét ké
Nhap mét so d6 vao dw an thiét ké

Hoan tat dw an

B sung thudc tinh

Tao véc to thir

Dich so d6 va véc to thlr

Thwc hién chirc nang moé phdng va dang séng ra
Tao mét ky hiéu

Ché d6 nhap hdn hop

Tao file nguén ABEL-HDL

Dich ABEL-HDL

M6 phdng thiét ké

nap két qua thiét ké vao thiét bj CPLD

2. YEU CAU HE THONG

Nhirng phan mém can thiét can phal cai dat trong hé thdng may tinh trwéc khi bat

dau thiét ké

v
v
v

ISP Synario Entry/Simulation
ISP Synario VHDL Entry
IspDS + Filter

3. KHOI PONG SYNARIO
1. Nhan kép chuét vao biéu twong ISP Synario, ctra sb quan ly dy an ISP Synario
xuat hién nhw & hinh 5.1. Clra s6 dwoc chia lam hai ving : Ving bén trai
(sources in project) liét ké cac file nguén clia dy an va vuang bén phal (processes
for curent source) cho thay cac qua trinh xt ly lién két vél cac file ngudn nay

99



= 15F Synamm Poject Mavioatoy

fik Oplionz Wivdow  Hos
31 R e 2.
Soumeez n Project: Propesses for Conent Saunce:
|Ha Frogect Elpl;n] |Ho P el abie|
Seedont " Pl Progecit., " or "Whoacey U pott 3 pioact bo mraden prioscasbes: Svadabla,
Propect i e Fle meni o open a0
et
'-"':M‘--_l L o] ::-I._-;“iJ LTy '-":'.'.!t.'.:'i:":_.J g
I_H — -

Hinh 5.1 Ctra sb quan ly dw an

2. Trong hOp, sources in project chon File = New Project, hop thoal Create New
Project xuat hién (h.5.2)

Create New Project |
Project File Mame: Directories:
Itutur.syn c:\izpgynbitutonal

; . Cancel |
- e -
£ ispsynbl
[ Hew |
) Create Dir.._
List Filez of Type: Dirives: M
Project File [*.zpn] j I = c: _:1 Metwork. .. '

Hinh 5.2 Hop thoal Create New Project

3. Trong 6 dia C (mé&c dinh) kich dup chudt & mé ispsyn50 (thu muc cai dat mac
dinh)

a. Néu dang dung hé ISP Synario thi phai tao thu muc tutorial. Kich vao nut
Create Dir (h.5.2), hop thoai Create Directory xuat hién nhap vao
tutorial

b. Néu dang dung hé ispVHDL Synario thi thw muc tutorial d& duwoc tw
doéng tao ra trong khi cai dat. Kich dup d& mé né ra, trong hop Project
File Name nhap tén tutor.syn va 4n OK

4. Trong clra s6 quan ly dw &n cé hai muc Untitled va Virtual Device. Dé dat tén dw
an, kich dup l1én Untitled. M6t hop thoai Project Title xuét hién (h.5.3) nhap
Demo Project vao vung Title sau d6 4n OK
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Projoc Tile =]
Tale T
[renen Projed -
|
mfllmlilédu;mﬂ . Ho m_ﬁllm_ ar avsfd e Help hmi
L bk licwin = it o |
o] apen-.| o v e | ]
Fzady

Hinh 5.3 Clra sb quan ly dy &n va hop Project Title

5. Kich chon muc Virtual Device dé x4 xudng ctra s6 Choose Device. Chon danh

sach ,thiét bi ISP Synario Device List trong viing Device Kit. M6t danh sach thiét
bi xuat hién (h.5.4)

Choosze Device
Device Kit:

ISP Synario Device List |

Generic Device
P ario De

Cancel

Help

il

Device:
i=pL51 2032-150 TQFP44 |

ispLS| 2032-180 TQFP48 4|
ispL5| 2032-180 TAFP44

ispLS| 2032-180 PLCCA4  _i
ispLS1 2032-150 PLCCA4
ispLS| 2032-150 TQFP48

ispLSI 2032-135 PLCCAL |

ienl G1_2032_196 TOEDAA

Hinh 5.4 Ctra sb chon thiét bi
6. Cudn qua danh sach thiét bi dén muc ispLSI 2032-150 TQFP44. Chiéu sang

thiét bj nay va an OK. Ban sé dwoc hdl dé xac nhan sy chon lya nay vi n6 sé
lam thay dél méi trweng thiét ké dw an. An YES
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4. NHAP MODUL VHDL VAO DU’ AN
Thiét k& dy an 1a sw két hop tir mdt hodc nhiéu ngudn co thé la so dd mach, file
ABEL-HDL, file VHDL (chi dél v&l hé ispVHDL Synario), file véc to thtr hodc cac file tai
liéu.
Bbn budc sau day sé trinh bay chi tiét phwong phap dung mét modul VHDL dé thiét
ké duv an. Néu khéng mudn dung tinh nang VHDL thi c6 thé bd qua bdn buéc nay
7. V6l thiét bj ispLSI 2032 da chon, ghi lal cac phuong thire xtr ly dwoc lién két vol
ngudn nay. T thanh menu chon Source = Import
8. Trong danh sach thw muc cia hop thoal Import File chon dwéng dan drive
\ispsyn50\tutorial. Chiéu sang tén file demo.vhd trong vung file name. An OK,

hép thoal Import Source Type xuét hién, chon VHDL Module va 4n OK nhu &
hinh 5.5

Import Source Type

File Hame:
DEMD.VHD

~Iype of Source—————————— Cancel |

YHDL Module
YHDL Test Bench

Hinh 5.5 H6p thoal Import Source Type

File VHDL demo.vhd xuét hién trong phan Source cla danh sach dw an trong clra
sb quan ly dy an. Chiéu sang biéu twong VHDL va lwu y phuong phap xi ly lién két vol
nd. Co6 thé xem cu phap bang cach dung trinh soan thao van ban (h.5.6)

