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LOT NOI PAU

Cung véi su tién bd cua khoa hoc va cong nghé, cac thiét bi dién
tir 44, dang va sé tiép tuc dugc tng dung ngay cang rong rii va mang
lai hiéu qué cao trong hau hét cac linh vuc kinh té k¥ thuét cling nhu
doi séng x4 hoi.

Viéc xir 1y tin hiéu trong cac thiét bi dién tir hién dai déu dya
trén co s& nguyén 1y s6. Boi vay viée ndm vig kién thuc vé dién tir
s6 12 yéu cau bit budc ddi voi ki su dién, dién tor, vién thong va
CNTT hién nay. Kién thirc vé Dién tir s6 khong phai chi can thiét dbi
v6i ki su cac nganh ké trén ma con can thiét dbi v6i nhiéu can bo ky
thuat cac chuyén nganh khac c6 ung dung dién tu.

Nhim gidi thi¢u mot cach h¢ théng céc khai niém co ban vé dién
tir s, cac cong logic, cac phan tir co ban, cac mach sé chtc nang dién
hinh, cac phuong phap phan tich va thiét ké mach logic ... Hoc vién
Cong nghé Buu chinh Vién théng phdi hop véi Nha xuat ban Théng tin
va Truyén thong xuat ban cubn sach “Gido trinh Dign tir s6” (02 tap).

Gi4o trinh bao gdm cac kién thirc co ban vé co so dai sb logic,
mach cong logic, mach logic to hop, cac trigo, mach logic tudn tu, cac
mach phat xung va tao dang xung, cac bd nhd thong dung. Gido trinh
con bao gdm cac kién thirc co ban vé cau kién logic kha trinh va ngon
ngir mo ta phan ctng VHDL. Day 14 ngdn ngit pho bién hién nay dung
dé mo ta cho mé phong ciing nhu thiét ké cac hé théng sb. Noi dung
gido trinh gébm 02 tap c6 9 chuong: 7 chwong dau do ThS. Tran Thi
Thity Ha bién soan, 2 chuong cudi do ThS. B§ Manh Ha bién soan.
Trudc va sau mdi chuong déu co phan gisi thiéu va phan tom tit dé
gitip ngudi hoc d& ndm bat kién thire. Cac cau hoi 6n tap dé nguoi hoc
kiém tra mic d6 nam kién thirc sau khi hoc mdi chuong.



Gi4o trinh gdm 02 tap c6 9 chuong duoc bd cuc nhu sau:
Tap 1 gom:

Chuong 1: Hé dém.

Chuong 2: Pai s6 Boole.

Chuong 3: Cong logic TTL va CMOS.
Chuong 4: Mach logic t6 hop.

Chuong 5: Mach logic tudn tu.

Tap 2 gém:

Chuong 6: Mach phat xung va tao dang xung.
Chuong 7: B6 nhé ban dan.

Chuong 8: Cau kién logic kha trinh (PLD).
Chuong 9 : Ngbn ngit mé ta phan cimg VHDL.

Trén co s cac kién thirc cin ban, gido trinh di ¢ ging tiép can
cac van dé hién dai, dong thoi lién hé vé6i thuc té k¥ thuat. Tuy nhién
do thoi gian bién soan c6 han nén cudn gido trinh ¢ thé con nhiing
thiéu sot, rat mong dugc ban doc gop y. Cac ¥ kién xin giri vé B mon
KV thuat Dién tir - Khoa Ky thuat Dién tir 1 - Hoc vién Cong nghé
Buu chinh Vién thong.

Xin tran trong gidi thiéu!

HOQC VIEN CONG NGHE BUU CHINH VIEN THONG
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MACH PHAT XUNG VA
TAO DANG XUNG

Chuong 6

GIOI THIEU

Hau hét cac hé théng ky thuat s6 déu yéu cAu mdt vai loai dang
song dinh thoi, vi du mot ngué)n xung cua by dao dong can thiét cho
tat ca cac hé théng tudn tu dinh thoi. Trong céac h¢ théng ky thuat s0,
dang song xung vudng thudng duge st dung nhét. Sy tao ra cac dang
song xung vudng dugc goi la bo da hai.

C6 ba loai by da hai:

- B dao dong da hai (chay tu do).

- BO da hai don 6n (mot nhip).

- BO da hai hai trang thai 6n dinh (trigo).

Mot bd dao dong da hai chi 1a mét bd dao dong dé tao ra dang
xung. N6 c6 hai trang thai chuin ma khong yéu ciu sy kich hoat tir
bén ngoai. Bo nay thudng duge ding lam xung diéu khién cho céc
mach tuan tu.

Mot bo da hai don on chi c6 mot trang thai on dinh, tuc 1a trong
diéu kién trang thai on dinh thi dau ra cia nd ¢ dinh. Pau ra nay ¢
trang thai thip hodc ¢ trang thai cao. Mach ndy can mot xung kich
khoi tir bén ngoai dé cho mach chuyén sang trang thai khiac. Mach nay
van giir nguyén trang thai cii trong mot khoang thoi gian, khoang thoi
gian nay phu thudc vao cac thanh phan dugc dung trong mach. Trang
thai cua mach nay dugc xem la trang thai on dinh béi vi nd phuc hdi
tr& vé trang thai 6n dinh ma khong can bat ky xung kich hoat nao tir
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bén ngoai. Po rong cua xung kich hoat rit nho, do rong cua xung dau
ra chi phu thudc vao khoang thoi gian ma mach giit lai ¢ trang thai 6n
dinh. Mach nay duoc goi la mach mot nhip (one-shot) boi vi mdt xung
kich hoat chi tao duoc mot xung c6 do rong khac. Mach nay rat hitu
dung boi vi nd co thé tao ra mot xung tuong dbi dai (hang chuc
mili gidy - ms) tr mdt xung hep, do d6 né con duge goi 1a by gidm
xung (pulse stretcher).

Vi dy, mot bo vi xir Iy c6 thé phat tin hiéu cho mot thiét bi bén
ngoai dé in mot ndi dung nio d6 bang cach truyén qua mot xung.
Thiét bi dau ra néi chung c6 tdc dd cham hon bo vi xtr 1y, do d6 né
yéu cdu mot xung tin hiéu trong mot khoang thoi gian 1au hon. Piéu
nay dat duoc béng mdt mach giao tiép ¢6 chira bd da hai don 6n.

Mot mach da hai trong d6 ca hai trang thai déu 6n dinh thi duoc
goi 1a mach da hai hai trang thai on dinh hay trigo. Mach nay thuc
hién viéc chuyén tiép tor mdt trang thai on dinh nay sang mot trang
thai 6n dinh khac chi lic xung kich khoi duoc 4p vao. Mach nay
thuong dugc dung 1am céc thanh phan cta bd nhd trong cac hé thong
ky thuat s6 va d3 dugce thao lun & chuong 5.

Chuong nay tap trung vao so dd, nguyén tic hoat dong, tmg
dung cua cac mach dao dong da hai, mach dao dong da hai doi, trigo
Schmitt dua trén cac céng TTL, CMOS va IC dinh thoi 555. Sau
chuong nay ban doc c6 thé tu thiét ké cac mach dao dong theo cac yéu
cau co ban cho cac tmg dung khéc nhau.

6.1 MACH PHAT XUNG

Trong mach diy ddng bo, xung vudng cua tin hiéu dong hd
(d6ng hd) dugc dung dé didu khién, phdi hop hoat dong cua toan bd
hé théng. Vay dic tinh ciia xung dong hé truc tiép anh huong dén chat
luong hoat dong cua h¢ théng. Duya vao hinh 6.1 chung ta tim hiéu
mot sb chi tiéu danh gia dang xung vudng.
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- T: Chu ky xung. D6 1a khoang thoi gian giira 2 xung lién nhau
trong loat xung trung lap.

- f =% : Tan s6 xung. D6 13 s6 xung trong 1 don vi thoi gian.

- Ty : Do rong xung. Do 1a khoang thoi gian tir suon trude dén
suon sau cua xung, tinh tr muc 0.5V,,,.

- V,.: Bién d6 xung. D6 1a bién d6 16n nhat cta dién ap xung.

- t: Suon trudc. Po 1a khoang thoi gian suon trudc tang tu
0.1V,, dén 0.9V,

- t¢ Suon sau. D6 1a khoang thoi gian suon sau giam tir 0,9V,
dén 0,1V,

—> t; [ ————
0,9V, ——— -~ - T
0,5V = = =4 - Vi,
0,1Vy = —— =
S N
l< T

Hinh 6.1: Pdc trung ky thuat cua xung vuong
Do vai trd quan trong ciia xung dong hd nén cac yéu cau véi
chung ciing rat chat chd. Nguoi ta danh gia xung dong hd qua céc chi

tiéu: P on dinh tan sb (hay do khong 6n dinh tuong ddi cta tan sd

ATf), d6 6n dinh pha, d6 6n dinh bién do.
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6.1.1 Mach dao djng da hai co ban cong NAND TTL

Cong NAND khi 1am viéc trong ving chuyén tiép ¢ thé khuéch
dai manh tin hiéu du vao. Néu 2 céng NAND duoc ghép dién dung
thanh mach vong nhu hinh 6.2 ta duoc bo dao dong da hai. Vi 1a dau
vao diéu khién, khi & mirc cao mach phat xung va khi & mirc thap
mach ngung phat.

11
R C, R

Vi L \/01-—| IE_D)— V.o
[ Il 0o
Vi Ci |

Hinh 6.2: Bé dao dong da hai cdu triic bang cong NAND

Néu cac cong I va II thiét 1ap diém cong tac tinh trong ving
chuyén tiép va Vi = 1, thi mach s& phat xung khi dugc nbi ngudn.
Nguyén tic lam viéc ciia mach nhu sau: Gia st do tac dong cua
nhiéu 1am cho V;; ting mot chut, 14p tirc xuat hién qua trinh phan hoi

duong sau:

rwfﬁw¢+w¢+wfj

Khi d6, cong I nhanh chéng tré thanh théng bio hoa, cong II
nhanh chéng ngit, mach budc vao trang thai tam 6n dinh. Lic nay, C,
nap dién va C, phong dién theo mach don gian hoa duoc thé hién
trong hinh 6.2. C, nap dén khi V,, ting dén ngudng thong Vr, trong
mach xut hién qua trinh phan hoi duong nhu sau:

TWT+W¢+W¢+WTT
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Két qua qua trinh nay 1a: Cong I nhanh chéng ngit con cong II
thong bao hoa, mach di€én budc vao trang thai tam 6n dinh méi. Lic
nay C, nap dién con C, phong cho dén khi V;; bang ngudng thong Vr
lam xuit hién qua trinh phan hdi duong dua mach vé trang thai on
dinh ban dau. Mach khong ngimg dao dong, khi bo qua dién tré dau ra
cua cac céng NAND, dya vao hinh 6.3a gian do xung cua mach dugc
thé hién trén hinh 6.3b.

Vi thoi gian nap dién nhanh hon thoi gian phong, nén thoi gian
duy tri trang thai 6n dinh tam thoi phu thudc vao thoi gian nap dién
cua hai tu dién C; va C,. Tu hinh 6.2 ta c6 thoi gian nap dién cua tu C,
lat, = (Rp // Ry) Cy, thoi gian dé V;, nap dién dén Vi 1a:

2V —(Vp + Vo)

VOH _VT

(6.1)

Néu Rfl = Rf2 = Rf, C] = C2 = C, VOH = 3V, VOL = 0,35V,
Vr= 1,4V thi ta co:
T~2(R;//R,)C (6.2)

T 1a chu ky cua tin hiéu da hai dau ra.
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Hinh 6.3a: Mach vong nap phong dién cua tu C,;, C,

Voo
A
VH
. |
0 >
V, Vu -VL+ V7 t
Tp1=RyC,

t
Vu -V +Vr 1 ,~R,,C,

vfh
|

Hinh 6.3b: Dang séng gan diing cia dién dp tai cdc diém

T2=(R 4/l Riy)Cy
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trén mach bo dao dong da hai

6.1.2 Mach dao dong da hai vong RC

F |>o—ﬁ "}—t “'},’Z vizﬁ:_‘*_tLl—l_

Hinh 6.4: Bo dao dong vong va dang song

Bo dao dong vong c6 cau trac gom 3 cong NAND mic ndi tiép
nhu hinh 6.4.

Do ¢6 su phan hoi duong tur V, dén V;; 1am cho mach nay
khong c6 trang thai on dinh. Tan sd cta tin hiéu dau ra phu thudc vao
thoi gian tré cta cong NAND va khong thé diéu chinh duoc tin sb
nay. Tén s cua mach phat s& diéu chinh duoc khi mot mach tré RC
duoc méc thém vao mach nhu hinh 6.5. Tan sé dao dong cua mach

diéu chinh dugc thong qua gia tri cua tu dién C va dién tro R.

\: Via Voo R Rs
|>TE I I
Vi I}C Via

]

Vo

Hinh 6.5: Bo dao dong da hai co mach RC

6.1.3 Mach dao dong da hai thach anh

Dé co cac tin hiéu dong hd (xung ddng hd) co tan sb chinh xac
va ¢6 do on dinh cao, cac mach da hai trinh bay trén day khong dap
mg duogc. Tinh thé thach anh thuong dugc sir dung trong cac trudng
hop nay. Thach anh c6 tinh on dinh tan sb tot, hé sb phém chét rat cao

dan dén tinh chon loc tan sd rat cao. Hinh 6.6 13 mot mach dao dong
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da hai dién hinh sir dung tinh thé thach anh. Tan sd cia mach dao
dong chi phu thudc vao tinh thé thach anh ma khong phu thudc vao

gia tri cac tu di€n va dién tr¢ trong mach.

|
Ry C: R
—
fo
" Ml | v
) |g| 2 »-

Hinh 6.6: Mach dao dong da hai thach anh

B0 tao dao dong da hai thach anh duoc thiét lap béng cach thay
mot tu dién trong bo da hai da xét trén bé‘mg thach anh.

Thach anh c6 tinh chat ap dién, twong duwong nhu mot khung
cong hudng.

Ki hiéu, so d6 trong duong vé dién cua thach anh dugc trinh bay
trén hinh 6.7.

Thach anh ¢6 2 tan s6 cong huong: Tan s6 cong huong nbi tiép
fy twong Ung véi troé khang cua thach anh z;, = 0 va tan s6 cong hudng

song song f, twong g véi trd khang cua thach anh z, = .
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oA A
Lq
—— CD pr— Cq
fq
OB B
a) b)

Hinh 6.7a: Ki hiéu cua thach anh;
b) So do twong dwong va dién dp cua thach anh

Trong hinh 6.6, tu C, 1a ty co thé bién doi dé thay doi tan sb
cong huong cua thach anh trong mot pham vi hep.

Tai tan sd cong hudng ndi tiép cua thach anh fy, tré khang cua
thach anh rét nho, tin hiéu c6 tan sb f; di qua thach anh dé dang. Nén
tan s6 dao dong ciia mach dugce quyét dinh bang tan sé cong huong
ndi tiép cua thach anh f; ma khong phuy thudc vao cac gia tri cia RC
cua mach.

6.1.4 Mach dao dong da hai CMOS

Hinh 6.8a 12 mach dao dong da hai co ban sir dung hai cong

NOR CMOS va cac linh kién dinh thoi tré va tu.

Gian d6 xung cua mach duogc thé hién trén hinh 6.8b.

Chu ky dao dong ctia mach dugc tinh gan ding nhu sau:

ED_VT VT

Néu gia thiét Vi = Ep/2 thi T, = T, khi d6

T = RClnd ~ 1,4RC (6.4)
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Vi
Vi1
R
[[©
|l
a)
e T —>
le T, >l T2 3

b)
Hinh 6.8: Bé dao déng da hai dimg cong NOR CMOS va gidn do xung
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6.2 TRIGO SCHMITT

I I Q@ Ec
|
|
: R Ry
]
|
| T4
|
|
I I T; D, Vo
| |
| | VA
| | Ts
| R |
| 3 |
| I Re
| |
| |
Dau vao : Mach Schmitt : DPaura L

Hinh 6.9: So do nguyén ly cua trigo Schmitt

Hinh 6.9 14 so @ nguyén 1y cta trigo Schmitt, hay con dugc goi
1 bo dao pha trigo Schmitt. N6 gébm 3 phan: mach dau vao, mach
Schmitt va tang cong suat dau ra. Nguyén tic 1am viéc ctia mach nhu
sau: Néu Vg, & muc th?ip thi T, ngét, T, thong bao hoa va nguoc lai
néu Vg, & mic cao thi T, thong bao hoa, T, ngét. Khi Vg, tang tor mutrc
thép 1én muc cao dén tri s6 Vg = Vg, - LR; = 0,5V thi T, bat dau
chuyén tur trang thai ngét vao trang thai khuéch dai. Do Vg, tiép tuc
tang nén Vcg; = Vg gldm xuéng. Sau khi T, roi khoéi trang thai bao
hoa ma Vy, tiép tuc ting thi xay ra qua trinh phan hdi dwong sau:

Vord s e Gt o Ve § > Vass § > i (e} vEpofT

Nho phan hoi duong mach dién nhanh chong chuyén sang trang

thai T, thong bao hoa, T, ngét. Néu Vg, sau khi tang dén cuc dai thi
bat dau giam; khi Vg, giam dén mutc 1am T, ra khoi vung bao hoa,
T, ra khoi ving ngit thi mach dién lai xdy ra qua trinh phan hoi
duong sau:
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Vo § > s G —> Vorr } 2o Ve b s iz G0} > Ve Ve \
?

Két qua mach dién nhanh chong 14t sang trang thai T, ngit, T,
thong bdo hoa. Chung ta goi gia trji dién ap dau vao V; trong qua trinh
tang 1én cua nd dat dén ngudng 1am 1at mach Schmitt dé dau ra tir mirc
cao xudng murc thip 13 ngudng trén V., va gia tri nguoc lai 1a ngudng
dudi cua trigo Schmitt V. (hinh 6.10). Hi€u dién ap tuong tng véi
ngudng trén va ngudong dudi dugc goi la d0 chénh I¢ch dién é&p
chuyén mach AV=Vq, -V

Hinh 6.10: Dang séng dau vao V; va dau ra V,, ciia trigo Schmitt
Trigo Schmitt thyc chat 1a mot bo so sanh hai ngudng nén nod
dugc dung ung dung khac nhau nhu: Cac mach dao dong, cac mach so
sanh, loc nhiéu...

6.3 MACH DA HAI DOI

Mach da hai doi c6 mot trang thai 6n dinh va mot trang thai tam
6n dinh. Khi ¢6 tac dung ctia xung ngoai, mach c6 thé chuyén doi tir
trang thai 6n dinh sang trang thai tam 6n dinh. Sau khi duy tri mét thoi
gian, mach s& tu dong quay lai trang thai on dinh. Thoi gian tam on
dinh phu thudc vao céc thong s6 clia mach ma khong phu thudc vao
xung kich. Mach da hai duoc ing dung trong cac mach dinh thoi, tao
dang xung, tré...
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6.3.1 Mach da hai doi CMOS

6.3.1.1 Mach da hai dgi kiéu vi phén
Hinh 6.11 14 so d6 nguyén 1y ctia mach da hai doi kiéu vi phan.
Tai trang thai on dinh, V,= 0 thi V,; = Ep, Vi, = Ep, Vo, = 0. Khi

c6 mot xung kich thich dau vao 1am cho céng 1 nhanh chéng ciAm va
dau ra bang 0, xem gian do 6.12.

Ep

I s
V‘D’_—Dvm ICI va[[>°__30_|_l_

Hinh 6.11: Pa hai doi kiéu vi phan diing cong NOR CMOS

Mach dién RC s€ nap dién cho tu dién C. Trong qua trinh nap,
dién 4p V,, tang dan dén ngudng Vp va 1am cong 2 déng, dién ap
Vg, = 0. Khi d6, cong 1 nhanh chéng chuyén vé trang thai cAm va lam
cho mach da hai doi tro vé trang thai 6n dinh.

Ep
Vi
0 —|
Ep —
Vo1
Ep —
Vi2
Eo
V02
0 p—
l———l
| Tw |

Hinh 6.12: Dang séng ciia mach da hai doi kiéu vi phdn
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Do rong xung tai dau ra cua mach dugc xac dinh bang cong

thure sau:

Ty :(R+R0)C*lnE—D (6.5)
p~— Vr
trong d6 R, 1a dién tr& dau ra cua céng 1, néu Vo= Ep/2 thi:
Ty =0,7(R+R()C (6.6)
6.3.1.2 Mach da hai dgi kiéu tich phén
Ep

Vi R —1— C | |
| IS hd V
| | V0 1 i2 \/0

Hinh 6.13: Da hai doi kiéu tich phin dimg cong NOR CMOS

Hinh 6.13 biéu dién so dd nguyén 1y ciia mach da hai doi kiéu

tich phan.
Eo
Vi
2
Viz
Vo
>
Tw'

Hinh 6.14: Dang séng cia mach da hai doi kiéu tich phan
Tai trang thai 6n dinh, V;= 1 thi V,;= 0, Vi, =0, V, = 0. Khi
dau vao V; chuyén tr 1 xuéng 0 dau ra V,, nhay tur trang thai 0 1én 1
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va dong thoi mach RC bat dau tich dién cho tu dién C, khi dién ap
Vi, = V¢ dién ap dau ra V, chuyén Xuéng trang thai 0. Sau khi hét
xung dau vao tu dién phong dién thong qua tré R va mach tré vé trang
thai on dinh.
b0 rong xung d4u ra ctia mach da hai doi (hinh 6.14) dugc tinh
theo cong thuc:
Tw =(R +R0)C*lnE—D (6.7)

p~ Vr
trong d6 R, 1a dién tr& dau ra cua céng 1, néu Vo= Ep/2 thi:
Ty =0,7(R+R,)C (6.8)
6.3.1.3 Mach da hai dgi dung trigo Schmitt

Dua vao déc tinh so sanh cua trigo Schmitt, mach nguyén 1y chi
ra trén hinh 6.15 1a bo da hai doi.

Ep V4

Hinh 6.15: So' d6 nguyén 1y va gian do thoi gian
cua mach da hai dung trigo Schmitt
DJ rong xung dau ra phu thudc vao ngudng trén cua trigo
Schmitt va gia tri cua tu dién C va dién trd R theo cong thurc sau:
E
Ty =RC* ln—D+
Ep = Vp

néu V= Ep/2 thi: Ty, =0,7RC (6.10)

(6.9)
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6.3.2 Mach da hai dgi TTL

Hinh 6.16 1a so d6 nguyén 1y mach da hai doi ho TTL, trong d6
cac céng 1, 2, 3 céu trac 1én mach flip-flop, céng 4, 5 la mach tao
dang xung. Céc cong nay thudc ho TTL nén c6 murc logic 1 14 3,6V va
logic 0 1a 0,3V. Pau vao V, bi€u thi stt dung mach dao. Mach dao nay
thong bao hoa thi V, ~ 0,7V, con ngudng thong ctia nd ¢ 0,6V.

Tai trang thai on dinh P = P> = 0. Mach dao dau vao V, 1a bd
khuéch dai tranzito emito chung & trang thai bdo hoa va khi do
V,=0,7V,V3=0,V,=1,Q=0,Q =1.

Khi ¢6 xung duong tac dong o dduvaothiP=1,P =1, V, =0,
Q=1, 6 = 0, mach ¢ trang thai tam 6n dinh. Do 6 =0 khoa céng 4,
nén sau khi bi kich thich béi suon duong xung P thi mach bi cach ly
khoi xung P.

" c 3

Hinh 6.16: So do nguyén Iy mach da hai doi ho TTL
Vi dién ap trén tu C khong ting dot bién nén khi V, tir mirc cao
3,6V dot bién xubng 0,3V thi V, tir mtrc 0,7V dot bién xudng -2,6V.
Bit dau qué trinh nap dién cua tu di¢n C. V, tang dan 1én. Khi V,
Tang 1én dén ngudng thong 0,6V thi sinh ra qué trinh phan hoi sau:

v, T—>\i3l—>V1T—>(|2l
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Qua trinh nay 1am mach nhanh chong tré vé trang thai 6n dinh

ban dau V,

0,V,=1,Q=0, Q =1. Tiép d6 tu dién C phong di

V, dan dan hoi phuc vé 0,7V. Hinh 6.17 chi ra gian dd xung cua mach

en,

A

da hai doi ho TTL v&i gia thiét thoi gian tré truyén dat ctia cac cong va

bd dao pha déu bang thd-

3,6V

3,6V
0,3V

t (tpa)

16

14

Hinh 6.17: Gian do xung cua mach dao dong da hai doi TTL

VOi gid thiét do tré cua cdc cong la t,,

0,7RC. Mach

trong mot s6 ho IC TTL nhu

W =
bang cach thay doi cac gia tri ty va tr¢ mac

T

Do rong xung ra dugc tinh theo cong thirc

dao dong da hai doi duoc thiét k

74LS121, 74LS123...

€ san

r
A

7
A

1
A

au ra mong muon.

ho cac xung d

~

ngoai s€ ¢
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6.4 IC PINH THOI

6.4.1 Mach dién cua IC 555

Bd dinh thoi 555 duoc su dung rat rong rai trong cac bd dao
dong da hai, da hai doi va cac b so sanh... Hinh 6.18 1a so do khdi
nguyén ly cua IC dinh thoi nay, trong d6 chirc nang cta cac chan dugc

chi ra trong bang sau:

Bang 6.1: Bang mé ta chirc nang cua cdc chan trong IC

Chan Chtrc nang Chan Chtrc nang
1 DAt — GND 5 Dién ap diéu khién
2 Chan kich thich 6 Chéan ngwong
3 Paura 7 Dau phong dién
4 Xoa — Reset 8 Nguén — Vce

So d6 nguyén 1y ciia IC 555, gdbm mdt mach phan ap véi 3 dién
trd R (100kQ2) ndi véi chan 8. O day chan 8 bao gém ca ngudn nudi
ctia cac bd so sanh va cac cong logic trong mach.

So sénh 1

So sanh 2

Hinh 6.18: So d6 khéi nguyén Iy ciia IC 555
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Dién ap +Ec ndi v6i chan 8 ¢6 gia tri tir +5V + +25V tuy theo
mirc bién d6 cua xung & dau ra.

Mach gdm hai bo so sanh (1) va (2). Dién ap dau vao dao ctia bd
J4 ’ A 4 ’ [N J4 M 2 A I3 5 A \ A
so sanh thu nhat c6 mtc dién &p bang EEC , dién ap ¢ dau vao thuan
. A , T |
cta b so sanh thir hai bang EEC .
Groundmm{1 \UJ s V..

Trigger I 2 B Discharge

~

Output N 3 6l Threshold

Resetlll|4 Syl Control Voltage
Hinh 6.19: So dé chdn ciia IC LMC555

DAu ra cta hai b so sanh duoc ndi véi dau vao cua Trigo RS,
Trigo RS sir dung trong mach nay ding cic cong NOR, do d6 mirc
tich cuc 1a murc cao. Chan 4 duogc nbi véi dau vao cia mot céng NOR
thong qua mot cong NOT c6 tac dung diéu khién hoat dong cua trigo,
dién &p chan 4 & mtc cao (muc “1”) trigo hoat dong binh thuong, con
dién 4p chan 4 & mirc thap (mirc “0”) cAm trigo hoat dong. Pau ra 6
cua trigo RS dugc dua qua cong NOT t6i ddu ra & chan 3, dong thoi
6 ndi voi tranzito T dé tao dau phong dién.

Béang chtrc nang cua IC 555 duogc chi ra trén bang 6.2.

Bang 6.2: Bang chure nang cua IC 555

TH TRIG | R ouTt DIS

X X L L Théng

2 1
>§EC >§EC H L Thong




388 Gido trinh Dién tir s6

ouT DIS

—
I
=
:
Q
|

2 1 2. A 2.
<§Ec >§EC H | Khéng doi | Khong doi

X > %EC H H Ngat

6.4.2 Mot vai irng dung cta IC dinh thoi 555
6.4.2.1 Trigo Schmitt
Hinh 6.20 14 so d6 nguyén 1y cua trigo Schmitt ding IC 555. Véi

so d6 nay ngudng trén Vi, =% *E¢, va ngudng dudi V;_ =}, *E,.
D¢ chénh l¢ch dign ap AV =V;, —V;_ = *E.,. Néu dua dién 4p

vao dau vao C-V thi co thé diéu chinh duoc V., Vi va AV.

Ec: Ec2
8 4
5
[]R1 C_V._ 7 R4
C
— = °l 555 Voz
R>
V, 5 3
R
[J ? Voi
1

Hinh 6.20: Mach trigo Schmitt dung IC 555
6.4.2.2 Mach da hai doi
Hinh 6.21 trinh bay so d6 khdi cia mach da hai doi dung IC 555.
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Eq
H 8 4
R
Vo
555 3
7
V, .
u
_— C 1 5
1
C1== 0,01uF

Hinh 6.21: Mach da hai doi dung IC 555
Trong so d6 hinh 6.21, tu C, tac dung cing dién trd R (trong so

d6 nguyén 1y hinh 6.18) tao thanh mach loc thong thép.
Gia str lac dau tu C chua tich dién nén V¢ = 0. Khi déng mach
nguén dién, tu C tich dién, mach tich di¢n tr +Ec qua R, qua C xuéng

dat. Tu C tich dién, dién 4p uc ting 1én, cho dén khi u > %EC, dién

ap ra clia bo so sanh (1) R = 0, ddn dén 6 =1. Vi 6 =1 nén cho
tranzito T m&, tu C phéng dién qua R, qua tranzito xudng dat. Tu C
phong dién dén khi uc = 0. Day 1a trang thai 6n dinh bén (trang thai
doi) cia mach.

Khi c6 xung vudng dua t6i ddu vao, néu bién do xung vao du
16n, dién 4p ra ctia b so sanh (2) S=1,do d6 Q = 1 va Q = 0, bit
dau thoi gian kéo dai xung ¢ dau ra. Vi 6 =0 nén T cam, ty C tich
dién, mach tich dién tr +E¢, qua R, qua C xuéng dét, tu C nap di¢n
v6i hang s6 thoi gian:

1, =RC 6.11)
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Tu C tich di¢n, dién ap uc ting, cho dén khi u. > %EC , d6i voi

b6 so sanh (1) dién 4p ra R = 0, ddn dén Q = 1, chdm dut thoi gian
kéo dai xung ¢ dau ra. Vi 6 =1, T méd, tu C phong dién, qua R, qua
T xuéng dat, cho dén khi u= 0, trd lai trang thai ban dau.

Khi tu C tich dién, dién ap trén tu C tang theo quy luat ham mi:

u-=E; {l — exp(—%ﬂ (6.12)
nap

Thoi gian tu nap tir dién ap OV dén %EC duoc trinh bay nhu sau:

tX
Suy ra:
— tx
l—e =2
3
hay la:
_ tx tx
l_e Tnap; eTnap —
3

tX = Tygpln3 = 1,114y

t, =1, IRC (6.14)

Gian dd dién ap - thoi gian minh hoa hoat dong ctia mach da hai
doi dung IC 555 dugc trinh bay trén hinh 6.22.
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Uv 4
0 to t1 t2 t3 t

| | | |

T . | | | |
vaochan2 A I I I I
| | | |

| | | |

N | N |

[N | [ |

AN AN

06VE-———— r—<+——__ S S

g g

Ura A

uramax

t

Hinh 6.22: Gian do dién dp - thoi gian cua mach da hai doi
dung IC 555

=
Vi 0
0

Ec-——

Ve

Vo 0_

0 Ty I

Hinh 6.23: Mach da hai doi dung IC 555 va dang song
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Hinh 6.23 1a so d6 nguyén 1y va gian d6 thoi gian cia mach da
hai doi dung IC 555, trong d6 RC 1a mach dinh thoi. D6 kéo dai xung
dau ra dugc xac dinh bang cong thic:

Ty =RCIn3=1,1RC (6.15)

Mach dao dong da hai doi nay yéu cau do rong xung dau vao
nho hon d6 rong xung dau ra, néu né 16n hon thi yéu ciu dung thém
mach vi phan & dau vao.
6.4.2.3 Mach da hai

So d6 nguyén 1y mach da hai dung IC 555 dugc trinh bay trén
hinh 6.24.

EC
8 4
RI
5 7
0,01 uF
6
I 555 R,
3 Ve
2
v, T°

11

Hinh 6.24: Mach da hai dung IC 555
Luc dau dong mach nguén nudi mot chiéu, tu C chua kip nap di¢n,
dién &p trén tu Uc = 0, do d6 dién ap ra ctia b so sanh (1) R = 0, dién ap
ra ciia bo so sanh (2) S = 1, dan dén Q=1, 6 =0 va T cidm. Tu C tich
di¢én, mach tich dién tr +E¢, qua Ry, R,, qua C Xuéng dét, tu C nap di¢n
v6i hang s6 thoi gian: nap= (R;+ R,).C. Tu C nap dién, dién ap trén tu C

. ) 2 .
tang 1én, cho dén khi u, ZEEC , dién &p ra cta bo so sanh (1) R =1,
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Q =1, din dén tranzito T thong, tu C phong dién, mach phong dién tir

cuc duong cuatu C, qua R,, qua T xuéng dét dén cuc am coa tu C. Tu C
. ‘ D 1 .
phong dién dén khi dién ap trén ty u < EEC , dién ap ra cua bg so sanh
(2) R =0, dan dén Q=1, 6 =0. Do (_2 = 0 nén tranzito T bi cAm, tu
C lai dugc nap dién, qué trinh dugc ldp lai nhu cti. Hién tugng nay
tiép dién lién tuc va tuan hoan.
Luu y:
. . . 5 . i 2 .
Khi méi dong dién nguon tu C nap tr OV dén EEC’ sau do tu

phong dién tur %Ec xudng %Ec , 101 lai nap tir %Ec dén %Ec-

Thoi gian nap va phong cua tu duogc tinh theo cong thirc (6.16)
va (6.17).
+ Thoi gian nap:

thap = Tnap [N 2

tap=0,7(R; +R,)C (6.16)
+ Thoi gian phong:
toh =Tpn In2%0,7R,C (6.17)

+ Chu ky ctia xung ¢ dau ra:
T = togp Tt = 0,7(R; + 2R,)C (6.18)
Dang tin hi¢u ¢ cac cuc cua mach duogc trinh bay trén hinh 6.25.

Do thoi gian phong, nap khong bang nhau, nén xung vudng ra

khong ddi ximg.
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Vo —
0 iy NI E—
B
| ton,

Hinh 6.25: Dang dién ap tai cac chan cua mach da hai dung IC 555

el L43 (6.19)
T (R, +2R,)C

Ec

8 4 L
5 I } R1
7
0,01pF IJ__ E’
“ |, v &,

I+ T°
Hinh 6.26: Mach da hai diéu chinh dwoc dé lap day xung ding IC 555

Nhu ta thiy xung dau ra c6 do lap day phu thudc vao ca dién tro
R, va R, va khong thé tao ra xung vudng véi do 1ap diy bang 50%
thong qua viéc thay doi gia tri R, va R,. Pé c6 duoc xung vudng voi
d6 1ap day bang 50%, nguoi ta st dung mach c6 thém 2 didt khi do
tr& phong va nap dién cho tu c6 thé thay d6i doc lap va tao ra xung
mong mudn.
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Hinh 6.26 1a so d0 nguyén 1y cia mach da hai ding IC 555 ma
do6 1ap day c6 thé thay d6i duoc.

6.5 MOT SO IC THONG DUNG

6.5.1 I1C 54/74120

Hinh 6.27 13 so @ chan cta IC 54/74120. IC54/74120 1a IC diéu
khién/dong bd xung kép.

11|10|9

16 15 14 13 | 12
Vee 2M 281 282 2R 2¢c 2y  2Y
) 54/74120
1M ISl 1S2 1R 1C 1Y 1Y  GND
1 2 3 4 5 6 7 8

Hinh 6.27: So d6 chan IC54/74120

Loai IC niy c6 thé phat ra mot xung hodc mot diy xung dong bo
nho chirc nang diéu khién. IC nay rat hitu dung trong cac mach diéu
khién dong bd. N6 ¢o chirc ning chdt trang thai hoat dong dé cac xung
dau ra khong bj cit.

Céc xung dé)ng bd don duoc thiét ké dé déng b0 cac tin hiéu
khong ddng bo. Cac dau vao S1, S2 hodc R s& cho phép tao xung ra.
Pau vao diéu khién M xac dinh xem mot ddy xung vao hay chi mot
xung vao dugc di qua mach. Khi khéng c6 1énh dimg thi xung diéu
khién ddong ho sé tiép tuc cho xung dong ho di qua mach mién 1a dau
vao diéu khién ché d6 van ¢ mirc thip. Khi ddu vao diéu khién ché do
¢ muc cao thi chi c6 mdt xung dugc di qua.

Béng chtrc nang cua IC 74120 duogc chi ra trong bang 6.3.
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Bang 6.3: Bang churc nang cua IC 74120

PAu vao Chirc ning
R | SI | S2
X L X Cho phép xung ra
X X L Cho phép xung ra
L H H | CAmxungra
H ! H | Batdau cho xung ra
H | H | | B&tdau choxungra
l H H Dirng khéng cho xung ra
H | H H | Tiép tuc 1

H: Mlrc cao; L: Mirc thap.
1: Chuyén trang thai to» H xubng L.

1: Bat dau hoat dong béi sy chuyén ddi trang thai | cubi cuing.

6.5.2 I1C 54/74121

13|12 11|1O

14 g | 8
Ve NC NC  ReCex Cex Rm NC
) 54/74121
Q NC Al A2 B Q GND
1 | 2 3 | 4 5 | 6 | 7

Hinh 6.28: So' dé chéan IC 54/74121

IC 54/74121 1a IC don 6n (da

hai doi) c6 dau vao la trigo

Schmitt. Hinh 6.28 giéi thiéu so d6 chan cua IC nay.

D6 rong xung ra cua IC nay co thé diéu khién dugc:

+V6iRyy ... 35ns.
+ Vi Ry /Coys ... 40ns dén 28s.
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Béang chirc nang cua IC 54/74121 dugc chi ra trén bang 6.4.
Bang 6.4: Bang churc nang cua IC 54/74121

Pau vao Léira
A1 A2 B Q Q
L X H L H
X L H Lt H1
X X L Lt H1
H H X Lt H1
H l H n u
! H H n U
! ! H n L
L X 1 n ¥
X L 1 n U

|: Chuyén trang thai tir H xuéng L.

1: Tin hiéu tai dau vao A va B dugc thiét 1ap du dai dé hoan

thanh bét ky xung t&i nao trude khi bat dau lai.

Pic diém cua IC nay la cé hai dau vao hoat dong tai muc tich

cuc am va mot dau vao hoat dong tai muc tich cuc duong. Cac dau

vao nay dugc st dung nhu 1a cac dau vao khong cheé.

Trigo Schmittt xuat hién & dau vao B cho phép cic tin hiéu dao

dong tu do véi tc do thap ¢& 1V/s di qua. Do vdy mach nay co thé

hoat dong v&i mirc nhiéu cho phép 1a 1,2V.

Do rong xung ra co thé thay ddi tir 40ns dén 28s. bang cach chon

cac tham s dinh thoi. Néu khong c6 cac linh kién dinh thoi (Ryy ndi

Vi Ve Coxt VA Coxt/Rey 08 ho) thi d6 rong xung ra dat dugc 30+35ns.

