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LO1 GIOI THIEU

Cung voi sy tién bo cuia khoa hoc va cong ngh¢, cac thiét bi dién tu dang va s¢€ tiép tuc doc
ung dung ngay cang rong rai va mang lai hi€u qua cao trong hau hét cac linh vuc kinh té k¥ thuéat
ciing nhu doi song xa hoi.

Viéce xu ly tin hi€u trong cac thiét bi dién tir hién dai déu dua trén co s nguyén ly s6. Béi
vay viéc hiéu sau sic vé dién tur sb 1a didu khong thé thiéu duoc ddi véi k¥ su dién t hién nay.
Nhu cau hiéu biét vé k¥ thuét s khong phai chi riéng ddi véi cac k§ su dién tir ma con dbi véi
nhiéu can bo ky thudt chuyén nganh khac c6 st dung cac thiét bi dién tur.

Tai liéu nay gidi thi€éu mét cach hé théng cac phﬁn tir co ban trong cac mach dién tur s6 két
hop v6i cac mach dién hinh, giai thich cac khai niém co ban vé cong dién tir sd, cac phuong phap
phan tich va thiét ké mach logic co ban.

Tai liéu bao gf)m cac kién thirc co ban vé mach céng logic, co s¢ dai sb logic, mach logic td
hop, céc trigo, mach logic tun tu, cac mach phat xung va tao dang xung, cac bo nhé thong dung.
Dic biét 1a trong tai lidu nay c6 bd xung thém phan logic 1ap trinh va ngdn ngit mo ta phan cing
VHDL. Pay la ngdn ngit phd bién hién nay dung dé tao mo hinh cho cac h¢ thong k¥ thuat s6. Tat
ca gdm 9 chuwong. Trudc va sau mdi chwong déu c6 phan gidi thidu va phan tom tat dé gitp nguoi
hoc d& nam bit kién thirc hon. Céc cau hoi 6n tap dé ngudi hoc kiém tra mirc do nam kién thic
sau khi hoc mdi chuong. Trén co s& cac kién thire can ban, tai liéu da cb ging tiép can cac van dé
hién dai, dong thoi lién hé véi thyuc té k¥ thut.

Tai liéu gém ¢6 9 chuong dugc bd cuc nhu sau:

Chuong 1: Hé dém

Chuong 2: Pai s6 Boole va cac phuong phap biéu dién ham
Chuong 3: Cong logic TTL va CMOS

Chuong 4: Mach logic t6 hop.

Chuong 5: Mach logic tun ty.

Chuong 6: Mach phat xung va tao

Chuong 7: B nhé ban dan.

OO0,

Chuong 8: Logic lap trinh. ﬁ[. -

Chuong 9 : Ngon ngit mo ta phan E
Th - . .
Do thoi gian ¢6 han nén tai liéu ni, . u sot, rat mong nguoi doc gop y.
Céc y kién xin giri vé Khoa K¥ thuat Dién tir 1- Hoc vién Cong nghé Buu chinh vién thong.

Xin tran trong cam on.



Chuwong 1: Hé dém

CHUONG 1: HE PEM

GIOI THIEU

Khi néi d&én sé dém, nguoi ta thuong nghi ngay dén hé thap phan véi 10 chir sé duogc ky
hiéu tir 0 dén 9. May tinh hién dai khong sir dung s thap phan, thay vao d6 1a sé nhi phan véi hai
ky hiéu 14 0 va 1. Khi biéu dién cac sé nhi phéan rat 1on, ngudi ta thay no bang cac s6 bat phan
(Octal) va thap luc phan (HexaDecimal).

Dém s6 lugng cua cac dai luong 1a mot nhu cau cua lao dong, san xuat. Ngirng mdt qua
trinh dém, ta dugc mot bi€u dien so0. Cac phuong phap d€m va biéu dien s6 duoc goi 1a hé dem.
Hé dém khong chi dugc dung dé bicu dién s6 ma con 1a cong cu xtr 1y.