& Synauin Teat E fites - [dema, vhd] CoE|
[Z] Re 2di Wew Tsriglales Tock Gptans: Window Heb ===

RN OEEEEE J

Il'_':lra:.-'; 1
drc iooc. mtd logic 1154.51-;
cokzzy dema iz
PEE [ R B R R in =td logic:
OUTE : ouz  =td logicz)d
attzibatc pinoun  stripg:
attxibate pinmaun of OUTE ;| =igna_ -—= '4'7 —— 202 mumIsr as=sigansn:

snc dsw:

architect.ire demo_architecture cf dewo is
szenzl INP: =td_lagic:

attxibute critical! 2oolEan;
attxibute crivical of IHP: =ignal & brue:
stt=ibute proomrter: skrins;
sktzibute proo=rtyr of depo: =OtiIv 1%
"almi =—o Copazil" &CR& —— FoSL prop=—tw= ZCF
== "G CF " dx uges o coosstensbs nultiple poopercies
"olxi e IHF pathzI': —- PZBL prop=—i= ECP
it} Y
proco==(INE, CKE)
bogin

~f (rizing odgoi{CH)y tacn
OO0TE <= LilP;
[t M S
cwd TroooEs:
INE <= A amd B) oo [C anc D)
snd demo_archi tecturs:

5
M

eACd T 3 WR[ Ao DR Mol Ueix NG BUK |

Hinh 5.6 Trinh soan thdo van ban v&! file demo.vhd
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Phal dung thudc tinh thiét ké LOCK dé gan sb “4” cho chan 1/O, dong “scp C path1”

cho biét dwérng dan khéi dong va path1 bao gébm tén duy nhat cho thudc tinh duwéng dan

9. Véi file VHDL dwoc chiéu sang, muc chon Synthezise Logic trong bang danh
sach x& ly cling dwoc chiéu sang. Chon nat nhan Properties bén dudi dé lam
xuét hién hop thoai Properities (Normal : VHDL)

10. Céac thudc tinh nhin thiy trén hdp thoai 18 mac dinh ctia modul VHDL. Chiéu
sang tuy chon thudc tinh Generate Reset Logic va dung phim mdi tén dé thay dbi
tr False thanh True. Kich vai dau kiém dé chap thuan thay déi. Hop thoai hién thj
nhw & hinh 5.7. Béng hép thoai

% Properties - [Mormal : VHDL) M=l B
Properties:
3 i ]

Top Level Entity/Config Uindo |
b awirnam P-Terms Per Hode MHum (3
Show Inferred Structure T/F |True Defaults |
Generate Reset Logic T/ |True Help |
Generate Clock Enable Logic T/F |True
O ptimization E fFark Hum |3
[rvert Outputs Lizt  |Default
b airnurn &AM D-lnputs Per Mode M Lim
Generate Hierarchy Befare Compile T/F |True

Select the edit region and tepe in the Test value. Press the
Ok./Cancel buttans left of the text when pou are done

Hinh 5.7 H6p thoai Properties (Normal : VHDL)

Khi mét thugc tinh bat ky duoc thay dbi, nut Default ndi 1én cho phép tra vé gia tri
mac dinh néu can

5. NHAP SO DO MACH VAO DU AN
Céc budc sau day hwéng dan cach nhap mot so dd tréng vao dy an, tiép theo 1a
nhap céac ky hiéu va két ni chiing véi nhau
11. V&i thiét bi 2032 da dwoc chon & trén, ghi lai cac bwdc xir ly twong ng voi
ngudn nay. Tt thanh menu chon Source = New
12. Trong hép thoai New Source chon Schematic va kich OK hodc 4n Enter. Mot
hop thoai xuit hién yé&u cadu nhap tén cho so dd. Chon duwong dan
c:\ispsyn50\tutorial va nhap tén file demo.sch trong vung text. Kich OK ho&c an
Enter

Lwu y : Dé tranh réc réi co thé xay ra tbt nhat nén dat tén cho file ngudn va file dw
an khac nhau

13. M6t so d6 tréng sé xuét hién trong clra sd soan thdo (h.5.8). Tlr thanh menu
chon Add = Symbol
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¥ Schemnatic Editor - DEMO - She=t 1 o 1

fl= Edt “mw Add Obiect Oplors Took Hel

EEIREEEEEEEE EEREEEE

]

ﬁ
i

B 2 I A
EEREE

&0 =4 =

K1l 5 _*F

Zelect 4t Command,

Hinh 5.8 Ctra s soan thao so do

eo : Dung chirc ndng Zoom trong menu tha xudng & muc View hodc trén thanh
coéng cu Schematic Editor dé dé quan sat

14. Trong hop thoai Symbol Libraries chon C:\...\generic\gates.lib tir danh sach thw
vién sau dé chiéu sang ky hiéu G_2AND (h.5.9)

% Symbol Libraries
LIBRARY

[Local]
C:\._AGEMERICAMISC

C:\.  AGEMERIC\ARITHS LIB
iC-A AGENERICAGATES LIB
C:\._ AGEMERICMOPADS LIB

SYMBOL

G_2AND1 —
G_2AND2
G_2NAND
G_2NAND1
G_2NAND2
G_2NOR
G_2NORT
G_2NOR2
G_20R
G_20R1 =]

Hinh 5.9 Ctra s6 Symbol Libraries

15. Chuyén con trd tr& vé Schematic Editor, lwu y 1a cdng AND dwoc dinh kém theo
con tré, dat cdng bang cach kich 1én so db, dat thém mot cdng AND khac bén
dwéi cdng thir nhét.