D6 rong xung ra cua IC nay duogc xac dinh theo cong thirc:

TW = 097Cext-RT
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Hinh 6.29 chi ra so dd logic cua IC 54/74121.
(1 1) Rext/Cext

(9 Rt
—

©)

A1 3

oy > o
B (5 Ej Q

(10)

Hinh 6.29: So d6 logic ciia IC 54/74121

ext

Luu y:

+ Khi nbi tu phu bén ngoai ta ndi gitra tu Cey v Rex/Cexe

+ Dé su dung dién tré dinh thoi bén trong IC ta ndi dién tré Ry,
v6i Ve, Dé thay ddi do rong xung mot cach chinh xac va tuan hoan,
ta ndi dién tro phu bén ngoai nam gitta Ry /Cex¢ va Ve, dién tro Ry
dé ho.
6.5.3 1C 54/74123

IC 54/74 123 bao gém hai bo dao dong mot trang thai 6n dinh
doc 1ap nhau. Ca hai bd nay déu c thé kich khai lai.

Hinh 6.30 1a so d6 logic cua IC 54/74123.
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Rexr1

Vee Cexr Cexr 1 Q Q, CLR?2 B, A
|16 |15 |14 13 12 11 | 10 |9
&
Q 3 CLR
CLRQ Q
K I2 3 2 5 Te 7 Is
A1 B1 CLR1 Q Q Cexi2 Rexr 2 GND

¢ EXT

Hinh 6.30: So dé logic ciia IC 54/74123
Béng 6.5 1a bang chic nang cua IC 54/74123.

Bang 6.5: Bang churc nang cua IC 54/74121

L6i vao
Pap wng

A B CLR

X X L Khong kich khai
N~ L X Khong kich khai
N H H Kich khéi

H e X Khéng kich khi

L e H Kich khoi

L H _/ Kich khéi

Do rong xung ra dugc lya chon boi dién tréd R, va tu C, va dugc
tinh bdi cong thue (tu C, > 1000pF):
Tw = 0,28R,C,(1+0,7/R)).

6.5.4 Trigo Schmittt
IC HEF 40106B bao gém sau cong dao Schmittt.
IC nay duoc sir dung dé loai trir nhiéu hodc thay d6i dang song

thanh xung vudng mdt cach cham chap.
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Su sai khac gitra di¢n ap ngudng cong (Vp) va ngudng trir (Vy)
chinh 1a dién ap tré (Vy).

Hinh 6.31 va 6.32 1a so dd chan va so dd logic ciia IC HEF
40106B.

[14] [13] [12] [11] J10] |9 ] [8]
Vpp ls Os Is Os I O4 1{ 1 T 012
) HEP 40106B SRR
5'3 93106
4 oF 2 O, I3 O3 Vss N\ ot

1 2 3 4 5 6 7

L] 2] 8] [4] (5] [e][7] 9.4_“_04_3_

7274609
\ X ., 1]'s Al D.Oi'o

Hinh 6.31: So do chan cua IC 40106B
13| 's T o812

Hinh 6.32: Sor d6
logic cua IC 401068

TOM TAT

Trong chuong ndy ching ta dd tim hiéu cic mach tao xung.
Mach dao dong xung tu kich khong can tin hi¢u ngoai dua vao; sau
khi duoc cap ngudn mot chidu mach ty dong sinh ra xung vudng.
Thudce loai dao dong tu kich nay c6 cac mach: by dao dong da hai co
ban cong NAND ho TTL, bo dao dong vong, bo dao dong thach anh,
bd dao dong da hai co ban CMOS.

Mach tao dang xung khong tw dong phat xung nhung c6 thé bién
tin hiéu dau vao hinh dang khac thanh xung vudng theo yéu cau cia
mach sd. Trong s6 mach tao dang xung, chiing ta da tim hiéu: trigo
Schmitt va don 6n.
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Cach mach phat xung va tao dang xung trén day, ngoai dung lam
xung dong hd ra con c6 tmg dung vo cing rong rii trong cac hé théng
xung - s6. B6 dao dong da hai thuong dung 1am bo tao xung chuin
thoi gian va chudn tin sb. Mach don 6n thuong dung dé dinh thoi va
lam tré xung. Trigo Schmitt ngoai ing dung tao dang xung con tng

dung so sanh muc va giam sat muc. ..
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CAU HOI ON TAP

1. Trong mach dao dong da hai co ban ding cong NAND ho TTL,
hinh BT 6.1, néu gia tri dién tré Ry = 5*Rp = 10 kQ, gia trj
C, = C, = 1pF thi mach c6 hoat dong nhu thé nao? Dang tin hi¢u
trong d6i dau ra s& nhu thé nao?

||
R C, Rr

Ve

i i > Vo2
1l —O
Vi Ci

o1 ' P

Hinh BT 6.1: B6 dao dong da hai cdu triic bang cong NAND
2. Vi cau hoi nhu cau 1 va gia thiét R, = 3 kQ, tinh tan sb dao dong
ctia mach va v& dang song dau ra.
3. Dic diém ndi bat nhat cia mach dao dong da hai dung thach anh
la gi?

4. Trong mach dao dong da hai dung thach anh nhu hinh BT 6.4, néu
khong c6 tu C,, dau ra cua thach anh duoc ndi truc tiép véi dau
vao cua céng NAND thir hai thi mach s€ hoat dong nhu thé nao ?

||
R1 IIC2 R2
— {1

& QHE{DH

Hinh BT 6.4: Mach dao dong da hai thach anh

o<
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5. Pic diém quan trong nhét cua trigo Schmitt 1a gi?

6. Mach c6 so 6 nguyén Iy nhu hinh BT 6.6 c6 chirc niang nhu thé nao?

V+
o—— | .
Vi
Opam —O
Vo
+
V-
— +——
R
Hinh BT 6.6

7. V&i mach dién nhu ciu héi 6, néu tin hiéu dau vao co dang tin hi¢u
nhu hinh BT 6.7, tin hiéu dau ra nhu thé nao?

iz 7/“\_]7\;::/2\%:

M2———— —|— -

VNV o——_ — — = — _———

Hinh BT 6.7
8. Chtric nang ctia mach da hai doi 1a gi?

9. Trong mach da hai doi kiéu vi phan nhu hinh BT 6.9, néu xung
diéu khién co do rong 16n hon xung da hai doi déu ra thi tin hiéu
dau ra nhu thé nao?
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o 7 red b

Vs

Hinh BT 6.9

10. Trong mach da hai hinh BT 6.10, néu dién tré R, bi ndi tit mach s&
hoat dong nhu thé nao?

EC

4

8 R
l__5 7
555 R,
3 \'A
2—¢
Vo T
11

Hinh BT 6.10



BO NHO BAN DAN

GIOI THIEU

Bo nhd ban din thay thé cac loai bo nhd bang vat liéu tir. Cac
tién bod mdi cta cong nghé ban dan trong thoi gian gan diy di cung
cép nhiéu mach nhé loai MSI va LSI ¢6 db tin cdy cao va gia thanh
ha. Vao dau thap ky 60 cta thé ky XX, gi4 thanh thwong phdm cua
mot bit nhé vao khoang 2USD. Pén nay (nhirng nam dau thé ky XXI),
gia thuong pham ctia 128 Mbyte vao khoang 20 USD. Nhu véy gia
thanh thuong pham cia mot bit nhé sau khoang 40 nim da giam di
khoang 105.10° 1an. B6 nhé ban dan dién hinh c6 cac té bao nhd sip
xép theo hinh chir nhat, gan trong khéi hop nhoé bang nhya dang DIP
(Dual in line package). Té bao nhd co ban 1a mot mach trigo, tranzito
hay mach c6 kha néng tich trtr dién tich, té bao nhé nay dung dé luu
trlr mot bit thong tin.

Trong phan nay gi6i thiéu mot sé bd nhé ban dan co ban.
7.1 KHAI NIEM CHUNG

7.1.1 Khai niém

Bo nhé 1a mot thiét bi c6 kha ning luu trit thong tin (nhi phan).
Mubn sir dung bd nhé, trude tién ta phai viét dit liéu va cac thong tin
can thiét vao no, sau do lac can thiét phai liy dir liéu da viét trudc do
dé st dung. Thu tuc viét vao va doc ra phai dugc kiém soat chit ché,
tranh nham 13n nho dinh vi chinh xéac tung vi tri 6 nhd va ndi dung cua
n6 theo mot ma dia chi duy nhét.
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7.1.2 Nhirng dac trung chinh ctia b§ nhé

7.1.2.1 Dung lwong ciia by nho

Dung lugng bd nhé 14 s6 bit thong tin tdi da co thé luu trir trong
n6. Dung luong ciing ¢ thé biéu thi bang sé tir nhé nbit. Tir nhé nbit
1a s6 bit (n) thong tin ma ta c6 thé doc hodc viét dong thdi vao bo nho.
Vi du: Mot bd nhé c6 dung lwong 13 256bit; néu nd ¢ ciu trac dé co
thé truy nhap cing mot lic 8bit thong tin, thi ta cling c6 thé biéu thi
dung lugng bo nha 1a 32 tir nhé x 8bit = 32byte.

7.1.2.2 Cach truy nhdp thong tin

Céc bd nhé ¢6 thé co6 mot trong hai cach truy nhap thong tin.

Truy nhdp trwe tiép hay con goi 1a truy nhap ngdu nhién
(random access). O cach nay, khong gian bd nhé dugc chia thanh
nhiéu 6 nh. Mdi 6 nhd chira dugc 1 tir nhé nbit va c6 mot dia chi xac
dinh, ma hod bang s nhi phan kbit. Nhu vay, ngudi sit dung ¢ thé
truy nhap truc tiép thong tin & 6 nhé ¢ dia chi ndo d6 trong bd nhd.
M3i bd nh¢ 6 kbit dia chi s& ¢6 2 6 nh¢ va c6 thé viét duge 2 tir nho
nbit.

Truy nhdp lién tiép (serial access) hay con goi 1a kiéu truy nhap
tuan tu. Cac dia tu, bang tu, tréng tur, thanh ghi dich... c6 kiéu truy
nhap nay. Cac bit thong tin dugc dua vao va léy ra mot cach tuan tu.
7.1.2.3 Téc dp truy nhdp théng tin

Day 1a thong sb rat quan trong ctia bd nhd. N6 duoc dic trung
boi thoi gian can thiét dé truy nhap thong tin.

Thoi gian truy nhap thong tin & cac bo nhd truy nhap kiéu truc
tiép gom thoi gian tim dia chi ctia 6 nhd va thoi gian doc/viét thong tin
trén d6. Thoi gian truy nhép thong tin phy thugc chi yéu vao cong
nghé ché tao. Vi cong nghé MOS thi thoi gian truy nhap khoang 30
dén vai tram ns.
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O cac bo nhd truy nhap kiéu tuan ty, thoi gian truy nhap phu
thudc vao vi tri ctia thong tin can truy nhap trong tap tin (file). P6i voi
cac bang tu, dia tur thoi gian truy nhap cia n6 dugc dinh nghia 1a thoi
gian trung binh hodc cuc dai dé truy nhap mot thong tin va nam trong
khoang vai ms dén nhiéu s.

7.1.3 Phéan loai

Dua trén thoi gian viét va cach viét, co thé chia thanh bo nhé ¢
dinh, bo nhé ban ¢b dinh va b nhd doc/viét duge. Bo nhd co ndi dung
duoc viét sdn mot 1an khi ché tao duoc goi 1a bo nho ¢ dinh va duogc
ky hiéu 124 ROM (Read Only Memory). Sau khi dd duoc viét (bang
mit na-mask) tir nha may thi ROM loai nay khong viét lai dugc nita
d6 chinh 1A MROM. PROM la m¢t dang khéc, cac bit c6 thé duge viét
bang thiét bi viét ciia ngudi str dung trong mot 1an (Programmable
ROM).

B6 nhé ban dan

v v
BO nh& co B6 nhé ban BO nh¢ doc/
dinh ROM cb dinh viét RAM
MROM PROM EPROM EEPROM SRAM DRAM

Hinh 7.1: So' d6 phdn logi b nhé bdn dan

B6 nhd c6 thé doc/viét nhiéu lan dugce goi 1a RAM (Random
Access Memory) gom hai loai: bd nhd RAM tinh-SRAM (Static
RAM) thuong dugc xay dung trén cac mach dién tur trigo va RAM
dong-DRAM (Dynamic RAM) dugc xay dung trén co s¢ nhd céac dién
tich ¢ tu di¢n; bo nhd nay phai dugc hoi phuc noi dung déu din, néu
khong ndi dung sé mat di theo sy ro dién tich trén tu. Gitta ROM va
RAM c6 mdt 16p cac bo nhéd duge goi 1a EPROM (Erasable PROM),
dir liéu trong do co thé xo4 duoc bé“mg tia cuc tim va viét lai duoc,
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EEPROM (Electric EPROM) c6 thé xo04 dugc bang dong dién. Cac
loai nay con dugc goi 1a bd nhd ban ¢d dinh. Cac bd6 nhé DRAM
thudng thoa man nhitng yéu cau khi can bo nhé c6 dung lugng 16n;
trong khi d6 khi can ¢ toc d6 truy xuat 16n thi phai ding cac b nhé
SRAM c6 gi4 thanh dit hon. Nhung ca hai loai nay déu c6 nhuoc
diém 1a thudc loai “bay hoi” (volatile), thong tin s& bi mat di khi
ngudn nudi bi ngat. Do vy, cac chuong trinh dung cho viéc khoi dong
PC nhu BIOS thuong phai nap trén cac by nhd ROM.

7.1.4 T6 chirc ciia bd nhé

B6 nh¢ thudng dugc t6 chire gdm nhiéu vi mach nhé duoc ghép
lai dé c6 do dai tir va tong s6 tir cAn thiét. Nhing chip nhé duoc thiét
ké sao cho c6 ddy du mot sé chirc ning cia bo nhé nhu:

- M6t ma trdn nhé gém cac 6 nhd, mdi 6 nhé g véi mot bit nhd.

- Mach logic giai ma dia chi 6 nho.

- Mach logic cho phép doc ndi dung 6 nho.

- Mach logic cho phép viét ndi dung 6 nhé.

- Céac bg dém vao, bd dém ra va bd mé rong dia chi.

Céch t6 chtrc don gian nhat 13 t6 chuc theo tir (word organized)
vo1 su chon tuyén tinh. MOt ma tran nhé nhu vay c6 do dai cua cot
bang sd lwong tir (W) va do dai cua hang bang sb lugng bit (B) trong
mdt tir. BO chon tir phai giai ma 1 tir (W), nghia Ia giai ma dé c6 mot
dau ra duy nhat cho mot tir trong bo nhd. Phuong phap nay c6 thoi
gian truy nhap ngin nhung can mot bo giai ma 16n khi téng s6 tir 16n,
do d6 lam ting gia thanh san pham.

Kich thugc cua phan giai ma dia chi s& giam di khi to chirc ma
tran nhé va phan logic chon tir cho phép giai ma hai budc. Ma tran
nh¢ st dung gidi ma hai budc g voi tir vat 1y va tur logic. Tur vat ly
bao goém s lugng bit trong mot hang cuia ma tran. Tir logic bao gdm
s6 luong bit twong tng véi mot tir logic duoc nhan biét va giri ra cing
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mot lac. Can hai bd giai ma: mot bo giai ma hang dé chon mét tir vt
ly va mot bd gidi ma cot gé)m c6 mot vai mach hop kénh chon mét tir
logic tor mgt tir vat ly da chon. Mot tr vat ly dugc chia thanh S tir
logic. B giai ma hang 1a bo giai ma chon 1 tt W ma B = W/S va bd
chon ¢t chira B bd hop kénh mdt duong tur S.

Vi du: So 46 ROM dung lugng 2048 x 8 (2048 tir, mdi tir chira
8bit) to chtrc giai mé hai budc nhu hinh 7.2.

Ma tran nhé 1a 128 x 128, nhu vay c6 128 = 27 tir vat ly. Mot tir
vat 1y dugc chon boi 7 dudng dia chi tir A0 dén A6. Bo giai ma hang
chon 1 hang tr 128 hang. Mot tir vat Iy dugc chia thanh 128/8 = 16
nhom 8bit. Nhom thtr nhét chira nhimng bit c6 trong sd cao nhat ciia 16
tir logic. Nhém thir hai chira cac bit cao tiép theo cua 16 tir
logic...Nhom cudi cung chira nhiing bit thip nhat cua 16 tir logic, do
d6 S = 16. Nhu vay, nhirng bo giai ma cot gdbm 8 bd hop kénh mot
duong tir 16 dudng dé cung cAp mot tir locgic ra 8bit. Nhiing dia chi
tir A7 dén A10 diéu khién cac bo giai ma cot. Truong hop dic biét khi
sO phan tir trong mot tir vat 1y bang s6 bit trong mot tir vat 1y thi d6 1a
b6 nhé t6 chie theo bit ¢ nghia 1a mdi tir logic c6 do dai 1bit.

7 7, [Giaimahang| '2 [ Matran ROM
A0 - Al +> é : > > :
0-A6 Bém vao 1tir 128 128 x 128 bit
128
4 Y
8 b0 giai ma cot
AT - A10 — L) -19tm6 -
8

Hinh 7.2: Vi du vé bé giai md cho ma trdgn ROM 128 x 128
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Céac bo dém ra dam bao cac muc logic mong mudn va cung cip
du dong dién, ngoai ra nd con cod dau ra colecto hé hodc 3 trang thai
cho phép nbi chung dau ra ctia mot vai chip v6i nhau. B6 dém ra duoc
diéu khién boi mot hay nhiéu dau vao nhu chon mach CS (Chip
Select), cho phép md CE (Chip Enable) hay cho phép mé dau ba trang
thai OE (Output Enable).

7.2 BQ NHO CO PINH - ROM

Pé mot may tinh dién tir tién hanh cac hoat dong binh thuong du
don gian hay phtc tap thi can phai cung cip cho may trudc tién 1a cac
1énh tirng budc tién hanh. Tap hop danh sach cac 1énh duogc goi la
chuong trinh. Viéc nhdp mot chuong trinh nao d6 tir dia hay tr ban
phim vao may tinh phai tuan theo sy diéu khién cua mot chuong trinh
dac biét: Chuong trinh khéi dong thuong tra trong médy. Chuong trinh
nay dugc cai san & mot bd nhd chi doc (ROM). B6 nhd ROM c¢6
nhiing thudc tinh sau:

+ Chi cho phép doc nodi dung dd duoc viét sin tir trudc chira
trong nd. Noi dung nay do nguoi diéu hanh thiét ké 14p trinh sén va
viét vao nd bang mot phuong phap dic biét.

+ Nguoi st dung vé nguyén tic 1a khong thé hodc rat kho thay
d6i noi dung thong tin da viét nhé trong ROM.,

+ Noi dung duogc viét trong ROM c¢6 tinh chét c¢b dinh, khong bi
mét di theo thoi gian hay do mat ngudn ning lugng cung cap cho toan
b hé thng s trong d6 c6 ROM.

Do nhiing thudc tinh trén nén ROM dugc dung khi:

+ Chira cac chuong trinh van hanh may tinh, chwong trinh hd trg
viéc 1ap trinh hay cdc chuong trinh giam sat viéc diéu hanh theo céac
budc nghiém ngit ¢ dinh.

+ Cac chuong trinh cai ddt cho may tinh chuyén dung chi thuc
hién mot nhém cac cong viéc gidi han, dugc lap di, 1ap lai c6 quy luat
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do cong nghé tu dong hoa doi hoi (vi du: tu dong diéu khién dong co
cho 0 16...).

+ Luu giir cac bang biéu quan trong dugc sir dung thuong xuyén
nhu cong cu cho vi¢c tinh todn, xr Iy ciia may tinh va cac thiét bi
lién quan.

7.2.1 Céu triic chung ciia ROM

ROM bao gom 4 khéi co ban:

+ B0 nho chira cac 6 nhé va trong cac 6 nhd 1a cac tir nhd.

+ Mach diéu khién tiép nhan cac tin hiéu vao tir kénh diéu khién.

+ B0 giai ma dia chi ding dé dinh vi 6 nhé.

+ Mach ra ding d dua ndi dung 6 nhé t6i cac thiét bi cé lién
quan can tiép nhan noi dung nay.

ROM
Ag -
Kénh _]\ Khoi nh¢
dia chi Bogidimadiachi -—— — ppr — — — — — — — —
1a chi — O nh¢& dwoc dinh vi
Ao A T T T T T
| [— —) | |
[ | | |
| | ] ]
I |
I I
| |
Kénh ( CEq .
dieu CE; Bo diéu khién [ — — — Mach ra
khién CE3

D7v Do

Kénh di liéu

Hinh 7.3: Céu triic co ban ciia b6 nhé ROM
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7.2.1.1 Khéi nhé

Mbi 6 nhé nhi phan c¢é chic ning luu gilt mot trong hai trang
thai 0 hoac 1. Tap hop mot nhom cac 6 nhd Xép theo hang tao thanh
mot vi tri nhd ¢6 kha nang luu gitt mot tir nhi phan 8bit hodc 16bit...
Kiéu sip xép nay dugc goi 1a cau triic bo nhd kiéu mang (array) tuyén
tinh. Hinh 7.4 biéu dién mdt ciu triic by nhé kiéu mang tuyén tinh véi

dung lugng 4 x 3.
Vee Vee Vece
02 01 00
WE,
12 11 10
WE;
22 21 20
WE,
32 31 30
WE;
D, D, Do
. J
Y
Dir liéu ra

Hinh 7.4: Cdu triic bg nhé kiéu mang tuyén tinh
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Trinh ty doc mot tir nhd nhu sau:

+ Kich hoat dau vao diéu khién WE (Word Enable) (tich cuc &
mirc thdp hay cao tiy theo ciu tao ctia 6 nhd). Pay chinh 13 dau giai
ma dia chi.

+ Cac 0 nh¢ phai co déau ra thudc loai Colecto hé hodc dau ra 3
trang thai. TAt ca cac 6 nhd trong mot cot xac dinh cd dau ra ndi chung
véi mot dau ra dit lidu. Trong vi du nay tir nh¢ chi c6 3bit nén c6 3
dau ra D,D,D, twong Ung véi 3 cdt, 4 hang tuong ung 4 tr dugc diéu
khién theo cic xung WEO WE1 WE2 va WE3. Diéu nay c6 nghia la
mdi mot tir nhé phai c6 mot dau didu khién WE riéng. Pay chinh 1a
han ché cua ciu triic mang tuyén tinh vi khi s lugng dia chi ting lén
v6i cac bd nhd dung luong 16n thi cAu tric bd giai ma dia chi s€ rat
phtc tap.

Dang cAu trac thtr hai cia bd nhd 1 t6 chirc theo kiéu ma tran,
thich hop véi cac b nhé c¢6 dung lugng 16n (hinh 7.5).

22— 21— 20 —
Y] | |
1
> 12 —¢ 11 9 10 |—s¢
@
£ l l
D 0
2
02 e 01 +—e 00 |—e
Yo | |
0 0 0 1
X X4 Xo
Diéu khién X

Hinh 7.5a) Céu triic bo nhé kiéu ma trdn hwong bit

Hinh 7.5a 1a két cAdu mang ma tran (3 x 3) cac 6 nhd. Vi du nay
da tong quéat cho mot ma tran » hang c6 ky hi¢u tr Y, dén Y., m cot
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c¢6 ky hiéu tir X, dén X, ;. Vay bd nhd nay c6 dung luong 1a (m x n)bit
nh¢d. Mdi 6 nhé ctia ma trén cé hai dau vao cho phép. Khi chung dong
thoi ¢ trang thai tich cyc thi 6 nhéd mdi Xuat (doc) dugc mot bit luu
trong nd. Vi du dé kich hoat 6 nhd ¢6 ky hiéu 1a 20 thi cac dau X, va
Y, phai ¢ trang thai tich cuc, vi du 1a tich cuc cao (X, =Y, = 1), luc
nay gia tri trén dau cho phép phai 1a 2 t6 hop: XoX,X, = 001 va
Y,Y,Y, = 100. Vi hai t6 hop cho phép hang Y, va cot X nay chi cho
mot 6 nhé duy nhét co dia chi (i /) duge chuyén 1én trang thai tich cuc.

VCC
R
DPuong SENSE

fdn
[
I I
r 1 I
[
| |
- + 5T

=
5 | , |
ﬁ < _I Z | I
= | |
B | |
o | |
—+ 00 —+
[ [
[ T [
L ___ 1 [
| |
0 I
X, X,

Piéu khién X
Hinh 7.5b) Tin hiéu diéu khién SENSE tim dén tirng diém niit
ma tran la mot 6 nho don lé
Hinh 7.5b mé ta dudng v& cit mit cla tat ca cac 6 nhd goi la
duong SENSE nhéin manh t6i viée chi mot day trén dugc su dung. Day
nay dung dé do tdi 6 tich cuc theo hudng bit va dit liéu chira trong mot
6 nhg duogc s& duoc doc ra. Tc 1a 6 nhd tich cuc chi ndm trén
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day SENSE. Mdi mot 6 nhé phai 1a cong 3 trang thai ho colecto (trang
thai 0, trang thai 1 va trang thai tr¢ khang cao).

Bus diéu khién

. CE[ CE; Ce| CE, CE,| CE, CE] CE,
_ Ao
% IR
8 ) ROM 1 ROM 2 ROM 3 ROM 4
": — 1kx1 1k x 1 Tk x 1 1k x 1
= —

—
5
2
m

Hinh 7.6a) Mo rong do dai tuw cho ROM twr 1k x 1 thanh 1k x 4

Bus diéu khién

CE\| CE, CE,| CE,
- Ao
= | T
s ]—— ROMH1 ROM 2
© | —— 1kx8 1k x 8
: —_—
a | ___ |
S AO
B ( -
=
o
3
aa)
. DO

Hinh 7.6b) Mo rong dung lwong bo nho ROM tur 1k x 8 thanh 2k x 8



416 Gido trinh Dién tir s6

Dung lugng cua bd nhé trén hinh 7.5b 1a 9 x 1 (nghia 1a c6 9 tr
nhd, mdi tir dai 1bit). Mudn tao ra mot tir 4bit ta phai ndi 4 mang ma
tran nhu vdy song song véi nhau nhu hinh 7.6a. O day, mdi mang ma
tran chira 1024 6 nhé, nén dung luong tong cong 1a (1k x 4)bit. Hinh
7.6b minh hoa cach m¢ rong dung lugng nhd tir (1k x 8)bit thanh
(2k x 8)bit.
7.2.1.2 B¢ gidi ma dia chi

B§ giai ma dia chi la giao dién gitta kénh dia chi va khéi nhé.
N6 ¢6 kha ning truyén rat nhidu dia chi trén mét s it duong truyén.
Dia chi nhi phan phai dugc giai ma trudc khi tac dong tdi mang 6 nho.

+ Trudng hop céu trac bd nhé dang mang tuyén tinh:

Vi du voi bd giai ma dia chi 2 vao 8 ra thi A, Ay la cac dau vao
dia chi, con 4 dau ra cua bd gidi ma chinh 1a cac dau cho phép (WE)
(hinh 7.7). Ttc 1a Gng v6i mot t6 hop ma A A, thi chi c6 mot dau ra
WE ¢ trang thai tich cuc.

A; A Cho phép doc Vee Vee
' e O
07 — 06 — 05
—> ] I
e O
17 16 —9 15
N |
>
27 — 26 — 25
—> ] I
= >
37 — 36 — 35
Y >

v

Dir liéu ra

Hinh 7.7: Bo giai ma ROM 2 vao 8 ra cho 32 6 nho (4 hang x 8 cot)
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+ Truong hop bd nhd co cAu truc dang ma tran thi viéc td chirc
mach giai ma dia chi theo hang va cot ctia ma tran don gian hon nhiéu.
Vi du v6i bd giai ma dia chi 4 vao 16 ra : vdi viéc chon 2bit dia chi
AA, cho dia chi cdt cua ma tran va 2bit con lai A3A, cho dia chi hang
cuia ma tran. Nhu vay chi can 8 céng NOT da tao ra dugc mot dia chi
hang i cot j xac dinh twong tng voi mot 6 nhd trong ma tran (hinh
7.8). Vi du AzA, AjA, = 1001, khi d6 vi tri hang 10, ¢4t 01 (hang 2
cot 1 trong biéu dién thap phan cua i, j), tic 12 6 21 dugc chon
(chuyén 1én trang théi tich cuc).

1

SRR B

A

Cho phép doc i l

33 32 ™ 31 ] 30 ]
— I | ]
]
23 +— 22 |— 21 +— 20 +—
YOO ] | ]
’—O[>q_/ ¢
13 +— 12— 11 +— 10 —9
> ] | I
=,
03 02 +—1 01 +— 00 +—
~o>—3 > ] [ ] |
0

Hinh 7.8: Bo giai ma dia chi cho mang ma tran 6 nho (4 x 4t)bit
7.2.1.3 Mach ra ciia by nho

Mach ra c¢6 nhiém vu két ndi dit liéu d3 chon véi kénh di liéu
vao luc thich hop. Trén hinh 7.9, bd dém 3 trang thai dugc st dung
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v6i muc dich ngat két ndi giita bo nhd véi kénh dir liéu khi bd nhé &
trang thai khong tich cuc (tc 1a khong lam viéc), cic cong 3 trang
thai phai c6 hé s tai cao du dé ghép kénh dit liéu v6i vo sb tai khac
cung ndi v6i kénh.

Mang b6 nhé
T bo
diéu khién
CE ’ ' ® ®
Ds
D
D,
Do

Bus di liéu

Hinh 7.9: Cong 3 trang thai ding lam mach dau ra ciia ROM.

Tin hiéu CE tir bo diéu khién cho phép hay khong cho phép két
ndi bd nhé voi Bus dit ligu.
7.2.1.4 Mach diéu khién trong ROM

Mach diéu khién trong ROM c6 chtrc ning kha don gian. Vi du
hinh 7.3 14 c4u tric bd nhd c6 3 dau diéu khién CE,, CE, va CE; (Chip
Enable) hay con goi 1a CS (Chip Select). Khi ca 3 tin hiéu nay déu tich
cuc thi ROM méi duge phép hoat dong (can mot cong AND hay cong
NAND 3 dau vao tuy tinh chét timg mach). Tin hiéu CE nay co thé
thue hién cac nhiém vu sau:

+ Chon chip can doc (khi bo nhé c6 nhiéu chip ghép song song).

+ Dinh gio' cho phép két nbi ROM véi kénh dir ligu.

+ Tham gia véo tién trinh giai ma dia chi d¢ m¢ rong kha ning
kiém soat va chon dia chi cho chinh x4c.
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Vi du hinh 7.10 minh hoa 3 chirc ning diéu khién ma tin hiéu

CE tham gia:

Memory Read (MEM R)

A15 O

=R
Acs :SJ
>

CE,| CE,| CEs CE, | CE, | CE,
.
Ao -
Ag
=
= BO B1
S ROM 1 ROM 2
é 1k x 8 1k x 8
|
Ao
D7
>S5
g.
[l
©
(2]
>
m
Do

Hinh 7.10: Ding dau vao diéu khién CE dé chon chip

Bd nhé cd chira 2 chip nho loai 1k. Bus dia chi cia may tinh c6

16bit (Ag+A;s) nén chung dé dang xéc dinh dugc 2k 6 nhg, cac bit dia



420 Gido trinh Dién tir s6

chi tir A, dén A, di duoc ndi song song va dugc giai ma dong thoi &
bén trong hai chip nay. Tuy nhién, chi c6 chip niao c¢6 ca ba dau CE ¢
trang thai tich cuc thi méi cho phép xuat dit liéu ra (vi du trong hinh
7.10, bit A,y s& quyét dinh chip ndo s& & trang thai tich cuc). Chip BO
c6 khéi dia chi nhi phan la 11bit, tr 0 00000 00000 dén 0 11111
11111, chip B1 s& c6 cac ma dia chi 6 nhg tir 1 00000 00000 dén 1
11111 11111. Hé thdng dia chi nay ¢é dugc cho hai chip BO va B1 véi
diéu kién cac bit dja chi co trong s6 cao hon A (vi nhu Ay +Ajs)
phai ¢ trang thai khong tich cuyc. Trong hinh 7.10 cong NOR dam
nhan nhi€ém vu nay. CE, chi tich cuc khi cac dia chi thira nay béng 0,
con néu cac dia chi nay o trang thai tich cuc thi CE, s& khéng tich cuc,
nghia 13 chip BO va B1 s& khong duoc chon dé tham gia qué trinh xtr 1y.

Véi 16bit dia chi thi c6 tdi da 2°.2'° = 64k hay 64 chip 1k dugc
gan dia chi. Cac bit tr Ay dén A5 duoc td hop dé chon 1 trong 64
chip 1k nay Ién trang thai tich cuc dé xuat dit liéu, con cac dia chi tir
A, dén A, dung dé chon vi tri dia chi mot 6 nhé cu thé trong chip da
duoc chon. Pau diéu khién CE, dung dé dinh gio hoat dong cho
ROM, khi tin hiéu MEM R xuét hién thi dit liéu dd dugc chon duoc

quyén xuat ra Bus dir liéu.

7.2.2 MROM
ROM Iap trinh theo kiéu mat na duoc goi la MROM. N6 duoc

ché tao trén mot phién silic theo mot s6 bude xir Iy nhu quang khic va
khuéch tan dé tao ra nhiing tiép giap ban dan c6 tinh dan dién theo
mdt chidu (nhu didt, tranzito truong).

Nguoi thiét ké dinh rd chuwong trinh mudn viét vao ROM, thong
tin nay dugc st dung dé diéu khién qua trinh lam mat na. Hinh 7.11 la

mot vi du don gian vé so 46 MROM dung dibt.
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+5V
ﬁ R‘ﬁRs ﬁ]Rz ﬁ‘&/ Nhé& bit 0

WE, f

X

WE & C . d ~

i b
]

WE; )g A3

Nh¢ bit 1

Ds D, D; Do

- J
Y

Cac day bit (j)

Hinh 7.11: MROM diing diot

Chd giao nhau giita cac day tir (hang) va cac day bit (cot) tao
nén mot phan tir nhé (6 nhé). Mot dibt dwoc dit tai d6 (hinh 7.11) s&
cho phép luu trit dit lidu “0”. Nguoc lai nhitng vi tri khong c6 dit thi
s€ cho phép luu trir dir li¢u “1” (hoac nguoc lai co didt thi nhé bit 1,
khong c6 thi nhé bit 0-tiy tinh chit mach). Trong truong hop hinh
7.11, khi doc mot tir dit li€u thir i cia ROM, bd giai ma s€ dat day tir
d6 xudng muc logic thap, cic day con lai & muc cao. Do vay chi
nhing didt ndi v6i day nay duoc phan cuc thuan, do d6 né sé dan lam
cho dién thé dau ra trén cac ddy bit twong tmg & muc logic thap, cac
day bit con lai s€ gitr & muc cao.

Ca hai cong nghé MOS va ludng cuc duoc dung dé ché tao
MROM. Thoi gian truy nhdp cta by nhd ludng cuc khodng tu
50 - 90ns, bd nhd MOS lau hon khoang 10 1an. Do d6 ROM ludng
cuc nhanh hon va cé kha nang kich hoat tdt hon trong khi mach nhé&
MOS cung dung lugng co6 kich thudc nhé hon va ti€u thu ndng luong
it hon. Tuy nhién anh huong ctia nhiéu tinh dién 16n nén dé lam mét
hay sai léch thong tin dd dugc viét nén can co cac bién phap cong
nghé chat ché dé dam bao an toan thong tin duogc luu trir.
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7.2.3 PROM

Dé khic phuc nhuoc diém cia MROM la tinh ning dong kém do
thoi gian ché tao phu thudc vao thoi gian dit hang, hau nhu khong
thay d6i dugc ndi dung, gia thanh twong ddi cao nén ngudi ta sir dung
loai ROM lap trinh dugc — PROM.

PROM ciing gdm c6 céc didt nhue & MROM nhung chiing c6 mit
day du tai cac vi tri giao nhau giira day tir va dy bit (hinh 7.12). Mdi
di6t duge ndi voi mot cau chi. Binh thuong khi chua lép trinh, céc cau
chi con nguyén ven, ndi dung cia PROM sé toan 1a 0. Khi dinh vi dén
mot bit bé“lng cach dat mot xung dién & dau ra tuong ung, cau chi sé bi
dut va bit nay s& bang 1. Bang cach dé ta c6 thé 1ap trinh toan bd cac
bit trong PROM. Nhu vay, viéc 1ap trinh do6 c6 thé dugc thuc hién boi
ngudi st dung chi mot 1an duy nhét, khong thé sira doi duoc.

Dl Onln

o AN
WE, /‘/‘/‘/‘ Céo
w HAA A [
w A

Céac day bit (j)

Hinh 7.12: PROM diing diot
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7.3 BQ NHO BAN CO PINH

7.3.1 EPROM (Erasable PROM)

Dit liéu vao c6 thé duoc viét vao bé‘mg xung dién nhung duoc
luu giit theo kiéu khong bay hoi. D6 1a loai ROM c¢6 thé 1ap trinh duoc
va x0a duogc. Hinh 7.13 chi ra ciu tric ciia mot tranzito dung dé lam
mdt 6 nhd goi 1a FAMOST (Floating gate avalanche injection MOS
tranzito).

Trong 6 nhé dung tranzito nay, cuc ctra dugc ndi véi duong tur,
cuc mang duoc ndi véi dudng bit va cuc ngudn duoc ndi voi ngudn
chuan duoc coi 1a ngudén cho murc logic 1. Khac véi tranzito MOS
binh thudng, tranzito loai nay con c6 thém mot ctra goi 13 cita néi
(floating gate); do la mot vung vat liéu dugc thém vao vao gitta 16p
cach dién cao nhu & hinh 7.13. Néu cira ndi khong co dién tich thi n6
khong anh huéng gi dén cuc cira diéu khién va tranzito hoat dong nhu
binh thuong. Tuc 1a khi day tir dugc kich hoat (cuc ctra cé dién thé
duong) thi tranzito dan, cyc mang va ngudn duoc ndi v4i nhau qua
kénh din va day bit ¢6 murc logic 1. Néu ctra ndi ¢6 cac dién tir trong
d6 voi dién tich am thi ching s& ngan trudng diéu khién cua cuc cia
va du day tir dugc kich hoat thi ciing khong thé phat ra truong du
manh vdi cuc ctra diéu khién dé lam théng tranzito. Luc nay duong bit
khong duoc ndi v6i ngudn chuan va 6 nhé coi nhu duoc giir gia tri 0.

Viéc nap cac di¢n tir vao vung ctra ndi, tirc 1a tao ra cac 6 nhd
mang gia tri 0 dugc thyc hién bdi xung dién c6 do dai cd S0ms va do
l6n + 20V dat gitra cuc cua va cuc mang. Lic do nhiing dién tich
mang nang luong 16n s& di qua 16p cach dién giita dé va ctra noi.
Chung tich tu trong vung cira ndi va duge giit & ddy sau khi xung l1ap
trinh tit. D6 13 do cira ndi dugc cach dién cao véi xung quanh va cac
dién tor khong con du nang lugng sau khi lanh di, dé co thé vuot ra
ngoai 16p cach dién d6 ntra. Ching s€ dugc gilt & day trong mot thoi
gian réat dai (it nhat 1a 10 nam).
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Dé xo04 cac thong tin, tirc 1a 1am mat cac dién tich dién tir trong
ving ctra ndi, phai chiéu anh sang tir ngoai UV vao chip nhd. Luc nay,
nhimg dién tr hap thu duoc ning lwong va s& nhay 1én cac mirc ning
luong cao va roi khoi cira ndi gidng nhu cach ma chiing da tham nhap
vao. Trong chip EPROM c6 mét cira s6 lam bang thuy tinh thach anh
chi dé cho anh sang tir ngoai di qua khi cin xo4 dit liéu trong bo nhé.