C6 rat nhidu hé dém, chang han nhu hé La M4, La Tinh ... Hé dém vira c6 tinh da dang vira
¢6 tinh dong nhét va pho bién. Mdi hé dém c6 wu diém riéng cta nd nén trong ki thuét sb s& su
dung mot s6 hé dé bd khuyét cho nhau.

Trong chuong nay khong chi trinh bay cac hé thap phan, hé nhi phan, h¢ bat phan, h¢ thap
luc phan va con nghién ctru cach chuyén déi giita cac hé dém. Chuong nay ciing dé cap dén s nhi
phan c6 dau va khai niém vé diu phay dong.

NOI DUNG

1.1. BIEU DIEN SO

Nguyén tic chung cta biéu dién 1a ding mot s hiru han cac ky hiéu ghép voi nhau theo qui
wdc vé vi tri. Cac ky hiéu nay thuong dugc goi 1a chir s6. Do d6, nguoi ta con goi hé dém 1a hé
théng $6. S6 ky hi¢u dugc dung l1a co s6 cua hé ky hi¢u la r. Gia tri biéu dién cta cac chit khac
nhau dugc phan biét thong qua trong s6 ciia hé. Trong s6 ciia mot hé dém bat ky s& bang ¥, véi i
12 mot s6 nguyén dwong hodc am.

n thong dung.

Bang 1.1 1a liét ké tén goi, s6 ky hiéu va
Tén hé dém S6 ky Co sb (r)
H¢ nhi phan (Binary) 2
H¢ bat phan (Octal) E A 8
Hé thap phan (Decimal) 0,1,2,3,4,5,6,7,8,9 10
H¢ thap luc phan (Hexadecimal) | 0, 1,2, 3,4,5,6,7,8,9,A,B,C,D,E, F 16

Bang 1.1

Nguoi ta cling c6 thé goi h¢ dém theo co sb cua chung. Vi du: H¢ nhi phan = H¢ co $6 2, He
thap phan = Hé co s6 10...
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Chuwong 1: Hé dém

Du6i déy, ta s& trinh bay tom tit mot s6 hé dém thong dung.
1.1.1 H¢ thap phan
ﬂ Céc ky hi¢u cua hé nhu da néu ¢ bang 1.1. Khi ghép cac ky hi€u voi nhau ta s dugc mot
biéu dién. Vi du: 1265,34 1a biéu dién s6 trong hé thap phén:
1265.34 =1x10> +2x10% +6x10' +5x10° +3x107" + 4x1072

Trong phén tich trén, 10" 1a trong s6 ciia hé; cac hé s6 nhan chinh 14 ky hiéu cua hé. Nhu
vay, gid tri biéu dién ciia mét sé trong hé thdp phdn sé bang tong cdc tich ciia ky hiéu (cé trong
biéu dién) véi trong sé tiong ting. Mot cach tong quat:

Nig=d, x10" 4 +d;x10" +dgx10° +d_; x107 + . +d_, x10™™
“m _
= z di X 101
n—1
trong d6, N, : biéu dién bat ki theo hé 10,
d : cac hé s nhan (ky hiéu bét ki cta hé),
n : sb chir s6 & phan nguyén,

m: sO chir s ¢ phan phan so.

U diém cua hé thap phan 1a tinh truyén thong doi véi con nguoi. Day 1a hé ma con nguoi
dé nhan biét nhat. Ngoai ra, nhd c6 nhiéu ky hiéu nén kha nang biéu dién ctia hé rat 16n, cach biéu
dién gon, ton it thoi gian viét va doc.

Nhuwge diém chinh cta hé 1a do c6 nhiéu ky hiéu nén viéc thé hién bang thiét bi k¥ thuat s&
kho khan va phrc tap.