16. Dwa con tré tr& vao hop thoai Symbol Libraries va chon ky hiéu G_20R, dat
cdng nay vé bén phai ctia hai cdng AND vira roi
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17. Tl thanh menu trong Schematic Editor chon Add = Wire, kich vao chan ra cla
céng AND phia trén dé bat dau néi day. Kich don dé bé cong day néi va kich dup
dé két thuc day ndi. Kich don dé nbi dén ngd vao ctia céng OR. L&p lai cac thao
tac vira rdi véi cdng AND bén dudi

18. Thuwc hién lai cac bwéc nhuw trén d& nhap vao moét thanh ghi g_d tir thw vién
REGS.LIB va mét G_OUTPUT tw thw vién IOPADS.LIB, nbi tat ca chang lai theo
so dd & hinh 5.10

19. Ttr thanh menu trong ctra s& Schematic Editor chon File = Save dé lwu lai cac
thiét ké vira roi

File Edt “iew Add Object Option: Toolz Help

nErPEEEEEEEFEMEBEEEE
=]

« 2 of

Hinh 5.10 Xay duwng so d6

6. HOAN TAT THIET KE
Thiét ké dwoc hoan tat bang cach thém tén mang va cac déu /O, tén mang duoc
nhap bang tinh ndng cla ISP Synario, tinh nang nay cho phép nhap cling lic mang va tén
mang. DAu 1/0 la céc ky hiéu dac biét cho biét cac tin hiéu biéu dién chan cla linh kién.
Cac ky hiéu nay chap nhan tén mang ma ching tham nhap va khac véi cac ky hiéu chan
I/0
20. Trén thanh menu ctda Schematic Editor chon Add = Net Name. Thanh trang
thai dwéi day man hinh sé hién cau nhac nhap tén mang. Nhap A va 4n Enter.
Tén mang sé dinh vao con trd
21. Di chuyén con tré dén ngd vao trén cung, kich va gilv tai diém chwa ndi cla
mang (chAm mau dd bén trai cia mang) drag vé bén trai va tha ra. Thao tac nay
déng thdi dat tén mang va tao ra mét mang vao. Tén mang nén dwoc déit tai
diém cudi clia mang
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22. L&p lai cac buwoc trén dé nhap tén mang “B”, “C”, “D” va “CK” cho cac ngd vao
va “OUTP” cho ngé ra

Meo : Dbi véi cac ngd vao con lai sau khi nhap tén va an Enter, mdi lan kich vao
diém cudi ctia mang, chiéu dai mang sé bang v&i lan dat dau tién bang cach kich
gitr va ré chudt

23. Ty thanh menu trong Schematic Editor chon Add = I/0 Marker. H6p thoai 1/0
Marker xuét hién, chon Input

24. Pwa con trd kich vao diém cudi ctia mét mang vao (& gilra diém cudi va tén cla
mang). Mot d4u I/O xuét hién véi tén mang chiva bén trong, di chuyén dén ngdé
vao ké tiép va kich chudt. Lap lai thao tac trén cho dén khi tt ca cac ngd vao
déu co6 dau I/0

Meo : Dé nhap mét 1an tat ca cac dau input, kich va gilr chudt sau do ré mét khung
bao tat cad cac mang vao va nha ra. Thao tac nay ciing ap dung tot v&i cac ngé ra

25. Chon Output tir hop thoai I/O Marker, kich tai diém cubi ctia mang ra. So' 6
hoan tat dwoc trinh bay trong hinh 5.11 Chon lwu so d6

Cok

+# Schematic Editor - DEMO - Sheet 1 of 1
File Edit “iew Add Object Options Toolz Help

EEEEEFEMEBEEEE
af

3 170 Mark._.. B3

" Mone
" Input
= Dutput

1 c— ey " Bidir

4 D o

IfO Marker - Select Met Name Flag on End of Wire

Hinh 5.11 So’ d6 hoan tat

7. NHAP THUOC TiNH

Thudc tinh c6 thé dwgc nhap vao ky hiéu hodc mang. Vi du sau sé nhég mot thude
tinh LOCK vao ky hiéu chan ra va mét cap thudc tinh SCP/ECP (dwdng dan gidi han
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Start/End) vao duwdng dan. Lwu y la trong ISP Synario cac thudc tinh pin dwgc nhap vao
céac ky hiéu chan 1/0 thwe chir khéng phai cac dau 1/0 va ciing can nhé rang cac ky hiéu
chan 1/0 chi thuwc sw can thiét khi mudn nhap cac thudc tinh cho cac pin. Néu khong thi
chi can dung cac dau I/0
26. T thanh menu trong Schematic Editor chon Add = Symbol Attribute, hép
thoai Symbol Attribute Editor xuét hién. Trén so dd kich vao chan 1/0O dinh voi
mang OUTP. M6t danh sach thudc tinh lién quan xuét hién trong hop thoai
27. Chon thudc tinh ISP SynarioPin=* va thay thé dau * bang sb 4 nhw chi & hinh
5.‘12. Doéng hop thoai, cha y : S6 4 da dwoc nhap vao ky hiéu chan 1/O trong so
do

% Spmbol Attribute Editor E
SynanoPin I“

GoTo | Find_ |
Instances [ List All Attributes

Clock_type==

Hinh 5.12 Symbol Attribute Editor

28. Thyc hién twong tw dé nhap thudc tinh cho mang hodc dwéng dan. T thanh
menu cua Schematic Editor chon Add = Net Attribute. Hop thoai Net Attribute
Editor xuét hién. Trén so dd kich vao mang ndi véi ngd vao “C” ctia cdng AND,
mot danh sach thudc tinh lién quan xuét hién trong hop thoai

29. Chon thudc tinh CriticalPath= va nhap S,path1 vao hop van ban nhw chi & hinh
5.13 S cho biét vj tri bat dau ctia dworng dan va path 1 bao gdm tén duy nhat
cho thudc tinh dwérng dan. Thudc tinh nay khéng dwoc hién thi trén so dd