Nguén Cia Mang

wQ ho

7/ i 4

v | vy . "
Ctra diéu khién

=
/ n- Nguén ©00 n- Mang
[CCXC)
Dé ban dén
loai p vy

Hinh 7.13: Cdu triic ciia tranzito ding lam é nhé trong EPROM

7.3.2 EEPROM (Electrically Erasable PROM)

Cira s thach anh c6 gi4 thanh kha ddt va khong tién loi nén
nhitng ndm gan day xuit hién cac chip PROM c6 thé xo4 dit liéu bang
phuong phap dién. Cau trac cta 6 nhd gidng nhu hinh 7.14.

Viéc nap céc dién tor cho cua ndi duge thuc hién nhu cach &
EPROM. Bang mét xung dién twong ddi dai, cac dién tich mang ning
luong cao dugc phat ra trong dé s& thim qua 16p cira Oxit va tich ty
trong cira ndi. Dé xoa EEPROM, mdt 16p kénh mang mong 6xit giita
vung ctra noi trai xudng dudi dé va cyc mang gitr vai trd quan trong.
Céc 16p cach dién khong thé 1a 1y twong duoc, cac dién tich co thé
thAm qua 16p phan cach v6i mot xac sudt thap. Xac suat ndy ting 1én
khi bé day cua 16p giam di va dién thé gitra hai dién cuc ¢ hai mat 16p
cach dién ting 1én. Mudn phong céac dién tich trong ving ctra ndi mot
dién thé (-20V) duoc dat vao cuc ctra diéu khién va cuc mang. Luc
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nay cac dién tr am trong ctra ndi duoc chay vé cuc mang qua kénh
mang mong Oxit va dir lidu luu gitr duoc xoa di. Piéu luu ¥ 1a phai
1am sao cho dong dién tich nay chay khéng qué lau vi néu khong ving
cira noi nay lai tré' nén tich dién duong lam cho hoat dong cua tranzito
khong dugc trang thai binh thuong (mirc nhé 1).

Nguén Cla Mang

Dé ban dan loai p

Hinh 7.14: Céu triic ciia mét 6 nhé trong EEPROM
Céc chip ROM hién nay c6 thoi gian truy nhap tir 120ns dén
150ns dai hon nhiéu thoi gian d6 trong cac chip nhé RAM.
7.4 MOQT SO IC THUONG GAP
7.4.1 EPROM x6a biing tia cwe tim

24 23‘22‘ 21| 20 19‘18 17‘16‘15‘14‘13‘

Vec As Ag Uy DE Ay CE D; Ds Ds Dy Dy

> 2716 (16kbit)

A7 Ae A5 A4 A3 A2 A1 Ao Dg D1 Dz GND

1

2‘ 3‘ 4‘ 5‘ 6‘ 7‘ 8‘ 9‘ 10‘11‘12‘
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28| 27|26

25

24

23

22

21

20

19

18

17 116 | 15

UPP A12 A7

As

As

2764 (64kbit)

Ay Az

A

A

Ao

Vec PGM NC Ag Ag Ay DE Ay CE D; Dg Ds Ds Ds

Do D1 D2 GND

1

24

23

22

21

20

19

2‘ 3‘ 4‘ 5‘ 6‘ 7‘ 8

18

1

©

7

10‘ 11‘ 12‘13‘14‘

16

15

14( 13

pp

Vee As As Ay PE A CE D; Ds Ds Dy D

2732A (32kbit)
A7 As A5 A4 A3 Az A1 Ao Do D1 D2 GND
11 2] 3| 4] 5[ 6| 7( 8] 910 11| 12
28|27 26(25)|24 (23|22 (21|20(19]18 |17 |16 |15

Vee PGM Az Ag Ag Ay DE Ao CE D; D Ds Dy Ds

UPP A12 A7

As

As

27128 (128Kkbit)

As A;

A

A

Ao

Do D1 D2 GND

1 2| 3

4

5

6

7

8

9

10

11

121314

Hinh 7.15: So d@6 chén ciia EPROM thwong gip
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Trong céac IC trén c6:

+ Chan U,, dung d¢ dat dién ap cao khi viét (nap dit ligu).

+ Tuong thich voi TTL, thuong st dung trong CPU.

+ 27xx(x): 2 hay 3 s6 tiép theo s6 27 chi dung lugng nhé. Vi du
2764 nghia 1a bd nhd c6 dung lugng 64kbit.
7.4.2 PROM

Hai loai IC PROM dién hinh 13 7603 va 7611.b

12| 11|10| 9|

13|12|11|10|9| 16

1615|114 15114113
Vee E A As Ay Az Ay Qs Vee A B E2 G @ Qs Q
) 7603 (32 x 8 bit) > 7611 (256 x 4 bit)
Q Q Q Q4 Q Qs Q7GND Az As As At Asz Aes Adzs GND
1| 2| 3| 4| 5| 6| 7| 8| 1 2| 3| 4 5| 6] 7 8|

Hinh 7.16: So' d6 chdn ciia IC PROM

IC 7603 c6 dung lugng 32 x 8bit, twong thich voi TTL. IC nay
c6 5 dau vao dia chi tir A; dén A, 8 dau ra dir liéu tir Q; dén Qg. Khi
E =0 thi IC cho phép xuét dit liéu, khi E = 1 thi cac dau ra Q bj tha
ndi, ngudn +5V nap dit liéu bang cach dbt chay cau chi loai dau ra la
cong 3 trang thai.

IC7611 c6 dung luogng 256 x 4bit, twong thich véi TTL. IC nay
c6 8 dau vao dia chi tir A, dén A g, 4 ddu ra dit liéu tir Q; dén Q, (loai
cong 3 trang thai). Khi E,=E,=0thi IC cho phép xudt dit liéu, khi
Ei=0va E_2=1 thi cac dau ra Q bi tha noi, nguén +5V nap dir li¢u

bang cach d6t chay cau chi.
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7.4.3 EEPROM

IC M28010 1a bd nhé ¢6 dung lwong 128k x 8bit, co cong suat
thdp, nap song song. Ngudn cdp cho IC nay 1a 5V, 3V, hodc 2V phu
thudc vao ung dung duoc chon. Dbéi v6i loai M28010 ¢6 nguén nam
trong dai 4,5V +5,5V, ddi v&i loai M28010-W ¢o nguén nam trong dai
2,7V +3,6V, d6i v6i loai M28010-R c6 ngudn nam trong dai 1,8V + 2,4V.

Béng 7.1 1a bang mo ta chuc ndng cua chan IC.

Bang 7.1: Bang mo ta chirc nang chan cua IC

Chan Chirc nang

A0 = A16 DBau vao dia chi

DQO = DQ7 | Pau vao/ra di¥ liéu

Cho phép viét

w
E Chon chip (khi E = 0 cho phép doc/viét )
G Cho phép ra (diéu khién b6 dém dau ra,
duwoc st dung dé thiét lap ché do doc)
Vee Ngudn cung cap
Vss P4t
ou®m < a2fivee
At62 MW
A15[3 30fj DU
A12[]4 29[ A14
NG 281 A13
Asl6 27[ A8
A5l 7 26 A9
A4DI8  m2so10 25 AT
A3flo 24[1G
a2 10 231 A10
A1 11 2N E
Ao 12 21 [jpar
pao 12 20[j D06
D1 14 191 pas
Doz 15 18[1DQ4
vas 16 17 D3

Hinh 7.17: So d@é chan cia IC
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7.5 RAM

RAM c6 kha niang cho phép viét luu trit dir liéu thong tin tam
thoi trong mét thoi gian, sau d6 lai doc thong tin do dé tiép tuc xu ly
khi can thiét nén nd c6 tén 1a bo nhé doc/viét. Mot dic tinh quan trong
khac cia RAM la cac dit liéu trong RAM chi c6 tinh chét tam thoi, d&
bi x6a khi mat ngudn ning luong cip cho nd nén can phai phong bi
cho né mot nguén phu nhdm tranh hién tuong mat nguén dot ngdt,
trong khi qud trinh xtr 1y chwa két thuc, thong tin trong RAM con
co ich.

7.5.1 CAu tric khéi cia RAM

RAM
AQ 'Y .
Kénh B gidi ma o Khoi nhe
dia chi dia chi e e
A Dia chi dwoc chon R/W
0 —_———— — — — —
T — > - N
| r L
I ||
| CE [
s
Kenh [ CE |
dieu <& CE, Bo diéu khién »  Mach vaolra
khién R/W RE/WE

D7@ DO

Bus vao/ra di¥ liéu

Hinh 7.18: Cau triic 4 khoi ciia mgt RAM
co 8bit dir liéu va 8bit dia chi
Ciing nhu ROM, RAM ciing c¢6 4 phan chinh nhu mo ta trén
hinh 7.18. Diém khéc biét la:
+ Mach diéu khién ciia RAM phai c6 thém dau vao R/W diéu
khién hai qua trinh co ban trong thao tac cia RAM: viét dit liéu thong
tin vao nd va qua trinh xuat (doc) thong tin da viét.
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+ Mach dau ra c6 kha ning kiém soat hai chiéu trudc khi cho
phép giao tiep voi kénh dir liéu. Qua trinh nay tudn theo nguyén tac:
(dong bo voi viéc di€u khién R/W) khi bd nhd dang doc thi khong
duogc viet va nguoc lai; trang thai thir ba ¢o6 thé cho quyét dinh.
7.5.1.1 Mach vao/ra ciia RAM

Mach vao ra cia RAM phuc tap hon ROM. Hinh 7.19 mo6 ta mot
dang mach vao/ra v&i bon dir ligu tr Dy dén Ds.

Céac dit liéu trén kénh dit liu Gy, G, G, va G; viét vao bo nhG
khi tin hi¢u cho phép viet WE = 1. Khi ¢6 tin hi€u diéu khién cho
phép doc RE =1 thi céc céng G’y, GVI, G'2 va G'3 duoc diéu khién mo
(day 1a cong 3 trang thai) dé xuét cac dir liéu ra kénh.

Mot diéu can chu ¥ 1a céc thao tic trén phai dong bo véi viée
chon xong dia chi viét hay doc trong bd nhd.

Mang bd nhé

G'o G’ G G’s

RE Go Gy G, Gs

Bus di¥ liéu

Hinh 7.19: Mach vao/ra 4bit dir liéu cua RAM
Céng 3 trang thai con c¢6 kha ndng dua mirc ra cia G’y, G’y, G,
va G’3 Ién trang thai trd khang cao, do do, bd nhd dugc dat trong tinh
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trang cho: khong cho dir li¢u ra va cling khong thyuc hién viét dit liéu
vao. Lac nay toan bd dir liéu dugc céach ly ra khoi kénh dir li¢u cho
an toan.

7.5.1.2 Mach diéu khién ciia RAM

Hinh 7.20 mo6 ta mot dang mach don gian dua t6i RAM 3 ché do
hoat dong khéc nhau tir 3 dau vao diéu khién CE,, CE, va R/W. O mdi
thoi diém chi c6 mot trong ba ché d6 duoc thiét lap:

+ Khi ¢ ché d6 doc, xung R/W ¢ muc logic 1. Pong thoi cac tin
hi¢u cho phép chon CE;, CE, dugc kich hoat & mic 1 nén luc nay
RE = 1, tirc 1a ché do doc duoc thiét 1ap. Khi d6 tin hieu R/ W =0
nén tin hig¢u cho phép viét WE bang 0 (cam viét).

+ Khi & ché d6 viét, xung R/W & muc logic 0, R/W = 1, d@)ng
thoi cac tin hiéu cho phép chon CE,, CE, dugc kich hoat & mirc 1 nén
lic nay WE = 1, tirc 1a né & ché do viét. Khi d6 tin hiéu R/W = 0 nén
tin hiéu cho phép doc RE bang 0 (cdm doc).

R/W

: RE (cho phép doc)
CE;
CE,

) WE (cho phép viét)

Hinh 7.20: Mach diéu khién RAM c6 3 ché dé: doc/viét/cho
+ Tin hiéu tich cuc dong thdi CE, = CE, = 1 & ca hai ché d6 doc
va viét phai duoc chuyén cing lic téi mang 6 nhd nhim thong bao

viée xuat (khi doc) hay viéc nhap (khi viét) dit liéu t6i dia chi 6 nhé da
dugc mach giai ma chon.

+ Khi tin hiéu CE;.CE, = 0 (co6 it nhét mot tin hiéu CE & trang
thai khong tich cuc) thi mach diéu khién & hinh 7.20 s& chuyén bo nhé
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sang ché do cho (Standby) bat chip tin hiéu R/W cé tich cuc hay
khong, lac nay RE =0 va WE =0.

7.5.2 Ciu tao cia DRAM

7.5.2.1 Céu tgo ciia mét 6 nhé

Céc 6 nhé duoc sap xép theo hang va cot trong mot ma tran nhé.
Pia chi 6 nhé duoc chia thanh hai phén: dia chi hang va cot. Hai dia
chi nay dugc doc vao bd dém mot cach lan luogt. X ly kiéu nay dugc
goi 12 hop kénh, 1y do 1a dé giam kich thudce bd giai ma, tirc 1a giam
kich thudc va gia thanh vi mach. Qua trinh ddn kénh dja chi nay duoc
diéu khién boi cac tin hiéu RAS (Row Access Strobe) va CAS
(Column Access Strobe).

Néu RAS ¢ muc tich cuc thép thi DRAM nhéan duoc dia chi dat
vao no va st dung nhu dia chi hang.

Néu CAS & muc tich cuc thép thi DRAM nhéan duoc dia chi dat
vao nod va st dung nhu dia chi cdt.

Mot 6 nhé cia DRAM gdm ¢6 mét tranzito truong MOS ¢6 trd
dau vao rat 16n va mot tu dién C 14 linh kién luu trit mot bit thong tin
twong tng véi hai trang thai c6 hoac khong c6 dién tich trén tu.

W Tranzito

Dién cuc

7 A ,
n- Nguén n- Mang
—

Dé& ban dan loai p

Vung lwu gite
dién tich

WL.

BL BL

Hinh 7.21: Céu tao mét 6 nhé ciia DRAM

Tranzito hoat dong nhu mot cong tic, cho phép nap hay phong
dién tich cua tu khi thuc hién phép doc hay viét. Cuc cira (Gate) cua
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tranzito dugc nbi v4i ddy hang (con goi 1a day tir-WL-Word Line) va
cuc mang (Drain) dugc ndi véi day cot (con dugc goi la day bit BL
hoac BL - Bit Line), cuc nguén (Source) duogc ndi vé6i tu dién. Pién ap
nap trén tu tuong ddi nho, vi thé can st dung khuéch dai nhay trong
mach nhé.
7.5.2.2 Nguyén Iy hoat dgng ciia té bao DRAM

Nhu muc trén ta biét t& bao DRAM c6 ciu tao hét sirc don gian.
Phan tir luu giltr mot bit dir liéu 1a dién dung C, thuong dugc tao thanh
bang dién dung tiép giap cia MOSFET, c6 dién dung rat nho, khoang
mdt vai pF. Do do, thé tich cua mot té bao DRAM bé hon rat nhiéu so
v6i té bao RAM tinh (SRAM). Nho thé, bo nhd DRAM c6 dung lugng
nhd rat 16n va gia thanh thap. Tuy nhién, nhuoc diém co ban cua loai
nay 1a tu dién khong thé giit dugc ning luong di nap lau dai. Trong
DRAM ludn xdy ra sy tu phong dién (dong ro0). Hién tuong nay lam
dién ap trén ty giam dan theo thoi gian dugc goi 1a ty bay hoi. Vi vay
ctr sau 2 ms, néu khong dugc nap boi thi dit liéu s& mat di. Pé duy tri
dir liéu can phai dinh ky thyc hién nap boi. Qua trinh ny goi 1a lam
tuoi (refresh) DRAM.

Hinh 7.22 trinh bay so d6 logic ctia mdt phan tir nhé RAM dong.

Trong mach T, va T, ghép chéo nhau. Dit li¢u (dién tich) luu gilr
trén tu C; va C,. Pi¢n 4p trén C; va C, diéu khién Ty, T, thong hodc
ngat. Khi C, nap dién tich (dién ap trén C, 16n hon dién 4p cat cta T)),
C, khong nap di¢n tich (dién ap trén tu C, nho hon dién ap cit cua T,)
thi T, thong T, ngit, twong tng véi trang thai 0 ctia phan tir nhd. Khi
C, nap dién tich C, khong nap dién tich thi T, ngat T, thong, tuong
(g trang thai 1 ctia phan tir nhé.

Tranzito Ts, T, 1am nhiém vu diéu khién ndi thong phﬁn t& nho
va day bit.

Ts, Ts 1a mach nap trudc cua day bit. Dung chung cho tat ca cac
phan tir nhé ciing cot trong ma tran nhé.
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Khi bit dau truy nhap, truy xuét bd nhé trén cuc cira cia Ts va
Te c6 xung nap trude nén Ts, T ndi théng, do d6 cac diy bit B va B

c6 muc dién &p cao vi ndi véi nguon Ep,.

T+ED
N re—

Xung nap trwéc
X
Day bit B
Day bit B
L —
I L
Day dir ligu D —i

Day di ligu D

Y

Hinh 7.22: Phén tir nhé dong MOS

Sau khi két thic xung nap trude Ts va Te ngit, day bit cach ly
khoi ngudn Ep. Nhung do tac dung cta dién dung phan b Cp, Cg . Khi
d6 murc dién 4p cao ciia day bit c¢6 thé duy tri thém mot thoi gian nira.

Trong thoi gian ndy, gia st tién hanh doc dir liéu, day X c6 muc
cao Ty va T, thong, gia sir phan tir nhd co trang thai D (T, thong T,
ngit) lac nay Cy phong dién qua T, va Ty, do d6 déy bit B bién thanh
mirc thap.

Do T, ngit day bit B van ¢ muc cao. Vi vay dit liéu nhd trong
phan tr dugc doc ra ddy bit B va B . Néu lic nay, diy Y ciing ¢ muc
cao thi dit liéu ctia 6 nhé s& dua dén dau ra cia RAM qua day dir liéu

DvaD.



Chirong 7: B6 nhé ban dan 435

Tac dung ctiia mach nap trude cua day bit: Trong thoi gian T;, T,
thong, néu day bit khong dugc nap dién trude thi muc cao c6 dugc cia
day B chi do tu C, phong qua T, nap vao Cg . Do vay, dién tich trén
C, bi suy gidm, Cy c6 gia tri thdm chi 16n hon C; (vi ¢6 nhiéu phan
tir ndi vao day bit). Vi vay, G; (cuc ctra cia T,) khong gitr nguyén
duoc mire cao sau 1 1an doc tirc 13 dit liéu bi mat. Nhd ¢6 mach dién
nap trude, dién thé trén day bit B con cao hon dién thé G, mot chut.
Vi vay khi doc dir li€u, dién tich trén C; khong bi suy giam ma con
dugc lam tuoi nho sy nap dién thém cho C; qua T,.

Khi tién hanh viét, dau vao dir liéu cia RAM sé& lam thay doi
trang thai phan tir nhé, thong qua day dit liéu va day bit, tirc 1a dua dir
lidu vao luu trit trong phan tir nhd.
7.5.2.3. Mt s6 IC DRAM

Mot sb loai chip DRAM thuong gip la: TMS 4116: ¢6 dung
lugng 16k x 1bit; IC 41256 c6 dung lugng 256k x 1bit. Thoi gian truy
nhap thong tin khoang 150ns, cong suit tiéu thu khoang 280mW khi
lam viéc (khi cho = 28mW).

Hinh 7.23 1a so d6 chan va so d6 khoi ctia IC TMS 4116.

e N we B ws d
— |15
2 | Din CAS [ —— o (A7 Chéta N\ Giai ma di
_ As (A ia o\ Gidi ma dia R
3 [WE Dout 14 chihang chihang [/128 | DRAM
_ 13
_4 | Asl——
RAS ‘Tmsat1e  "° [
5 1a A2 ¢ 11128
6 AT —
-5 A — D WE
10 5 3 ma gia | 11128
7 Chot dia A7\ Gidi méa dia | .
— M As 9_ chi cot y chi cot > Bem e I;‘"
L UCC UDD — .

w9 ]

Hinh 7.23: So' dé chan va so d@é khéi ciia IC TMS 4116
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IC TMS 4116 1a loai MOS c6 dung lugng 16k x 1bit co
2'* = 16384 6 nhd, sd duong dia chi yéu cau 1a 14. Thuc ra theo
phuong phap chon kénh dia chi chi can dung 7 dudng chira théng tin
vé hang sau d6 lai chira thong tin vé& cot. Mudn vy nguoi ta st dung
hai tin hiéu RAS va CAS tuong ung: Khi RAS = 0 thi thong tin trén
cac duong dia chi s¢ dugc md qua mach chét dia chi hang va khi
CAS = 0 thi mé mach dia chi cot. CAm trang thai RAS = CAS =0
vi tin hi¢u nay s€ lam roi loan viée xac dinh dia chi 6 nh¢. Khi duong
WE = 0 thi cho phép viét dé thong tin D;, duoc nhdp vao dia chi da
chon. Khi doc thi duong WE =1: Tu dia chi cia 6 nhé duogc chon

thi thong tin s€ duogc Xuét ra duong Dy

n — 1 ~ 16 L oo
Don | 2 151 cas
we — 3 141 o
rRas | 4 13 [
A —] D 12 |,
re |6 L Y
A —] 7 10 | — 4,
sy |8 9 | .

Hinh 7.24: So dé chan ciia IC DRAM 41256

Hinh 7.24 14 v6 ctia IC 41256 dung lugng 256k x 1bit. Mach can
18bit dia chi & ma ho cho céc dia chi hang va cot; nhung trén vé chi
c¢6 9 duong dia chi tir A, dén As.

Hai chan RAS, CAS hoat dong & mirc cao, dung dé diéu khién
Obit dia chi trén chip téi b gidi ma dia chi hang hay cdt.
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7.5.3 SRAM

7.5.3.1 Céu tao chung ciia SRAM

Mot 6 nhd cua SRAM gitr thong tin boi trang thai cua mach
trigo. Thuat ngit “tinh” chi ra ring khi ngudn nuéi chua bi cit thi
thong tin ctia 6 nhé van duoc giit nguyén. Khac véi 6 nhd DRAM, &
day 6 nho trigo cung cdp mdt tin hiéu s6 manh hon nhiéu vi da c6 cac
tranzito trong cac 6 nhd, chung c6 kha nang khuéch dai tin hiéu va do
d6 c6 thé cap truc tiép cho cac duong bit. Trong DRAM, sy khuéch
dai tin higu trong cac bo khuéch dai can nhiéu thoi gian va do d6 thoi
gian truy nhap dai hon. Khi dinh dia chi trong cac trigo & SRAM, cac
tranzito bo sung cho céc trigo, cac bo giai ma dia chi... ciing duoc doi
héi nhu 6 DRAM.

VCC
T T T
C
—‘7_ Trs Tr I
WL - - -
, WL
il BL BL
BL BL

Hinh 7.25: Céu tao mét 6 nhé ciia SRAM va DRAM

Nhu trong DRAM, cyc ctra cua tranzito trong 6 nhé cia SRAM
cling duoc ndi véi dudng tir va cuec mang ndi v6i cap dudng bit. Néu
dr liu dugc doc tir 6 nhd, khi d6 bo gidi ma hang kich hoat duong
day tir WL twong tmg. Hai tranzito T din va néi trigo nhé véi cap day
bit. Nhu vay hai ddu ra Q va Q duoc ndi v6i cac dudng bit va cac tin
hiéu duoc truyén téi bo khuéch dai ¢ cudi duong day nay. Vi dién thé
chénh léch 16n nén xu 1y khuéch dai nhu vy s& nhanh hon trong
DRAM (c& 10ns hoac ngén hon), do d6 chip SRAM can dia chi cot
som hon néu thoi gian truy nhap khong duge giam. Nhu vdy SRAM
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khong can thuc hién phan kénh cac dia chi hang va c6t. Sau khi dir
liéu 6n dinh, bo giai ma cot chon cot phi hop va cho ra tin hiéu dir
liéu t61 bo dém dit liéu ra va tédi mach ra.

Viét dit liéu duge thuc hién theo cach nguoc lai. Qua by dém
vao va bo giai ma cot, dir liéu viét duoc dit vao bd khuéch dai phu
hop. Cung lIuc d6 bd giai ma hang kich hoat duong day tor va lam
tranzito T dan. Trigo dua dit liéu dugc luu trir vao cdp diy bit. Tuy
vay, bo khuéch dai nhay hon cac tranzito nén no s€ cép cho cac duong
bit mét tin hi€u phu hop voi dir licu viét. Do do, trigo s€ chuyén trang
thai phu hop véi dir liéu mdi hodc gitr gia tri da dugc luu trir phu
thudc vao viée dir liéu viét trung voi dir liéu da luu trit hay khong.
7.5.3.2 Nguyén ly hoat dong
7.5.3.2.1 Phan tir nhé RAM tinh ding NMOS

Hinh 7.26 trinh bay so d6 phan tir nhé RAM ftinh.

X4
] — R
+E Phan ttr nh&
| c |
| Ta :‘ ’L( ': T, :
: TC TC !
T }_><_‘ Ts | Day bit B
Day bit B
y B m 5 |
| |
]
Te | | |: T,  Daydu liéu
D
| D
Ys

Hinh 7.26: Phan tir nhé RAM tinh diing NMOS
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Trong mach T, va T, lam thanh bg dao pha, T; va T4 ciling lam
thanh 1 bd dao pha khac. Hai bo dao pha nay c6 dau vao va dau ra ndi
chéo nhau tao ra mdt trigo RS co ban, cAu tric thanh mot phﬁn tir nha.
T, thong T, ngit 1a trang thai 0, T, ngét T thong 1a trang thai 1. Day
X, diéu khién Ts, T thong hoac ngét, do d6 diéu khién ndi dau ra cua
trigo voi day bit.

Khi X; = 0 thi Ts, T, thong, do d6 trigo ndi v6i day bit khi X; =0
thi Ts, Ty ngét, trigo ngét khoi day bit. T;, Tg diéu khién nbi, ngét gitra
day bit va day dir liéu, bang tin hiéu day Y;. Khi Y; =1 thi T;, Ty
thong day bit ndi v6i day dir liéu D va ... D, con khi Y;=0thi T;, T
ngat day bit khong ndi voi day dit lidu.

Khoéng phai mdi phfin tir nhG déu co dung T,, Tg; ma T,, Tg la
ding chung cho cé cot phan tir nhé.

Viay phén tir nh¢ nao ma céc gia tri X;, Yj cua nd déu 1a 1 thi méi
duoc ndi thong voi day dir li¢u, nghia 1a khi d6 méi co thé doc hodc
viét v6i phan tir nhé do.

Bit ki thoi diém nao thi ciing chi c6 mot X; nao d6 ¢ mirc 1 va
mot Y; nao d6 ¢ mire 1.
7.5.3.2.2 Phan tir nhé ding tranzito luéng cuec

Hinh 7.27 13 so d phan tr nhé ding tranzito ludng cuc.

™

Day bit B >< Day bit B
| L =

Day X

Hinh 7.27: Phan tir nhé luéng cuc
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Mot phan tir nhé gdm 2 tranzito nhiéu emito va 2 dién trg, cdu
tric nén mot trigo. Mot dau emito ndi véi day X, dau emito con lai
ndi riéng r€ vao day bit B,... O trang thai luu gitr dir li¢u, dién thé day
X ¢& 0,3V, dién thé day bit c& 1,1V. Khi d6 dong dién cua tranzito
thong qua day X, 16p tiép giap ban din ndi v6i day bit phan cuc nguoc
lam hé mach gitra day bit va trigo.

Trang thai “phan tir nhd ¢ thé 1a 0 (T, thong, T, ngit) hodc co
thé 1a 1 (T, ngat, T, thong).

Khi phan tir nhé duoc chon (dé doc hodc viét dir lidu), dién thé
day X c6 muc cao hon ¢& 2,2V, dién thé diy bit nho hon nén dong

dién qua tranzito thong s€ chay ra day bit.

7.5.4 Mot s6 IC SRAM

Mot s6 IC SRAM thuong gip 1a IC 2148, 2114-2 cua hing Intel.
Dung luong 1k x 4bit. Thoi gian truy nhédp thong tin khoang 200ns,
cong suét tiéu thy 525mW.

IC TMS 4016 dung luong 2k x 8bit. Hinh 7.28 1a so d6 chan cua
IC nay:

24123122 21| 20| 19( 18| 17| 16| 15| 14| 13

Vec As Av W G A CE Dg D; Dg Ds Dy

> SRAM TMS4016

A7 Ae A5 A4 A3 A2 A1 Ao D1 D2 D3 GND

11 2| 3| 4| 5[ 6 7| 8] 9[10]| 11] 12

Hinh 7.28: So' @6 chan ciia TMS4016
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Béang 7.2 la bang chirc nang cua IC.

Bang 7.2: Bang churc nang cua IC TMS 4016

Phwong thirc hoat dong W | CE G D, -Dy
Viét L L X | Di liéu xac dinh
Boc H L L Dir liéu ra
Cam chip X H X | Tré khang cao
Camra H L H | Tré khang cao

IC HM 6116, ho CMOS, dung lugng 2kbyte, thoi gian truy nhap
la 120ns, cong suit tiéu thu khi lam viéc 1a P = 180mW (khi cho
~ pW). Hinh 7.29 gi6i thiéu IC 6264, dung luong 8kbyte va bang diéu

kién thao tac cua no.

NC — O B }— +Vee
Al2 —] 2 27 — RIW
A7 /3 26 — CS
A6 — 4 25 — A8
A5 —/15 24 — A9
A4 — 6 23 — AN
A3 — 7 22 — OE
A2 — 8 6264 21 |— A10
Al — 9 20 (— CS
A0 — 10 19 — D7
po — 11 18 |— DO
p1 — 12 17— DS
D2 —{ 13 16 — D4
GND —1.14 15 |— B3

Hinh 7.29: So dé chén ciia SRAM 6264
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Bang 7.3: Bang churc nang cua IC 6264

Phwong thirc hoat dong CS CS WE OE
Khéng dwoc chon H X X X
Poc L H H L
DBoc nhwng khéng xuét dir liéu L H H H
Viét L H L L

7.6 PIA CUNG SILICON- BQ NHO FLASH

Trong nhitng nim gan ddy, mot loai bo nhd khéng bay hoi méi
dd xuét hién trén thi truong, thuong duoc st dung thay thé cho céc 6
dia mém va cing trong nhimg may tinh. D6 14 bo nhé flash. Cau trac
cua ching co ban nhu EEPROM, chi c6 16p kénh 6xit & cac 6 nhd
mong hon. Do véy chi can dién thé ¢& 12V 1a c¢6 thé cho phép thuc
hién 10.000 chu trinh xo04a va lap trinh. B nh¢ flash co thé hoat dong
gan mém déo nhuy DRAM va SRAM nhung lai khong bi mat dir liéu
khi bi cét dién. Hinh 7.30 chi ra so d6 khdi ctia no.

Phén chinh 12 mang nhé bao gdm cac 6 nhd FAMOST nhu duoc
md ta & muyc trén. Gidbng nhu SRAM, bd nhd flash khong don phan
kénh dia chi. Cac by gidi ma hang va cft chon mot duong tir va mot
hodc nhiéu cap duong bit. Dir liéu doc dugc dua ra ngoai by dém di
liéu 1/0 hodc dugc viét vao 6 nhé dd duoc dinh dia chi boi bo dém
nay qua cong 1/0. Xir Iy doc duoc thuc hién v6i dién thé MOS thong
thuong 13 5V. Dé lap trinh mot 6 nhé, don vi diéu khién flash dat mot
xung dién thé ngin ¢& 10ps va 12V gdy nén mot su choc thung thac li
vao tranzito nhd dé nap vao cira ndi. Mot chip nhd flash 1Mbit c6 thé
duogc lap trinh trong khoang 2s, nhung khac véi EEPROM viéc xoa
duogc thyc hién tung chip mot. Thoi gian xo0a cho toan b bd nh¢ flash
khoang 1s. Xu 1y doc, 1ap trinh va xo4 dugc diéu khién boi cac 1énh ¢
d6 dai 2byte dugc bo xir Iy viét vao cac thanh viét 1énh ctiia mach diéu
khién flash.
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Muc dich st dung chinh cua bg nh¢ flash 1a dé thay thé cho cac
6 dia mém va 6 dia ctng dung lwong nhé. Do nd 1a mach tich hop nén
¢6 uu diém 1a kich thudc nhé va tiéu thu ning luong thap, khong bi
anh huong cta va dap. Cac dia climg chét ran dua trén co s& cac bd
nh¢ flash c6 loi thé vé cong suit tiéu thu ciing nhu gia thanh c6 dung
luong t6i vai MB. Cac card nhé loai nay c6 uu diém 1a khong gap phai
van dé mat thong tin nhu trudng hop RAM CMOS khi pin Ni-Cd bi
hong. Thoi gian luu trit thong tin trong bd nhd flash it nhat 13 10nam,
thong thuong 1a 100 nam, v6i khoang thoi gian nay thi cac dia mém
va clmg da bi hong rdi.

Nhuoc diém ciia bd nho flash 1a chi c6 thé xo4 theo kicu l1an lugt
ting chip hodc lan luot tig trang.
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7.7 BO NHO CACHE
SRAM Cache
DRAM trong
CPU bd nhé& chinh

Bo diéu khién CACHE

Hinh 7.31: Nguyén ly cua Cache

Véi cac may tinh c6 tbc d6 nhanh (trén 33MHz), can phai xen
cac trang thai doi khi truy xuét dit liéu t6i cac DRAM ré tién nhung c6
thoi gian thAm nhap cham (60-120ns). Piéu nay lam giam hi¢u suat
ciia may. C6 thé giai quyét bang cach ding cac SRAM c6 thoi gian
tham nhap ngin hon (20-25ns, tham chi 12ns) nhung gia thanh lai rat
dat. B0o nhd Cache két hop dugc cac lgi diém nhanh caa SRAM va ré
ciia DRAM. Giita CPU va bo nhé chinh bing DRAM, ngudi ta xen
vao mdt bd nhé SRAM nhanh c¢6 dung lugng nhd béng 1/10 hoac
1/100 14n bd nhé chinh goi la cache; dudi su diéu khién ctia mach diéu
khién cache, bd nhé nay s& luu trit tam thoi cac dir liéu thuong duoc
g0i va cung cép n6 cho CPU trong thoi gian ngén.

Cache chira cac thong tin méi vira dwoc CPU sir dung gan day
nhat. Khi CPU doc dit liéu né s& dua ra mot dia chi t6i bo diéu khién
cache. Sau d6 mdt trong hai qua trinh sau s€ xay ra:

Cache hit: néu dia chi d6 da co sin trong RAM cache.

Cache miss: nguoc lai, néu dia chi d6 khong c6 sin trong RAM

cache.
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Nhu vay, cache hit ty 1 v6i truy xuét thong tin c6 sin trong bd
nhd cache SRAM, con cache miss lai ty 1€ véi truy Xuét thong tin co
trong bo nhé chinh 1a cac DRAM.

TOM TAT

Trong chuwong nay chung ta trinh bay nguyén 1y céu tao, cac tinh
ning co ban cua cic loai bo nhé ban dan: ROM, PROM, EPROM,
EEPROM, SRAM, DRAM, FLASH, CACHE.

Céc chip RAM khong thich hop cho cac chuong trinh khéi dong
do cac thong tin trén d6 bi mat khi tit nguon. Do vay phai dung dén
ROM, trong dé cac dir liéu can luu trir duge viét mét 1an theo cach
khong bay hoi dé nhiam giit duoc mai.

Trong nhitng nim gan day, mot loai bo nhé khong bay hoi méi
dd xuét hién trén thi truong, thuong duoc st dung thay thé cho céc 6
dia mém va cling trong nhitng may tinh. D6 13 bo nhd flash. Cau trac
cua ching co ban nhu EEPROM, chi c6 16p kénh 6xit & cac 6 nhd

mong hon.
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CAU HOI ON TAP

1. B nhé ROM vé co ban khac bd nhd RAM ¢ diém gi?
Linh kién luu gitr bit thong tin cia DRAM la linh kién gi?
Linh kién luu gitr bit thong tin cia SRAM la linh kién gi?
Linh kién luu gitr bit thong tin cia EPROM 1a linh kién gi?

A

Trong EPROM, viéc nap céc dién tich vao ving cira ndi c¢6 nghia

la 1am gi cho n6?

6. SRAM 6264: Can bao nhiéu bit dia chi cho n6 khi dung luong 1a
2048 tir x 8bit? N6 ¢ thé nhé bao nhiéu tir 32byte? Néu ghép song
song 4 IC nay thi dung lugng b nhé tong cong 1a bao nhiéu?

7. Lam tuoi bo nhd DRAM la gi? Tai sao phai lam twoi DRAM?

8. Mot DRAM c6 dung lugng nhé 1a 64kbit thi can bao nhiéu dau

vao/ra? N6 chira dugc bao nhiéu tir nhi phan 8bit? V& so d6 khdi

cua bd nho?



Chuwong 8 CAU KIEN LOGIC KHA
TRINH (PLD)

GIOI THIEU

Trong cac chuong trudc ngoai 1y thuyét vé phan tich, thiét ké hé
mach sd, ciing da gidi thiéu cac vi du dung cong nghé logic sb sir dung
cac IC c6 chirc nang cd dinh dé thiét ké mach s6. Chuong nay trinh
bay tong quan hon vé cic cong nghé logic s6 phd bién ¢ thé duoc st
dung trong thuc té dé xay dung mach, h¢ théng s6. Pic biét chuong
nay sé& trinh bay k§ hon vé cong nghé logic kha trinh véi cac ciu kién
logic kha trinh cho phép nguoi ding lap trinh lai cAu hinh ciia n6 dé
¢6 chirc niang méi. Hai loai cdu kién logic kha trinh CPLD, FPGA
hién dang duoc sir dung kha phd bién gitip phat trién nhanh cac tng
dung tir don gian dén phirc tap. Luu dd thiét ké cho ching s& duoc

trinh bay trong chuong nay.