Biéu dién so tong quat:

Vi co so bat ki r va d bang hé so a tuy y ta s€ c6 cong thuc bieu dien so chung cho tat ca
cac hé dem:

N =a, x4 . +ayx1

—-m )

_ 1

= Z ai Xr
n—1

Trong mot s truong hop, ta phai E
Vi du 3610, 368, 3616' u -

..t+a XT

—m

im lan gitra biéu dieén cua cac hé.

1.1.2 H¢ nhi phan
1.1.2.1. Té6 chirc hé nhi phéin

Hé nhi phan (Binary number system) con goi 13 hé co sb hai, gdbm chi hai ky hiéu 0 va 1, co
sO ctia hé 1a 2, trong s6 cua hé 1a 2", Cach dém trong hé nhi phén ciing tuong tu nhu hé thap phan.
Khoi dau tir gia tri 0, sau d6 ta cong lién tiép thém 1 vao két qua dém lan trudc. Nguyén tic cong
nhiphanla:0+0=0,1+0=1,1+1=10 (10, = 2,9).



Chuwong 1: Hé dém

Trong hé nhi phan, mdi chit s chi lay 2 gia tri hodc 0 hodc 1 va dwoc goi tat 1a "bit". Nhu
vay, bit 12 s6 nhi phan 1 chir sd. S6 bit tao thanh d6 dai biéu dién ctia mot s6 nhi phan. Mot s6 nhi
phan c6 do dai 8 bit dugc goi 1 byte. SO nhi phan hai byte goi 1a mét tir (word). Bit tan cling bén
phai goi 1a bit bé nhit (LSB — Least Significant Bit) va bit tdn cing bén trai goi 14 bit 16n nhét
(MSB - Most Significant Bit).

Biéu dién nhi phan dang tong quat :
N2 = bn—lbn—2""blbO'b—lb—Z""b—m
Trong d6, b 1a hé s6 nhan cta hé. Cac chi s6 ciia hé sb dong thoi ciing bang iy thira cua
trong sd tuong tmg. Vi du :

1 1 0. 0 0 — sb nhi phan phan sé

22 2! 20 27! 27?2 trong sb tuong ung.
Cac gia tri 2'° = 1024 duoc goi l1a 1Kbit, 22° = 1048576 - Méga Bit ...
Ta c6 dang tong quat cua biéu dién nhi phan nhu sau:

N, =b_, x2"" 4+ +b x2 +b,x2° +b  x27" +..+b_ x27"

= i b, x2'
n-1
Trong d6, b 14 hé s6 nhan 14y cac gia trj 0 hoic 1.
1.1.2.2. Cadc phép tinh trong hé nhi phdn

a. Phép cong
Qui tic cong hai s6 nhi phan 1 bit da néu o trén.
b. Phép trir
Qui tac trir hai bit nhi phan cho nhau nhu sau :

0-0=0; 1-1=0;1-04 )

Khi trir nhiéu bit nhi phan, néu can thiét ong sd cao hon. Lan trir ké
tiép lai phai trir thém 1.

c. Phép nhan

Qui tic nhan hai bit nhi phan nhu sau:
0x0=0 ,0x1=0,1x0= (=] all

Phép nhéan hai s6 nhi phén ciing dugc thuc hién giéng nhu trong h¢ thap phan.

Chu ¥ : Phép nhan c6 thé thay bang phép dich va cong lién tiép.

d. Phép chia

Phép chia nhi phén ciing twong ty nhu phép chia hai s6 thap phan.

Uu diém chinh cta hé nhi phan la chi c6 hai ky hi€u nén rat d& thé hién bfmg cac thiét bi co,
dién. Cac may vi tinh va cac hé théng s6 déu dua trén co sé hoat dong nhi phan (2 trang thai). Do
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Chuwong 1: Hé dém

do, hé nhi phan dugc xem la ngoén ngit ciia cac mach logic, cac thiét bi tinh toan hién dai - ngon
nglr may.