4 Met Attribute Editor
CriticalPath |S.path1|

Mets

YHDL_MetType=
YHDL_BusType=
AsynchPath=
MoMinimizePath=
Preserve=
Group=

Hinh 5.13 Net Attribute Editor

30. Trén so d9, kich vao mang néi cdng OR véi D-FF. Trong hdp thoai Net Attribute
Editor nhap E,path1 dé xac dinh vi tri két thic ctia dwdng dan gi¢i han co tén
“‘path 17. Bong hop thoai

31. Kiém tra 16i cho so' 6 bang cach chon File = Consistency Check. Mét clra s
thdng bao 16i dwoc hién I&n véi cau théng bao

No Symbol for this schematic
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Néu so do la mai va chwa dwoc lwu. Néu 1a so do cl, chon File = Matching
Symbol. ISP Synario sé hdi cé mudn thay thé file design.sym. Chon Replace

Lwu y : Néu cac d4u I/0 da dwoc nhap hoadc thao bd thi phai thay thé ky hiéu bang
cach chon File = Matching Symbol
32. Tlr thanh menu ciia Schematic Editor chon File = Save dé Iwu két qua thiét ké,
chon File = Exit dé dong clra s6 Schematic Editor. Cac thao tac trinh bay & trén
cling co6 thé dwgc dung dé khoéa mét pin vao

8. TAO VEC TO THU

Trong ISP Saynario cho phép ap dung mét hodc nhiéu tap cac véc to thir & mo
phéng chirc ndng cua thiét bj. Trong phan nay sé gidi thiéu cach tao mét tap cac véc to
thtr don gian

33. Trong ISP Synario Project Navigator, chiéu sang thiét bi ispLSI 2032-150

TQFP44. Tt thanh menu chon Source = New. Mot hop thoai New Source xuét
hién, chiéu sang muc ABEL Test Vectors va kich OK ho&c an Enter.

34. Hop thoai New File va mot ctra sd ISP Synario Text Editor con tréng xuét hién.

Nhap tén file demo nhuw trong hinh 5.14 cho tén file véc to thir. Kich OK hodc 4n
Enter

' Tynmr Ted Editor
fi= View Temglales Toos Opbons Help

CERL LD O EEE

Haow Filc
Fil= Name:
o [ =]
e
Dgladt Dot Evkeneinn; LI
[k P

T T RecDR] [T

Hinh 5.14 ISP Synario Text Editor v&i hop thoai New File

35. Trong ctra §6 ISP Synario Text Editor nhap cac dong sau, chd y ch thwdng va
chtr hoa (giong ngén ngtr “C”)

module demo;

C,X = .C.,.X.;
CK,A,B,C,D,OUTP PIN;
TEST _VECTORS
([CK,A,B,C,D]->[OUTP])
[c,0,0,0, 0]->[x];
[c,0,0,1,0]->[x];
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[c,1,1,0,0]->[x];
[c,0,1,0,1->[x];
END

36. Sau khi nhép xong chon File = Save tir thanh menu trong ISP Synario Text
Editor d& lwu file véc to thir. Chon File = Exit. ISP Synario sé tr& vé cira sé
Project Navigator nhw trinh bay & hinh 5.15

@ 5P Eynanio Project Mavigator - TUTOR.STH

Fb Hiow Smen Eeeee (s Teek Sdes BED

suategfnormal - [

Saurces i Projscl: FProcezzez for Current 5aunce:
E Derin Pn:lje ot G als r|'||:i|E: Test '2ocrs

Eispl3l 2032-150 TOFF-4 Compiler Listing
dermo. 3oy G Simulate Equations
] demo (deimo. sch) [ Equation Sirmulation Feport

[ Equaticn Sikvulafion Wowaform

Dobkcick Io open lh= zelecled begt Doublechds bie ibkem n e It or 2eleck the "5 larl” bulon o skaikthe pocees, Selectibe

Vel "Properliss... bulon 1o ai tha progey edion,
I"Im-.rl Clpl:n...l Siartl ".l'il.'\-rl P'mpl:rtil:s..l Ll:lg...l
|F|ead:,r

Hinh 5.15 ISP Synario Project Navigator

9. BIEN DICH FILE VHDL, SO DO VA VEC TO THU
Bay gid v&i cac file ngudn da dwoc tao ra trong dw an, budc ké tiép la thwe hién
qua trinh x( ly lién hé véi tieng file ngudn. Cac qua trinh x& ly khac nhau nay dwoc hién
thi va thwe hién bang cach chon tirng file nguén. Trong phan nay sé trinh bay viéc bién
dich file so d6 va file véc to thir ddc lap nhau
37. Trong clra s6 ISP Synario Project Navigator, chiéu sang file so' d4 c6 tén demo
(demo.sch) trong bang danh sach Sources in Project, kich dup vao muc Compile
Schematic trong bang Processes. Mot hdp thoai trang thai (h.5.16) xuét hién
trong khoang thoi gian ngan. Khi qua trinh x& ly két thic, trén muc Compile
Schematic process xuéat hién diu kiém mau xanh 1a & ké bén cho biét két qua
bién dich thanh céng

Synario Process |

Updating: Compile Schematic
bliflink demo_blz -0 demo.bll -ipo -propadd Hinh 5.16 Hop thoai trang thai ISP
Synario Process

¥
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38. Trong clra s6 ISP Synario Project Navigator, chiéu sang file véc to thi
demo.abv. Kich dup vao muc Compile Test Vectors trong bang Processes. Mot
dau kiém xanh 1a xuat hién ké bén muc Compile Test Vectors khi hoan tat.