8.1 GIOI THIEU VE CONG NGHE LOGIC SO

Ngay nay cong nghé logic s6 da phat trién rat manh mé va 1a
cong nghé chu dao trong viéc phat trién cac san pham dién - dién tir
cong nghiép va dan dung, diéu khién - tu dong, vién thong va cong
nghé thong tin. Hién nay c6 c6 rat nhiéu loai céng nghé logic sé khac
nhau duogc st dung dé thuc hién cac thiét ké logic sb. Biéu d6 phan

loai cac cong nghé logic sb nhur hinh 8.1. Trong d6 gém co:
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Céng nghé
Logic s6
Standard Programmable ASIC Full Custom
Logic Logic (PLD) s VLSI Design
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Hinh 8.1: Phdn loai cong nghé logic s6

8.1.1 Cong nghé logic chuén (Standard Logic)

Pay 1a cong nghé logic truyén théng gém c6 cac IC sb chirc
nang cb dinh, cong nghé nay c¢6 2 ho ciu kién logic dién hinh 1a TTL
74xx va CMOS 4xxx. Chire ning ctia mdi ciu kién 1a ¢b dinh do nha
san xudt tao ra, nguoi st dung chi thyc hi¢n két ndi ching véi nhau dé
xdy dyng mach tmg dung. Céc IC s6 theo cong nghé logic chuan nay
rat da dang tir IC chirc nang thuc hién cac phép toan logic cin ban dén
IC thyc hién cac chuc ndng phtrc tap khac nhu: by ghép kénh, phan
kénh, by cong, so sanh, bd ma hoa, giai ma, bd dém... Chung 1a cac
IC 6 ¢6 chue nang ¢ dinh, tire 12 mdi IC thuc hién mot chu nang
chuyén biét. Nhitng cAu kién nay dugc san xuat mot sb luwong 16n dé
dap ng nhu cau tng dung phong phu. Dé thiét ké mot mach sd, nha
thiét ké c6 thé chon tir cac IC ¢ sin phu hop nhét cho mach dién.
Phan thiét k& nay c6 thé dugc chinh sira dé dap tGmg cic yéu ciu
chuyén bi¢t ciia nhirng linh kién nay.
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Uu diém cua viéc sit dung céng nghé logic chudn nay la:

- Thyc hién thiét ké don gian.

- Chi phi phat trién mg dung thap.

- Thay dbi nhanh ban thiét ké.

- Tuong ddi dé thu nghiém céc mach

Nhuoe diém:

- Céc yéu cau vé kich thudc trong bang mach 16n.

- Kho ché tao duoc nhitng mach tmg dung phirc tap.

- Yéu cau vé dién 16n.

- Thiéu tinh bao mat (cac bang mach co thé bi sao chép).

- Céc yéu cau vé chi phi bo sung, khoang trong, dién... can thiét
dé chinh sira ban thiét ké hodc bo sung cac tinh ning khéc.

8.1.2 Cong nghé ASIC

Dé khic phyc nhitng nhuoc diém cua viée thiét ké bang cach sir
dung céc IC chirc nang cd dinh, cac mach tich hop chuyén biét ting
dung (ASIC - Application Specific IC) da duoc phat trién. Cac ASIC
da duoc thiét ké dé dap tmg cac yéu cau chuyén biét ciia mot mach va
duogc gidi thidu boi mot nha san xuat IC. Cac thiét ké nay qua phuc tap
khong thé thuc hién bang cach str dung cac IC chie ning ¢6 dinh dugc
Nguoi sir dung 6 thé thiét ké cau hinh chung theo chiic ning mong
mubn, nhung can thyc hién cong doan san xuét cudi cting tai nha may
dé tao ra mot lai IC chuyén dung cho muc dich riéng ciia nguoi s
dung. Hién nay cong nghé ASIC goém 2 loai 1a: Gate Arrays (mang
cong) va Standard Cell (té bao chuan).

CAu kién Gate Arrays duoc cdu tao tir mang céc té bao logic ¢b
dinh da duoc san xuat trude. Mi té bao logic (logic cell) gdm c6 vai

cong logic hodac mdt Flip-Flop. Can c6 mot budc san xuat cudi cung
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dé thuc hién tao ra 16p két ndi cac logic cell nay theo mau két nbi da
duoc tao ra bdi nguoi st dung khi thuc hién mot thiét ké xac dinh.

Céu kién Standard Cell khong co cAu trac ¢ dinh, nha san xuét
tao ra mat na riéng dé xay dung IC dya vao nhiing lya chon linh kién
cua nguoi su dung nhu cac bo diéu khién, ALU, RAM, ROM, vi xur
Iy... tir thur vién standard cell ma nha san xut di dwa ra. Cac 16p mit
na nay s€ duoc thyc hién trong qua trinh san xuét tai nha may.

Uu diém ciia viéc sir dung céng nghé ASIC la:

- Giam thiéu duoc kich thudc thong qua viée sir dung mirc tich
hop cao.

- Giam thiéu duoc yéu cau vé dién.

- Néu duoc san xuét theo mot quy mo 16n thi chi phi giam dang ké.

- Viée thiét ké dugc thuc hién dudi dang nay thi hoan toan
khong thé sao chép duoc.

Nhuege diém:

- Chi phi phat trién ban dau c6 thé cuc ky 16n.

- Céc phuong phap thir nghiém phai dwoc phat trién va diéu nay
lam gia tang chi phi va cong strc.

8.1.3 Cong ngh¢ logic kha trinh (Programmable Logic)

C6 mot phuong phap khac co cac wu diém cua hai phuong phap
trén 13 str dung céac cau kién logic kha trinh (PLD). Mt c4u kién logic
kha trinh 12 mot IC s6 ma ngudi dung c¢6 thé cAu hinh dé ching dé cé
kha ning thyc hién cac chirc ning logic nhu mong muén. Pay 1a mot
chip LSI ¢6 chira mét cau triic ma cho phép nha thiét ké tao tuy bién
cho n6 dé dung cho bat ky tmg dung dic biét nao, tirc 13 nd co thé
duoc nguoi dung 1ap trinh lai cAu hinh dé thyc hién mot chuc nang
can thiét cho tng dung cua ho.
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Cdc PLD c6 cdc wu diém sau:

- Thoi gian thiét ké Gmg dung ngén.

- Chi phi phat trién thap.

- Giam thiéu duoc yéu cau khoang trong trén bang mach.

- Giam thiéu duoc yéu clu vé dién.

- Bao dam tinh bao mét cua thiét ké.

- Tbec dod chuyén mach nhanh hon.

- Mat do¢ tich hop cao.

- Chi phi san xuat s luong 16n thap.

- PLD ciing cho phép nha thiét ké co nhiéu phuong tién linh
dong hon dé thir nghiém véi cac ban thiét ké boi vi ching ¢ thé dugc
céu hinh lai trong vai gidy.

Vi nhiéu vu diém nhu vay nén hién nay c6 mot sb luong 16n
cac PLD duoc cac nha san xuat IC tao ra v6i nhiéu tinh ning da dang
va nhiéu tuy chon c6 sin dé nha thiét ké mach co thé su dung mot
cach pho bién.

Mot sb cau tric ciia PLD nhu: Mang logic kha trinh (PLA), logic
mang kha trinh (PAL), C4u kién logic kha trinh don gian (SPLD) va
Mang cong c6 thé lap trinh theo truong (FPGA) s& dugc dé cap ky
hon trong cac phan sau.

8.1.4 Cong nghé thiét ké vi mach s6 mat dd tich hop lém

(Full Custom VLSI Design)

Cong ngh¢ thuc hién vige thiét ké vi mach $6 & murc tranzito trén
bé mach cua tinh thé ban dan, cho phép tao ra vi mach c6 chirc nang
mong mudn, thuong sir dung dé thiét ké cac vi mach da dung co tinh
ning manh va c6 pham vi tng dung 16n, dién hinh nhu cac ho vi xtr Iy
(MicroProcessor), bo nhd RAM,... cac vi mach sb co do phtc tao cao,
tinh ning manh... Khi str dung cac ho vi xir Iy dé phat trién tmg dung,



452 Gido trinh Dién tir s6

thiét ké cua nguoi st dung dugc chuong trinh hoa va duoc cai dat vao
cac thiét bi nhd. Nhiém vu chinh cua viée thiét ké 13 1ap trinh cho cac
vi xir 1y nay theo bai toan da dat ra. Viéc thay doi thiét ké kha d& dang
thich hgp v61 nhitng bai todn ung dung cé thuat toan phtc tap. Tuy
nhién v&i nhidu tmg dung thiét ké logic s6 van can phai ghép ndi vi xir
ly voi nhiéu cu kién sb khac, viéc thiét ké mach kha phuc tap. Pa
phan hoat dong cua cac vi xir 1y 14 céc tién trinh tuan ty, do d6 vai cac
g dung doi hoi tbe do cao, xir 1y song song thi viéc sir dung vi xtr Iy
la kha kho khan.

Full Custom
VLSI Design

Mat do tich hgp, mic dé phurc tap,
thi trwdng rng dung

N
»

Gia thanh va thoi gian phat trién san pham
Hinh 8.2: Su can bang trong viéc ung dung cua cong nghé logic so

Sy phtc tap khi st dung, thoi gian thiét ké, ciing nhu do phuc
tap ctia ing dung 1a khac nhau dbi voi mdi loai cong nghé logic sb.
Biéu dd vé sy can béng gitra mat do tich hop, miac do phuc tap, thi
truong tng dung cua cic cong nghé logic sd va gia thanh ciing nhu
thoi gian phat trién san phdm dugc dua ra trong hinh 8.2. Viée st
dung cau kién da dung nhu vi x{r Iy rit nhanh, tuy nhién viéc phat
trién vi mach VLSI da dung cho mot thiét ké & muc tranzito c6 thé
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mat téi vai nim cho viée thiét ké va kiém tra. Do d6 cong nghé nay
pht hop cho viée phat trién nhirng loai cu kién c¢6 sb luong cao nhét,
hi€u nang cao nhét, da dung nhét vi du nhu vi xtr 1y, b nhd... st dung
trong may tinh. Gia thanh va thoi gian phat trién san pham ding ASIC
giam hon cong nghé thiét ké VLSI, tuy vdy van can thoi gian va chi
phi phat trién cho céng doan san xuét cudi ciing & nha méy. Viéc kiém
tra dugc thuc hién bdi nguoi sit dung sau cong doan san xuét cudi
cung d6, nén néu c6 bat ky 13i thiét ké nao ciing s& din dén viéc ting
thoi gian va gia thanh phat trién. Céng nghé nay thich hop véi phat
trién cac san pham c6 sb luong va thoi gian song 16n. Cong nghé logic
kha trinh ma dién hinh nhat 1a CPLD va FPGA rat thich hop cho yéu
cau phat trién san phidm nhanh, sb luong khong 16n va c6 mat do tich
hop cling do phuc tap khong qua lon va dac biét ti€n lgi trong giai
doan nghién ctru phat trién, ché tao thir san pham. Tuy nhién su cin
bang vé hi¢u ning va tinh kinh té giita ASIC, CPLD, FPGA s& lién tuc
thay d6i v6i mdi thé hé cdu kién va cong cu thiét ké moi.

Tom lai trong sd cac cong nghé logic sé hién nay, cong nghé
logic kha trinh 1a lIya chon kha thich hop cho viéc phat trién cac hé
thong s6 khong qué phirc tap, voi s6 lwong khong 16n, thoi gian phat
trién nhanh, nhat 1a & nhitng nuéc cd nén cong nghiép dién tir ciing
nhu san xudt vi mach méi phat trién nhu Viét Nam.

8.2 CAU KIEN LOGIC KHA TRINH (PLD)

Vao cudi thap ky 70, cac thiét bi logic chuan xuit hién b at, di
kém véi d6 13 sy xuat hién mach in. Nguoi ta dat ra cau hoi: “Chuyén
gi xay ra néu nguoi thiét ké c6 thé thyc hién cac két ndi khac nhau
trong mot thiét bi 16n hon?” Piéu nay cho phép nguoi thiét ké tich hop
nhiéu thiét bi logic chuan trong mot linh kién. Dé co thiét ké linh hoat
nhit, nha san xuat Ron Cline tir Signetics (sau ndy duoc Philips va
tham chi ca Xilinx) dwa ra ¥ tuong dung hai ma tran két ndi kha trinh.
Hai ma tran két ndi kha trinh nay c6 thé to hop tuy y giita cac cong
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AND va cong OR, dong thoi cho phép nhiéu cong OR cung st dung
chung mét cong AND. Kién trac nay rat linh hoat, nhung tai thoi diém
d6, tré lan truyén tir dau vao téi dau ra (Tpa) kha cao (do cau tric
10um) nén thiét bi hoat dong twong ddi chdm. Va dang cong nghé
logic kha trinh dau tién xuat hién chinh 13 SPLD. Sau nay cong nghé
CPLD va FPGA ra doi c6 mat do tich hop cao hon, cAu trc linh hoat
hon cho phép tao ra nhiéu mach logic phtc tap hon

Vi mach 1ap trinh, viét tit 1a PLD (Programmable Logic
Device), 1a loai cdu kién dién tir c6 nhidu wu diém va hién nay dang
dugc phat trién rit manh. V& nguyén 1y, chung c6 ciu tao rat giéng
véi PROM. Viéce lap trinh cho PLD co thé duoc thuc hién b?mg cac
cong nghé khac nhau, dua trén co s bé cAu chi hodc chuyén mach.
Tuy nhién, Gmg dung cia PLD lai rat khac véi PROM. Mot PLD, dugc
tao thanh béng mot s6 céng AND, OR, XOR hoac ca cac trigo, co thé
thuc hién nhiéu ham Boole khac nhau.

8.2.1 SPLD

SPLD - c4u kién logic kha trinh don gian. Day 1a loai céu kién
s6 ¢6 nhiéu wu diém va ciing da dugc phat trién rt manh. Vé nguyén
ly, chung o cau tao rat gidbng vdi PROM. Viéc lap trinh cho SPLD c¢6
thé duogc thuc hién bz:ing cac cong nghé khac nhau, dya trén co sé thuc
hién cac két ndi béng cach st dung cau chi hodc chuyén mach. Mot
SPLD, duogc tao thanh béng mot sb mang céng AND, OR, XOR hoac
ca cac trigo, c6 thé thuc hién nhiéu ham Boole khac nhau.

Cac SPLD déu c6 céu tao dua trén mot trong hai dang cAu trac
chinh: mang logic kha trinh PLA (Programmable Logic Array) va
logic mang kha trinh PAL (Programmable Array Logic).

Thanh phan co ban cia PLA 13 mot mang AND va mdt mang
OR lap trinh duoc. Mdi mang AND, OR gdm cac hang va cac cot lién
két voi nhau. Tai mdi diém giao giira hang va cot, c6 mot cau chi. Khi
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cau chi déng, tai diém d6 co két ndi giira hang va cot, khi cau chi ngit,
tai do khong cé két ndi. Viéc doéng ngét cau chi duoc thuc hién béng
ph?m mém (do 1ap trinh vién hoac sir dung cong cuy lap trinh trén hé
thong (ISP: In- System Programming).

CAu trac PLA tao ra su t6 hop tiy y giita cac cong AND va OR,
cho mat d¢ logic cao nhung tbc d6 cham, sb luong cau chi 16n. Vi
vdy, sau nay nguoi ta da dua ra mot kiéu kién trac khac 1a logic mang
kha trinh PAL (Programmable Array Logic).
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Hinh 8.3: Kién triic PAL
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Hinh 8.4: Kién triic PLA
Cong nghé PLD xuit hién tir rit som véi cac coéng ty nhu
Xilinx — san xuat vi mach CMOS cong suat cuc thip duwa trén cong
ngh¢ Flash. PLD dua trén cong nghé Flash cho phép lap trinh va xod
vi mach nhiéu 1an bang dién, nhd d6 tiét kiém duoc thoi gian so véi
x04a vi mach béng tia cuc tim.

8.2.2 CPLD (Complex PLD)
CPLD thudc vé dong chip kha 1ap trinh PLD nhung thiét bi logic
kha trinh phtc hgp (CPLD) c6 mat do logic cao hon so voi cac PLD
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don gian nhu d4 xét ¢ trén (PLA va PAL). CPLD bao gém nhiéu mach
logic, mdi mach ¢ thé coi 1a mot SPLD. Trong mot mach don chi
thuc hién cac chirc nang logic don gian. Cac chirc nang logic phurc tap
hon can s lugng khéi nhidu hon, sir dung ma tran lién két chung giita
cac khdi dé tao két ndi. CPLD thuong dung dé diéu khién ghép cong
phirc hop & téc do rit cao (5ns, twong dwong véi 200MHz). Kién tric
co ban cua CPLD dugc minh hoa trong hinh 8.5.

<« MCO MCO |
<—| Logic Logic |
1o | Block Block H | Vo
l«— MCn 5 MCn H—
l > < B f
S
Q
[
<« MCO § MCO |
| Logic 5} Logic -
Vo ] Block = Block L Vo
l«<— MCn MCn |—
[ > I

Hinh 8.5: Kién triic chung ciia CPLD

CPLD c¢6 ciu tric dong nhat gdm nhiéu khéi chic ning
"Function Block" dugc két ndi voi nhau thong qua mdt ma tran két
nbi trung tam "Interconnect Array". Mdi khdi chirc niang gdom c6 mot
khéi logic (logic block) - gdm cac hang tich AND va hang tong OR
sap xép giéng nhu PLA hodc PAL, cho phép thyc hién cac ham logic
t6 hop va nhiéu khdi MC (Macrocell) c6 chtra tai nguyén 1a cac Trigo
cho phép xdy dyng mach sd tuan ty nhu cac thanh ghi va mach tuan
tir... Phan 15i bén trong cia CPLD duoc ndi ra bén ngoai théng qua
cac khdi vao/ra I/O cho phép thiét 1ap chirc ning cho cic chéan cua IC
c6 chuc nang vao hodc ra hoac vura la chan vao vura 1a chan ra, ngoai
ra con c6 thé thiét 1ap cac chan I/O nay lam viéc & cac mire logic khac
nhau, c¢6 dién tr¢ pull-up hoac pull-down...
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Véi cu triic ddng nhat, gia thanh ré, tinh ning kha manh, d& sir
dung CPLD d3 va dang duoc sir dung rat rong rii trong thyc té, gitp
cho nha san xuat phat trién nhanh san phdm ctia minh véi gia thanh ré.
Dic biét hién nay cac hing da phat trién cac ho CPLD véi tinh ning
rat manh, cong suét tiéu thy thap, ching dang dugc sir dung rat nhiéu
dé phat trién cac san pham dién tr, vién thong, cong nghé thong tin,
nhat 1a trong cac thiét bi cAm tay, di dong...

Trong thuc té rat c6 nhiéu loai CPLD khéac nhau, cta cic hing
khéac nhau va da dugc phat trién voi nhiéu chung loai, thé hé CPLD
khéac nhau. CAu tao, dung lugng, tinh nang, dac diém, ung dung... clia
mdi loai CPLD ciing rat khac nhau. Trong gi4o trinh nay khong di sau
trinh bay c4u tao cu thé ctia cac ho CPLD, ma chi trinh bay kién trac
chung don gian nhét cia CPLD. Khi st dung cu thé loai CPLD nao,
nguoi hoc nén tham khao cac tai li¢u khéc, nhét 13 tham khéo cac tai
liu k¥ thuat dugc cung cap kém theo ciu kién do cac hing dua ra.
Cac hing dién tir ndi tiéng trén thé gidi dang so hitu, phét trién, cung
cép céc loai cau kién CPLD la Xilinx, Altera. ..

8.2.3 FPGA

FPGA (Field Programmable Gate Array - Ma tran cong lap trinh
duogc theo trudng): ¢d cdu tric va hoat dong phirc tap hon CPLD. N6
c6 thé thyc hién nhimg chirc ning phtc tap wu viét hon CPLD. Nim
1985, cong ty Xilinx dua ra y tudng hoan toan méi, d6 1a két hop thoi
gian hoan thanh san pham va kha ning diéu khién dugc ciia PLD véi
mat d6 va uu thé vé chi phi cta GateArray. Tir 6, FPGA ra doi. Hién
nay, Xilinx van 13 nha san xuét chip FPGA s6 mot trén thé gidi.

Céu trac FPGA don gian gdm cac té bao logic (Logic Cell hay
logic Block), cac khdi cach déu nhau, lién két nho cac dudng két ndi
c6 thé thay d6i duoc theo yéu cau cia ngudi thiét ké. Nghia 1a nguoi
thiét ké c6 quyén thiét ké, 1ap trinh va thay d6i mach dién. Hién nay,
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FPGA c6 mat d kha cao, 1én t6i hang trim ty cng va cdu tric ciing
da dang, phtrc tap hon. Nhiéu chtrc nang phtic tap da duoc tich hop
san dé tang hiéu qua sir dung FPGA. Vi du nhu ngoai nhirng t& bao
logic, nhiéu ho FPGA da dugc tich hop thém cac khdi chue nang khac
nhu cac bd nhan cing, khdi nhé, PLL, thim chi ca mdt bd vi xur ly

manh...
e e e e
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Hinh 8.6: Kién triic chung ciia FPGA

C¢ hai loai FPGA co ban: Loai 18p trinh lai dugc, dya trén cong
nghé SRAM va loai l1ap trinh mot lan.

Loai lap trinh lai dugc (dya trén SRAM):

- SRAM xéc dinh céc két ndi

- SRAM dinh nghia cidc ham logic trong bang é&nh xa
(LUT - Look Up Table)

Loai lap trinh mot lan:

- Két ndi dang bé cau chi

- Sir dung céc cong logic truyén thong
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Hinh 8.7: Cdu triic ciia té bao logic don gidn

Hai dang nay khac nhau vé quy trinh thyc hién té bao logic va co
ché dugce st dung dé tao két ndi trong thiét bi.

Chip FPGA lap trinh mot 1an st dung phuong phap bé cau chi
(két ndi duoc tao ra biang cach dong cau chi) dé tao két ndi tam thoi
trong chip, do d6 khong can SPROM hoidc cac phuong tién khac dé
nap chuong trinh vao FPGA. Tuy nhién, mdi ldn thay doi thiét ké,
phai bo hoan toan chip cii di. Té bao logic OTP tuong ti nhu PLD véi
cac cong va cac trigo dinh trude.

Dang FPGA quan trong hon va dugc ding phd bién hon ca 1a
dang 1ap trinh lai duoc, dua trén SRAM. Trén thuc té, FPGA SRAM
duogc lap trinh lai mdi khi bat nguén, vi FPGA 1a dang chip nhé tam
thoi. Do do, mdi chip FPGA déu can c6 mot bd nhé PROM ndi tiép
hodc mdt bd nhd hé théng.
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Trong té bao logic SRAM, thay vi cac cong thong thudng, ngudi
ta str dung bang anh xa (LUT). Bang nay xac dinh cac gia tri dau ra
dwa trén cac gia tri dau vao, sir dung dé xdy dung cac ham logic t6
hop. Trong so dd “Té bao logic SRAM” minh hoa & hinh v& 8.7, 16 t6
hop khac nhau cuia 4 dau vao s& xac dinh gia tri cua dau ra). Cac 6 nho

SRAM ciing dugc sir dung dé diéu khién két ndi.

Bang 8.1: So sanh gitta CPLD va FPGA

CPLD

FPGA

- Céu truc theo mang cac hang tich

- Céu truc dwa vao LUT

- Mang két ndi trung tam

- Ma tran két ndi 2 chiéu X-Y

- Mat do tich hgp trung binh

- Mat dé tich hop cao

-Tylé sb chan 1/0 trén microcell I6n

- Ty & s chan I/O trén microcell nhd

- CAu hinh dwoc lwu lai khi mat dién
va khéng thay dbi trong qua trinh
hoat déng

- C4u hinh nap vao SRAM, khi mét dién sé
khong con, can ¢ bo nhé ciu hinh PROM,
cu hinh c6 thé dwoc nap tw déng trong qua
trinh hoat déng.

- C4u tric ddng nhét

— CAu tric khong ddng nhéat

— Nhiéu tai nguyén: DLL (Delay Locked Loop:
Vong khod pha tré ), b nhé&, cac bo nhan

— ng dung: Ma hoa va giai ma logic,
cac may trang thai hay cac giao dién
bus chuan (SPI, 12C, SMBus...), wu
diém ndi bat khi thiét ké cac mach
logic nhiéu dau vao.

- Ung dung: PCI (Peripheral Component
Interface: Giao dién thanh phan ngoai vi), giao
tiép ndi tiép téc d6 cao va cac bo vi xt ly
nhang,... wu thé ndi bat khi thiét ké phure tap,
can nhiéu tai nguyén.

8.3 GIOI THIEU PHUONG PHAP THIET LAP CAU HINH CHO

CPLD/FPGA

Dé thiét ké va thiét 1ap cdu hinh cta cac chip CPLD va FPGA,

c6 hai phuwong phap phd bién: phuong phap ding so d6 mé ta va
phuong phap ding ngén ngit mo ta phan cimg (HDL: Hardware
Description Language). Hai phuong phép trén duoc tom tit dudi day.
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8.3.1 Phwong phap dung so d6 mé ta

So d6 mé ta 1a phuong phap truyén thdng nguoi thiét ké sir dung
dé xac dinh ma tran cong va cac cau kién logic kha trinh, né cho phép
xé4c dinh chinh xac cac cong ciing nhu cach két ndi cac cong do dé
dugc thiét ké mong mudn. Phuong phap sir dung so do mo ta gom 4
bude chinh nhu sau:

Buée 1: Chon thu vién cau kién va cong cy mo ta thiét ké. Sau
d6, chon cic cong can cho thiét ké tir thu vién, co thé két hop tuy v
cac céng v6i nhau. O buéc nay, phai lya chon ho cAu kién s& su dung,
nhung chua phai quyét dinh str dung ciu kién cu thé nao trong ho dé
dap g cac yéu cau vé tée do va kich thudc.

Buée 2: Thuc hién két ndi cac céng vo1 nhau, st dung ludi hoac
day ndi. Nguoi thiét ké co thé diéu chinh két ndi giita cac cong tuy y
theo muc dich thiét ké.

Buwée 3: Gan thém va phan bd cac bo dém dau vao va dau ra.
Céc bo dém nay s€ xac dinh cac chan I/0 cho thiét bi.

Buwée 4: Bude cudi 12 tao ra Netlist. Netlist 1a file mo ta mach sb
dudi dang text, dugc tao boi cong cu thiét ké. Ban mo ta thiét ké giap
cac chuong trinh khac nam dugc cac cong logic ¢ trong mach, cach
két ndi cac cong d6 va sb cac chan I/O. Chuan dé viét file Netlist phd
bién nhét 1a dang EDIF (Electronic Digital Interchange Format: Dinh
dang trao d6i dién tir s6).

Phuong phap thiét ké dung so d6 md ta c6 hai nhugc diém
chinh:

- Khi thiét ké trd nén phirc tap va ding nhiéu cong hon, viéc sir
dung phuong phap nay tré nén kho khin, viéc sira 16i cling kho khin
hon, tham chi khong kha thi.



Chuwrong 8: Cau kién logic khd trinh (PLD) 463

- M6t nhugc diém khac cia phuong phép thiét ké theo so dd 1a
kho thay doi cong nghé hay nha cung cip. Gia sir ban dau, sir dung
chip FPGA cuia nha san xuit X dé thiét ké mach 10 000 cong, sau d6
chuyén sang str dung ma tran cong, s& phai thay doi toan b cac trang
so do ¢6 sir dung ma tran cong trong thu vién clia nha san xuit X.

8.3.2. Phwong phap ding ngén ngir mé ta phin cimg (HDL)

Dé khic phuc cac nhuge diém trén, nguoi ta co thé dung phuong
phap ding ngdn ngit mo ta phan cing (HDL). C6 hai ngdn ngit mé ta
phan ctng phd bién nhat: VHDL va Verilog.

Trong phuong phap nay, thay vi ding cac so do mé ta va cac két
nbi, ngudi 14p trinh ding ngdn ngit mo ta phan cimg dé mo ta cac tinh
ning va hoat dong ciia timg phan trong hé thong. Cac budc chinh dé
thiét 1ap cdu hinh cho PLD nhu sau:

Buwéc 1: Ding ngdn ngit mo ta phan cing (HDL) dé mé ta cac
tinh ning va hoat dong cua timg phan trong hé théng. Pdng thoi c6
thé dung ngdn ngir mo ta phan cing HDL mé ta két ndi giira cac phan
trong mot hé thong. Pau ra ciia qua trinh nay 13 mét file & dang text.

Buwéc 2: Dung cong cu synthesis (tong hop) dé tao ra file Netlist
tu file ¢ trén. Cong cu synthesis xac dinh céc céng dugc su dung dua
trén mo hinh hoat dong (trong phuwong phap thiét ké truyén thong,
nguoi thiét ké phai thuc hi¢n thao tac nay). Vi Netlist dac trung cho ho
thiét bi va nha san xuit, nén phai st dung thu vién cia nha san Xuét
tuong tmg. Hau hét cac cong cu thiét ké déu cung cap tén cac nha san
xuit mang cong, FPGA va CPLD.

Ngoai ra, khi Iya chon hay sip xép ¢ mirc cong, nguoi st dung
c6 thé tdi wu hoa thiét ké dé sb lugng cong st dung it nhat; toi wu hoa
tig phan thiét ké dé tang toc do; str dung cu hinh cong phu hop dé
giam cong suat; st dung cau hinh thanh ghi cho may trang théi.
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Nguoi thiét ké co thé thir nghiém véi nhiéu nha cung cdp khac
nhau, nhiéu ho thiét bi khac nhau, nhiéu phuong phap tdi wu khac
nhau, tir d6 c6 duoc nhiéu giai phap thiét ké thay vi chi c6 mot giai
phap nhu v6i phuong phap so dd.

Mot vu diém nita cua phuong phap dung ngdn ngit mo ta phan
ctng 1a rat dé nang cép hé théng. Str dung ngdn ngit HDL rat ngan
thoi gian thiét ké va khi thay doi thiét ké ciing rat don gian. Nguoi
thiét ké chon thu vién va céc thong s6 tdi wu (Vé tdc do, dién tich, .. D,
cong cu synthesis s& xac dinh két qua. Nguoi thiét ké co thé Iya chon
phuong an thiét ké t6i vu sau khi thtr cac phuong 4n khac nhau.

Sau khi d3 tao dugc file Netlist, dé lap trinh chip PLD dya trén
cAu hinh da duoc thiét 1ap, nguoi lap trinh can dung céc cong cu khac.
Ngoai ra, ngudi lap trinh c6 thé chay mo phong va kiém tra thiét ké
ctia minh. Céc van dé nay s& dugc dé cap rd hon trong cic chuong sau.

8.4 YEU CAU CHUNG KHI THIET KE VOI CPLD/FPGA
(Vi du v6i CPLD/FPGA cua Xilinx)

8.4.1 Chon vi mach CPLD hodc FPGA phu hop

Khi phét trién cac hé thong sb sir dung CPLD/FPGA budc dau
tién can dugc thuc hién la phan tich bai toan, lya chon vi mach CPLD
hodac FPGA phu hop. Viéc chon dugc vi mach, cong nghé phu hop
nhit cho céc tiéu chuén thiét ké, duoc tién hanh theo cic yéu ciu sau:

Mat dj: La mat do logic du tinh cta linh ki€n, dac trung bédi
khai niém "s6 luong cong".

86 lwong thanh ghi: Phai tinh duoc s thanh ghi can cho bd
dém, may trang thai, thanh ghi va bo chét. S6 luong macrocell trong
vi mach tdi thiéu phai bang s6 thanh ghi can co.

S6 lwong chin vao/ra: Phai xac dinh vi mach thiét ké can bao
nhiéu dau vao, bao nhiéu dau ra.
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Yéu cdu vé toc dé: Tuyén to hop nhanh nhat s& xac dinh toa (tré
truyén trong vi mach, tinh theo ns). Mach tuin ty nhanh nhat s& xac
dinh tan sb tdi da cua vi mach (frnax)-

Déng vé: Phai xac dinh vi mach can gon nhét hay chi st dung
dang QFP (Quad Flat Package: Két hop so d6 bén trong) thong
thuong. Hodac vi mach thiét ké thudc dang c6 lép chan cim, trong
truong hop nay la vi mach PLCC (Programmable Logic Controller
Circuit).

Cong sudt thip: Phai xac dinh san pham s& sir dung ngudn pin
hay ning luong mit troi, thiét ké c6 yéu cu cong suat tidu thu thap
hay khong, van d& ton hao nhiét c6 quan trong hay khong?

Chirc ning cip hé thong: Phai xac dinh bo mach c6 bao gdm
nhiéu vi mach da mirc dién ap hay khong, giira cdc vi mach c6 phai
chuyén mirc hay khong, c6 yéu cau sira dang xung dong bo hay
khong, c6 yéu cau giao tiép giita bd nhé va b vi xir Iy hay khong?
8.4.2 Chon giai phap ciu hinh cho CPDL/FPGA
8.4.2.1 Lap trinh ngay trén h¢ thong

Céac CPLD va FPGA cua cac hang noi chung, cta Xilinx noi
riéng c6 thé dugc lap trinh ngay trén hé thong (vi mach da dugc han
vao mach ung dung) thong qua giao thirc JTAG (Joint Test Advisory
Group) da duoc tich hop sin trong IC. Ngudi thiét ké sir dung cap nap
dé nap cu hinh cho CPLD hodc FPGA. Xilinx dua ra mdt s6 chuin
cap nap nhu sau:

+ MultiLINX: Cap nap dua trén giao chuan giao tiép ndi tiép
USB hoic RS232, cap nap nay ¢ téc do truyén trong dai rong va giao
dién c6 dién ap diéu chinh dugce dé phu hop voi viée giao tiép véi cac

hé théng va cac chan I/O hoat dong & cac muc dién ap khac nhau 5V;
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3,3V; 2,5V. Va duoc thiét ké dé hd tro dé cho céc phﬁn mém g0 roi
phan cing trude kia, nay ching da trg 1én 16i thoi khi c6 sy ra doi ctia
cong cu g& roi phan cting ChipScope ILA.

+ Parallel Cable IV: Céap nap st dung cong giao tiép song song
cia may tinh, dugc phat trién dé thay thé cho chuan cap nap Parallel
Cable III va cho phép ting toc d6 1én hon 10 1an va hd tro cho tat cac
cac vi mach str dung mirc dién 4p I/O tir 5V xubng 1,5V. Hién nay

chuan cap nap nay dugc dung phd bién hon ca.
8.4.2.2 Lap trinh bén ngoai

Céac CPLD va FPGA cua Xilinx ciing c6 thé dugc lap trinh bén
ngoai bdi bo 1ap trinh chip HW130 cta Xilinx cling nhu cac b 1ap
trinh ctia cac nha phat trién khac. Diéu nay ciing thuan tién cho viéc sir
dung céc chip dugc 1ap trinh trude trong thoi gian san xuat.

Céu hinh cia CPLD dugc nap vao FLASH nén khi mat dién cau
hinh khong bi mét di, trong khi d6 cdu hinh khi hoat dong ciia FPGA
dugc ghi vao SRAM nén s¢€ mat di khi mat dién, vi vay can su dung
FPGA va két hop voi EEPROM luu ciu hinh pht hop, mdi khi bat
nguén, cAu hinh s& nap tu dong trt PROM vao FPGA. Cé thé sir dung
EEPROM ndi tiép hodc song song, tuy nhién thi loai EEPROM noi
tiép hay dugc sir dung hon ca. Khi thiét ké can chon loai EEPROM c6
dung luong phu hop véi mat do cua cac loai FPGA khac nhau.

Ngoai ra Xilinx con cung cap cac giai phap dugc thiét ké trudc,
d& str dung dé cau hinh cho tit ca CPLD va FPGA cua Xilinx, nhét 1a
khi thiét ké cac hé thong phirc tap. Tat ca cic ndi dung lién quan dén
cdu hinh, EEPROM cho FPGA hay ISP cho CPLD, déu dugc dua ra.
Cac giai phap st dung cong cu “3rd part boundary scan”, cac giai
phap phan mém kém theo, cap ISP, thiét bi kiém tra ty dong ATE va
ho tro 1ap trinh cling nhu céc thiét bi luu trir ciu hinh.
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8.4.2.3 Nhém ciu hinh h¢ thong ACE

Giai phap cau hinh hién dai nhat 1d nhém ciu hinh Hé thong
ACE. V¢i giai phap Hé théng ACE, nguoi thiét ké co thé dé dang st
dung giao dién vi xtr li trong Hé théng ACE dé truc tiép phdi hop cu
hinh FPGA theo cac yéu cau cia hé théng. Giai phap dau tién trong
nhom nay 1a Hé théng ACE CF, cung cép cong nghé diéu khién 6 dia
“Microdrive” kich thudc mot inch va “CompactFlash” cling nhu bd
lwu trit cdu hinh ¢6 dung lugng 8Gbit. Ngoai ra, Hé thong ACE CF
cling dugc thiét ké trudc, cung cép cac dic tinh hién dai dé tan dung
kha niang cau hinh lai linh hoat ctia FPGA, bao gom:

- CAu hinh multi-board tir mot ngudn duy nhat

- Quan 1y ludng bit da ciu hinh

- Néng cép ciu hinh qua mang (IRL)

- Hot-swapping

- Khéi tao trung tdm xir 1i va Iuu trit phan mém

- Ma hoa

Vi hé thong ACE CF, nguoi thiét ké c6 thé thuc hién duge gan
nhu toan bd cac yéu cau ciu hinh cho FPGA. Céac kha nang b6 tro hé
thong nay cho phép ngudi thiét ké sir dung FPGA thoa mian cac yéu
cau dinh trudc vé mit thiét ké va thoi gian xtr 1i 16i. Ngoai ra, cac cong
vi xtr 1i va cong kiém tra JTAG con cho phép tich hop Hé thong ACE
trong moi hé thong.

Mot sb dic diém cua giai phap cau hinh hé thong ACE:

- D§ linh hoat: Vi hé théng ACE CF, c6 thé sir dung mot thiét
ké cho nhiéu umg dung khac nhau, nho d6 giam dang ké thoi gian
hoan thanh san pham. Thay vi thiét ké vai bo mach twong ty nhau phu
hop véi cac chuan khac nhau, gid ddy nguoi thiét ké chi phai thiét ké
mdt bo mach duy nhét véi nhiéu cdu hinh dugc luu trix trong bd nho
hé théng ACE CF. M&i bo mach ¢6 thé chon cac ciu hinh phu hop véi
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cac chuan khac nhau bang cach khai tao gid tri mic dinh twong mg
dugc Iuu trong bo nhd ACE. Hé thdng con cho phép luu nhiéu céu
hinh cho mot thiét ké trong mot hé théng ACE CF don. Vi du nhu
trong qua trinh thiét ké mau, ngudi thiét ké c6 thé luu cac céu hinh
hoat dong, cAu hinh kiém tra va c4u hinh g0 rdi trong bo nhd ACE,
dong thoi co thé chon cac cdu hinh khac dé chay thir ban thiét ké
cua minh.

Pé hd trg quan 1y nhiéu ludng bit va tich hop diéu khién cau
hinh FPGA v&i hoat dong cta hé théng, hé théng ACE c6 mot céng Vi
xtr 1 trong hé théng. Cong nay cho phép bd xtr li ciia hé thdng thay
ddi céu hinh mic dinh, cdu hinh lai trigo, c4u hinh lai tung FPGA
hodac mot nhom FPGA, truy nhap vao cac file khong cu hinh dugc
lwu trong khdi CompactFlash hodc ding khdi CompactFlash 1am b
nhd chung cho hé thong.

Vi cac FPGA c6 trung tam xur 1i kém theo, hé thong ACE CF
cung cip giai phap 3 trong 1 dé quan 1y phan cing va phan mém. Hé
thong ACE CF c¢6 thé cdu hinh khung FPGA, khoi tao trung tim vi xir
li va cung cap cac tmg dung phan mém cho trung tim nay néu can ma
khong phai thém bat cir thiét bj phan ctng nao.