Nhuwoc diém ctua hé 1a biéu dién dai, mét nhiéu thoi gian viét, doc.
1.1.3 H¢ bat phan va thép luc phan
1.1.3.1 H¢ bat phin

1. T6 chirc caa hé : Nham khéc phuc nhuoc diém ctia hé nhi phan, nguoi ta thiét lap cac h¢
dém c6 nhiéu ky hiéu hon, nhung lai c6 quan hé chuyén d6i duoc véi hé nhi phan. Mot trong sb
d6 1a hé bat phan (hay hé Octal, hé co sé 8).

Hé nay gom 8 ky hiéu : 0, 1,2, 3,4, 5, 6 va 7. Co sb ciia hé 1a 8. Viéc lwa chon co s6 8 1a
xudt phat tir chd 8 =2°. Do d6, mdi chir s6 bat phan c6 thé thay thé cho 3 bit nhi phan.

Dang biéu dién tong quat ctia hé bat phan nhu sau:

N, =0, ,x8"+..+0,x8 +0_x8"'+..+0__ x8™"
=3 0,x8
n—1

Luu ¥ rang, hé thap phan ciing dém twong tu va c6 giai rong hon hé bat phan, nhung khong
thé tim duoc quan hé 10 =2" (v6i n nguyén).

2. Cac phép tinh trong hé bat phan

a. Phép cong

Phép cong trong hé bat phan dugc thyc hién tuong tu nhu trong h¢ thap phan. Tuy nhién,
khi két qua cua viéc cong hai hodc nhiéu chir s6 cung trong sé 16n hon hodc bang 8 phai nhé 1én
chit s6 o trong s 16n hon ké tiép.

b. Phép trir

Phép trir ciing duoc tién hanh nhu trong hé thap phan. Chu y rang khi muon 1 & chir sé ¢6
trong s6 16n hon thi chi can cong thém 8] P 'm 10.

Cac phép tinh trong hé bat phan i
nhu mét bai tdp cho ngudi hoc.

phép nhan va phép chia danh lai

1.1.3.2 H¢ thdp luc phén

1.T6 chire ciia hé E
Th

H¢ thap luc phan (hay h¢ Hexadedooorory oy oo oo v-,. e idm 16 ky higula 0,1, 2,3, 4,5,
6,7,8,9,A,B,C,D,E,F.

Trongdé,A=1010,B=1110,C=1210,D=1310,E=1410,F=1510.

Co s6 ctia hé 1a 16, xuét phat tir yéu t6 16 = 2*. Vay, ta ¢6 thé dung mot tir nhi phén 4 bit
(tir 0000 dén 1111) dé biéu thi cac ky hiéu thap luc phan. Dang biéu dién téng quat:
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Nig =H, (x16" +. . +Hyx16°+H_ x16 " +...+H_ x16™
m |
=Y H;xl16'
n—1

2. Cac phép tinh trong hé co's6 16
a. Phép cong

Khi tong hai chit s6 16n hon 15, ta lay tong chia cho 16. S6 du dugc viét xudng chir sb téng
va s thuong dugc nhé 1€n chix sb ké tiép. Néu céc chit sb 1a A, B, C, D, E, F thi tru6c hét, ta phai
d6i chung vé gia tri thap phan twong Gmg rdi mai cong.

b. Phép trir

Khi trir mot s6 bé hon cho mdt s6 16n hon ta cling muon 1 & cot ké tiép bén trai, nghia la
cong thém 16 rdi méi trir.

c. Phép nhin

Mubdn thyc hién phép nhéan trong hé 16 ta phai dbi cac sb trong mdi thira sé vé thap phan,
nhan hai s6 véi nhau. Sau d6, d6i két qua vé hé 16.

1.2. CHUYEN POI CO SO GIUA CAC HE PEM

1.2.1. Chuyén ddi tir hé co s6 10 sang cac hé khac

Pé thuc hién viéc d6i mot s6 thap phan day di sang cac hé khac ta phai chia ra hai phan:
phan nguyén va phan sd.