10. MO PHONG CHUC NANG VA DANG SONG RA
Hé ISP Synario bao gém tinh ndng xem dang séng ra va mé phéng chirc ndng. Cac
bwéc sau day trinh bay phwong phap thwc hién dé dat dwoc két qua
39. Véi file véc to thir demo.abv da dwoc chiéu sang, kich dup vao muc Equation
Simulation Waveform trong danh sach Processes. ISP Synario sé md phdng cac
phwong trinh va mé clra s& Waveform Viewer nhw trong hinh 5.17

'E Wavafoim Yiewer - Hizkory - PLA

File Edt Yiew 0Objecl Optioee Jump Hselp
152

T

_1"|
" [wll=] ] '
Time =10

Hinh 5.17 Ctra s6 Waveform Viewer

40. Dé xem dang séng, chon Edit = Show t&r thanh menu cua Waveform Viewer.
Hép thoai Show Waveforms xuat hién nhw trén hinh 5.18

¥ Show Waveforms
Met Hame: I
Show | Bus »>» |
Inztances: Hets:
ouTtp A -
B =]
C
CK
D
M_1 ||
MN_3
N_4 =l
Bush | | Path:

Hinh 5.18 H6p thoai Show Waveforms
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41. Tai tirng thoi diém, chiéu sang tén tin hiéu can xem va 4n Show, dang séng
dwoc chon sé xuét hién trén clra s Waveform Viewer theo tht tw chon. (h.5.19).
Chon File = Exit dé& déng Waveform Viewer, mét hop thoai xuat hién yéu cau
xac nhan thay dbi dang séng PLA

Meo : Chon nhiéu tén tin hiéu cing lic bang cach gilr va ré chudt dé chiéu sang
ching. Hodc 4n gitr phim CTRL va kich vao tirng tén dé xem

% Wavaform Viewer - Histows - PLA

Fil= Edt “iew 0Object Options Jump Help

132 -
A . ]
Bl =
a1
D —
L L

ouTh

r
4 [ell4] | 3

Time = 0 Low, outpul - AHEL

Hinh 5.19 M6t dang séng day da

11. TAO MOT KY HIEU
Mét tinh nang rat horu dung cta ISP Synario la cho phép tao nhanh mét ky hiéu
trong so d6. V&i tinh ndng nay cé thé tao cac macro cé thé dung lai va dat vao cac ban
so db cap cao hon
42. M¢& file so dd bang cach kich dup vao schematic source, demo.sch trong ISP
Synario Project Navigator
43. Trong thanh menu cta Schematic Editor chon File = Matching Symbol.
44. Chon File = Exit d& déng so d6
45. Ky hiéu da dwoc tao ra va nhap vao bang symbol sén sang dé xir dung cho lan
sau

12. THICH UNG THIET KE VOI THIET Bl CUA LATTICE
SEMICONDUCTOR
Bay gid vi du thiét ké da dwoc hoan tat va md phdng. Néu dy dinh ké tiép 1a bién
dich VHDL, ABEL-HDL va so dé thi khéng can thiét phai hoan tat cac bwéc con lai trong
phan trinh bay nay. Ngwoc lai, qua trinh x(r ly cudi cung la phai lam cho twong thich gitra
két qua thiét ké v&i ho ispLSI clia cong ty LATTICE
46. Chon ispLSI 2032-150 TQFP44 va quan sat cac xt ly lién quan. Kich dup vao
muc x( ly Fit Design. Mot hop thoai ISP Synario Process xuét hién. Khi bién dich
xong file nguén tiép theo d6 ISP Synario sé lién két cac file nay lai v&i nhau.
Cudi cuing la phan ving chwong trinh va twong thich héa thiét ké vao phan LSC.
Khi xt ly hoan tt ISP Synario quay vé clra s6 Project Navigator (hinh 5.20). Chu
y dau kiém dwoc thém vao muc Fit Design bao cho biét viéc xr ly thanh cong
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@ 5P Synario Project Havigato - TUTOR.5YH

Bl Yew Smume Proce= Optoms Jods window H=lp

Shat“ﬂ.'r'i Normal j| @ @IEI

Sourcer n Pagject; Proce=zses bor Corrent Source:;
B Deio Froject Jpd=ie s Scher-aticF |
b | iz 51 2032-1350 TOF =4 & 2 Link Design
dermo.aky [Z] Linked Equations
B dema (dermnosch] 3 Fit Design
[E] Pr=-Fit E quation s
Signal Cros= Seference
@ [=] JEDECFil=
[S1 Fitear Repoit
Doube-didk ochooze a difzenl Double-dids the ilem in k= et o mskecl e "Stal” butlon 1o zlaik ke poces, Szl
devicz, the ' Fropeities, . ulon o star the propeiby =dion,
New...] Dpen...] Start] | ] L. ]

Ready

Hinh 5.20 ISP Synario Project Navigator sau khi xt ly Fit Design

Lwu y : DAu chdm than mau vang cho biét c6 canh bao dwoc tao ra va dau X dé

bao co6 16i xay ra

47. Kich dup vao Fitter Report trong danh sach Processes dé& xem théng tin vé qua
trinh twong thich héa két qua thiét ké

% Synaric Acpoit Yicwer

Flz Edt ¥Yiow Opboe Window Hel
2

B ovor e =]
{1z10l5] Dovclopnont Systom Plus Bolocosc 5.0.10, Apx 21 1997 l?:Eﬂ

[==1g0 FParancter=

L[GHORE_FIEED _FIN: OFF

tl&H_GLE_IH: 1o ((is)pl3I1000. (islplSIz0d0), =
ifdi_GLE_QOT : 4

COTRIT_FORK : ST

STRATEGT : AREA

TINIWG_ANALTCER : OFE

Oa=ign Spacification

Oa=igi: tutor
Part: i=plSIZ2032-1500T44
L
Bl .*H
L 112l 1 27 RO Rec Off [Ho'rap (DOS NS MUK