+ Mat dj: V6i mat do logic cao chua ting thiy (trén 8Gbit), mot
Heé théng ACE CF c6 thé cau hinh cho hang trim FPGA va c6 thé thay
thé cho ciac mang EEPROM cau hinh. Nguoi thiét ké co thé luu mot
s& luong 16n cac thiét ké khac nhau cho mot mang FPGA trong ciing
mot khdi nhé. Hé théng ACE CF sir dung hé thong file FAT (File
Allocation Table: bang sap xép file tiéu chuan), do d6 nguoi thiét ké
c¢6 thé luu ca nhting file khong ¢ dang luéng bit hodc sir dung bo nho
thira 1am bo nhé chuan cho h¢ thong.

+ Khd nang qudn Iy tdp trung: Hé thong ACE CF dugc thiét ké
dé quan 1y céu hinh theo yéu cau. Mot hé théng ACE CF c6 thé cau
hinh cho mét hodc nhiéu bo mach FPGA. Kha ning tip trung cho



Chuwrong 8: Cau kién logic khd trinh (PLD) 469

phép don gian hoa qua trinh quan 1y va ning cip cau hinh. Dé thay ddi
hay ning cdp cdu hinh ctia mot hé thong, nguoi thiét ké co thé vao
khéi nhé, thuc hién cac thay d6i can thiét trén man hinh may tinh,
chinh lai n6i dung trong hé théng qua cong vi xir 1i; hodc tai cAu hinh
moi vé qua mang, sir dung IRL.

8.4.3 Chon cong cu phin mém phi hop

Xilinx da cung cép cac cong cu thiét ké dién tir hoan chinh, cho
phép thuc hién thiét ké trén cac thiét bi logic kha trinh cia Xilinx. Cac
cong cu nay két hop cong nghé tién tién véi giao dién do hoa linh
hoat, d& str dung dé nguoi thiét ké co duoc thiét ké tdi vu. BO cong cu
phan mém hién dang duogc sir dung rong rai 1a ISE véi phién ban moi
nhat 1a 11.1 (27/4/2009).

Xilinx ciing cung cip ISE dudi dang cic goi phan mém co ciu
hinh khac nhau véi gia thanh khac nhau:

+ ISE WebPACK: Ban mién phi c6 thé dung dé thiét ké cho tat
ca cac ho CPLD cua Xilinx va mot sb loai FPGA dung luong thép va
trung binh.

+ Go6i phan mém co ban BASEX: C6 thé thiét ké cho cac loai
chip sau:

Virtex-4, FPGA LX15, LX25, SX25, FX12, Spartan-3 FPGA lén
dén 1.500 ngan cong va tat ca cac ho CPLD.

+ G6i phan mém Foundation: C6 thé thiét ké cho tat ca cac loai
FPGA va CPLD cua Xilinx

Ngoai ra Xilinx con phat trién cac bo cong cu phﬁn mém tién ich
khac nhu System Generator hd trg cho cac thiét k& DSP (Digital
Signal Processor: BO xir 1y tin hiéu sb) hay EDK (Embedded
Development Kit: Bo phan mém phat trién hé thdng) hd trg cho cac
thiét ké nhing.
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ISE hay duoc dung két hop véi phan mém mé phong ModelSim
ctia Mentor Graphics phién ban XE duoc phat trién riéng hd trg cho
cac ho CPLD/FPGA cua Xilinx.

8.5 LUU PO THIET KE CHO CPLD/FPGA

8.5.1 Luu @b thiét ké cho CPLD

Qua trinh thiét ké cho CPLD chu yéu la thuc hién trén cac cong
cu phan mém, luu dd thiét ké chung cho CPLD (Vi du str dung phan
mém ISE) nhu hinh 8.8, bao gdm cac budc nhu sau:

Buwiéc 1: Nhap thiét ké (Design Entry)

Pay 14 bude dau tién va quan trong nhat ciia qua trinh thiét ké
cho CPLD. Céac cong cu thiét ké cho phép nhép thiét ké theo céac
cach sau:

- Nhdp thiét ké theo so @6 nguyén Iy Schematic, ngudi thiét ké sir
dung cac modun di cé san trong thu vién Schematic dé ghép ndi
chung véi nhau tao thanh ban thiét ké theo yéu cau, cach nay c6 thé
thuc hién thiét ké nhanh nhung s& rat khé khin va khong téi vu tai
nguyén cia CPLD khi thiét ké phirc tap va thiét ké khong sir dung
sang cong cu thiét ké CPLD cua cac hing khac. Tir so d6 nguyén ly da
thiét ké dugc cong cu phan mém s& chuyén ddi sang file ngdn ngit mo
ta phan cimg HDL, ma ph bién 1a VHDL hoic Verilog.

- Nhdp thiét ké sir dung ngoén ngit mé ta phan cimg HDL
(VHDL, Verilog, ABEL, AHDL...). Nguoi thiét ké c6 thé st dung
chuong trinh soan thao dé thuc hién viéc md ta toan b ban thiét ké
ctiia minh dudi dang ngdn ngir HDL nao d6 ma cong cu thiét ké co thé
téng hop duge. Co rit nhidu phuong phap moé ta, mic do triru twong
khéc nhau khi thiét ké, mdi cach mé ta khac nhau c6 thé tao ra mot cau

trac mach khac nhau trong CPLD mac du ching c6 cung chuc nang.
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Design Entry

Schematic
ECS

HDL State Machines
Verilog/VHDLL StateCad

U

Design Verification

Functional Simulation
(ISE Simulator, ModelSim)

U

Design Synthesis

Xilinx Synthesis Tool
(XST)

U

Design Implementation

Translate

1yt

Map

1

Place and
Route

11

Timing Simulation

Static Timing Analysis (ECS) | | ModelSim XE

{1

Configuration

Download (iMPACTE)

Hinh 8.8: Luu dé thiét ké CPLD
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Do d6 nguoi thiét ké can thuc hién phan tich bai toan, tim hiéu
tai nguyén, cu trac cia CPLD, yéu cau vé thoi gian thiét ké dé su
dung kiéu mé ta, mirc do triru twong phu hop vira dam bao yéu ciu vé
thoi gian thiét ké vira tdi wu dugc viée sir dung tai nguyén cua CPLD.

- Nhdp thiét ké dwéi dang so do: Cong cu thiét ké con cho phép
nhap thiét ké vao dudi dang so d6 ma dién hinh 13 d6 hinh trang thai,
sau d6 ching ciing duoc chuyén doi sang HDL.

Vi¢c nhap thiét ké rat linh hoat, c6 thé su dung ca 3 cach trén dé
thuc hién cac phén khéc nhau cua thiét ké.

Buwée 2: Kiém tra, md phong thiét ké (Design Verification)

Thyec hién kiém tra, mé phong chirc ning hoat dong cua thiét ké
HDL da tao ra ¢ trén. Cac cong cu thiét ké déu hd tro viéc mod phong
chic ndng hoat dong cua ban thiét k& HDL theo m6 hinh hoat dong
(Behavioral Model), mitc d0 m6 phong nay doc lap véi loai CPLD da
duoc lya chon. Budc nay co thé khong can phai thuc hién trong khi
thiét ké.

Buéc 3: Tong hop thiét ké (Design Synthesis)

Sau khi hoan thanh mé phong thiét k&, budc téng hop tiép theo
c¢6 nhiém vy chuyén thiét ké dudi dang file van ban HDL thanh dang
file Netlist, thuc hién mo ta mach thuc & muc th?ip dudi dang céng
logic va két ni giira chiing véi nhau. Cé thé sir dung cac cong cu tong
hop cua céac hang khéc nhau.

Mbi cong cu cd thé tao ra file Netlist theo dinh dang riéng (vi du
ctia cong cu théng hop XST cua Xilinx tao ra: XNF-Xilinx Netlist
Format) nhung nguoi thiét ké c6 thé dat lwa chon dé tao ra file Netlist
du6i dang dinh dang chuidn EDIF (Electronic Digital Interchange

Format) ma tat ca cac cong cu c6 the hiéu dugc.
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A 4

Chon céc cong Thuc hién két noi

Component AND G1
Component OR G
Component NOT G3

A 4

Net N1: A. Gl:a. G3:a
Net N2: B. G1:b. G2:a

Net N3: Gl:c. P
Net N4: G3:b. G2:b
Ghép cac bo dém Net N5: G2:¢. Q ;
vao/ra
Tao Netlist

Hinh 8.9: Vi du tong hop ra file Netlist

Buwéc 4: Thyc hién thiét ké (Design Implementation)

Sau khi c6 file Netlist, budc tiép theo 1a thuc hién thiét ké, nghia
1a xay dung céu hinh cho CPLD. Budc nay sir dung file Netlist va file
rang budc "constraints file" (md ta cic nguyén tic thiét ké, cac rang
budc vé vat Iy nhu gén vi tri cho céc dau vao/ra trén chip, cac rang
budc vé tbe do, thoi gian, tan sb.. J) dé tao thiét ké su dung tai nguyén
¢6 san ciia CPLD. Budc ndy bao gdm céc budc: Translate (bién dich),
Map (Phan bd ban thiét ké vao chip), Place and Route (Pinh vi va
dinh tuyén két ndi).

* Translate (bién dich)

Budc ndy nham thyc hién kiém tra thiét ké va dam bao file
Netlist pht hop véi kién trac ctia CPLD di chon, kiém tra file rang
budc "constraints file" ctia nguoi sir dung dé phat hién cac 16i mau
thuan v6i tham s6 ctia CPLD dé chon. Bién dich thuong bao gém céc
qué trinh: t6i wu hoa, bién dich thanh cac thanh phan vat 1y cua cau
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kién; kiém tra rang budc thiét ké. Khi két thuc bude bién dich, s& co
mot ban béo cdo vé céac chuong trinh dugc st dung, danh sach cac
cong 1/0 va cac cdu kién duoc sir dung trong thiét ké, nhd d6 nguoi
thiét ké s& lya chon dugc phuong an thiét ké toi wu.

* Map

Tao ban phéan bd thiét ké tdi cac tai nguyén cu thé trong CPLD.
Néu thiét ké qua 16n so voi thiét bi duoc chon, quy trinh ndy khong
thé hoan thanh nhiém vu ctia minh. Qua trinh Map c6 cac tham sb
rang budc cua thiét ké, vi du nhu tham sé téc do, thoi gian cua thiét ké
va d6i khi quyét dinh gin thém cac thanh phan logic dé dap ung cac
yéu cau vé thoi gian. Map c6 kha nang thay ddi thiét ké xung quanh
cac bang anh xa dé tao kha nang thuc hién tdt nhat cho thiét ké. Quy
trinh nay dugc thyc hién hoan toan ty dong va can rat it tac dong dau
vao tir nguoi sir dung. Bude nay nham dwa mach thiét ké vao mot thiét
bi cu thé. Budc nay ciing tao ra bao cao xac nhan cac tai nguyén duoc
str dung trong chip, mé ta chinh xac cic phan trong thiét ké duoc dit &
vi tri ndo trong chip thyc té.

* Place and Route (PAR - Pinh vi va dinh tuyén két ndi)

Place 1a qua trinh lya chon vi tri phu hop ctia mdi khdi chuc
ning trong thiét ké va dua cac cong logic ctia phan d6 vao cac khoi
logic hay cdc modun cu thé trong CPLD trén co s& tdi uu viée két ndi
va dam bao vé cac rang budc vé thoi gian. Nhitng phan logic hoat
dong tdc do cao s& dugc Xép canh nhau dé giam do dai duong két ndi.
Route 14 qua trinh tao lién két vat 1y giita cac khoi logic. Hau hét cac
nha san xuat cung cip cong cu Place and Route ty dong cho nguoi sir
dung. Ngoai cong cu ty dong, ngudi thiét ké co thé ty Place and Route
trong khi thiét ké. Nha san xuit ciing cung cdp cac cong cy, nhu
“Floorplanner”, dé nang cao hiéu suit qua trinh Place and Route do
ngudi thiét ké thuc hién so véi qua trinh ty dong.
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Place and Route 1 qua trinh phirc tap, do d6 n6 chiém thoi gian
nhiéu nhat. Tuy nhién, budc nay chi c6 thé hoat dong tot néu Chip da
chon dap mg du cac tuyén lién két cho thiét ké. Néu khong, nguoi
thiét ké s& phai chon chip ¢6 dung lugng 16n hon. Sau budc niy tao ra
dugc file cdu hinh * jed c6 thé dugc nap vao cho CPLD.

Buwoc 5: Timing Simulation (M6 phong dinh thot)

Sau budc Place and Route nguoi thiét ké co thé thuc hién mo
phong thiét ké & mirc cong logic di dugc dinh vi tri va dinh tuyén trén
CPLD, phén mém sir dung file cAu hinh d3 dugc tao ra va két hop véi
thu vién vé mo hinh thoi gian cta cac ho CPLD (vi du ISE cia Xilinx
thi dung thu vién VITAL), dé thuc hién mé phong hoat dong cua thiét
ké ma c6 tinh dén cac tham s6 thoi gian tré, thoi gian thiét 1ap... cla
cac cong logic trong CPLD. Budc nay rat quan trong véi nhiing thiét
ké phiirc tap, toc do 16m.

Buwéc 6: Configuration (Cdu hinh) hay budc nap céu hinh
(Download)

Goi chuong trinh diéu khién viéc nap cAu hinh, thuc két ndi thiét
bi nap (cap nap) dén CPLD va nap file ciu hinh cho CPLD. Véi
CPLD cuia hang Xilinx, qua trinh 1ap trinh c6 thé thuc hién ngay trong
hé théng nho cong cu JTAG hoac sir dung bd 1ap trinh thiét bi chuyén
dung, vi du nhu cong cu JTAG Data I/O, theo chuan IEEE/ANSI
1149.1_1190. Cong cu JTAG la mot bd cac nguyén tic thiét ké, hd trg
qua trinh kiém tra, lap trinh cho thiét bi va g& rdi trén chip, trén bo
mach va trén hé thong. Kha ning 14p trinh trén hé thong 1a vu diém
ciia CPLD, cho phép lap trinh lai CPLD di duoc han tryc tiép 1én
PCB. Néu c6 thay d6i trong thiét ké, s& khong phai thao thiét bi ra
khoi bo mach, ma don gian chi phai lap trinh lai trén hé théng.

8.5.2 Lwu do thiét ké cho FPGA

Luu db thiét ké cho FPGA ciing twong tu nhu luu do thiét ké cho
CPLD, chi khac ¢ budc cubdi cung - budc Cau hinh cho FPGA. O budc
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nay, d6i véi FPGA c6 thém budc "Create Bit file" dé tao ra file "ludng
bit" dé nap vao bd nhd cau hinh trong FPGA thuong 1a b nhd tam
thoi nhu SRAM. Dong bit duoc nap mang tit ca thong tin dé dinh
nghia cac ham logic va cac lién két trong thiét k& MOdi thiét ké khac
nhau c¢6 mot dong bit khdc nhau. Cac thiét bi SRAM mét toan bo
thong tin mdi khi ngit ngudn, do d6 khi can thiét phai nap dong bit
cdu hinh ndy vao trong EEPROM (thuong st dung EEPROM ndi
tiép). Mdi khi thiét bi dugc bat ngudn file cdu hinh tir EEPROM s&
dugc nap tu dong vao bo nhd SRAM cua FPGA va FPGA hoat dong
theo cdu hinh di duoc nap do.
1l

Configuration

Create Bit file

4

Download (iMPACTE)

Hinh 810: Luwu do thiét ké FPGA

TOM TAT

Chuong nay da trinh bay téng quan vé cic cong nghé logic s,
dic biét 1a cong nghé logic kha trinh vé6i hai ho cau kién phd bién hién
nay 1a CPLD va FPGA. Gi6i thi¢u cac phuwong phap lap trinh cau hinh
cho CPLD/FPGA, ciing nhu nhitng van dé can chd y khi thiét ké img
dung dung CPLD/FPGA. Luu d6 thiét ké cho CPLD/FPGA ciing duoc
trinh bay kha chi tiét trong chwong nay gitip ban doc hiéu duoc toan
bd qua trinh ciing nhu cac budc co ban can duoc thyuc hién dé thiét lap
céu hinh cho CPLD/FPGA theo yéu ciu cta ngudi thiét ké.
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CAU HOI ON TAP

1. Trinh bay cac cong nghé logic s6 co ban

2. Néu dic diém cua cac phuong phap xdy dung mach s sir dung
cong nghé logic chuén, logic kha trinh, ASIC?

3. Trinh bay céu triic cia PAL, PLA, liy vi du vé xdy dung ham
logic str dung céc céu tric nay.

4. Trinh bay céu tao chung cia CPLD, FPGA va so sanh.
5. Trinh bay cac phuong phap chung dé thiét ké cho CPLD/FPGA
6. Trinh bay cac yéu cau chung khi thiét ké véi CPLD/FPGA.

7. Trinh bay luu d6 thiét ké cho CPLD/FPGA.



Churong 9 NGON NGU MO TA
PHAN CUNG VHDL

GIOI THIEU

Ngay nay, cac mach tich hop c6 mat do ngay cang 16n va ngay
cang thuc hién dugc nhiéu chtrc nang, h¢ théng dién t&r ndi chung, h¢
thdng sb néi riéng ngay tré nén phirc tap. Do d6, van dé thiét ké mach
cang trd nén phuc tap. Nhimg phuong phap truyén théng nhu ding
phuong phap t6i thiéu hoa ham Boolean hay dung so d6 cac phan tir
khong con dép tng duoc cac yéu cau dat ra khi thiét ké. Nhuoc diém
16n nhat cta cac phuong phap nay 1a chung chi mé ta dugc hé théng
dudi dang mang ndi cac phan tir v6i nhau. Nguoi thiét ké can phai di
qua hai budc thuc hién hoan toan thi cong: d6 1a chuyén tir cac yéu
cau vé chuc ning cua hé théng sang biéu dién theo dang ham Boolean,
sau cac budc toi thiéu hoa ham nay ta lai phai chuyén tir ham Boolean
sang so dd mach cua hé thong. Ciing twong tu khi phan tich mot hé
théng ngudi phan tich can phai phan tich so d6 mach cta hé thong, roi
chuyén n6 thanh cac ham Boolean, sau d6 moi 1ap lai cac chiic nang,
hoat dong cua h¢ théng. Tét ca cac budce ndi trén hoan toan phai thuc
hién thu cong khong co bt ky sy tro giup nao cliia may tinh. Ngudi
thiét ké chi co thé stir dung may tinh lam coéng cu hd trg trong viéc vé
so d6 mach ctia hé thong va chuyén tir so dd mach sang cong cu tong
hop mach vat Iy ding cong cu tong hop “Synthesis”. Mot nhuoc diém
khac nira ciia phuong phap thiét ké truyén thong 13 su giéi han vé do
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phuc tap cia hé thdng duogc thiét ké. Phuong phap dung ham Boolean
chi c6 thé dung dé thiét ké hé thong 16n nhat biéu dién boi vai trim
ham. Con phuong phéap dua trén so dd chi ¢ thé dung dé thiét ké hé
thdng 16n nhat chira khoang vai nghin phan tir.

Nho sy trg giup déc luc cia may tinh, phuong phap thiét ké, thir
nghiém, phén tich cac hé thong s6 st dung cic ngdn ngir mo ta phan
cling ndi bat 1én véi cac wu diém hon hin va s& dan thay thé cac
phuong phap truyén théng. Sy ra doi ctia ngdén ngit md phong phan
cing da giai quyét dugc rit nhiéu nhugc diém 16n cia cac phuong
phap thiét ké trude day: Néu cac phuong phap cii doi hoi phai chuyén
d6i tir mo ta hé théng (cac chi tiéu vé chitc ning) sang tap hop cac
ham logic bang tay thi budc chuyén d6 hoan toan khong can thiét khi
ding HDL. Hau hét cac cong cu thiét ké dung ngoén ngit md phong
phan ctng déu cho phép sir dung d6 hinh trang thai cho cac hé théng
tuan ty ciing nhu cho phép sir dung bang chan 1y cho hé thong mach
tich hop. Viéc chuyén dbi tir cac biéu dd trang thai hay bang chan Iy
sang mi ngdn ngit md phong phan cimg duoc thuce hién hoan toan tir
dong nho phan mém thiét ké trén may tinh.

Nho tinh d& kiém tra thir nghiém hé thdng trong sudt qua trinh
thiét ké ma nguoi thiét ké co thé d& dang phat hién cac 16i thiét ké
ngay tir nhiing giai doan d4u, giai doan chua dwa vao san xuét thir, do
do tiét kiém duoc lugng chi phi ddng ké boi tir ¥ tuong thiét ké dén
tao ra san pham ding nhu mong mudn 1a mot viée rat kho tranh khoi
nhiing kho khan, that bai.

Khi moi linh vuc ctia khoa hoc déu phét trién khong ngimg thi
su phirc tap cua hé thong dién tir ciing ngay mot ting theo va gan nhu
khong thé tién hanh thiét ké thii cong ma khong cé sy trg gitip cta cac
loai may tinh hién dai. Ngay nay, ngoén ngit md ta phan cimg HDL
dugc dung nhiéu dé thiét ké cho céc thiét bi logic 1ap trinh duwgc PLD



Chirong 9: Ngén ngit mé tda phan cirng VHDL 481

tir loai don gian dén cac loai phuc tap nhu FPGA, ciing nhu thiét ké hé
théng VLS.

Trong toan bd luu dd thiét ké cho CPLD hodc FPGA, bude nhap
thiét ké 1a budc quan trong va ton nhiéu cong sitc nhét, né quyét dinh
phan 16n dén két qua cia cong viée thiét ké. Cac cong cu thiét ké hd
trg nhiéu phuong phap nhdp thiét ké khac nhau, tuy nhién phuong
phap nhap thiét ké ding ngén ngit mo ta phan cimg HDL 1a wu viét
hon ca va duoc st dung chi yéu trong qua trinh thiét ké s6 noi chung
va thiét ké cho CPLD/FPGA néi riéng. Hién nay c6 nhiéu ngén ngir
HDL dugc sir dung (nhu VHDL, Verilog, ABEL...), tuy nhién trong
gido trinh nay chi gidi thiéu phuong phap thiét ké dung ngdén ngir
VHDL va giéi thiéu nhimg dic diém cua VHDL khién nd dugc tré
thanh mdt ngoén ngltr HDL khong nhiing dugc giang day va st dung ¢
nhiéu truong dai hoc trén thé gidi ma con duoc su dung boi hang dién
tir 16m.

Tom lai ngudi sir dung c¢6 thé ding VHDL dé mo ta cau tric va
hoat dong cia mdt mach s6, sau d6 ma VHDL nay co thé dung dé mo
phong hoat dong ctia mach sb trén may tinh hay duoc téng hop thanh
file netlist roi dugc anh xa dén mot phan cing thuc ding cong nghé
logic s6 nao d6 dé thuc hién hé mach s6 nhu da mé ta. Vi du duéi day
1a m6 ta VHDL cho mach cong toan tong.
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-- Ma VHDL mbé ta& ciu truc,

hoat déng cua mach sé

ENTITY full adder IS

PORT (a, b, cin: IN BIT;
s, cout: OUT BIT);

END full adder;

ARCHITECTURE dataflow OF [:::$>

full adder IS Full_adder
BEGIN

s <= a XOR b XOR cin;

cout <= (a AND b) OR (a

AND cin) OR
(b AND cin) ;
END dataflow;

9.1. LICH SU PHAT TRIEN CUA VHDL

VHDL 1 ngén ngit mo ta phan cing cho cic mach tich hop tdc
d6 rat cao, 1a mot loai ngdn ngit mo ta phan cng dugc phat trién ding
cho truong trinh VHSIC (Very High Speed Intergrated Circuit: Mach
tich hop téc do rat cao) ciia B6 Qudc phong My. Muc tiéu cua viée
phat trién VHDL 13 ¢6 dugc mot ngdn ngit mod phong phan cimg tiéu
chuan va thong nhét cho phép thir nghiém cac hé théng s6 nhanh hon
cling nhu cho phép dé dang dua cac hé théng d6 vao tmg dung trong
thuc té. Ngon ngir VHDL dugc ba cong ty Intermetics, IBM va Texas
Instruments bat dau nghién ctru phat trién vao thang 7 nam 1983.
Phién ban dau tién dugc cong bd vao thang 8 nim1985. Sau 6 VHDL
duoc dé xuét dé t6 chirc IEEE xem xét thanh mot tiéu chuin chung.
Nam 1987 IEEE di dua ra tiéu chuan vé VHDL dau tién (tiéu chuin
IEEE-1076-1987). Tir d6 cac phién ban tiép theo cua tiéu chuan da ra
doi. Pa sb cac phén mém thiét ké hién nay déu hd tro VHDL.

Tiéu chuan IEEE-1076-1987 quy dinh:

- Céc kiéu dir lidu co ban: sé hoc (integer, real), kiéu logic (bit,
boolean), kiéu ky tu (character), kiéu thoi gian (time), mang bit
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(bit_vector), mang ky tu (string), cting cac phép toan voi cac kiéu dir
liéu do.

- Céc cau trac 1énh tuan ty va song song.

- Céc don vi thiétké...

Pé mé ta duoc cac tin hiéu logic nhiéu trang thai, IEEE da b
sung tiéu chuan IEEE 1164 quy dinh kiéu dir liéu logic c6 téi 9 trang
thai (std_ulogic va kiéu mang std_ulogic_vector) cting cac phép toan
voi kiéu dit lidu do.

Nam 1993, IEEE dua ra phién ban IEEE-1016-1993 bd sung
thém nhiéu cdu tric, ca phap cho phép viéc dit tén linh hoat hon, bd
sung thém 1énh XNOR, kiéu ky tu xuit ra mdy in theo tiéu chuan
ISO-8859-1...

Phién ban tiéu chuan nam 2000 va 2002 bd sung mot sd ¥ tudng
vé VHDL huéng d6i tuong (gidng nhu C++) va bo mot s6 han ché
trong luat dit tén cong “port”.

Ngoai tiéu chuén IEEE 1164, IEEE con dua ra mot sd tiéu chuin
b6 sung cho VHDL nhu:

+ IEEE 1076.1 (VHDL-AMS) tiéu chuan VHDL m¢ rong cho
mo ta mach twong tw va mach tin hiéu hon hop s - tuong tu.

+ IEEE 1076.2 bd sung mdt sé kiéu dit liéu phuc (complex),
thuc (real).

+ IEEE 1076.3 b sung mot s6 kiéu di liéu co déu (signed) va
khong dau (unsigned).

+ IEEE 1076.4 - VITAL ASIC (Application Specific Integrated
Circuit) Modeling Specification bd sung thu vién VITAL quy dinh
dac tinh cia md hinh mach ASIC.

+ IEEE 1076.6 bd sung thu vién cho phép tong hop hé thdng sb
theo mé hinh ludng dir liéu RTL
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Nam 2006, Uy ban ky thuat VHDL cia Accellera dugc su ty
nhiém cua IEEE dé thuc hién céc cap nhat tiép theo cho tiéu chuan da
dua phién ban VHDL 3.0 (tiéu chuan VHDL-2006) ngoai viéc giir lai
day du phién ban tiéu chuan cii con thyc hién nhidu mé rong cho phép
viéc viét va quan Iy ma VHDL dé dang hon. Nhitng thay d6i quan
trong nhét 1a két hop (IEEE 1164, IEEE 1076.2, IEEE 1076.3) thanh
tiéu chuan chung IEEE 1076 -2006, mé rong cl phap linh hoat hon
cho ciu tric 1énh “case” va 1énh “generate”, két hop VHPI (VHPI -
interface to C/C++) va tap con cua PSL (Property Specification
Language). Nhiing thay d6i nay nang cao chit lugng ciia cac ma
VHLD cho phép tong hop, thyuc hién viét testbench linh hoat hon, cho
phép st dung rong rai hon viéc st dung VHDL cho viéc mo ta mirc
hé thong.

Nam 2008, Accellera da dua ra phién ban VHDL 4.0 (tiéu chuan
VHDL 2008), d giai quyét hon 90 van dé con ton tai ctia phién ban
VHDL 2006 va thém vao cac kiéu generic ning cdp va phién ban nay
du kién duoc dua ra duéi tiéu chuan IEEE 1076-2008.

Nhu vay VHDL luén luén dugc chuin hoa, bd sung, thay doi,
hoan thién... dé né co thé dap tng duoc su phic tap, yéu ciu ngiy
cang cao ciia hé théng dién tir néi chung, hé théng s6 néi riéng.

Trong chuong nay cdc md VHDL dugc sir dung chi yéu 1a theo
tiéu chuan IEEE-1076-2002.

9.2 NHUNG UU PIEM CUA VHDL

VHDL duoc phat trién dé giai quyét cac kho khin trong viéc mo
phong, thiét k&, phat trién, thay doi va lap tai lidu cho cac hé thong sb.
Nhu ta da biét, mot hé thdng sb c6 rat nhidu tai liéu mo ta. Dé c6 thé
van hanh béo tri sira chita mot hé théng ta can tim hiéu k¥ ludng tai
lidu d6. V&i mot ngdn ngit mod phong phan cimg tot vide xem xét cac
tai liéu mo ta trd nén dé dang hon vi bd tai liéu dé co thé duoc thuc thi
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dé mo phong hoat dong cua hé théng. Nhu thé ta c6 thé xem xét toan
bd cac phan tir ciia hé thong hoat dong trong mot mé hinh théng nhat.

VHDL duoc phiét trién nhu mot ngon ngir doc 1ap khong gin véi
bat ky mot phuwong phap thiét ké, mot bd mo ta hay cong nghé phan
ctig nao. Nguoi thiét ké co thé tu do lya chon cong nghé, phuong
phap thiét ké trong khi chi st dung mot ngén ngit duy nhét. Va khi
dem so sanh voi cac ngdn ngit md phong phan cimg khac ta thay
VHDL c6 mét sé vu diém hon han cac ngon ngit khac:

+ Thir nhat 13 tinh cong cong: VHDL duogc phét trién dudi su
bao trg cta chinh pht My va hién nay 1a mot tiéu chuén ciia IEEE.
VHDL duge sy hd trg ciia nhiéu nha san xuat thiét bi cling nhu nhiéu
nha cung cép cong cu thiét ké mo phong hé thong.

+ Thir hai 12 kha ning hd tro nhiéu cong nghé va phwong phap
thiét ké. VHDL cho phép thiét ké bang nhiéu phwong phap, vi du
phuong phéap thiét ké tir trén xudng hay tir dudi 1én dua vao cac thu
vién san c6. VHDL cling hd trg cho nhiéu loai cong cu thiét ké mach
nhu str dung cong nghé ddng bd hay khong dong bo, sir dung ma trn
lap trinh dugc hay sir dung mang ngau nhién.

+ Thtr ba la tinh doc 1ap véi cong nghé: VHDL hoan toan ddc
lap v&i cong nghé ché tao phan cimg. Mot mo ta hé thong ding
VHDL thiét ké ¢ mic cong logic c6 thé duge chuyén thanh cac ban
tich hgp mach khac nhau tuy thudc cong nghé ché tao phan cing méi
ra doi no c6 thé duge ap dung ngay cho cac hé théng da thiét ké.

+ Thu tu 1a kha nang mo6 ta mo rong: VHDL cho phép mo ta
hoat dong ctia phan clmg tir mirc hé thdng cho dén mirc cong logic.
VHDL c¢6 kha ning mé ta hoat dong ctia hé thong trén nhiéu muc
nhung chi st dung mot ¢ phap chat ché théng nhat cho moi mic.
Nhur thé ta ¢6 thé mé phong mot ban thiét ké bao gdm ca cac hé con
duge md ta chi tiét.
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+ Thir nam 13 kha ning trao doi két qua: Vi VHDL la mét tiéu
chuan duoc chép nhan, nén mdt mod hinh VHDL c¢6 thé chay trén moi
bd moé ta dap ing duoc tidu chuan VHDL. Céc két qua mé ta hé thong
c6 thé duoc trao ddi giita cac nha thiét ké st dung cong cu thiét ké
khac nhau nhung cung tun theo tiéu chuin VHDL. Ciing nhu mot
nhom thiét ké co thé trao d6i md ta mirc cao cua cac hé théng con
trong mot h¢ théng 16n (trong d6 cac hé con d6 duoc thiét ké doc 1ap).

+ Thir sau 1a kha nang hd tro thiét ké mirc 16n va kha ning sir
dung lai cac thiét ké: VHDL dugc phat trién nhu mot ngdn ngit 1ap
trinh bac cao, vi vay n6 co thé dugc sir dung dé thiét ké mot hé théng
16n véi su tham gia cia mot nhém nhiéu ngudi. Bén trong ngdn ngir
VHDL c¢6 nhiéu tinh ning hd trg viéc quan 1y, thr nghiém va chia sé
thiét ké. Va né ciing cho phép dung lai cac phan da c6 sin.

9.3 CAU TRUC NGON NGU' CUA VHDL

VHDL 14 ngdn ngit cho phép mé ta cac thiét bi phan cimg sb
triru twong, n6 khong dya vao cong nghé thiét bi phan cing sé hay
phuong phap duoc st dung dé thiét ké thiét bi sé cu thé nao do.
Nhitng khai niém, mé hinh triru twong cua thiét bi phan cimg s6 duoc
dua ra nhu 13 nén tang cua ngdn ngit. Do d6 dung VHDL cho phép
mo ta dugc hau hét cac hé théng phan cing sb. Cac mé hinh triru
tuong gém:

Mo hinh hanh vi (a Model of Behavior).

M0 hinh thoi gian (a Model of Time).

MBS hinh céu tric (a Model of Structure).

Dé thuc hién mé ta cho mot hé théng sb6 nao do can thuc hién
theo cac budc nhu sau:

- Phan tich yéu ciu cua hé thdng sb can phai thiét ké hodc can
phai mo ta.

- Phan tach hé théng thanh nhitng khéi con.
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- X4c dinh mé hinh mé ta pht hop cho mdi khéi con hodc cho ca
hé théng.

- Sir dung ngdn ngitr VHDL dé mé ta hé thdng sé theo cac mo
hinh d3 xac dinh.

Nhu vay viéce nédm chic ciu truc, ca phap, cdc m6 hinh mo ta cua
ngodn ngit 14 rat quan trong, quyét dinh chii yéu dén thanh cong trong
viéc mo ta hé théng s6 can thiét ké.

VHDL ciing c¢6 nhiéu diém gidng nhu mot ngon ngir 1ap trinh
bac cao, co chu tric, ¢ c phép riéng, c6 cach td chirc chuong trinh,
c6 tir khoa, c6 phuwong phap biéu dién s6 liéu riéng...

Céu tric ngdn ngit co ban cia VHDL gdm:

Po6i twong: Quy dinh cic dang tin hiéu cb dinh, tin hiéu, cong
vao/ra hay tin hiéu dém...

Ciac kiéu dir liéu: Quy dinh céc kiéu dir liéu c6 thé duoc diung
dé gan cho mdi ddi tuong.

Cac phép toan: Quy dinh cac phép toan st dung cho mdi loai
dir liu.

Cac don vi thiét ké: Cac thanh phan co ban cau tric 1én mot
chuong trinh ma mo ta duang VHDL.

Cac cdu tric 1énh tudn tu: Cau tric cau Iénh thyc hién theo
tién trinh tuan ty, thuong ding mé ta cac ciu tric mach tuan ty cia
mach sb.

Cic clu tric Iénh song song: CAu tric cau lénh thyuc hién song
song, thuong ding mé ta cac ciu triic mach td hop.

Chu y:

- Trong cac doan ma mo ta VHDL trong chuong cac tir khoa déu
duoc in dam.

- Trong VHDL khong phan biét chir hoa, chir thuong.
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- Ghi chu trong VHDL dung dau “-- (-- Ghi chii).

9.3.1 Poi twong trong VHDL

Trong ngdn ngit VHDL gdm c6 4 ddi tuong 1a: tin hidu - signal,
bién - variable, hing - constant, tham s chung — generic. M&i dbi
tuong dugc khai bao dya vao tur khoa tuong tng va ching c6é muc
dich stir dung khac nhau.

9.3.1.1 Tin hi¢u — Signal

La ddi tugng dé biéu dién duong két ndi gitta cac cong vao/ra
cua thuc thé (mach sé), gilra cac céng vao/ra cta cac khdi thanh phén
phan cimg bén trong mach so... Chiing 13 phuong tién truyén dir liéu
dong gitra cac thanh phan cta mach sb.

Tin hiéu c6 tinh toan cuc rét cao, ching c6 thé duoc khai bao
trong package (tin hi€u toan cuc, dugc sir dung bdi mot sb thuc thé),
khai bao trong thuc thé - Entity (tin hiéu ndi bo ding trong thyc thé,
c6 thé duoc tham chiéu boi bat ky kién trac nao cua thuc thé do), khai
bao trong kién trac - Architecture (tin hi€u ndi by dung trong kién
tric, c6 thé duoc st dung trong bat ¢t cAu tric 1énh nao trong kién
truc). Cac tin hi€u co thé duoc st dung nhung khong dugc khai bao
trong tién trinh - process, trong thi tuc - proceduce, trong ham -
function, vi tién trinh va tha tuc, ham 13 thanh phan co sé cia md
hinh va chung dugc coi nhu cac hop den.

Cu phap khai bao tin hi€u nhu sau:

Signal tén tin hiéu {,tén tin hiéu}:kiéu dix liéu
[:=gid tri khd&i tao];

Vi du: Signal a,b,c: Bit:='1"; -- Gi4 tri khoi tao
la ‘1’;
Signal y,reg: std logic vector (3 downto 0):="0000";
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9.3.1.2 Bién - Variable

La d6i tuong cuc bd duge sir dung dé chira cac két qua trung
gian. Bién chi duoc khai bio va st dung trong process va trong
procedure va function.

C1 phap khai bao ctia bién ciing twong tu nhu khai bao tin hiéu:

variable tén_bién {,tén_bién}: kiéu_dﬁ liéu

[:=gia tri khd&i taol;

Vi du: variable x: Bit:="1';
variable Q: std logic vector (3 downto 0);

Néu khong dugc khéi tao gia tri ban dau bién s& nhan gia tri ban
dau 1a gia tri thip nhét trong cac gia tri thudc mién xac dinh cua kiéu
dir ligu.

Dbi tuong tin hiéu - Signal ciing c6 thé chira dit liéu trung gian
nhung ching lai khong dugc sur dung vi nhitng 1y do sau:

- Viéc st dung bién hiéu qua hon vi gia tri cua bién duoc gan
ngay 1ap tirc trong process, trong khi d6 tin hiéu chi dugc 1ap ké hoach
dé thuc hién va chi duoc cap nhat toan bd sau khi két thic process.

- Trong qua trinh chay mo phong hay tong hop, bién chiém it bo
nhd hon trong khi tin hiéu can nhiéu thong tin dé c6 thé 1ap ké hoach
thuc hién ciing nhu dé chira cac thudc tinh cia tin hiéu.