Hinh 5.21 Bao cao sau khi twong thich héa
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13. CHE DO NHAP HON HOP
C6 thé két hop phdn mém ispVHDL va ISP Synario dé tao mét ban thiét k& VHDL
t6t hon |a thiét k& ABEL-HDL. Tuy nhién, dé lam quen vé&i cdng cu nay trwdc tién sé tao
ra mot thiét ké ABEL-HDL don gian sau dé lién két nd véi so do tir cac bwdc trwdce trén
mot so dd cAp dinh. Ban thiét ké hoan tat nay sé dwoc mé phéng va bién dich vao moét
thiét bj ispLSI
48. Néu da thoat ra ISP Synario. Khéi ddng lai béng cach kich dup vao biéu twong
trong nhém chwong trinh ISP Synarrio. Man hinh Navigator xuat hién nhw hinh
5.22. Néu khong gibng thi phai bao dam tat ca cac buwdc & phan trén da dwoc
hoan tat mot cach dung dan

&® ISP Synaiio Pioject Mavigator - TUTOR_SYH
File Yiew Souce  Procesz Opticne Toole Windaow Help
CIEIH) srasofims =] [ (21
TELII.:!:S in Propect: FProcezses b Currenl Source:
B Oemo Poject 8 oo ate A1 S che mctic Files
#] =pLS| 2022-150 TOFF44 &? '3 Link Diesign
B demoaky [E] Linked Equations
[€] demao (dema.sch) CaFitDeszign
[£] Fra-Fit Equatians
Signal Cmss Relernce
f=l JEDEC File
[E] Fitter Beport
Doublz-click to choose a difens Double-dick tha kem in lhe ist or selec] b "Shat” bulton to stark bhe
davice, procezs Select ke 'Properies. " bothon ta slart b property edior.
MM Startl Uiewl F"rnperties..l Lug...I
|Ready

Hinh 5.22 ISP Synario Project Navigator

49. Véi thiét bi 2032 da dwoc chon, chon muc Source = New tlr thanh menu cla
ISP Synario Project Navigator. Trong hop thoai chon Schematic va kich OK.
Chon duwéng dan c:\ispsyn50\tutorial va nhap tén file top.sch vao hop File Name.
Kich OK dé vao Schematic Editor

50. Thém ky hiéu vao so d6 da tao & phan trén. Chon Add = Symbol. Hop thoai
Symbol Libraries xuat hién véi Local library dwoc chon. Cha y, ky hiéu demo
nam trong text box phia duéi (h.5.23). Chon ky hiéu demo va d&t né vao so dé
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+4 Schematic Editor - TOP - Sheet 1 of 1

File Edit “iew Add Object Options Tool: Help

NEFREEEEEEEEEFREBEEEIEE
[

+ Symbol Libranes
LIBERARY

C:A AGEMERICAMISC

C:A AGEMERICVARITHS LIB

C:A . AGEMERICAGATES LIB
C:\._AGEMERICAMOPADS.LIB bl

SYMBOL

a . o

Symbol - Click to Place Symbol 'DEMO'

Hinh 5.23 Schematic Editor v&i hdp thoai Symbol Libraries

Budc ké tiép 1a tao ra mot ky hiéu cip dinh cho file thiét ké ABEL-HDL. M6t ky hiéu
c6 thé dwoc tao ra cho modul thiét ké véi cé mirc thap tuy y khi biét dwoc giao tiép cla
né. File ABEL-HDL thyuc té cho dy an thiét ké sé dwoc hoan tat trong mot budc tiép theo
sau day

51. Trong ctia s6 Schematic Editor chon Add => New Block Symbol, trong hop

thoai hién ra nhap vao abeltop trong text box Block Name, IN1, IN2, IN3 trong
hép van ban Input Pins va OUT1, OUT2, OUT3, OUT4 trong hép van ban Output
Pins (h.5.24). Kich RUN

Mew Block Symbol

Block Hame: Iaheltup Uze Data From Thiz Block |

Input Pins: |IH1,IH2,IN3

Dutput Pins: II]UT1,I]UT2,I]UT3,I]UT4

Bidir Pins: |

Hun Cancel Edit

Hinh 5.24 HOp thoai New Block Symbol

52. M6t ky hiéu sé duoc thém vao local library va ky hiéu nay dinh kem theo con tro,
dat ky hiéu vé bén trai cta ky hiéu demo. Kich chuét phai dé hién thi hop thoai
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Symbol Libraries (h.5.25). Chu y ky hiéu abeltop trong Local library. Bong hgdp
thoai

+# Schematic Editor - TOP - Sheet 1 of 1

File Edt “iew Add Object Options Tool: Help

N E IR BREIEEIEEEEEPEEEIEE
A

i Spmbol Libranes | X|

LIBRARY

C:\..AGEMERICAMISC

C:A..AGEMERIC\ARITHS.LIB
C:\ . AGEMERICAGATES . LIB
C:h .

A\GEMERICANOPADS LIB b

AHELTCR kg
w1 2T B SYMBOL
e |
B L= L Etl:l
emo

a J o

Symbol - Click to Place Symbol "ABELTOP'

Hinh 5.25 Thém ky hiéu tir Local Library
53. Hoan tat so' d6 cap dinh bang cach thém vao cac day ndi, tén mang va cac dau

/0 céan thiét dé két thuc thiét ké (h.5.26), thyrc hién kiém tra tinh ddng nhat va tao
mot ky hiéu twong thich. Lwu thiét ké va thoat khdi Schematic Editor
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%4 Schematic Editor - TOP - Sheet 1 of 1

File Edit “iew Add Object Options: Toolz Help

=1 = =1 B E S = EEE E e MR E I EIE
=]

I|T|T
1 1
[=]
c
=1
-
I
é

TOPHE
e QuTRe

REELTOR TEUD
-:-un——%
e Ml oyre— T
P
o

IFile Successfully Saved
Select A Command.