- Sir dung tin hiéu phai yéu cau c6 lénh wait dé thuc hién
ddng bd phép gan tin hiéu véi phép lap thuc hién theo cach sir
dung quen thudc.
9.3.1.3 Héng - constant

béi tuong héng duoc gan cho cac gia tri cu thé cia mot kiéu dit
liu khi dugc tao ra va khong ddi trong toan bo qué trinh thuc hién.
Hing c6 thé ding dé mo ta cho tin hiéu khéng dbi (vi du tin hiéu
GND, Vcc,...). Hang ciing c6 tinh toan cuc giéng nhu tin hiéu va c6
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thé duoc khai bao trong package, entity, architecture, proceduce,

function, process...

Cu phap khai bao hang:

constant tén hidng {,tén hidng}:
kidu dir liéu:=gia tri khoi tao;

Vi du.‘ constant GND: std logic:="0';
constant PI: real:=3.1414;
constant datamemory: memory:= (('0','0','0','0"),
0','0','0",'1"),
0,0, 1Y, 1)) ;
9.3.1.4 Tham so chung - Generic
Dung dé khai bao tham sd cho mé hinh mach sb va chi duge
khai bao trong phan Entity (D& cap chi tiét trong phan 4.3.3).
Ct phép khai bao tham s chung:

Generic(Tén tham sé{,Tén tham sb}:

kiéu dit liéu:=gia tri khoi tao);

Vi du:
entity Logic AND is
generic(delay: Time:=1lns);
port (A, B: in std logic;
X: out std logic);
end Logic AND;
Tém lgi: Cic ddi tuong trong VHDL c6 muc dich sir dung,
pham vi st dung khac nhau, nhung chiung c6 cu phéap khai bao chung
nhu sau:

D6i_tuong tén déi tuong: kiéu duo liéu

{:=gia tri khoi tao}

Céac dbi twong khi khai bao phai dugc xac dinh kiéu dir liéu
tvong ung. VDHL dinh nghia nhiéu kiéu dir liéu khac nhau dé phu
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hop voi vide mé ta, thiét ké, moé phong cac hé théng sb khac nhau
trong thyc té.

9.3.2 Kiéu dir liéu trong VHDL

Trong VHDL c6 4 dang dir li¢u:

Vé hwdng: gom cac dir lidu c6 gia tri don nhu bit, boolean,
integer, vreal, physical, character, std logic va std_ulogic,
enumerated (kiéu liét ke)...

Kiéu ghép: cac dit liéu dudi dang mot nhom cac thanh phan nhu
mang, bang ghi (record). Bit_logic vector, std_logic vector va String
déu 1a nhitng dang di liéu ghép da duoc dinh nghia sin.

Ming hai chiéu (2-D Arrays): cac dit liéu c6 dang mang 2 chiéu,
duoc tao nén tir 1 mang ciia mot mang 1 chiéu (hay mot ban ghi).

Kiéu dit liéu con (Subtypes): tap dit liéu con ctia mot dir liéu da
co san, dugc nguoi dung tu dinh nghia dya trén nhiing dang c6 san.

Céc kiéu dit litu d3 duge dinh nghia trong goi dir licu chuan
trong thu vién chuan Standard Library cua VHDL la: bit, boolean,
integer, vreal, physical, character, std logic and std ulogic,
Bit logic vector, std_logic _vector va String va mot sb kiéu dir liéu
con. Do céc kiéu dit liéu trén di duoc dinh nghia trong cac thu vién
chuan ciia VHD nén khi str dung cac kiéu dit liéu nay chi can khai bao
thu vién twong Gmg dé c6 thé sir dung chiing ciing nhu cac phép toan
tuong ung véi chung.

C1 phap chung dinh nghia kiéu dir liéu trong VHDL nhu sau:

Type Tén kidu is gidi han gia tri cua kiéu

Céc kiéu dit liéu chuan duge trinh bay chi tiét sau dau:
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9.3.2.1 Kiéu vé huéng

- Bit: Kiéu liét ké véi 2 gia tri ‘0’ va ‘1’, ddc trung cho 2 mirc
logic thap va cao. Kiéu Bit da dugc dinh nghia nhu sau:

Type Bit is (‘0', ‘17);

- Boolean: Kiéu liét ké véi 2 gié tri false va true. Kiéu Boolean da
duchhﬂlnghﬂinhusau:rype Boolean is (false, true);

- Integer: Kiéu sb nguyén voi nhitng gia tri duong hoac am, do lon
mdc dinh la 32 bit véi gidi han gia tri: tor -2147483647 dén
+2147483647. Khi st dung co thé gi61 han mién xac dinh theo gio1 han
giam dan dung tir khoa downto hoic ting dan dung tir khoa to:

signal A: integer range 0 to 7;-- A sbnguyén 3 bit

variable B: integer range 15 downto 0;-Bsb nguyén 4 bit

signal C: integer range 15 downto -15;--C sbnguyén 5 bit

Céc cach biéu dién s6 nguyén dang thap phan:

+ digit[underlineldigit,

Vidu: 0, 1, 123 456 789, -123 5678..
+ digit (E)digit,
Vidu:: 98786 (=987.10°)..

Céc cach biéu dién duéi dang co sd xac dinh:

+ base#based integer#[exponent],

Vi du: 2#1100 0100#, 16#C4#, 4#301#EL1, (=196).

- Real: Kiéu sb thuc c6 gii han tir -1.0E+38 dén 1.0E+38, khac
v6i kiéu integer kiéu Real khi str dung thuong duoc dinh nghia thanh
kiéu dir liéu con riéng va c6 gidi han mién xac dinh, vi du:

signal a: Real:=-123E-4;

type CAPACITY is range -25.0 to 25.0;

signal Sig 1: CAPACITY:= 3.0;
type PROBABILITY is range 1.0 downto 0.0;
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constant P: PROBABILITY:= 0.5;

Céc cach biéu dién sb thuc:

+ Biéu dién dudi dang thap phan:

integer[.integer] [exponent]

Vidu: 0.0, 0.5, 1.1234 5678, 12.4E-9..

+ Biéu dién dudi dang co sb xac dinh:

base#based integer[.based integer ]#[exponent]

Vidu: 2#1.111 1111 111#E+11 (=1,1023.10°),

164F.FF#E2 (=4095.0)

- Character: Kiéu ky tu - kiéu dir liéu liét ké voi mién xac dinh
1a tap hop céac ky tu ASCII. Biéu dién cua gia tri Character: ‘A’, ‘a’,
k¢ NUL, ESC...

Kiéu Vit Iy - Physical: dugc sir dung dé biéu dién cac dai luong
vat ly nhu khoang céch, dién trd, dong dién, thoi gian... Kiéu vat ly
cung cép don vi co ban va cac don vi ké tiép duoc dinh nghia theo don
vi co ban, don vi nhé nhit c6 thé bicu dién dugc la don vi co ban.
Trong thu vién chuin caa VHDL kiéu Time (kiéu dir liéu thoi gian) 1a
kiéu vat 1y duy nhat da duoc dinh nghia.

type Time is range <xac_dinh gidéi han>
units

fs; -- Pon vi co ban
ps = 1000 fs;

ns = 1000 ps;

us = 1000 ns;

ms = 1000 us;

sec = 1000 ms;

min = 60 sec;

hr = 60 min;

End Units;
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Vi du su dung:

constant Tpd: time:= 3ns;

Z <= A after Tpd;

- Std_logic va Std_ulogic: kiéu dit liéu logic nhiéu mirc di duoc
dinh nghia trong gbi std_logic 1164, so v6i kiéu Bit thi chung co6 thé
md ta chinh xac va chi tiét hon cho cac phan ctng s6, ching con xac
dinh dugc cuong do khac nhau cta céc tin hi¢u $6. bay la cac kiéu dir
lidu rat quan trong thuong dugc st dung dé mé ta cho céc tin hiéu
trong cac hé théng s6 cho muc dich thiét ké, téng hop, hién thuc h¢
théng d6 bang mach ctng.

type std ulogic is type std logic is

(‘U’, -- Uninitialize (‘U’, -- Uninitialize
'X’, -- Forcing Unknown 'X”, -- Forcing Unknown
‘0’, -- Forcing Zero ‘07, -- Forcing Zero
‘1/, -- Forcing One ‘17, -- Forcing One
‘Z’, -- High Impedance ‘Z’, -- High Impedance
‘W’ , -- Weak Unknown ‘W”, -- Weak Unknown
‘L’, -- Weak Zero ‘LY, -- Weak Zero
‘H’, -- Weak One ‘H”, -- Weak One
'-' -- Don’t Care '‘-' —-— Don’t Care

) 7 ) 7

Y nghia cua cac muc logic nhu sau:

‘U’, -- Uninitialize: MGc khdi tao

‘X', -- Forcing Unknown: Mc khéng x&c dinh chiém uwu thé
‘0’, -- Forcing Zero: Mac logic thip chiém uu thé

‘1, -- Forcing One: Mac logic cao chiém uu thé

‘Z', -- High Impedance: MGc trd khang cao

‘W, -- Weak Unknown: Mtc khéng xdc dinh yéu
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‘I.’, -- Weak Zero : Mic logic thip yéu
‘H’, -- Weak One : MGc logic cao yéu
‘=Y —- Don’t Care : Khédng quan tadm dén mic logic

Céac muc logic chiém wu thé bao gio cling c6 cudng do 16n hon
cac murc logic yéu, vi du néu dau ra ciia mot cong logic cé trang thai
cao dugc ndi véi tin hiéu GND, trong truong hop ndy thi ddu ra chinh
1a mirc logic cao yéu ‘H’ con tin hiéu GND c¢6 mic logic thip chiém
wu thé 0°, nhu vay muc trang thai cua dau ra dé sé bi kéo xuéng murc
logic chiém uu thé “0’, diéu nay c6 thé 1am hong cong logic.

Hai kiéu dit liéu std_logic va std_ulogic twong tuy nhau, ching
chi khac nhau ¢ chd 1a kiéu std_ulogic khong c6 ham phan giai
(unresolved), con kiéu std_logic c6 ham phéan giai — ham quyét dinh
gia tri tin hiéu, do d6 s& c6 16i khi céc tin hiéu kiéu std_ulogic dugc
nbi chung vao 1 diém. Thu vién ciing cung cdp ham phat hién 13i nay
ctia cac tin hiéu kiéu std_ulogic.

Néu khong cé rang budc gi dic biét khi thiét ké hé thong sb thi
nén dung kiéu std_logic. Vi thuc thé hé théng sb hay duoc thiét ké
theo kiéu sir dung bus tin hiéu chung, nén s& c6 nhiéu tin hiéu khac
nhau cta cac khdi con khac nhau cing ndi chung vao bus.

Vi du nhu cach mo ta sau cho ta th?iy su khac nhau vé viéc sir
dung kiéu dir liéu std_logic va std_ulogic trong qua trinh chay md
phong hay tong hop tir md VHDL. Theo ma mé ta thi tin hiéu A, B, C
cung ndi chung vao tin hiéu Out 1, Reg Out. Vi Reg Out c¢6 kiéu
std_logic, nén chuong trinh s& khong bao 15i vi kiéu dir liéu nay co
ham phan giai dé quyét dinh muc logic cia Reg Out theo cac mic
logic chiém wu thé trong 3 tin hiéu A, B, C.
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signal A,B,C,Res Out: std _logic ;
signal Out 1: std _ulogic ;

Out 1 <= A ; Res Out <= A;
A Out 1 <= B ; Res Out <= B;
Out 1 <= C ; A Res Out <= C;
B I
ut 1 B Res Out
¢ N
Cé 161i!!! C

Thuc hién duoc

(Ky hi¢u “<=" dung ¢ trén la 1énh gan tin hi¢u (s€ duoc trinh bay
chi tiét hon & phan sau) 1énh géan tin hi¢u thyc hién duogc vai 2 dir liéu
cung kiéu, cung do 16n, gia tri cua tin hi¢u bén phai s€ dugc gan cho
tin hi€u bén trai).

So sanh 2 bang chan 1y sau dé hiéu hon vé ham phén giai:

Bang 9.1: Bang chan ly ciua ham AND va phan giai wrng voi Std_logic

v|Xx|0|1|Z |W|L|H|- U|lX |0 |1 |Z W | L H | -
U uvilvj|o|U|U|U 0\(U U u|luvu|U|U|U U U U U
X U|lX |0 |X |X |X 0 (X X U|lX | X | X |X | X X | X | X
0 o0 |00 |0 |O 0|0 0 U|lX |0 |X |0 0 0 0 X
1 Ulx |0|1|X|X 0|1 1 U|lX | X |1 1 1 1 1 X
z U|lX |0 |X |X |X 0| X z Uu|lXx |0 |1]|Z w | L H | X
Wl lU|X |0|X |X |X 0 (X Wi U |[X |0 |1 wilw | w|Ww]|X
L o0 |00 |0 |0 0|0 L UlXx |0 |1 L w | L w X
H UlXx |0|1 |X|X 0|1 H UulXx |0 |1 H w | W |H |X
- Ulx |0]|X |X |X 0| X - U|lX | X | X |X | X X | X | X

- Kiéu di liu ligt ké tw dinh nghia: Kiéu dir liéu liét ké, do
ngudi sir dung tu dinh nghia, cho phép mé ta rat rd rang va linh hoat
cho cac mo hinh phan ctng sb voi muc do triru tuong cao. Kiéu dir
liéu nay dung nhiéu mo ta dd hinh trang thai (may trang thai), cac hé
thdng phirc tap. ..
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Vi du:
type My State is ( RST, LOAD, FETCH, STOR, SHIFT);

signal STATE, NEXT STATE: My State;

Kiéu dir lieu My State gom 5 gia tri RST, LOAD, FETCH,
STOR, SHIFT. Cac chuong trinh phan mém thiét ké thuong mic dinh
ma hoa céc gia tri d6 bang s6 nhi phan 3 bit. Tuy nhién cac chuong
trinh phan mém thiét ké thuong cho phép gan gia tri bit nhi phan tily y
cho cac gia tri cua kiéu dir liéu liét ké tu dinh nghia nay.
9.3.2.2 Kiéu dir liéu ghép

Twong tu cic ngdn ngir lap trinh, VHDL ciing c6 cac kiéu dir
lidu ghép 1a nhoém cac phan tir dir liéu theo dang mang (array) hoic
bang ghi (record).

+ Mang — Array:

Mang 1a nhém nhiéu phan tir c6 cung kiéu dir liéu véi nhau
thanh ddi twong duy nhat. Mdi phn tir cia mang c6 thé duoc truy cip
bang mot hodc nhiéu chi s6 ciia mang. C phap dinh nghia kiéu dir
liéu mang nhu sau:

Type tén mang is array (khoang cua chi sb6) of
kiéu cua phdn tir;

Vi du mét sé cach khai bao va sit dung dir li¢u mang:

type WORD is array (3 downto 0) of std logic ;

signal B bus: WORD ;

type DATA is array (3 downto 0) of integer range 0 to 9;

signal C bus: DATA ;

Céc kiéu dir liéu mang da dugc dinh nghia trong thu vién chuan
ciia VHDL (c4c kiéu dir liéu vector) 1a:

Bit logic_vector (mang dir liéu kiéu Bit).

Std_logic vector (mang dir liéu kiéu std_logic)
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Std_ulogic_vector (mang dit liéu kiéu std_ulogic).

String (mang dit lidu kiéu Chacracter).

Ngoai ra c6 kiéu Signed (Kiéu logic c¢6 dau) va Unsigned (Kiéu
logic khong dau) duoc dinh nghia trong thu vién std logic arith.
Chung twong ty nhu kiéu std_logic_vector. Vi Signed thi bit dau tién
1a bit ddu va s6 am dugc biéu dién dudi dang ma bu 2. Vi du “1101¢
néu 1a kiéu Unsigned thi c6 gia tri thap phan 1a 13, con néu 1a kiéu
Signed thi co6 gia tri thap phan la -3.

Mot sb vi du str dung cac kiéu dit liéu vector nhu sau:

signal My BusA, My BusB: bit_vector (3 downto 0);
signal My BusC: bit_vector (0 to 3);

signal Data Word: std logic vector (11 downto 0);
signal Datal: signed (0 to 7);

signal Data2: unsigned (8 downto 1);

variable Warning2: string(l to 30):= “ Unstable,
Aborting Now” ;

constant Warning3: string(l to 20):= “ Entering
FSM State2”;

Mot s6 phép toan thao tac véi phan tir mang:
- Phép gin cho mdng: 2 mang phai cung kiéu, cing do 16n, phép
gan s& thyuc hién gan theo timg phan tir theo thir tyr tir trai sang phai:

My BusB <= My BusA ; My BusC <= My BusA ;
3 2 1 0 3 2 1 0
My BusA My BusA
My BusB My BusB
3 2 1 0 0 2 ;

Data Word <= ”101001101111";
Data Word <= X”AGF”;
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Data Word <= 07”5157";

Data Word <= B”1010 0110 1111”;

Cach biéu dién so liéu bit vector va std _logic vector: B|O|X
"gia tri” (ding diu nhay kép). Trong d6 B: Binary -Kiéu nhj phan,
O: Octal - kiéu bat phan, X: hexadecimal.

X”1AF”=B”0001 1010 1111”= B”000 110 101 111”=0"0657"

- Phép gop (): cho phép nhom cé dir liéu vo hudng va dir lidu
mang dé thuan tién cho cac phép gan cho méang:

signal H BYTE, L BYTE: std logic_vector (0 to 7);

signal Q Out: std logic vector (31 downto 0);

signal A, B, C, D: std logic;

signal WORD: std logic vector (3 downto O0);

(A,B,C,D)<=WORD; -- A<=WORD[3], B<=WORD[2],
C<=WORD[1], D<=WORDI[O0].

e
A

Chii y: Phép gop & vé bén trai chi dung vé6i kiéu ditr lieu vo
hudng.

WORD <= ( 2 => ‘1’, 3 => D, others => ‘0’ ); —--

WORD="D100"

Q Out <= (others => ‘07);

WORD <= ( A, B, C, D),

H Byte <= (7]6]0=>"1", 2 to 5 => ‘0’ );-- Bit 7, 6, O
cua H Byte

-- duoc gan bdng ‘l’, tu bit 2 d&én bit 5 duoc gan
bdng ‘0’.
L Byte <= (3=>'1’, 1 to 2 => ‘0’, 4 to 7 => ‘1’);
Chu y: “others” c6 thé duoc su dung khi gan mac dinh, né c6
¥ nghia 1a cac tit ca cdc phan tir con lai duoc gan biang mot gid tri
nao do).

+ Bang ghi - Record:
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Béang ghi 1a nhém nhiéu phan tir c¢6 kiéu dir liéu khac nhau thanh
doi tugng duy nhat.

Mbi phan tir ciia ban ghi dugc truy nhép téi theo tén trudng.

Céc phan tir cia ban ghi c6 thé nhan moi ki€u cua ngdn ngir
VHDL ké ca mang va bang ghi.

Vi du dinh nghia kiéu dir li¢u bang ghi nhu sau:

type OPCODE is record

PARITY: bit;

ADDRESS: std logic vector ( 0 to 3 );

DATA BYTE: std logic vector ( 7 downto 0 );

NUM VALUE: integer range 0 to 6;

STOP_BITS: bit vector (1 downto 0);

end record ;

—_— — —_— —>
ADDRESS DATA BYTE NUM VALUE STOP BIT

PARITY

signal TX_PACKET, RX PACKET: OPCODE;

Céch truy nhap va gan dir li¢u cho cac truong cua bang ghi: Cac
phan tir ciia bang ghi duoc truy nhap theo tén bang ghi va tén truong,
2 thanh phan nay duogc ngin cach boi dau *.°. Xét mot s6 vi du sau dé
hiéu cach truy nhap va gan dit lidu cho bang ghi:

TX_PACKET <= (‘'1’,70011”,7111010107,5,710");

TX_PACKET.ADDRESS <= (“0011”);

TX_PACKET <= RX PACKET;

TX PACKET.ADDRESS <= RX_ PACKET.ADDRESS;
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9.3.2.3 Kiéu div li¢u méng 2 chiéu (2-D Array)

Mang 2 chiéu 1a kiéu dit liéu mang cta cac phan tor mang mot
chiéu hay bang ghi. Mot s6 vi du dinh nghia va khai béo kiéu dir liéu
mang 2 chiéu nhu sau:

type Mem Array is array (0 to 3) of std logic vector
(7 downto 0);

type Data Array is array (0 to 2) of OPCODE;

signal My Mem:Mem Array;
signal My Data:Data Array;

-- Vi du tng dung ding mang 2 chiéu kh&i tao mét viung

nhé&é ROM

constant My ROM:REM Array:= (0 =>(others=>‘'1'),-- gan

cho phédn tu tht nhét
1 => “10100010”, -- gan cho phédn tu thu 2
2 => “00001111”, -- gan cho phédn tu thu 3
3 => “11110000”);-- gan cho phan tu thu 4

9.3.2.4 Kiéu dir ligu con
La mot tap hop con cia cac kiéu dit liéu da dugc dinh nghia
khac. Phép khai béo kiéu dit liéu con c6 thé nam & moi vi tri cho phép
khai bao kiéu dit liéu. Ca phéap khai bao chung:
Subtype Tén kiédu dit 1iéu con is
x4c_dinh kiéu dit liéu con;
Vi du:subtype My Int is integer range 0 to 255;
subtype My Small Int is My Int range 5 to 30;
subtype word is bit vector (31 downto O0);

9.3.2.5 Tong két

Trong VHDL c6 nhiing 1énh chi dung cho muc dich m6 phdéng
ma khong thé tong hop dugc mach cung.

Bang tong két sau dua ra kiéu dir lidu c6 thé duge ding dé viét
ma VHDL c6 thé tong hop dugc mach cing:
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Bdng 9.2: Kiéu dir liéu diing dé viét ma VHDL
6 thé tich hop trén mach

Kiéu dir 1liéu Gia tri cé thé téng hop duogc
BIT, BIT VECTOR ‘07, M1
STD_LOGIC, ‘X, o', ‘1", ‘Z'" (resolved)

STD LOGIC VECTOR

STD_ULOGIC, X, ‘o', ‘1', YZ' (unresolved)
STD ULOGIC VECTOR

BOOLEAN True, False
NATURAL T 0 tdi +2.147.483.647
INTEGER T -2.147.483.647 dén

+2.147.483.647

SIGNED T -2.147.483.647 dén
+2.147.483.647

UNSIGNED T O to +2.147.483.647

Kiéu sb nguyén tu dinh | Tdp con cta INTEGER

nghia

Kidu di@r 1iéu liét keé Cac gid tri dugc liét ké bdi
ngudi dung

SUBTYPE Tép di liéu con dugc dinh nghia

ARRAY Mang cua bat ky kiéu dit liéu nao
& trén

RECORD Bang ghi chta bat ky kiéu di

liéu nao & trén

9.3.3 Cac phép toan trong VHDL

9.3.3.1 Todn tw logic

Toan tur logic gém c6: AND, OR, NAND, NOR, XOR, NOT,
XNOR duogc str dung cho cac dang dir li€u 1a bit, boolean, bit_vector,
std_logic_vector.
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A F

G
Vidu:Z<=AandB;Y <=Gor(FandH) ;
Chu y:

Toan tir logic ding cho kiéu dit liéu mang co nguyén tic thuc

hién nhu sau:

+ Chi thyc hién voi cac mang cing kiéu, cing do 16n.

+ Phép toan logic thyc hién véi timg phan tir ciia mang va theo
thir tu tUr trai sang phai.

+ Toén tir not c6 d6 vu tién cao nhat:

Vidu: Z <= not A and B -- = (not A) and B.

A vec(7)—
B_vec(7)—

}
—T A‘Vec(ﬁ)_} C_vec(6)
}

signal A vec, B vec, C_vec: C_vec(7)

bit vector (7 downto 0);

B_vec(6)—
C vec <= A vec and B vec;
A_vec(5)

B veo(5)— C_vec(5)

A_vec(0)

B_vec(0) C_vec(0)

9.3.3.2 Todn tir quan hé
Toén tor quan hé dugc su dung cho hau hét cac dang dir li€u, tat
ca cac toan tir quan hé déu cho gid tri tra vé dudi dang boolean.

Toan tir quan hé gom co: =, /=, <, <=,>, >=.

Vidy: signal FLAG BIT: boolean ;
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signal A, B: integer ;
FLAG _BIT <=(A > B);
- Nguyén tic thue hién phép quan hé véi dit 1iéu mang:
+ Céc mang phai cing kiéu, d6 dai c6 thé khac nhau.
+ Mang c6 do dai khac nhau thi phép quan h¢ thyc hién uu tién
phan tir tir tréi sang phai va so sanh theo gia tri ASCII.
signal A vec: bit vector ( 7 downto 0 ):= “110001107;
signal B vec: bit_vector ( 5 downto 0 ):= “111001";

if ( A vec > B vec ) then
State <= Normal;

else

State <= Code_ Red;

end if;

9.3.3.3 Todn tir s6 hoc

Toan ti s6 hoc dugc st dung cho kiéu dit lieu Integer, Real,
Signed, Unsigned, cdc dagng di lieu vat ly, Std logic,
Std_logic vector, Bit, Bit vector. Can chu y rang khong phai tit ca
toan tir s6 hoc déu co thé st dung cho kiéu dir liéu mang.

Céc toan tir s6 hoc 1a: +, -, *, /, abs (tri tuyét déi), ** (ham mil).
9.3.3.4 Toadn tir dich

Toan tir dich 13 toan tir taic dong 1én toan hang kiéu Bit_vector dé
tao ra cac phép dich hoac quay dir li¢u. Cu phap cua toan tur dich:

Todn hang trai Toan Tu dich Todn hang phai;

Trong d6: <Toan hang trai> phai 1a kiéu Bit vector s& dugc
dich hoac quay dir li¢u, <Toan hang phai> xac dinh s6 vi tri duge
dich hodc quay va phai c6 kiéu s nguyén mang gia tri duong hoic
am, néu 1a gia tri 4m sé& chi ra huéng nguoc lai véi gia tri dwong. Mai
phép dich cho két qiia ciing dang va kich thudc voi toan hang ban dau.
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Céac toan tur dich trong VHDL la: sll (dich trai logic), srl (dich
phai logic), sla (dich trai s6 hoc), sra (dich phai sé hoc), rel (quay
trai), ror (quay phai).

Vi du:

signal A vec: bit vector (7 downto 0):= “11000110”;

signal D vec: bit vector (7 downto 0);

D vec <= A vec D vec Dich trai 2 bit va vi tri bén

sll 2; ="00011000" phai dwoc dién gia trj 0.

D vec <= A vec * D vec Dich phai s hoc 2 bit va vj

sra 2; ="11110001" tri bén trai dwoge gilv nhw gia
tri ban dau.

D vec <= A vec D vec Quay phai 3 bit.

ror 3; ="11011000"

D vec <= A vec D _vec Dich phai 2 bit va vi tri bén

srl 2; ="00110001" trai dwoc dién gia tri 0

D vec <= A vec D vec Dich phai sé hoc -2 bit (dich

sra -2; ="00011000" trai s6 hoc 2 bit).

9.3.3.5 Todn tir ghép noi
Toan tir ghép ndi “&” cho phép ghép ndi mot cach linh hoat cac
dir liéu don va dir liéu dang mang thanh cac mang 16n hon.
Vi du:
signal A vector, B vector: std logic vector (7 downto 0);

signal Z vector: std logic vector (15 downto 0);

Z vector <= A vector & B vector;,

9.3.3.6 Toadn tir tach

Toéan tir tach cho phép ta ldy ra mot sé thanh phan cua mang,
chiéu chi sé cuia phép tach phai cung chidu danh chi s6 da dinh nghia
cho mang.

Vi du:
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signal Z vec: std logic vector (15 downto 0);

signal B vec: std logic vector (7 downto 0);

B vec <= Z vec (12 downto 5);
9.3.3.7 Todn tir thugc tinh

Toan tir thudc tinh cho phép xac dinh thudc tinh dir li¢u cua doi
tugng bién va tin hi¢u. Ca phap chung:

‘ BBi_tu,ong’thu,éc_tinh

- Céc thudc tinh cho kiéu dit liéu mang trong VHDL 1a:

+ d’left, d’right: Tra lai chi s6 cia phan tir bén trai nhat hodc
bén phai nhit cua dit liéu mang d.

+ d’high, d’low: Tra lai chi s6 ciia phan tir cao nhat hodc thap
nhit cta kiéu dir liéu mang d.

+ d’range, d’reverse range: Xac dinh khoang cta chi sb cua
mang d.

+ d’length: Tra vé s6 lugng cac phan tir ctia mang d.

- C4c thugc tinh cho kiéu dit li¢u liét ké

+ d’val(pos): Tra vé gia tri tai vi tri dugc xéc dinh pos.

+ d’pos(value): Tra vé vi tri cua gia tri x4c dinh value.

+ d’leftof(value): Tra vé gia tri bén trai cta gia tri xac dinh value.

+ d’val(row, column): Tra vé gia tri tai vi tri ¢ hang, cot
xac dinh.

- Cac thudc tinh cho tin hiéu

+ s’event, s’stable: Tra vé gia tri boolean, chi ra rang trén duong
tin hiéu s c6 xuat hién sy kién thay doi hay gié trj trén dudng tin hiéu
6n dinh tai thoi diém hién tai. Cac thude tinh ndy ding nhiéu véi 1énh
wait va if.
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+ s’active: Tra vé gia tri “true” néu s=*1".

+ §’quiet (time): Tra vé gia tri “true” néu khong co sy kién nao
xay ra d6i véi tin higu s trong khoang thoi gian xac dinh time.

+ s’last_event: Tra vé thoi gian ké tir khi ¢ sy kién méi nhat
xay ra dbi voi s.

+ s’last_active: Tra vé thoi gian ké tir khi s=*1"

+ s’last_value: Tra vé gia tri cua s truéc khi xay ra sy kién
m&i nhat.

Vi du str dung toadn tir thudc tinh nhu sau:

signal clk: std logic:='0’;

PROCESS (clk)

TYPE bit4 IS ARRAY (0 TO 3) of BIT;

TYPE bit strange IS ARRAY (10 TO 20) OF BIT;
VARIABLE lenl, len2: INTEGER;

BEGIN

If (clk’event and clk="1’)then —-- su kién co suon

duong cua clk.

lenl:= bit4’LENGTH; -- returns 4
len2:= bit strange’LENGTH; -- returns 11
End if;

END PROCESS;

- Thudc tinh tu dinh nghia: Nguoi sir dung ¢ thé tu dinh nghia
ham thudc tinh véi ¢ phap nhu sau (viét trong goi dir liéu package
cua thu vién do nguoi st dung tao ra:

ATTRIBUTE Tén thudbc tinh: Kiéu thubc tinh; -- Khai bdo
chung

ATTRIBUTE Tén thudc tinh OF Tén dbéi tuong: Loai doi tuong

IS gid tri;-- Xdc dinh gia tri cua thudc tinh
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Trong do:
+ Kiéu_thuéc tinh: Kiéu dit liéu tra vé cua thudc tinh (Boolean,
Integer, std_logic_vector...)

+ Loai_déi_twong: Kiéu ddi tugng cta thudce tinh (Type, Signal,

Function...).

Vidu:
ATTRIBUTE number of inputs: INTEGER; -- Khail bdo chung
ATTRIBUTE number of inputs OF nand3: SIGNAL IS 3; —-- xac

dinh gid tri cua thudbc tinh

inputs <= nand3'number of pins; -- attribute call, returns 3

9.3.3.8 Bién doi dir li¢u

VHDL khong cho phép thuc hién cac phép toan tryc tiép (sd
hoc, logic...) gilra cac sb liéu c6 kiéu dit liéu khac nhau. Vi vay can ¢o
ham bién doi dir liu tir kiéu nay sang kiéu khac theo 2 cach nhu sau:

- Viét mot doan ma VHDL dé thyc hién bién doi dit lidu

- Str dung ham — Function trong c4c Packet da dugc dinh nghia:
Néu céc dit lidu ¢o quan h¢ chat ché v6i nhau (vi dy nhu 2 toan hang
c6 cung co s& “base”, mac du dugc khai bdo theo 2 16p kiéu khéc

nhau), thi goi std_logic_1164 cta thu vién IEEE c6 cung cap cac ham

9
ALY

bién do6i dir liéu truc tiép giita chiing gidng nhu “ép kiéu” trong ngdn
ngir 1ap trinh C/C++. Xét vi du dudi day:
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TYPE long IS INTEGER RANGE -100 TO 100,

TYPE short IS INTEGER RANGE -10 TO 10,

-- Kiéu long va short cung co so la kiéu INTEGER
SIGNAL x: short;,

SIGNAL y: long;

y<= 2%*x + 5; -- 13i, vi k&t qua vé trdi va vé phai khdéng
cing kiéu

y<=long (2*x + 5); --OK, Di# liéu vé phai duoc chuyén ciing

kidu vé trdi.

Mot s6 ham bién d6i dir liéu duoc cung cip trong goi
std logic_arith nhu sau:

+ Conv_integer(p): Bién d6i tham sb p c6 kiéu dir liéu integer,
unsigned, signed, std_logic sang kiéu integer.

+ Conv_unsigned(p, b): Bién d6i tham sb p co kiéu dir liu
integer, unsigned, signed, std_logic sang kiéu unsigned kich thudc b bit.

+ Conv_signed(p, b): Bién d6i tham s6 p co kiéu dit lidu integer,
unsigned, signed, std_logic sang kiéu signed kich thudc b bit.

+ Conv_std_logic_vector(p, b): Bién d6i tham sb p c6 kiéu
integer, unsiged, signed hodc std logic sang kiéu std logic vector
kich thudc b bit.
9.3.3.9 Pinh nghia cdc todn tir chong

VDHL cho phép dinh nghia cac toan tir chong theo cac toan tir
da duoc dinh nghia giéng nhu khai niém “overloading” trong ngén
ngtr 1ap trinh C++.

Vi du toan tir “+” cho dir liéu kiéu Bit chwa duoc dinh nghia
trong cac thu vién chuin, nguoi st dung co thé viét thém ham
(FUNCTION — s& dugc dé cap chi tiét & phan sau) dinh nghia cho
toan tir “+” cho kiéu dit liéu d6 nhu sau:
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FUNCTION "+" (a: INTEGER, b: BIT) RETURN INTEGER IS
BEGIN
IF (b='l') THEN RETURN a+l;
ELSE RETURN a;
END IF;
END "+";
SB@ d@ng todn tB “+” B trén nhB sau:
SIGNAL inpl, outp: INTEGER RANGE 0 TO 15;
SIGNAL inpZ2: BIT;
(...)
outp <= 3 + inpl + inp2;

Trong biéu thirc “outp<=3+inpl+inp2;’’, phép “+” dau tién da
dugc dinh nghia trong thu vién chuan giita 2 s6 Integer, con phép
cong thir 2 1a toan tir “+” da duoc dinh nghia theo kiéu “overloading”
o trén.
9.3.3.10 Téng két

Bang tong két cac phép toan trong VHDL nhu sau:

Bang 9.3: Cac phép toan trong VHDL

Phép todn Todn t7 KiRu dn lifu
Phép gan <=,:=, => Bat ky kiéu du liéu nao
Phép toan NOT, AND, NAND, BIT, BIT VECITOR,
logic
g OR, NOR, XOR, STD LOGIC,
XNOR STD LOGIC VECTOR,
STD ULOGIC,
STD ULOGIC VECTOR
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Phép todn +, =, %,/ ** INTEGER, SIGNED, UNSIGNED
sbé hoc

(mod, rem, abs)-
chi dung cho mé

phong
Phép quan | =, /=, <, >, <=, TaAt ca cdc kiéu di 1iéu o
hé >= trén
Phép dich sll, srl, sla, BIT VECTOR

sra, rol, ror

Phép goép & (rrr ) BIT, BIT VECTOR,

STD LOGIC,
STD LOGIC VECTOR,

STD ULOGIC,
STD ULOGIC VECTOR

9.3.4 Cac don vi thiét ké trong VHDL

Céac don vi thiét ké chinh 1a thanh phan ciu trac chinh (giéng
nhu khung chuong trinh) dé viét ma lénh mé ta VHDL cho mach
hay hé thdng sb. Mdi don vi thiét ké s& co cac nhiém vu riéng biét
khéc nhau.

VDHL str dung 6 don vi thiét ké gém 2 loai: Pon vi co ban va
don vi thiét ké tha cap:

- Don vi thiét ké co bin:

Library: Cho phép tao thu vién trong VHDL

Package: Tao céac goi gitr li€u trong Library, nhu céc khai bao
cac doi tuong, khai bao thu tuc, ham...

Entity (Thuc thé): Cho phép khai bao cac giao dién ciia mot khoi
thiét ké s6 nao do: nhu khai béo cac cong vao/ra, cac tham sé cua khoi
mach...

- Don vi thiét ké thir cdp (phu thudc vao mot don vi thiét ké
co ban):
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Architecture: MO ta hoat dong bén trong ctia mdt Entity hay day
chinh 14 phan mé ta hoat dong ciia khdi mach s6.

Package Body: M6 ta chi tiét cho cac khai bao trong Package
nhu viét cic ham, céc thu tuc...

Configuration: Pon vi thiét ké cau hinh cho phép gan cac phién
ban cua thuc thé vao nhitng kién trac khac nhau. Cau hinh ciing c6 thé
dugc sir dung dé thay thé mot cach nhanh chong cac phan tir cua thuc
thé trong cac biéu dién cu trac cua thiét ké.

Quan h¢ va céac don vi thiét ké c6 quan h¢ nhu hinh sau:

Main Code
Khai bao NOi dung Library
Library 7 M Package
Functions
Entity Procedures
Components
Constants
Architecture Types

Hinh 9.1 Céc thanh phan co ban ciia md VHDL
9.3.4.1 Entity (Thuc thé)

Day 1a phan khai bao tham sb, chi tiéu, giao dién cong vao/ra
cho phan tir, khdi con hay ca hé thong s6. Ta c6 thé cé tat ca cac thong
tin dé két nbi phan tir mach ndy vao phan tir mach khac trong hé théng
hodc thiét ké tic nhan dau vao phuc vu cho muyc dich mé ta hoat dong
cua phén tr va hé théng s6 sau nay. Hoat dong that sy cua mach
khong nam ¢ phan khai bio nay ma dugc viét trong phéan

Architechture tuong ing.
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Trong nhiéu phan mém thiét ké cho phép viéc khai bao Entity
nay hoan toan tu dong. Ngudi st dung chi can sir dung mot bang sd
liéu vao nhap vao tén cac cong vao/ra, tham sb cho phan tir hay hé
thdng va gan kiéu dit liéu trong ng cho ching. Phan mém sé& ty dong
tao ra mi mo ta cho phan Entity.

Cu phap khai bao chung ctia mot Entity nhu sau:

entity Tén thuc thé is
generic (--Khai bdo danh sdch cdc tham s6 chung

Tén tham sb6: [Kiéu di 1liéu] [:=gid tri khoi tao];

)7
port (-- Khai bdo danh sdch dbéi tuong cdc port vao/ra

Tén céng: [mode] [Kiéu di liéu] [:=gid tri khoi tao];

);

end Tén thuc thé;

Trong khai bao trén:

+ Tham sb khai bao trong phan generic dung dé kiém soat, thay
ddi céu trac, hoat dong cua thyc thé, chung sé duoc truyén gia tri hodc
liy gia tri mic dinh ban dau khi thue thé duoc khoi tao. Tham sé nay
rat hiru ich khi thiét ké theo kiéu c4u truc, s& sir dung nhiéu thanh phan
ciu trac cung kiéu nhu khai bao cua Entity nhung c6 tham sb vé cau
tric, hoat dong khac nhau.