Hinh 5.26 Hoan tat thiét ké& abeltop

Néu thich chinh stra cho ding va ddng nhat ban thiét ké cip dinh, 1ap trinh vién co
thé chuyén qua cac murc thiét ké dung tinh nang Hierarchy Navigator. Mét sé chirc ndng
soan thao co hiéu lwc qua Navigator

54. Trong céac file ngudn trong danh sach Project cla clra sd ISP Synario Project

Navigator, chiéu sang so do cap dinh (top.sch). Trong danh sach Processes kich
dup 1én Navigate Hierarchy, mét hop théng diép Building Hierarchy xuét hién
trong mdt khodng thdi gian ngén. Sau dé clra sd Hierarchy Navigator hién ra voi
ban thiét ké cép dinh

55. Chon View = Push/Pop, con tré bién thanh hinh chir thap. Kich I&n ky hiéu

mong muén, Hierarchy Navigator sé mé& trang cta ky hiéu dé tai cAp ké tiép. Néu
kich l1&n ky hiéu gbc sé xuat hién mot thong bao nhac nhé & duéi day clra sb
Navigator

56. Chon File = Exit dé& dong Hierarchy Navigator va hién 1én cau hdi save

changes you made néu c6 thay déi nao dé

14. TAO FILE NGUON ABEL-HDL
Bay gi® can phai tao file ngudn ABEL-HDL va lién két no véi ky hiéu trén so dé cap
dinh. Project Navigator thuwc hién viéc nay mét cach dé dang
57.Clra s6 Navigator gidbng nhw trong hinh 5.27 Biéu twong “?” cla abeltop ¢
nghia la file nay khéng biét do da chwa tao ra né. Lwu y dén khoang thut vao cla
abeltop va file demo so v&i so d6 cap dinh (so' d6 chinh)
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fik  View Source Procse: Oplian: Toal: Wiadow Help

Shategylm'

Sz in Puwjoct: Procdsmesy For Currend 5owrce:
Bl Demo Froject (| J=ric ete iz-archy
£ isplsl #032-150 TRIFFA4 iompile Schematic
Bl demouoky Y3 Feduce SchemoticLogic
bap (23 5c) [3 Peduced Equations
[F1 abahop
dama (dzma.sch)
Comple m=l=cled moure= ik updale Ooube-dick Theit=m in [helet or zeedt The ' Yea'' o e the epot
hiertaichy. Double-cick b opsh.

Mew . | Open...

[Pty

Hinh 5.27 ISP Synario Project Navigator

58. Dé tao file ngudn, chiéu sang muc abeltop sau d6 chon Source = New. Trong
hép thoai New Source chon ABEL-HDL Module va kich OK. M6t trinh soan thao
van ban ISP Synario hién ra v&i hop thoai New ABEL-HDL Source (h.5.28)

e Synanio Text Editor
Eicz ¥icr Tomplalc: Jook Oplics Hdp

o] ]|

EEEBEE e EEEE e

Mew ABEL-HOL Saurce =]|
HModulz Hame:
[abetiap
File Hame: ﬂl
| abeltap. abi Erowse...
Tithe: HEl:

Thiz iz the Top Leved AREL e,

[ 1 I

Hinh 5.28 Hop thoai New ABEL-HDL Source
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E)é‘ file dwoc lién két v&i ky hiéu phai dat tén modul gibng véi tén ky hiéu. Tén file
khéng can giébng tén ky hiéu nhwng dé cho don gidn cling néndét tén gidng nhau. Pién
vao cac vung van ban nhuv sau :

Module Name: abeltop
File Name: abeltop.abl
Title: This is the Top Level ABEL file

Kich OK dé vao trinh soan thao van ban ISP Synario va sé thay khung lam viéc
dwoc khai tao san
59. Nhap vao ma Iénh nhw bén dwéi phai bao dam nhap dung & khoang gitra hai
cau Iénh TITLE va END nhuw trong hinh 5.29

"Inputs
IN1,IN2,IN3 pin;

"Outputs
OUT1,0UT2,0UT3,0UT4 pin;

Equations
OUT1=IN1 & !IN3;
OUT2=IN1 & lIN2;
OUT3=!IN1 & IN2 & IN3;
OUT4=IN2 & IN3;

File Edt “iew Templates Toolz Option: ‘Window Help _|ﬁ’|£|

NEFEEE R SRS EEEEEE

HODULE abeltop

TITLE 'Thi=s i= the Top Lewel ABEL file.'

"Input=

IN1.INZ2.IN3 pin;
"Output=

QOOT1,00T2,0UT3, 00T pin:

Equations
OUT1=INH1 & IIN3:
OUT2=IH1 & IINZ:
OUT3=1IH1 & IN2 & IN3:
OUT4=IHZ & IN3:|

END

-
1| | 3

|Ln 14 Cal 24 [ 16 [#wWR | [Rec Off [Mo'wirap [DOS [INS [NUM [CaP

Hinh 5.29 Trinh soan thao van ban ISP Synario
60. Chon File = Save sau do File = Exit. Cha y trong clra s6 Project Navigator

biéu twong ké bén abeltop da thay ddi, co nghia la da cé mét file ABEL-HDL
twong rng va né sé dwoc lién két chinh xac.
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15. BIEN DICH ABEL-HDL

61. Trong céac file ngudn trong vung Project cia Project Navigator chon
abeltop (abeltop.abl), trong ctra s6 Processes for Current Source kich dup
vao muc Reduce Logic. Navigator sé bién dich can than truwéc khi thuc hién
yéu ciu Reduce Logic (t6i thiéu héa). Khi két thic man hinh Navigator
giébng nhw hinh 5.30

P ISP Synario Project Mavigato - TUTOR.SYN [ O] =] |

Ele Miew Houce Piocssz Ooliors Tod: “Window Hzlp

Is1= =1 5'1’-2"#9-1-'|N|:|rmal j| '?Ih?l

Souices in Ploject: P'ria'.:est lor Current Source:
Bl Dremo Fraject @ % Gompile Logic
fa ispl31 2032-160 TOFF44 ¥ Chack Synta
@) detro sk B Compiled SEquation s
[Z) top [op.sch) -0 F educe Logic

il abe 1op (abstopach [= Reduced Equatians
[ dermodema.sch)

Dol click, boopen the scleched 0 cublzclick b ko in the Bzl ar sddoct the "Starl™ bulbon b stoel the process. Sooc
$OUM3E. b= Praperlisz..." ultan b stal the oroperty adior.
Ne:wl DpE nI Start| vicw| Properties..| Log..