+ “-=“ Dau danh d4u dong chu thich (comment) trong ma mé ta
VHDL

+ [mode]: chi hudng tin hiéu cta cong co6 thé 1a: (in, out, inout
hodc buffer). Trong d6 cong dang in chi dung dé doc dir liéu. Cong
dang out chi ding dé gan gia trj dit liéu. Cong inout cho phép dong thoi
vira doc vira gan gia tri dir liu ¢ trong va ngoai chuong trinh. Cong



514 Gido trinh Dién tir s6

dang buffer cho phép ca 2 thao tac doc va gan dir li€u tir bén trong
chuong trinh, nhung chi cho phép doc dit li€u tir ngoai chuong trinh.

Vi du khai bao thuc thé cho mach sb “Circuit” nhu hinh vé bén:

entity Circuit is PLD

generic (delay:Time:=1ns) ; ¥
port(A, B: in std logic; A [}J—»

X: out std logic; Circuit Y
Y: inout std logic; B [}—» ,
Z: buffer std logic); -

end Circuit;,

9.3.4.2 Architecture (Kién triic)

Céu trac nay cho phép mé ta hoat dong bén trong cia thuc thé.
Cu phap chung ctia mot Architecture:

Architecture Tén kién truc of Tén thuc thé is

-- Thuc hién cdc khai bdo cho kién tric

Begin

-- Viét cdc mé ta hoat déng bén trong cho thuc thé

End Tén kién truc;

Phan khai bao kién tric ¢ thé bao gdm céc khai bao vé cac ddi
tugng signal, constant, kidu div li¢u, khai bao cac phén tor bén trong
hé thdng (component) hay cic ham (function) va thu tuc (proceduce)
s& dugc sir dung dé mo ta hoat dong cua hé théng. Tén kién truc 1a
nhan dugc dat tuy theo nguoi sir dung.

VHDL cho phép tao ra nhiéu mo ta Architecture cho mot thyc
thé, cho phép thuc hién nhiéu cach mé ta hoat dong khac nhau cho
mot thuc thé. Mdi cach mo ta hoat dong s€ tdi wu vé& mat thoi gian
thiét ké hay do tin ciy hay t6i uu vé tai nguyén st dung khi tong
hop...
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Thong thudng c6 thé sir dung 3 cach chinh mé ta kién tric cua
mot phan tir hay hé thong s d6 1a: mo ta theo mod hinh hanh vi
(Behaviour), md ta theo mé hinh cau trac logic (Structure) va mo hinh
ludng dir liéu (RTL). Tuy nhién dé mé ta cho mot hé thong, trong mot
kién triac c6 thé két hop sir dung 2 hodc cd 3 mo hinh mé ta trén dé
thuc hién cho tirng thanh phan con tuong tmg cta hé thdng sb. Trong
phan sau ctia cudn sach nay s& trinh bay chi tiét hon cac phuong phap

mo ta nay.
entity Half Add -- Vi du cac cach mo ta hoat dong
1S khac nhau cua thyc thé Half Add

architecture BEH of
Half Add is

-- Kién triic mé ta theo
mo hinh hoat dong

\ 4

end BEH ;

architecture RTL of -- Kién triic mo ta theo
JHalf Add is md hinh ludng dit liéu

end RTL ;

architecture XLX of

Half Add is -- Kién trac mo ta theo

mo hinh cau trac 16gic

\ 4

end XLX ;

Theo VHDL tiéu chuan thi mot Entity c6 thé c6 nhiéu
Architechture m6 ta hoat dong cho no6 theo cac cach khéac nhau, tuy
nhién da s cac phan mém thiét ké hién nay trong mot file md mo ta
VHDL thi chi cho phép viét mot Architechture, néu mudn viét nhiéu
cach mo ta hoat dong khac nhau thi co thé viét & nhiéu file khac nhau
va véi tén khac cua Entity nhung c6 giao dién hoan toan giéng nhau.
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Vi du mo ta hoat dong cho mach “Circuit” nhu sau:

-—- Khai bdo giao dién PLD

entity Circuit is ¥

generic(delay: Time:=Ins); A [J—

port(A, B: in std logic; Circuit Y
X: out std logic; B [}___> 7
Y: inout std logic; -

Z: buffer std logic);
end Circuit;

-—- M6 ta hoat déng
architecture Behavioral of
Circuit is

constant GND:

std logic:='0";

signal c: std logic;

begin
c<= A and B after delay;,
Y<=Y or Z; -- Y la inout
nén cé thé --vira ghi vioa
doc duoc

X<= ¢ xnor Y;

end Behavioral;

+ Package va Package Body

Package (g6i dit lidu) 1a don vi thiét ké co ban dung dé chira
nhitng khai bao cho cac dbi twong, khai bao thu tuc procedure, ham
function, kiéu dir liéu, component c6 thé dung chung cho nhiing thiét
ké, cau tric, dy 4n khac nhau...

Package Body 13 don vi thiét ké phy thudc dugce dung dé chua
nhimg mé ta chi tiét cho cac khai bao trong don vi thiét ké Package
nao do, mo ta chi tiét noi dung ctia cac ham, céc thu tuc... Package
Body thudng duoc viét ngay sau Package. Ct phap chung cac don vi
thiét ké Package va Package Body:
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package My Pack is

constant. ..

function bv_to integer
(BV: bit v..

return integer

component. ..
subtype. ..

end package My pack;

package body My Pack 1is

function bv_to integer
(BV: bit v..
return integer is
variable. ..
begin
for index in BV'range

loop

end function;

end My Pack ;

—_TF Liprary (Inowvien)

-- Cdch sir dung
package trong file
mbé ta VHDL.

library IEEE;

Thu viéc chudn

use
IEEE.std logic 1164
.all;

-- Trong phdn mém
thiét ké ISE gdéi du
1iéu do nguoi si
dung tao ra thuong
duoc tbé chic mic
dinh trong thu vién
“work”

Trong VHDL ¢6 céc thu vién thiét ké chuan, ngoai ra ngudi thiét
ké co thé tao cac thu vién thiét ké riéng. Trong mot thiét ké VHDL
nhiéu doan chuong trinh c6 thé duogc goi tu cac thu vién khac nhau.

Phan tich VHDL la mdt qua trinh kiém tra cac don vi thiét ké
VHDL dé cho diing cti phap va ngit nghia, cac don vi thiét ké VHDL
duoc luu vao thu vién dé sir dung sau nay. Thu vién thiét ké chura cac

nhitng phan tir thu vién sau:

Package: Chtra nhitng mo t4 khai bao dugc dung chung.

Entity: La nhimg mb ta giao dién thiét ké duoc dung chung.

Architecture: Nhitng mo ta hoat dong thiét ké dugc dung chung.

Configuration: La nhig phién ban cua thyc thé dugc dung chung.
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Céc don vi thu vién 1a cac ciu trac VHDL c6 thé duoc phan tich
riéng 1€ theo trinh ty nhét dinh.

Trong VHDL c6 thu vién thiét ké dic biét co tén 1a “work”. Khi
ngudi thiét ké bién dich mot chwong trinh viét trén VHDL nhung
khong chi r6 thu vién dich, chuong trinh nay s€ duoc bién dich va
chtra vao thu vién “work™.

Vi du cach goi va st dung thu vién nhu sau:

library My Lib ;
use My Lib.Fast Counters.all ;

entity Modl is
port (...);

+ Configuration (CAu hinh)

Mot thuc thé co thé c6 mét vai kién trac md ta hoat dong cho nod.
Trong qué trinh thiét ké c6 thé phai thir nghiém mot vai bién thé cua
thiét ké bang cach sir dung céc kién tric khac nhau. C4u hinh 13 thanh
phan co ban cua don vi thiét ké. Cau hinh cho phép gin cac phién ban
cta thyc thé vao nhing kién trac khac nhau. Cau hinh ciing c6 thé
dugc sir dung dé thay thé mot cach nhanh chong cac phan tir cua thuc
thé trong cac biéu dién cdu tric cua thiét ké.

Cu phap ctia md ta cau hinh nhu sau:

Configuration tén cidu hinh of tén thuc thé is
—-- Ph3n khai bdo cua cdu hinh (cho phép sir dung
-- cdc phdn tir trong package va library.

for ddc ta cua khbéi

{ménh d& use}

{cdc _ph&n tir ciia cdu hinh}

end fory;

Vi du:
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library ttl, work;
configuration v4_27 87 of processor is

use work.all;,
for structure view

for al:alu

use configuration ttl.sn741s181;
end for;

for ml,m2,m3: mux

use entity multiplex4 (behavior);
end for;

for all: latch -- use defaults
end for;

end for;,

end configuration v4 27 87;

9.3.5 Ciu triic chung ciia mot chwong trinh mé ta VHDL

Mo hinh cdu tric mé ta phan ctng sb va pham vi sit dung cua
cac dbi tuong trong VHDL c6 thé dugc tong két don gian nhu trong
hinh 9.2:

Phin cing cong nghé logic s6 (CPLD/FPGA)

Entity
Architecture
Process
<+——> 4
)
-
Input Ports Output Ports

Hinh 9.2: Cdu triic mé ta phan cirng va cdc doi twong trong VHDL



520 Gido trinh Dién tir s6

Sau day la ciu truc chung don gian ctia mot chuong trinh mé ta
VHDL.:

-- Vi du cdu triuc 1 file mé ta cho mét hé théng phdn ciing
sé dung VHDL

-- Khai bdo thu vién, (mdc dinh cdn khai bdo thu vién IEEE
(thu vién

-- chudn da duoc xdy dung).

library IEEE;...

-- Khai bdo gdéi di liéu (package) trong thu vién cdn sir
dung:

use IEEE.STD LOGIC 1164.ALL;...

-— Khai bdo thuc thé
Entity Tén thuc thé is

-- Khai bdo cdc tham s6 generic néu can:

Generic(-- khai bdo danh sdch cdc tham s&);

Port (-- Khai bdo danh sdch cdc céng vao/ra);
End Tén_thuq_thé;

-- B3t dau viét
Architecture Tén kién truc of Tén thuc thé is

{Khai bdo:kiéu di liéu, cdc component,cdc déi tuong
constant, signal}
Begin

{ Viét cdc mbé ta dung clu trac lénh song song }

Process (—-- danh sdch tin hidu kich thich néu cdn)
{Khai bao:kiéu dg liéu, cdc déi tuong bién
constant, variable }
Begin
{ Viét cdc mé ta dung clu trac lénh tudn tu }

End process;

{ Viét cdc mé ta dung cidu tric lénh song song hay
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process khac }

End Tén_kién_trﬁc;

Vi du:

-- Khai bdo thu vién chudn
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;
—-— Khai bdo giao dién
entity Circuit is

generic( delay: Time:=Ins);

port (A, B: in std logic ;

X: out std logic;,

Y: inout std logic;

Z: buffer std logic) ;
end Circuit;

-- M6 ta hoat déng
architecture Behavioral of Circuit is
constant GND: std logic:='0';

signal c: std logic;

begin

c<= A and B after delay;,

Y<=(Y or Z) or GND; -- Y 1la inout nén cé thé vira ghi vua
doc duoc

X<= ¢ xnor Y;

End Behavioral;
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9.3.6 Mbi truwong kiém tra “testbench”

Mot trong cac nhi¢ém vu rat quan trong la kiém tra ban mo ta
thiét ké. Kiém tra mot mé hinh VHDL duoc thuc hién béng cach quan
sat hoat dong cuia nd trong khi mé phong va cac gid tri thu dugc c6 thé
dem so sanh véi yéu cau thiét ké.

Moi truong kiém tra c6 thé hiéu nhu mot mach kiém tra 0. Moi
truong kiém tra sinh ra cac tic dong 1én ban thiét ké va cho phép quan
sat hodc so sanh két qua hoat dong cua ban mo ta thiét ké. Thong
thuong thi cac ban md ta déu cung cdp chuong trinh thir. Nhung ta
cling c6 thé ty xdy dung chuong trinh thir (testbench). Mach thtr thuc
chit 1a sy két hop ciia tong hop nhiéu thanh phan. N6 gom ba thanh
phan. M6 hinh VHDL can kiém tra, nguon dir liéu va bd quan sat.
Hoat dong cua mé hinh VHDL duoc kich thich bdi cac nguén dir liéu
va kiém tra tinh ding dan thong qua bd quan sat. Hinh 9.3 13 so do
téng quat ciia mot chuong trinh thir (Testbench).

Testbench dugc moé td nhu mot Entity khong co dau vao diu ra,
chi ¢6 tin hiéu bén trong dugc ghép téi khdi DUT can duoc kiém tra
theo kiéu cdu triic. Nguoi thiét ké s& mo ta cac tin hiéu bén trong nay
tao ra tin hiéu kich thich cho cac dau vao cua DUT va doc két qua ra
dé quan sat... P& mo ta cac tin hiéu vao kich thich thuong dung cach
mo ta theo hanh vi — behavioral.

Testbench Entity

Generics — Tao tham sb

L

Tao ngudn > Quan sat
tin hiéuvao | [ DUT > tin hisu ra
kich thich '

Trong dé: DUT: (device under test) mé hinh VHDL can kiém tra

Hinh 9.3: So dé tong qudt chicong trinh thir Testbench
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Vi du mo ta cho mach “Logic AND” nhu sau:

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
-—- Khai bdo giao dién
entity Logic AND 1is
port (A, B: in std logic ;
Y: out std logic);
end Logic AND;
-- M6 ta hoat dbéng
architecture Beh of Logic AND 1is
begin
Y<= A and B;
End Beh;,

Viét Testbench cho thuc thé “Logic. AND" da mé ta ¢ trén:

Test_bench

DUT

Mb ta tao Y ,
kich hoat | g g | Logic AND [—»{}—>i Quansat

Thuc thé Test bench khong cé cac cong vao/ra ma chi khai bao
cac tin hiéu ndi by A, B, Y dé ndi t6i khdi DUT can kiém tra
(Logic_ AND). Trong phan kién tric mé ta hoat dong cua Test_bench,
coi khdi Logic AND nhu mot component dé tao thanh khoi

Test _bench. Toan by ma mo ta cho Test bench nhu sau:

LIBRARY ieee;
USE ieee.std logic 1164.ALL;
-- Khai bdo thuc thé Test bench;
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ENTITY Test bench IS
END Test bench;
-- M6 ta kién truc cua Test bench
ARCHITECTURE behavior OF Test bench IS
COMPONENT Logic AND
PORT (
A: IN std logic;
B: IN std logic;
Y: OUT std logic
)7
END COMPONENT,
SIGNAL A: std logic:='0"';
SIGNAL B: std logic:='0"';
SIGNAL Y: std logic;
BEGIN
-- N6i chdn cbéng vao/ra cua DUT vdéi cdc tin hiéu cua
Test bench
Dut: Logic AND PORT MAP(

a => a,
b => b,
y =>Yy

) ;
tb: PROCESS
BEGIN
-- Viét mé ta tao kich thich
A<= '1'" after 10ns;
B<= '1' after 20ns;

END PROCESS;
—— *** End Test Bench - User Defined Section ***

END;
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Trong cac phan mém thiét ké sau khi hoan thanh cic mé ta cho
Test_bench, nguoi thiét ké s& chay cong cu mo phong, cac tin hiéu
dau ra cua DUT s& duoc méc tinh doc ra va cho phép nguoi thiét ké
quan sat d& dang duéi dang gian d6 thoi gian hay céc file s6 li¢u. ..

Nguoi thiét ké co thé d& dang viét cac mé ta kich thich dé tao ra
cac yéu cau kiém tra tiy ¥ cho ban thiét ké cuia minh. Nhiéu chtc ning

md phong, kiém tra dugc hd trg rat manh bdi cac phan mém thiét ke.

9.3.7 Cac ciu triic I¢nh song song

Nhu d trinh bay trong phan c4u tric chung ciia chuong trinh mo
ta VHDL, trong mo ta mot kién tric (Architecture) co chtra nhidu ciu
trac 1énh song song. Mdi ciu trac 1énh song song sé twong tmg voi
mot thanh phﬁn phﬁn cing nao do khi thyc hi¢n téng hop mach, mdi
ciu tric song song c6 thé viét & bat ky vi tri nao trong doan mé ta
Architecture ma chirc ning hoat dong ciia thyc thé khong thay doi.
Céc cu tric 1énh song song c6 trong VHDL gdm:

+ Céu trac process.

+ Lénh gén tin hiéu song song.

+ Lénh gan c6 diéu kién.

+ Lénh gén tin hi€u c6 lya chon.

+ Khdi.

+ Phép goi tha tuc, ham song song.
9.3.7.1 Céu triic Process

Céu trac Process dugc tao thanh tor mot tap hop cAu tric 1énh
tudn tu (dwoc trinh bay chi tiét & phan sau). N6 ciing 1a khéi co ban
cua viéc mo ta hoat dong cua thuc thé. Tat ca cac Process trong mot

thiét ké duoc thuc hién song song. Mdi mot Process co thé twong
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duong v6i mot khoi mach nao d6. Chu y 1a tai mot thoi diém xac dinh
chi ¢c6 mot cau Iénh tuan ty dugc thuc hién trong moi cau tric

Process. Cau tric tong quat cua Process nhu sau:

[Nhdn] Process [(Danh sach tin hiéu kich thich)]
[Khai bdo:kiéu do liéu, cdc déi tuong bién constant,
variable]

Begin

{Viét cdc mé ta dung clu trGc lénh tudn tu}

End process;

Trong d6 céc phan dit trong dau [ ] c6 thé c6 hodc khong.

- Nhan_lénh: Tuy thudc ngudi thiét ké dat tén.

- Danh sach tin hiéu kich thich: Danh sach cac yéu té kich thich
hoat dong.

Néu Process chira (danh sach tin hiéu kich thich) thi lic d6
Process s& duoc thuc hién khi c6 bat ky su thay ddi nao cua bat ky tin
hiéu nao trong danh sach tin hiéu kich thich. Diéu nay twong dwong
v&i Process khong chira danh sach tin hi€u kich thich nhung lai chira
1énh wait & vi tri cau 1énh cudi cung trong Process:

Wait on <danh sdch tin hiéu kich thich>

Khi tong hop mach thi mdi Process s& tuong tmg véi mot khoi
mach chtrc nang nao do. Con khi thyc hién mé phong, viéc thuc hién
mot Process bao gém viéc thuc hién lap lai cac cAu tric 1énh tuan tu
chtra bén trong than ctia Process. Gidng nhu mot vong 1ip vo han va
mdi budc lap duge thuc hién mdi khi co sy thay doi clia bat ky tin
hi€u nao trong danh sach tin hi¢u kich thich.

Vi du Process mo ta mach logic AND nhu sau:
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entity Logic AND is

Port ( A,B: in std logic;
C: out std logic);

end Logic AND;
architecture Behavioral of C
Logic AND is
begin

Process (A,B)

begin

C<= A and B;

end Process;

end Behavioral;

Khi dung Process dé mé ta kh6i mach t6 hop thi tit ca cac tin
hi€u vao ctia mach phai c6 trong “danh sach tin hi¢u kich thich”.

Con khi str dung Process dé mo6 ta khdi mach co phﬁn t0r tudn tu
(phan tir nhé) thi néu mudn thiét ké mach hoat dong theo tin hiéu
clock nao va khong déng b0 vai tin hi€u vao nao (vi du hoat dong theo
clk, khong déng bd voi tin hi¢u Reset) thi nhitng tin hiéu vao dé phai
duoc dua vao “danh sach tin hi¢u kich thich”.

Mot Process lién két v6i phan con lai cia thiét ké thong qua cac
thao tac doc cac gia tri tir cac tin hiu vao hay cac cong vao va ghi gia
tri vao cac tin hi¢u ra hay céng ra dugc khai bao ngoai Process. Chu y
khi thiét ké 1a mot tin hiéu c6 thé dugc dua vao (duoc doc gia tri trong
Process) nhiéu Process nhung chi nén dugc ghi ra boi mot Process.

Su hoat dong déng thoi ciia mdi Process va md hinh két ndi cua
ching dugc mo ta nhu hinh vé& 9.4, trong d6 tin higu s& truyén gi tri

gitta nhirg Process hoat dong dong thoi:
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Process 1 Process 2
C =
Bl o1 G2 C<=Aand B
G3
Process n Process n1

C<=Aand B Process n3

Process n4

Process n2

process (C,..)
begin

Hinh 9.4: Mo hinh két noi cua cac Process

9.3.7.2 Cac phép gan tin hiéu song song
Phép gan tin hi¢u song song st dung bén trong cac Architecture
nhung bén ngoai Process. Dang don gian nhit cua phép gan tin hiéu
song song cO cu phap nhu sau:
<tin hiéu dich><= <bidu thuc>[after<bidu thuc thoi gian>];
Trong d6 <tin_hiéu_dich> nhan gia tri cta <biéu_thirc>, chu y 1a
1énh after chi dung cho md phong con khi tong hop mach no6 sé& dugc
bo qua. Phép gan song song tuong duong mot Process chura 1 phép

gan tin hi¢u.
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Vi du mo ta mach AND va OR c¢6 cung 4 dau vao nhu sau:

architecture Behavioral of logicl is
signal 11, I2, 13, I4, AND out, OR out: std logic;

begin

AND out<= Il and I2 and I3 and I4;

OR out<= I1 or I2 or I3 or I4;

end Behavioral;

Poan chuong trinh trén tuong duong voi doan chuong trinh
VHDL véi cac Process chita cac phép gan tin hidu tuan ty (Iénh tuan
tu xem phan tiép theo):

architecture Behavioral of logicl is
signal 11, I2, 13, I4, AND out, OR out: std logic;
begin

process (11, 12, I3, I4)
begin
AND out<= Il and I2 and I3 and I4;
end process;
process (11, 12, I3, I4)
begin
OR out<= Il or I2 or I3 or I4;

end process;

end Behavioral;
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9.3.7.3 Phép gdn tin hiéu cé diéu kién

Phép gan tin hidu c6 didu kién 1a ciu trac léch song song thuc
hién phép gan gia tri cua cac biéu thirc cho mét tin hiéu dich tuy theo
cac diéu kién dit ra. Ca phap chung:

<tin hiéu dich> <= <biéu thuc>[after
<bidu thtc thoéi gian>] when
<diéu kién> else
<bidu thuc>[after <bidu thic thdi gian>] when

<diéu kién> else

<biéu thuc>[after <biéu thic thoi gian>];

CAu trac phép gan tin hiéu c6 diéu kién co thé coi 1a cdu tric
song song cua 1énh tuan ty If duoc thay thé twong duong v6i Process
chtra 1énh tuan tu ift

Vi du md ta ciu triic chon kénh 4 dau vao, 1 dau ra Z va tin hi¢u
chon kénh 2 bit Sel nhu sau:

architecture ... architecture ...
begin begin
Z <= A when Sel="00" process (A,B,C, SEL )
else Py begin
B when Sel="10" else case (SEL) is
C when Sel="11" else when “007 =>Z <= A;
X when “107 =>7 <= B;
end architecture;, when "“117 =>7 <= C;
when others =>7<=
A ‘X7,
— end case;
B_, Z end process;,
X —> end architecture;
—>
C

Sel
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9.3.7.4 Phép gan tin hi¢u theo lwa chon

Phép gan tin hi¢u theo lya chon thuc hién gan cho mot tin hi¢u
dich v6i biéu thirc with. Cau triic nay co6 thé coi nhu 13 cdu triic song
song cua lénh tudn tu case, nd co thé thay thé tuwong duong véi
Process chia 1énh tuan tu case. Ct phap chung cua 1énh with nhu sau:

With <biéu thuc lua chon> select
<tin hidu dich> <= <bidu thic> [after <bidu thic thdi gian>]
when <gid tri lua chon>,

<biéu thic> [after <biéu thuc thdoi gian>]
when <gid tri lua chon>,

<biéu_thiuc> [after <biéu_thiuc_thoi_gian>]

when others;,

Vi du md ta ciu trac chon kénh 4 du vao, 1 diu ra Z va tin hiéu
chon kénh 2 bit Sel nhu sau:

architecture. .. architecture. ..
with SEL select begin
Z<= A when "“007, - process (A,B,C, SEL)
B when “107, begin
C when “117, case SEL is
‘X’ when others ; when “00”7 => 7 <= A ;
end architecture; when “10” => Z <= B ;
when “117 => 7 <= C ;

when others => 7 <= X’;
end case;

end process;

end architecture;,

9.3.7.5 Khoi (Block)
Block bao gdm tip hop cac cu trac 1énh song song. Mot kién
tric c¢6 thé phan tach thanh mot sé ciu trac logic. Mdi khdi biéu dién
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mot thanh phén cua mo hinh va thuong duogc st dung dé td chirc mot
tap hop cac ciu triic song song phan cp. Ch phap chung:

<nhdn>: Block
{<phdn khai bdo>}
begin

{<cdu lénh song song>} — cé trinh tu bat ky

end block;,

<ph§n_khai_béo>: xac dinh cac dbi twong tdn tai cuc by trong
khéi va c6 thé 1a cac khai bao sau:

- Khai bao hang, kiéu dit liéu, tin hiéu.

- Théan thu tuc.

- Khai bdo component.

- Luat use — str dung trong Configuration.
9.3.7.6 Goi thiui tuc, ham song song

Phép goi thu tuc, ham song song tuong duong vdi cac Process
bao gdm céc phép goi thi tuc tuan tur tuong tng. Mdi phép goi thu tuc,
ham tuong duong v6i mot Process khong chira ddy danh sach céc tin
hiéu kich thich, phan khai bao rdng va phan than chtra mot phép goi
thu tuc, ham, tiép theo 14 mot cau 1énh wait. Chi tiét hon vé thu tuc va
ham s& dugc trinh bay trong cac phan tiép theo.

9.3.8 CAu triic 1énh tuin ty

Trong ngdn ngit VHDL mdt ciu tric song song quan trong la
Process. Ciu triic nay thudng duoc st dung dé mo ta hanh vi hoat
dong cua mach $6. Trong kién truc, tit ca cac Process sé& duoc téng
hop thanh mét khdi mach chic ning va thuc hién dong thoi khi mo
phong. Mot Process duoc xdy dung tir cac cau tric 1énh tudn tu. Khi
mo phong cac 1¢nh tuan tu duoc thuc hién 1an luot trong mot chu trinh
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v6 han bét dau tir 1énh thir nhat dén 1énh cudi va duoc kich hoat trd lai
thuc hién 1énh dau moi khi c6 bat ky su thay doi nao trong danh sach
tin hiéu kich thich hay trong danh sach tin hi¢u trong cau 1&énh wait.

Céc cau trac 1énh tuan ty co ban trong VHDL gdm:

+ Cau lénh gan cho bién.

+ Cau 1énh gén cho tin hi¢u.

+ Cau Iénh if.

+ Cau Iénh case.

+ Cau lénh rong Null.

+ Cac 1énh lap.
9.3.8.1 Phép gdn bién

Ct phép ctia phép gan bién nhur sau:

bién:= biéu thuc

Phép gan bién dugc thuc hién véi thoi gian mo phong bang 0 va
gia tri bién s& duoc cap nhat ngay gia tri cia biéu thirc. Déi tuong
<bién> chi dugc khai bao va sir dung trong Process va thu tuc, ham,
n6 dugce str dung dé luu trir cac két qua trung gian.

So sanh két qua mach s6 tong hop duoc cia mdi vi du sau:

process( Clk )
variable B, C, D: bit:= ‘1’ A— L—D
begin

If (Clk’event and Clk ='1’) then

B:= A ; —
Ck—p
C:= B ;
D:= C ;,
end if ;

end process ;...
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process( Clk )

variable B, C, D: bit:= ‘1’;
begin

If ( Clk’event and Clk ='1’ ) then
D:= C;

C:= B;

B:= A,

end if;

end process ;

A B c D

Clk‘l—> I—> |—>

Chu y trong 2 vi du trén, gid tri cac bién duoc cap nhép tic thi,
vi du thir nhat khi téng hop mach chi tao ra mét trigo D. Con véi vi du
thr 2 thir tu gan bién thay doi, két qua tao ra 3 trigo D. Trong vi du 1,
néu B,C,D la tin hiéu thi két qua hoan toan khac. Xem vi du & phan
phép gan tin hi¢u.
9.3.8.2 Phép gan tin hi¢u

C phap ctia phép gan bién nhu sau:

Tin hiéu dich<= biéu_thzic [after gia tri thoi gian];

Khac v6i phép gan bién, phép gan tin hiéu trong Process khong
dugc cip nhdp ngay tirc thi ma phép gan d6 chi dugce dat ké hoach

thuc hién va két qua chi dugc cap nhap sau khi két thiic Process.



Chirong 9: Ngén ngit mé tda phan cirng VHDL 535

Vi du:

Architecture Behavior of Trigo is
signal Clk, A, B, C, D: bit:= ‘'1’;

Begin

process( Clk )

begin

If (Clk’event and Clk ='1’) then
B <= A ;

C <= B ;

D <= C ;

end if ;
end process ;

End Behavior;

A B c D
C%L> r—> r—>
9.3.8.3 Lénh if

Lénh nay cho phép cac phép toan dugc thuc hién trén mot diéu
kién nao do. Co ba dang co ban la:
+ Dang 1:
if (Pidu kién) then
<Céq_céq_iénh_tu§n_tu>;
end 1if;
+ Dang 2:
if (piéu kién) then
<Céq_céq_iénh_tu§n_tu>;
else
<C4c_cadu lénh tudn tu>;

end 1if;
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+ Dang 3:

if (Ppiéu kién 1) then
<Cdc _c&u 1énh tuldn tu>;
elsif (Piéu kién 2) then
<C4c_cadu lénh tudn tu>;
elsif (Pidu kién 3) then

<Cdc cau 1énh t uén_ tu>;

else

<Cdc c&u 1énh tudn tu>;

end 1if;

Trong 1énh iffelse, ta phai chii y mot s6 diéu sau:

+ biéu kién ding du tién duoc tim théy s€ duogc thuc hién.

+ Cac diéu kién c6 thé chong chat 1én nhau.

+ Diéu kién dau tién trong 1énh if/else duoc uu tién.

Vi du:

process (A, B, C, D, Sel)

begin
If (Sel=“00”) then
Z<=A4;
elsif (Sel=“01"”) then
Z<=B;
elsif (Sel=“10") then
Z<=C;
elsif (Sel=%“11") then
Z<=D;
end if;

end process;

-- V&i mo ta trén ciu tric bén trong cua
mach ghép kénh 4 diu vao téng hop
duoc thuc su dugce xay dung tir 3 mach
ghép kénh 2 dau vao.

A
B
z
D_
Sdl
Y4
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9.3.8.4 Lénh case

Lénh case dugc st dung trong trudong hop c6 mot biéu thire dé
kiém soat nhiéu ré nhanh trong chuong trinh VHDL. Cac 1énh tuong
ung voi mot trong cac lya chon s€ dugc thuc hig¢u néu biéu thuc
kiém soat co gia tri bang gia tri twong tng cua lya chon d6. C6 hai
dang co ban:

Dang I:
Case (biéu thic kiém sodt) is
When <gia tri lua chon> =>
<Cdc ca u_l,énh_tu;ﬁn_ tu>;
When <gid tri lua chon> =>

<Cdc cdu 1énh tudn tu>;

end case;
Dang 2:
Case (selector expression) is
When <gid tri lua chon> =>
<Céc_céu_l,énh_tuén_t,u>;
When <gid tri lua chon> =>

<Cdc cadu 1énh t uén_ tu>;

When others =>
<Cdc _cdu 1énh tuldn tu>;
end case;
Céc chu y khi dung Iénh case:
+ Tt ca cac gia tri cia biéu thire lwa chon phai duoc chi 16.
+ Khong c6 céc gia tri lya chon bi chéng chét 1én nhau.
9.3.8.5 Céu l¢nh réng Null

Cau 1énh rong c6 ct phap nhu sau: Null;
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Trong VDHL khi chuong trinh mé phong gap cau 1énh Null n6
s€ bd qua Iénh nay va thyc hién I¢nh tiép theo sau. Thong thuong 1énh
Null dung & chi truong hop khong thuc hién cta 1énh mot cach tuong
minh khi ¢ cac diéu kién tra lai gia tri true. Do d6 1énh Null thuong
dugc dung trong céc cau 1é€nh case dbi voi nhitng gia tri lya chon

khong can thao tac. Vi du:

process (A, B, C, D, Sel) ™~
begin A—
case Sel is B —— 7

when “00”7 => Z <= A,
when “01” => Z <= B;
when “107 => Z <= C;
when others => Null;,

C_

Sel

end case;,

end process;

9.3.8.6 Cdc l¢nh lap

Lénh 1ap loop chira than vong lip bao gdm day cac cu lénh s&
duoc thyuc hién nhiéu lan.

Cu phép cua Iénh 13p nhu sau:

[<nh&n>:] [<so db 1dp>] loop
{<lénh tudn tu>}|
{next [<nh&n>] [when <diéu kién>];}|
{exit [<nh&n>] [when <didu kién>];}
end loop [nhédn];

- <nhan>: Nhan cua vong lip va thudng duoc dung dé xay dung
nhiing vong lip 16ng nhau, trong d6 mdi vong lap dugc két thuc bai tix
khoa end loop.

- <so_dd_lap>: Vong lap véi so dd lap for hoic vong lip while

va vong lap khong chira cac so do lip.
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Vi nhitng vong 1ap khong chaa [<so dd ldp>], cac 1énh trong

diy 1énh tuan ty s& duoc thyc hién cho t6i khi duoc ngat boi cau 1énh

exit. Trong d6 cau 1énh next ciing dugc dung dé thay ddi trinh tu thuc

hién than ctia vong lap.

Vi du vong lap khong chira so d6 lap:

process (A, B, C, D, Sel) \\\\
begin A—
case Sel is B—
when “00” => Z <= A ; ] — Z
when “01” => Z <= B ; C
when “107 => Z <= C ; D—
when “11”7 => Z <= D ;

end case ;

end process ;

Vi du vong l3p chta so d6 lap:

Count_down: Process
Variable Min,Sec: integer range 0 to 60,
Begin
L1: loop
L2: loop
exit L2 when (Sec=0);
walit until CLK’event and CLK="1’;
Sec:=Sec-1;
End loop L2;
Exit L1 when (Min=0),;
Min:=Min-1;
Sec:=60;
End loop LI1;

End process Count down;
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Vi du vong lap chia <so dd_lap> dang for:

process (A, B bus)
begin

for i in 7 downto 0
loop

C bus (i) <= A and
B bus (i);

end loop;,

end process;

hodc:
process (A, B bus)
begin

for i in 0 to 7 loop
C bus (i) <= A and
B bus (i);

end loop ;

End process;,

B_bus (7) ——

-
C_bus (6)
B_bus (6) ——

B_bus (0) ——

A ——
C_bus (7)

A ‘ C_bus (0)

Vi du vong lap chtra <so dd _lap> dang while nhu sau:

process ( A, B bus )
variable

i:integer:=0;,

begin

while (i<8) loop

C bus (i) <= A and

B bus (i);

1:=1+1;

end loop ;

End process;

D
C_bus (7)
B_bus (7) —
A _>— C_bus (6)
B_bus (6) —
s
C_bus (0)
B_bus (0) —

9.3.9 Ham va thii tuc

Thu tuc — Procedure va ham — Function con dugc goi chung la
chuong trinh con. V& mit cdu trac thi ham va thi tuc kha giéng véi
Process 1a chiing chi chura cac 1énh tudn ty. V& mat ung dung thi gilrta
Process va chuong trinh con c6 sy khac nhau co ban la: Process duogc
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mo ta ngay trong ma chuong trinh chinh va khong phai khai bao, con
chuong trinh con thuong dugc khai bao va mo ta trong thu vién
Library dé duogc sir dung chung va chia sé giira cac tmg dung khac
nhau, tuy nhién chwong trinh con ciing c¢6 thé duoc khai bao va mo ta
ngay trong ma chuong trinh chinh néu mudn.

9.3.9.1 Ham (Function)

Ham 12 mot doan m3 mo ta tuan tu, duge st dung xay dung cac
toan tir, phép toan méi cho cac bai toan nao d6 phai giai quyét ma ham
d6 chua c6 trong thu vién chuan. Cac phép toan thuong dugc viét 1a:
ham bién dbi dir liéu, ham logic, ham s6 hoc, toan tir va ham thudc
tinh... Ham dugc viét mot 1an va co thé duogc sir dung lai nhiéu lan
trong 1 Gng dung va chia sé gilrta cac ung dung, nhu vay s€ lam cho
ma chuong trinh chinh ngan va dé hiéu hon.

Céc ciu tric 1énh tuan tu (nhu If, case, loop,.. trir I¢nh wait) co
thé duoc st dung trong ham. Chi c6 bién — Variable va hing
Constant va danh_sdch_bién cia ham méi dugc khai bao va sir dung
trong ham. Signal va Component bén ngoai khéong dugc phép st
dung trong ham.

Cu phap dé khai bao va mo ta ham (phan Function body)
nhu sau:

-- Khai bao
FUNCTION Tén_ham [ (danh_sach bién)] RETURN kiéu dit liéu;

-- Function Body (M6 ta ham)
FUNCTION Tén_ham [(danh sich bién)] RETURN kiéu dit liéu
IS
-- Khai bdo CONSTANT, VARIABLE néu cé
BEGIN
(Viét mé ta ham dung cidu tric Lénh tudn tu)

END Tén ham;
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Trong d6: danh_sdch_bién xic dinh tham sé dau vao cho ham
c6 thé duoc khai bao 1a dbi tuong constant, signal cua cac kiéu dit
libu c6 thé tong hop duoc nhu boolean, std logic, integer,
std_logic_vector..., nhung khong dugc st dung range vdi integer va
khong duge st dung to/downto véi kiéu dir liéu vector.

Khi goi ham thi cac dbi tuong signal va constant s& duogc truyén
vio ham tuong ng theo danh_sdch_bién.

Chu y: Ham phai duoc tra vé 1 gid tri duy nhét c6 kiéu_dir_liéu
nhu di khai bao. Va trong danh_sdch_bién tix khoa cua hing constant
c6 thé dugc b di.

Vi du ham xéac dinh suon duong cua tin hi¢u clk nhu sau:

—————— Function body —-------

FUNCTION positive edge (SIGNAL s: STD LOGIC) RETURN
BOOLEAN IS

BEGIN

RETURN (s'EVENT AND s='1");

END positive edge;

Khi sir dung c6 thé goi ham trén nhu sau:

IF positive edge (clk) THEN...
Vi du ham bién d6i dir liu tr mang nhi phan sang s6 nguyén
nhu sau:

—————— Function body —-------------

FUNCTION conv_integer (SIGNAL vector: STD LOGIC VECTOR)
RETURN INTEGER IS

VARIABLE result: INTEGER RANGE 0 TO 2**vector'LENGTH-
1;

BEGIN

IF (vector (vector'HIGH)='1l') THEN result:=1;
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ELSE result:=0;
END IF;
FOR 1 IN (vector'HIGH-1) DOWNTO (vector'LOW) LOOP
result:=result*2;
IF (vector(i)='1"') THEN result:=result+1;
END IF;
END LOOP;
RETURN result;,

END conv_integer;

Khi stir dung c6 thé goi ham trén nhu sau:
Signal y: integer;
Signal a: Std logic vector (7 downto 0);

y<= conv_integer(a); -- Tin hiéu a duoc truyén vao ham.