Hinh 5.30 ISP Synario Project Navigator sau khi bién dich ABEL-HDL

16. MO PHONG KET QUA THIET KE

Trong phan nay sé mé phdng toan bd két qua thiét k&, dé thwc hién can phai c6 mot

file véc to
phan trén.

thtr (.abv) trong phan nay sé chinh sira file véc to thtr da dwoc tao ra & cac

62. Kich dup Ién file demo.abv trong ctra s6 Project Navigator, trinh soan thao van
ban ISP Synario xuat hién v&i ci phap da dwoc nhap & buwéc 39. Chinh sira nhw
sau :

module demo;

C,X = .C.,.X.;

CLK,

TOPIN1,TOPIN2, TOPIN3,TOPOUT PIN;

TEST_VECTORS

([CLK, TOPIN1,TOPIN2,TOPIN3]->[TOPOUT])
[C ’ 0 ’ 0 ’ 0]'>[X];

[C ’ 0 ) 0 ) 1]'>[X];

[C ’ 0 ’ 1 ’ 0]'>[X];

[C ’ 0 ’ 1 ’ 1]'>[X];

[c,1
[c,1
[c,1
[c,1
END

, 0, 0]->[x];
) 0 ) 1]'>[X];
, 1, 0]->[x];
1, 11>
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*E-:'! Synanio Text Editor - [demo_aby]

File Edit “iew Templatez Toolz Option: Window  Help _|E’|E|

= EE B EE RS EEE R

module demo:

c.E < .Cc., . X..

CLE, TOPIN1,. TOPINZ  TOPIN3. TOPOUT FIN;
TEST_VECTORS

{ [CLE, TOFIN1,K TOFINZ,K TOFIN3]->[ TOFOUT]}

[c o . 0. 0)]--[=]:

[c. 0.0, 1]-:[=]:

[c o. 1. 0]-:[=x]:

[= o, 1 1]-»[=]

[c. 1.0, 0]-:[=]:

[c 1 .0, 1]-+[=x]:

[c. 1.1, 0]->[=]

e, 1. 1. 1]1-:[=];

EHD

< | _I_I
Ln19Cal 7 23 [#wR | [Rec Off [Mo'wrap [DOS [INS  [NUM [CaP

Hinh 5.31 File véc to thir trong trinh soan thdo van ban ISP Synario

63. Sau khi chinh stra xong chon File = Save, tiép theo chon File = Exit

64. Trong Navigator véi véc to thr van con dwoc chon, kichy dup Ién Equation
Simulation Waveform process, clra sd Waveform Viewer xuét hién

65. D& xem dang séng chon Edit = Show. Hop thoai Show Waveforms hién ra véi
day dud tén céac tin hiéu

66. D& xem cung luc chon TOPIN1, TOPIN2, TOPIN3, TOPOUT va CLK va kich
Show. Tirng tin hiéu sé hién thj trong Waveform Viewer (h.5.32). BDéng hop thoai
Show Waveforms, chon File = Save trong ctra s& Waveform Viewer, tiép theo
chon File = Exit.



File Edit %iew Object Options Jump Help

L70 v
el 7L T T T -
ToPIN
TOPINZ |_ Net Name: |TIIIPI]UT
TOPIN3
TOPOUT Instances:
TOPOUT
4 [v][4] | Bush | | Path:
Time = 0 Low, output - ABEL

Hinh 5.32 H6p thoai Show Waveforms va Waveform Viewer

17. THICH U'NG THIET KE VO THIET BI LATTICE
Dw an thiét k& hon hop gitra so d6 voi ABEL-HDL da hoan tat va da chay mo
phdng, chi con bwéc cudi cung la twong thich héa thiét ké véi ho ispLSI clia LATTICE

67. T clra sd Sources in Project trong ISP Synario Project Navigator chon ispLSI
2032-150 TQFP44 va quan sat cac qua trinh xt ly lién quan dwoc tao ra

68. Trong danh sach Processes for Current Source kich dup Ién muc Fit Design.
Viéc lam nay sé bat Navigator phai ket thuc qua trinh dich va lién két cac file

ngudn lai voi nhau tredc khi phan ving va twong thich thiét ké vao mét phan
LSC. ISP Synario Project Navigator sé thém d&u kiém khi nhiém vu thanh céng
(h.5.33)

121



flSF" Synario Projecl NMavioatom - TUTOR.SYH

Filz ¥icw oo Pioczss

Ockiorez  Taok Mindow Hdp

Skreleny §ormal =

Soulce:z in Project:

Frocesses lor Current Soumce:
B Detno Praject 3 Updade A1 Schamatic Files
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[ akeliop (abatop.ail) [ Pre-Fit Eguatians
demuo (demo.zch) 3 Signal Cross Reference
@ B JEDECFile
[E Fitter Aepaod
Doubbclick to chooze a diflenr 0 obla-click the ilam in the Bzt or select e VS 1aie button to slaik the process. Sakect
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Hinh 5.33 ISP Synario Project Navigator sau khi twong thich thanh céng

69. Phan mém ispDS+ cé mot sb diéu khién ngudi dung co thé dwoc truy cap tr
Navigator, chiéu sang Fit Design va kich Properties tai phia dwdi day clia clra
s Navigator, mét hop thoai chiva danh sach cac thudc tinh xuét hién

70. D& xem tat ca cac thong tin lién quan dén viéc twong thich héa kich dup vao ISP

Synario Fitter Report, ctra sb tutor.rpt hién ra trong ISP Synario Report Viewer
(h.5.34), c6 thé cubn cira sb report ddi v&i dir liéu thiét ké
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Hinh 5.34 ISP Synario Report Viewer v&i cac chirc nang chinh ctia ispVHDL va ISP Synario
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