Ham c6 thé dugec mo ta trong Package (+ Package body) cua
library hay trong chuong trinh chinh.

Vi du cach mo ta ham trong Package nhu sau:

-- X4y dung PACKAGE
-- Khai bdo thu vién chudn
LIBRARY ieee;
USE icee.std logic 1164.all;
PACKAGE my package IS
-- Khai bdo Ham muén mé ta
FUNCTION positive edge (SIGNAL s: STD LOGIC) RETURN
BOOLEAN;
END my package;

PACKAGE BODY my package IS
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FUNCTION positive edge (SIGNAL s: STD LOGIC) RETURN
BOOLEAN IS

BEGIN

RETURN s'EVENT AND s='1",
END positive edge;

END my package;

-- Ma chuong trinh chinh
LIBRARY ieee;

USE icee.std logic 1164.all;

USE work.my package.all;
ENTITY DFF IS

PORT (d, clk, rst: IN STD LOGIC;
g: OUT STD LOGIC);
END DFF;
ARCHITECTURE my arch OF dff IS
BEGIN

PROCESS (clk, rst)

BEGIN

IF (rst='1') THEN q <= '0';
ELSIF positive edge (clk) THEN g <= d;
END IF;

END PROCESS;
END my arch;

Néu mubén mé ta ham ngay trong chuong trinh chinh thi toan bo
ham d6 dugc viét trong phan khai bao ctia Architecture. Vi du cach ding
nay nhu sau:
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-- Khai bdo thu vién chudn
LIBRARY iecee;
USE ieee.std logic 1164.all;
-- Khai bdo thuc thé
ENTITY DFF IS
PORT ( d, clk, rst: IN STD LOGIC;
g: OUT STD LOGIC) ;
END DFF;
--M6 ta hoat dbéng
ARCHITECTURE my arch OF DFF IS
-— Phdn khai bdo cua ARCHITECTURE

FUNCTION positive edge (SIGNAL s: STD LOGIC)RETURN
BOOLEAN IS

BEGIN

RETURN s'EVENT AND s='1"';

END positive edge;,

-- Viét mé ta cho ARCHITECTURE
BEGIN

PROCESS (clk, rst)

BEGIN

IF (rst='l') THEN q <= '0';
ELSIF positive edge(clk) THEN g <= d;
END IF;

END PROCESS,

END my arch;

9.3.9.2 Thu tuc (Procedure)

V& co ban cu phap, cach goi, vi tri cua thu tuc - Procedure twong

tu nhu ham — Function, nhung tha tuc khong dugc tra vé gia tri.

Ch phap dé khai bao va mo ta thu tuc (phan Procedure body)

nhu sau:
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-- Khai bao
PROCEDURE Tén_thu_tuc [(danh _sach bién)];

-- PROCEDURE Body (M6 ta ham)
PROCEDURE Tén_ham [(danh sich bién)] IS

-- Khai bdo CONSTANT, VARIABLE néu cé
BEGIN

(Viét mé ta thu tuc dung cdu tric Lénh tudn tu)

END Tén thu tuc;

Vi du:

Thu tuc duge viét ngay trong chuong trinh chinh cua tng dung
mb ta bd xac dinh gi tri nhé nhit min_out va gia tri 16n nhit max_out
clia 2 gia tri dAu vao inp1, inp2 nhu sau:

inp1 —> —> min_out
min_max

inp2 — —> max_out

ena

LIBRARY ieee;

USE ieee.std logic 1164.ALL;

ENTITY min max IS

GENERIC (limit: INTEGER:= 255);

PORT (ena: IN BIT; —-- Tin hiéu cho phép enable
inpl, inp2: IN INTEGER RANGE 0 TO limit;

min out, max out: OUT INTEGER RANGE 0 TO limit);

END min max;

ARCHITECTURE my architecture OF min max IS
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-— Phadn khai bdo cua ARCHITECTURE
PROCEDURE sort (SIGNAL inl, in2: IN INTEGER RANGE 0
TO 1imit;
SIGNAL min, max: OUT INTEGER RANGE 0 TO limit) IS
BEGIN
IF (inl > in2) THEN
max <= 1inl;
min <= 1n2;
ELSE
max <= in2;
min <= inl;
END IF;
END sort;
BEGIN
PROCESS (ena)
BEGIN
IF (ena='l') THEN sort(inpl, inp2, min out, max out);
END IF;
END PROCESS;

END my architecture;

9.4 CAC MUC PQ TRUU TUQNG VA PHUONG PHAP MO TA
HE THONG PHAN CUNG SO

Str dung VHDL cho phép mo ta hé théng phan ctng sb theo cac
muc do truu tuong khac nhau. Hinh 9.5 trinh bay cac mirc d§ mo ta
triru twong giam dan khi str dung VHDL.

+ Mtrc md ta theo mo hinh hanh vi (Behavioral): miuc d0 mo ta
triru tugng cao nhat, kiéu mé ta ndy thuong dung cho mé hinh phan
cing dung cho mo phéng.

+ Mtrc m6 ta theo mé hinh ludng dir liéu RTL (Register Tranfer
Level) — goi tt 1a mé hinh RTL: Kiéu mo ta hé thong theo ting thanh
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phan cdu trac mach t6 hop va mach tuan tu, kiéu mé ta nay kha tdi vu
va cho kha ning tong hop cao, doc lap véi cong nghé.

+ Muc md ta theo mo hinh cau tric logic: Kiéu mo ta nay
thuong st dung cac cdu trac logic dd duoc xdy dung sin hodc chon
trong thu vién ctia nha cung cap phu hop voi loai cong nghé sir dung.

+ Mitc md ta theo ciu tric layout. Muc do mo ta chi tiét nhat,
md ta chi tiét t6i ciu trac bén trong nhitng tai nguyén di sin co trong
cAu kién, cach nay tdi wu cho viéc téng hop trén loai cAu kién, cong
ngh¢ da su dung.

Trong gido trinh nay cdc ma mo td& VHDL chi st dung theo 3
muirc: hanh vi, RTL va céu trac logic.

Chu ¥: Trong mdt chuong trinh mé ta ¢ thé chi str dung theo
mot cach mo ta hodc ciing c6 thé phai dung két hop ca 3 cach tiy theo
d6 phuc tap cia hé théng phan ctng s6, yéu cau vé thoi gian mo ta va
thiét ké, yéu cau vé su t6i wu phan cung. ..

- it chi tiét hon, -
trieu tvong hon A Behavioral — —
- Nhap thiét ké va
mo phdng nhanh hon —O— —
RTL [ r
AND_OR2
DFF

Logic

- Mb ta chi tiét hon va
tbi wu v&i cong nghé
- Nhap thiét ké va

mo phdng cham hon

L

CLB_ [ CLB_

v Layout | | R5C5 | | rR5cB

1 1l

Hinh 9.5: Cdc mirc d¢ mé ta hé thong phan cimg sé
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9.4.1 Phwong phap mé ta theo mé hinh céu tric logic

Mo hinh cdu trac ctia mot phan tir (hodc hé thdng) co thé bao
gdém nhiéu cdp ciu tric nhu bat dau tir mot cong logic don gian dén
xay dung mo ta cho mot hé théng hoan thién. Thuc chit cua viéc mé
ta theo mo hinh cdu triic 1a mo ta cac phan tir con bén trong hé théng
va sy két ndi cla cac phan tr con d6. Cach thirc mé ta cdu tric cia
thanh phan con ciing tuong ty nhu cach thirc mé ta thyc thé. Trudc hét
dé mo ta cdu tric cua thanh phan con, ching ta phai xac dinh rd cac
giao dién ctia thanh phan con. Céac giao dién nay chinh 1a cic duong
tin hiéu vao va ra tir thanh phan con.

Trude khi duoc s dung trong kién triic cta ca hé thdng, cac
thanh phan da duoc xdy dung (goi tit 1a cic component) phai dugc
khai bdo mdt cach twong minh theo cu phap sau:

Component <tén thanh phan>
Port (<khai bdo danh sdch cdc cbéng cuc bb;>)

-- Tuong tu nhu khai bdo trong thuc thé

End component;

Chu y: Cac cong vao/ra cua moi thanh phan con khong dugc ket
noi tryc tiép véi nhau ma phai ket noi thong qua tin hiéu ndi bd co
cung ki€u, cung do 1on voi cac cong vao/ra do.

Cu phap mo ta moc noi gitra cac thanh phan con nhu sau:

<nhdn khboi tao>:<tén thanh phdn>
port map ([<tén céng cuc bdé> =>] <biéu thic>

{[<tén céng cuc bé>=>]<biéu thuc>}) ;

CAu trac port map 4nh xa cac cong ciia phan tir vao céc tin hiéu.
Anh xa nay c6 thé hiéu nhu viéc két ndi cong tuong Gmg cta phan tir
vao dudng tin hidu. Cau trac port map dit twong tng mdi cong thuc
cua phién ban véi mot céng cuc by thanh phén. Thuc hién ndi cac
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cong vao/ra ctia cac thanh phan con véi cac chan vao/ra cua hé théng
hodc ndi véi tin hiéu nodi bd trong hé théng dé két ndi t6i cac céng
vao/ra cua cac thanh phén con khac. Anh xa dugc thuc hién theo vi tri
theo tén:

+ Khi st dung anh xa theo vi tri, chung ta dua ra danh sach cac
tin hi¢u tuan theo dung trat ty ma céng duoc khai bao.

+ Ddi v6i truong hop anh xa theo tén, ching ta sir dung ciu tric
anh xa tuong minh dit tvong tng vi mdi cong véi cac tin hidu thuc:

<tén_c5ng_quc_bé> => <tén tin hiéu thuc>

Vi dy: M6 ta mo hinh cdu tric mot thanh ghi 4 bit dugce xay
dung tir 4 trigo DFF. C6 thé mo ta trigo DFF sau d6 sau d6 mo ta so
d6 moc ndi cac phan tir trigo DFF tao thanh thanh ghi.

Mo ta trigo DFF nhu sau:

entity DFF is

port ( D, Clock: in std logic ; D

Reset: in std logic ; —_— —Q
Q: out std logic) ;

end entity DFF ;

architecture RTL of DFF is >

begin Clockl_ |
process (Clock, Reset) Reset
begin

If (Reset = '1’ ) them Q <= ‘0’ ;

elsif (Clock’event and Clock =

‘17) then

Q <=D ;

end if;

end process ;

Nhu vay trigo DFF dugc mo ta ¢ trén la dang trigo c6 Reset murc
tich cuc cao va khong dong bo.
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- Vi du: Mo ta cau tric cta thanh ghi 4 bit gdm 4 trigo D & trén
theo phwong phap ciu triic nhu sau:

entity REG 4 is REG 4
port (D in: in . EEEEEE—
std_logic_vector Din3 8? Qoufd)
(3 downto 0); —
Clk, Rst: in std logic; 1
Q out: out std logic vector Din2 DFF Qo2
(3 downto 0)); __w
end REG 4; T
_________________________ D in(1) OFF Q ou(1)
U
architecture Structural of —|
REG 4 is I
-- Khai bdo component can sir D in(0) DFF Q out(0)
dung Ck o
component DFF Rst I

port ( D,Clock: in

std logic;

Reset: in std logic;

Q: out std logic);

end component;
begin
-— Anh xa theo vi tri:
U3:DFF port map(D in(3), Clk,
Rst, Q out(3));
U2:DFF port map(D in(2), Clk,
Rst, Q out(2));
Ul:DFF port map(D in(1), Clk,
Rst, Q out(1));
-- Anh xa theo tén:
U0:DFF port map (Clock =>Clk, D
=>D in(0),

Reset =>Rst,Q =>Q out(0)),
end Structural;
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Vi du: M6 ta hé théng s6 “System” theo phuwong phap ciu triic tir

cac khoi con nhu sau:

—b System

(:>7a y a y4(:)

U1_Block1 U2_Block2

@7'3 b
©

-- Blockl.vhd: File mé ta khéi con tht nhat

entity Blockl is

Port ( a: in STD LOGIC;

b: in STD LOGIC;

y: out STD LOGIC);

end Blockl;

architecture Behavioral of Blockl is
begin

y<= (not a and b) or (a and not b);

end Behavioral;
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-- Block2.vhd: File mé ta khéi con thu 2

entity BlockZ2 is

Port ( a: in STD LOGIC;

b: in STD LOGIC;

y: out STD LOGIC);
end Block2;
architecture Behavioral of BlockZ2 is
begin

Y<= a xnor b;

end Behavioral;

-- System.vhd: M6 ta hé théng “System” theo mé hinh cau
triac

entity System is
Port ( a,b,c: in STD LOGIC;
z: out STD LOGIC);
end System;
architecture Behavioral of System is
-- Khai bdo cdc khbéi con sé dung trong hé théng
COMPONENT Blockl
PORT (
a,b: IN std logicy;
y: OUT std logic
);
END COMPONENT;
COMPONENT BlockZ2
PORT (
a,b: IN std logic;
y: OUT std logic
) ;
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END COMPONENT;
signal x: std_logic; -- Tin hiéu néi bé dung dé
néi gitta cdc khoi
begin
Ul Blockl: Blockl port map(a,b,x);
U2 BlockZ2: BlockZ port map (a=>x,b=>c,y=>z);

end Behavioral;

9.4.2 Phuong phiap mo ta theo m6 hinh hanh vi (Behavioral):

Pay 1a mac d6 mo ta triru twong nhét, chu yéu 13 mo ta theo
chtc ning ciia hé thong s6 theo yéu cau dau vao va dap ung ra s
dung céac ciu trac 1énh gidng nhu ctua ngdn ngit 1ap trinh bac cao nhu
Process, wait, If, case, for-loop... M6 ta theo cach nay tinh nglr nghia
tu nhién va giai thuat rat cao, nhép thiét ké rit nhanh, nhung cAu tric
ctia phan ctng thudng khong rd. Vi nhitng hé thdng phtc tap (nhat
1a c6 giai thut phirc tap), yéu cau can thiét ké nhanh ma khéng can
yéu cau vé muc d6 tdi uvu phan cing cao thudng dung cach mé ta
nay. Nguoi thiét ké chi mé ta chirc nang, hanh vi dugc mong doi ctia
thiét bi ding VHDL tir nhitng md ta hé thong dang vin ban va hay
lwu dd thuat toan. Phuong phap mo ta nay rat hay dung cho muc dich
mo phong.

Vi du: M6 ta hé théng canh bao theo md hinh hanh vi “Hé théng
gdm c6 dau vao tir cic bd cam bién (Front Door, Rear Door,
Window), dau vao tir ban phim bdm Keypad, tin hiéu Clk, Reset va
dau ra diéu khién coi bao dong Alarm_Siren”.

Chtrc nang hoat dong cua hé théng nhu sau: Néu mdi khi c6 mot
sensor nao do6 duoc kich hoat, thi hé théng kiém tra ma ban phim. Néu
sau 20 gidy ma khong c6 ma ban phim nhép ding nhap vao thi coi bao

dong s€ dugc bat 1én.
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Keypad Security_1
Front_Door

Alarm_Siren

—>

Rear_Door
Window

Clk

Reset

entity Security 1 is

port (Clk, Reset: in std logic ;

Keypad: in std logic vector (3 downto 0) ;
Front Door, Rear Door, Window: in boolean ;
Alarm Siren: out boolean ) ;

end Security 1 ;

architecture Behavioral of Security 1 is
constant Delay Period: time:= 20 s;

begin

process (Keypad,Front Door,Rear Door,Window)
begin

if (Front Door or Rear Door or Window ) then
if (Keypad = "“0011”) then

Alarm siren <= false ;

else

Alarm Siren <= true after Delay Period ;
end if ;

end if ;

end process ;

end Behavioral;

9.4.3 Phwong phap mé ti theo mé hinh ludng dir liéu RTL
Hé thdng dugc biéu dién theo mo hinh RTL bao gom tap cac
thanh ghi (khdi mach c6 nhé) va cac phép toan duoc thyc hién trén dir

liéu s6 nhi phan dugc Iuu trong céc thanh ghi. Luéng dir liéu va viéc
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xt ly dir liéu thyc hién trén sb liéu duge chira trong cac thanh ghi
duogc coi nhu 14 hoat dong chuyén ddi giita cac thanh ghi. Vi du: M6
hinh RTL nay dugc st dung dé biéu dién ciu trac bd vi xu ly. Hé
théng s6 dugc biéu dién theo md hinh RTL khi chung dugc xac dinh
boi 3 thanh phan nhu sau:

- Tap cac thanh ghi trong hé théng (Cac khdi mach nhd, mach
tudn tu).

- Cac phép toan dugc thuc hién trén dir li¢u duoc luu trong cac
thanh ghi dugc xay dung nho cac mach logic t6 hop.

- Nhitng diéu khién dé giam sat chudi tudn tu cac phép toan
trong hé théng (thuong duge xay dung trén mo hinh méy trang thai).

Thanh ghi gdbm nhém cac Trigo chira dit liéu nhi phan. Mot
thanh ghi co thé nap thong tin mai, dich thong tin... Mot bd dém dugc
coi nhur 1a mot thanh ghi c6 kha ning ting, giam gia tri tuan tw. Mot
Trigo c¢6 thé coi nhu 14 thanh ghi 1 bit. Phan mach gém c6 cac Trigo
va cac cong lién quan trong bat cir mach tudn ty nao c6 thé duoc goi la
nhting thanh ghi.

Céc phép toan dugc thyc hién trén dir li€u chira trong cac thanh
ghi 14 nhitng phép toan co ban c6 thé duoc thuc hién song song trén
chubi bit trong mot chu ky clock. Két qua ciia phép toan co thé thay
thé dir liéu trude d6 cua thanh ghi hodc két qua c6 thé duoc chuyén
dén thanh ghi khac. C6 4 kiéu phép toan nhu sau:

+ Phép chuyén d6i: Truyén dit liéu tir thanh ghi nay sang thanh
ghi khac.

+ Phép toan s6 hoc.

+ Phép toan logic.

+ Phép dich.
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—p

Clocked Process

Combinatorial

Diéu khién khoi tao chudi cac phép toan bao gdm tin hi¢u dinh
thoi cho phép thuc hién tuan tu cac phép toan theo cach da duge mo ta
truge. Co thé coi md hinh RTL 14 mé hinh mé ta hanh vi theo timng
xung clock ctia hé théng sb.

Hé thdng sé duge md ta bang VHDL theo mé hinh RTL c6 kha
ning tong hop rt cao va rat dé dang trong viéc trao doi gilta cac
cong cu tong hop, thiét ké va cé thé tong hop trén cic cong nghé
PLD khéc nhau.

Tom lai theo mo hinh RTL hé théng s6 duoc xay dung trén co
so cac khdi thanh ghi va cac khéi mach logic t6 hop va chung duoc
mo ta bang cac tién trinh t6 hop (combinatorial process) va cac tién
trinh hoat dong theo clock (clocked process).
9.3.4.1 M6 td mach logic t6 hop

Mach logic t6 hop c6 thé mé ta bang cac ciu trac 1énh song, tuy
nhién thuong dung céc process to hop. Khi sir dung process t6 hop tit

cd cdc tin hiéu vao cia mach to hop phai dugc dua vao danh séach tin
hiéu kich thich.

Vi du tién trinh t6 hop nhu sau:

D— Q
D | D
B
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process (A,B) process (D, En)

begin begin
Z <= A or B ;

-- gdn mdc dinh diu ra
end process;

Q <= 0;
if En = ‘1’ then Q <= D ;

end 1if ;

end process;

Chii y: trong cac process to hgp nén c6 phép gan gia tri mic dinh
cho dau ra dé tranh truong hgp mach bj bién thanh mach chét theo murc.

-- Trong process khéng D—] L Q
gan gia tri mdc dinh

process (D, En) :>

begin
if En = ‘1’ then Q <= D En[’
’end if (TBng hBp thanh mBch chBt theo mBc)

end process ;

Chu y: Khi mé ta mach logic t6 hop cac bién duoc khai bao
trong process khong duoc gan gia tri mic dinh trude vi dé mach tong
hop dugc khong chtra cac phan tir nhé. Néu trong md md ta c6 cic
bién duoc gan gia tri mic dinh trude thi chuong trinh téng hop sé tao
ra cac phén tr nh¢ dé luu trir cac gia tri khoi tao, mach tr¢ thanh mach
c6 nho.

Moi cu 1énh tudn tu trir cac 1énh wait, loop, if v&1 nhiing tin
hiéu diéu khién theo suon déu cé thé ding dé mé ta cac mach t6 hop.
Céc phép toan sb hoc, logic, quan h¢ déu co thé duge su dung trong
biéu thirc.
9.3.4.2 M6 td mach tuén tw

Céc khéi thanh ghi c6 thé duge mo ta béng tién trinh hoat dong
theo clock theo 2 kiéu:
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- Tién trinh ddng bd v&i danh sach tin hiéu kich thich chi c6 duy
nhét tin hiéu clock, moi bién ddi ctia mach duoc déng bo theo suon
clock)

- Hodc tién trinh khong ddng bo véi danh sach tin hiéu kich thich
khong chi c6 tin hiéu clk ma con cé cac tin hidu khong dong bo khac.

Vi du: Mo ta hoat dong cua trigo D lam viéc theo suon duong
v6i cac tin hidu Reset khong dong bo nhu sau:

process ( Clk, Reset )
begin
if reset = ‘1’ then
0 <= ‘0’
elsif (Clk'event and Clk = Clk|>
‘17) then
Q <=D ;
end if ;

end process ;

| Reset

Vi du: Mo ta hoat dong cua trigo D lam viéc theo suon duong
V01 cac tin hiéu Reset déng bo nhu sau:

process (Clk)

begin D — —— Q
if (Clk event and Clk =
‘1’) then

if reset = ‘1’ then Q D>

Cm[__

<: \0/ ,. |

elsif then QO <= D ; Reset

end if ;
end if ;

end process ;

Vi du: M6 ta hoat dong ctia B dém nhi phan tién 4 bit du ra Q
[3:0] hoat dong v&i suon duong clock, co nap dong bo gia tri ¢ dinh
“1010” mrc tich cuc cao
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library ieee;
use ieee.std logic 1164.all;
use ieee.std logic unsigned.all;
entity counter is

port( Clk, SLOAD: in std logic;

Q: out std logic vector (3 downto 0));
end counter;
architecture archi of counter is

signal tmp: std logic vector (3 downto 0);
begin

process (Clk)

begin

if (Clk'event and Clk='1l') then

if (SLOAD='1l'"') then tmp <= "1010";

else tmp <= tmp + 1;

-- Khéng thé gén truc tiép Q<=Q+1,vi Q la tin hiéu ra
nén khéng duoc phép doc vao o biéu thic (0+1).
end if;

end if;

end process;

Q0 <= tmp;

end archi;

Vi du: Mo ta hoat dong cia Bo dém nhj phan lui 4 bit daura Q

14
A

[3:0] hoat dong véi suon am clock, c6 nap khong déng bd gia tri co
dinh “1111” murc tich cuc thép:

entity counter is

port( Clk, S: in std logic;

Q: out std logic vector (3 downto 0));
end counter;
architecture archi of counter is
signal tmp: std logic vector (3 downto 0);
begin

process (Clk,S)

begin

if (5=70’ then tmp<= "1111";

else if (Clk'event and Clk='0') then
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tmp <= tmp - 1;
end if;

end if;

end process;

Q0 <= tmp;

End archi;

Tém lai biéu dién hé théng s6 theo md hinh RTL can sir dung
cac cAu tric thanh ghi (Registers) va mach to hop (combinational
logic). Mot mé hinh RTL dién hinh chinh 13 mé hinh duong di liéu

“datapath” nhu hinh 9.6.
Registers

= ! T

o | —
e ! —

y0 x1 @ y1 X2 @ y2 x3

Reg U Reg V. Reg

Clk - S

‘ Combinational Logic (Storage-free ) ‘

Hinh 9.6: Mot mo hinh RTL
Mo ta VHDL cho md hinh duong dir li¢u ¢ trén trén cod thé thuc
hién theo 2 cach nhu sau:

Mo ta thanh 2 process ddc 1ap cho mach tun ty va mach to hop
doc lap:

architecture SPLIT of DATAPATH is
signal X1, Y1, X2, Y2:...
begin
REG: process (CLK)
begin
if (CLK'event and CLK = 'l') then -- Resisters
X1 <= YO0;
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X2 <= YI1;
X3 <= Y2;
end if;

end process;
LOGIC: process (X1, X2) -- combinational logic
begin

Yl <= F(X1);

Y2 <= G(X2);

end process;

end SPLIT;

- Cach viét két hop mach t6 hop va tuan ty trong mot process:

architecture COMBINED of DATAPATH is
signal X1, X2:...

begin
process (CLK) -- Registers

begin

if (CLK'event and CLK = 'l') then

-- Kh6i mach té hop duoc téng hop tir biéu thic F,G.
X2 <= F(X1);

X3 <= G(X2);

X1 <= YO0;

end if;

end process;

end COMBINED;

9.4.4 Phuwong phap mé ta theo md hinh do hinh trang thai
(may trang thai - State Machine)

Hoat dong cua mét h¢ théng sb tuan tu c6 thé duoc mé ta dudi
dang d6 hinh trang thai Moore hoic Mealy. Dung VHDL c6 thé mé ta
dugc do hinh chuyén ddi trang thai do.
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Bang sau cho biét kha ning mo ta d6 hinh trang thai dung VHDL:

STT | Yéucaumé ta St dung cau truc trong VHDL

1 Trang thai logic hién tai Process hoat dong theo clock

2 Xac dinh trang thai logic tiép | Process td hop

theo
3 Xac dinh dau ra Process té hop
4 bat tén cho cac trang thai Kiéu div lieu liét ké
5 DPanh gia méi trang thai Lénh Case
6 Danh gia cac diéu kién diu vao | Lénh iflelse

Tong két lai cac kiéu dd hinh trang thai ¢6 mé hinh mach sb
dugc xay dung tir cac khdi mach to hop va khdi mach tuan tu nhu sau:

- M6 hinh Moore: Két qua dau ra chi phu thudc vao trang thai
hién tai.

Xac dinh Xacdinh ) Paura

Dau vao hai Thanh ghi (
".?"9; ai trang thai du ra
tiep theo hién tai

Clock

Hinh 9.7: M6 hinh may trang thai Moore
- M6 hinh Mealy: Pau ra phu thudc vao ca trang thai hién tai va
tin hiéu vao.

Xac dinh Xac dinh Piura

Dau vao hai Thanh ghi R (
] tr_a_n,mgr: al trang thai dau ra
tiép theo hién tai

Clock

Hinh 9.8: M6 hinh may trang thai Mealy
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Trong thyc té hé thong sb thuong duoc mo ta bang viée két hop

ca md hinh Moore va Mealy va st dung thém thanh ghi dau ra:

Thanh ghi | Paura

dau ra Moore

Moore

/ Mealy

Thanh ghi | Mealy
3 >
daura

Xac dinh
trang thai
tiep theo

Dau vao

Xép din
daura

Thanh ghi
trang thai
hién tai

=0
—

—
Clock

Hinh 9.9: M6 hinh may trang thdi hon hop Moore va Mealy

Céch sur dung kiéu dir liéu liét ké dé dat tén cho cac trang thai
nhu sau:

architecture RTL of FSM is
type My State is ( Init, Load, Fetch, Stor A, Stor B);
signal Current State, Next State: My State;

Begin

End RTL;

- Céch str dung hang dé ma hoda cac trang theo nhu mong muon
nhu sau:
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subtype My State is std logic vector( 0 to 5 ) ;

constant Init : My State:= “111000”7 ;
constant Load : My State:= "“101010” ;
constant Init : My State:= “0000117 ;

signal Curr State, Next State: My State ;

begin

- Pé mb ta qua trinh chuyén dbi trang thai va cip nhat két qua
dau ra tng voi mdi trang thai thong thuong sir dung cach mé ta bang
nhiéu tién trinh

+ Tién trinh cdp nhap trang thai m&i ciia hé théng (tién trinh
Sync).

Sync: process ( CLK, RST)
begin

end process Sync ;

+ Tién trinh kiém tra diéu kién chuyén di trang thai (tién trinh
Comb).

Comb: process ( Curr State, Inl, InZ..)
begin

end process Comb ;

+ Tién trinh cap két qua dau ra tng v6i moi trang thai (tién trinh
Outputs).

Outputs: process ( Curr State, Inl, InZ2..)
begin

end process Outputs ;
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Vi du: B6 dém thap phan thuin nghich dong bo “Updown
Counter” ¢6 mo6 hinh vé sau:

upP
—»
RESET z
- UpdownCounter L »
CLK

Hinh 9.10: M6 hinh b6 dém thudn nghich
Hoat dong cua bd dém c6 thé dugc mo ta theo dd hinh trang thai
(md hinh may trang thai Mealy) nhu hinh 9.11.

Hinh 9.11: B6 hinh trang thai cua bo dém thap phan thuan nghich

B6 dém co tin hiéu RESET déng bo, muc tich cuc cao: Khi
RESET = ‘1’ bd dém sé& duoc x6a vé trang thai SO.
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Khi UP="1": B dém thuc hién dém tién (dém thuén), nguoc lai
UP="0" by dém thyc hién dém Iui (dém nghich).
Mo ta VHDL cho d6 hinh trang thai trén nhu sau:

LIBRARY ieee;

USE ieee.std logic 1164.all;
ENTITY FSM IS
PORT (CLK,RESET,UP: IN std logic;
Z: OUT std logic);
END;
ARCHITECTURE BEHAVIOR OF FSM IS
SIGNAL sreg: std logic vector (3 DOWNTO 0);
SIGNAL next sreg: std logic vector (3 DOWNTO 0);

CONSTANT S0: std logic vector (3 DOWNTO
0) :="0000",

CONSTANT S1: std logic vector (3 DOWNTO
0):="0001";

CONSTANT S2: std logic vector (3 DOWNTO
0):="0010";

CONSTANT S3: std logic vector (3 DOWNTO
0):="0011";

CONSTANT S4: std logic vector (3 DOWNTO
0):="0100";

CONSTANT S5: std logic vector (3 DOWNTO
0):="0101",

CONSTANT S6: std logic vector (3 DOWNTO
0):="0110";

CONSTANT S7: std logic vector (3 DOWNTO
0):="0111",

CONSTANT S8: std logic vector (3 DOWNTO
0):="1000";

CONSTANT S9: std logic vector (3 DOWNTO
0):="1001";

SIGNAL next Z: std logic;
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BEGIN
Sync: PROCESS (CLK) —-- C4p nhdt trang thai méi
ciia bé dém
BEGIN

IF CLK='l' AND CLK'event THEN
if RESET='1"' then

sreg<= S0,

else

sreg <= next sreg;

end 1f;

END IF;

END PROCESS;

Comb: PROCESS (sreg,UP) —- Kiém tra diéu kién
chuyén trang thai
BEGIN
CASE sreg IS
WHEN S0 =>
IF ( UP='0O' ) THEN
next sreg<=S9;
ELSE next sreg<=Sl;
END IF;
WHEN S1 =>
IF ( UP='0O' ) THEN
next sreg<=S0;
ELSE next sreg<=S2;
END IF;
WHEN S2 =>
IF ( UP='0' ) THEN
next sreg<=SI1;
ELSE next sreg<=S3;
END IF;
WHEN S3 =>
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next sreg<=S2;

WHEN

next sreg<=S3;

WHEN

next sreg<=S4;

WHEN

next sreg<=S5;

WHEN

next sreg<=S6;

WHEN

next sreg<=S7;

WHEN

next sreg<=S§;

IF ( UP='0' ) THEN

ELSE next sreg<=S4;

END IF;
S4 =>
IF ( UP='0'"' ) THEN

ELSE next sreg<=S5;

END IF;
S5 =>
IF ( UP='0' ) THEN

ELSE next sreg<=S6;

END IF;
S6 =>
IF ( UP='0'"' ) THEN

ELSE next sreg<=S7;

END IF;
S7 =>
IF ( UP='0' ) THEN

ELSE next sreg<=S8;

END IF;
S8 =>
IF ( UP='0'"' ) THEN

ELSE next sreg<=S9;

END IF;
S9 =>
IF ( UP='0' ) THEN

ELSE next sreg<=S0;
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END IF;

END CASE;
END PROCESS;

BEGIN
IF UP='1'"' THEN
if sreg=S9 then Z<=
else
end 1f;
ELSE
1f sreg=S0 then Z<=
else
end 1f;
END IF;
END PROCESS;
END BEHAVIOR;

WHEN OTHERS => next sreg<=S0;

Outputs: PROCESS (sreg,UP) —-Tinh két qua diu ra

<=

7<=

'l’,'
'0’/.

717;
707,.

TOM TAT

Chuong nay da trinh bay vai trd ciia ngdn ngir mé ta phan clng

trong qua trinh mo phong, thiét ké mach sd. Cau tric clia ngén ngir

VHDL duoc trinh bay tir kiéu d6i twong, kiéu dir liéu dén céc céu tric

1énh song song va Iénh tuan ty... Trén co s& hiéu bién vé cau truc cua
VHDL ban doc c6 thé thyc hi¢n viét cdc mo ta cho cho h¢ thong so tir

don gian dén phirc tap theo ciac mo hinh khac nhau: M6 hinh hanh vi,

mo hinh RTL, mé hinh ciu trac logic va mé ta theo d6 hinh trang thai.
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CAU HOI ON TAP

1. Viét mé ta VHDL cho ham mach t6 hop c6 ham logic nhu sau:
+a;®by.a,Db,.a, @brao-a

2. Viét mo6 ta VHDL cho mach logic sau?

J S )
b L >
S )
t5h) \
by )
: £
b ———)
b So—]

Hinh BT.9.1

3. Viét md ta VHDL cho cac trigo JK, RS, T c6 cac dau vao 1ap va
x06a muc tich cuc cao?

4. Viét mo6 ta VHDL cho bo dém thap phan tién 2 digit?
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5. Viét mo ta VHDL cho bo dém thap phan tién Iui 2 digit?

6. Mb hinh phan cimg nao téng hop dugc Gmg véi doan mé ta nhu
sau:

entity flop 1is

port(C, D, CLR: in std logic;,
Q : out std logic);

end flop;
architecture archi of flop is
begin

process (C, CLR)

begin

if (CLR = ‘1’)then

0 <= '0’;

elsif (C’event and C=’0’)then
0 <= D;

end if;

end process;

end archi;

7. Viét m6 ta VHDL cho mach giai ma BCD sang hi¢n thi LED7
doan?

8. Viét mo ta cho mach diéu khién hién thi cho co céu chi thi sb 4 digit
c¢6 dau vao 1a ma BCD 4 bit theo nguyén 1y quét?

9. Viét mo ta VHDL cho mach chon dija chi 74138?

10. Viét mo ta VHDL cho mach ALU d4 hoc trong chuong 4?

11. Viét mé ta VHDL cho mach giai mi tir nhi phan sang thap phan,
sang ma gray va nguoc lai?

12. Viét mé ta VHDL cho IC ghi dich 8 bit d4 hoc trong chuong 5?

13. Viét mo ta VHDL cho mé hinh thanh ghi 4 bit hoat dong sudn

dwong cua clock, c6 tin hiéu chdt clock va thiét 1ap khong dong bo
nhu sau:
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PRE

D[3:0]||Dau vao dit liéu 4 bit
FDPE
D_| | @
EE— C Clock suon duong
Tin hiéu thiét 1ap khong dong bo

X3721 PRE L ar
mirc tich cuc cao

14. Viét mé ta VHDL cho mach sau theo mé hinh RTL
QOI 0, % %

J Q Q
> F1
K Q Q
CLEAR®
CLK o

Hinh BT.9.14
15. Viét mo ta VHDL cho db hinh trang thai sau:

(09 —(or)
M l M 10
/0 10 10
O e e ) e (D )
l/
G TG

Hinh BT.9.15

o
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16. Viét mé ta VHDL cho mach sau theo mé hinh RTL
0 0, 0; 0,

J Q
L F
l 1K Q
cLEAR®
CLK o

Hinh BT.9.16

17. Trinh bay nguyén 1y bat phim, thiét ké mach bat phim va viét mo
ta bang VHDL?

18. Thiét ké mach quét va nhan dang cho ma tran phim bam (Keypad)
4x47?

19. Thiét ké mé hinh dén giao thong tai mot nga tu va viét mo ta bang
VHDL?

20. Thiét ké mach diéu khién ma train LED 8x8 va viét mé ta bang
VHDL?

21. Thiét ké bo diéu khién truyén thong ndi tiép UART?



10.

1.

12.

TAI LIEU THAM KHAO

Giao trinh Ky thudt 6 - Tran Van Minh, NXB Buu dién 2002.
Co so ky thudt dién tw 56, Pai hoc Thanh Hoa, Bic Kinh, NXB
Giao duc 1996.

Ky thudt so, Nguyén Thay Van, NXB Khoa hoc va
K¥ thuat 1994.

Ky thudt dién tir s6 thwc hanh, Bach Gia Duong — Chu Puc
Trinh, Nha xuit ban Pai hoc Qudc gia Ha Noi 2007.

Gido trinh Ky thudt s6, Nguyén Viét Nguyén, Nha xuat ban Gido
duc 2004.

Mach logic kj thudt s6, Nguyén Minh Ptrc, Nha xuat ban Tong
hop thanh phé H6 Chi Minh, 2004.

Todn logic va ky thudt s6, Nguyén Nam Quéan — NXB Giao duc
2004.

Cdu triic mdy vi tinh, Tran Quang Vinh, NXB Dai hoc Qudc gia
Ha ndi, 2005.

Fundamentals of logic design, fourth edition, Charles H. Roth,
Prentice Hall 1991.

Lessons in Electric Circuits, Volume No 4-Digital, Tony R.
Kuphaldt, Tai ban 1an thir 4-2007.

Digital engineering design, Richard F.Tinder, Prentice Hall
1991.

Digital design principles and practices, John F.Wakerly,
Prentice Hall 1990.



13.

14.

15.

VHDL for Programmable Logic by Kevin Skahill, Addison
Wesley, 1996

The Designer's Guide to VHDL by Peter Ashenden, Morgan
Kaufmann, 1996.

Analysis and Design of Digital Systems with VHDL by Dewey
A., PWS Publishing, 1993.



Giao trinh

Dién tsd

Chiu trach nhiém xuat ban
NGUYEN THI THU HA

M3 s&: GD 20 HM 09

Bién tap: NGO MY HANH
THU CHAU - THO VIET
Trinh bay sach: NGUYEN BIEN - NGUYEN NAM

Stia ban in: THU CHAU - THO VIET
Thiét ké bia: TRAN HONG MINH

(Gido trinh nay dugc ban hanh kém theo Quyét dinh s6 47/QD-DT&KHCN
ngay 20 thang 02 nam 2009 ciia Giam ddc Hoc vién Cong nghé Buu chinh Vién thong)

In 700 ban, khé 16 x 24 cm tai Cong ty C6 phan In Khoa hoc Cong nghé méi
S6 dang ky k& hoach xuét ban: 528-2009/CXB/2-202/TTTT

S6 quyét dinh xudt ban: 226/QD-NXB TTTT ngay 18/11/2009

In xong va nop luu chiéu thang 11 nam 2009.