Déi véi phan nguyén: ta chia lién tiép phan nguyén cua sé thap phan cho co s6 ctia hé can
chuyén dén, s6 du sau mdi 1an chia viét dao nguoc trat ty 1a két qua can tim. Phép chia dimg lai
khi két qua 1an chia cudi cung bang 0.

Vi du: Ddi s6 571 sang sb nhi phan.

Budce chia du
1 57/2 1 —> LSB
2 28/2 ile Coppy, Chinh sia 0
3 14/2 [u] 0
4 702 e 1
5 3/2 ORa 2 1
6 12 0 ) 1 —> MSB

Viét ddo nguoc trat ty, ta co : 57,0= 111001,

Doi voi phan phan so : ta nhan lién ti€p phan phan so cta so thdp phan voi co s6 cua hé can
chuyén dén, phan nguyén thu duoc sau mdi lan nhan, viét tuan tu 1a két qua can tim. Phép nhan
dung lai khi phan phan so triét tiéu.

Vi du: Dbi s6 57,34375,¢ sang sd nhi phén.
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Phan nguyén ta vira thuc hién & vi du a), do d6 chi can d6i phan phan sé 0,375.

Budc Nhan Két qua Phan nguyén
1 0,375x2 0.75 0
2 0,75x2 1.5 1
3 0,5 x2 1.0 1
4 0,0 x2 0 0

Két qua : 0,375,0=0,0110,

St dung phan nguyén dd co g vidu 1) tacd: 57,375,0=111001.0110,
1.2.2. P6i mot biéu dién trong hé bt ki sang hé thap phén

Mubn thyc hién phép bién doi, ta ding cong thic :

—-m

Nig =a, x4 +agxr’+ a_jxr i+, +a  xr

—m
Thuc hién lay tong vé phai s€ co két qua can tim. Trong biéu thurc trén, a; va r 1a h¢ so va co

s6 hé co biéu dién.

1.2.3. Doi cac so tir hé nhi phan sang hé co'so 8 va 16

Vi 8 =2%va 16 = 2* nén ta chi can ding mot s6 nhi phéan 3 bit 1a du ghi 8 ky hiéu cua hé co
s6 8 va tir nhi phan 4 bit cho hé co s6 16.

Do d6, mubn ddi mot sb nhi phan sang h¢ co sb 8 va 16 ta chia s6 nhi phan can doi, ké tur
déu phan s6 sang trai va phai thanh ting nhém 3 bit hodc 4 bit. Sau d6 thay cac nhom bit da phan
bang ky hiéu tuong ing cta hé can doi t6i.

Vi du:

a. Doi s6 110111,0111, sang s6 hé co s6 8

Tinh tir ddu phan s6, ta chia s6 naj I sau :

110 111, 011 100 ki - S

L4og EEE

6 7 3 4 =

Két qua: 110111,0111, = 67,34s. ( =] 1 bién dbi).
Th | -

b. Déi s6 nhi phan 111110110,01 koxrsvregvoregcoso—o
Ta phan nhom va thay thé nhu sau :
0001 1111 0110 0110 1000
VN VAN \2
1 F 6 6 8
Két qua: 111110110,01101, = 1F6,68,6
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1.3 SO NHI PHAN CO DAU

1.3.1 Biéu dién s6 nhi phan cé diu
C6 ba phuong phap thé hién sb nhi phan c6 dau sau day.

1. Sir dung mét bit diu. Trong phuong phap niy ta dung mét bit phu, dimng trude cac bit tri
s6 dé biéu dién dau, ‘0’ chi ddu duwong (+), ‘1’ chi ddu am (-).

2. Sir dung phép bi 1. Giit nguyén bit dau va lay bu 1 cac bit tri s6 (bu 1 bang dao ciia cac
bit can dugc lay bu).

3. S dung phép bu 2

La phuong phap phd bién nhat. S6 duong thé hién bang sé nhi phan khong bu (bit ddu bang
0), con s6 am dugc biéu dién qua bu 2 (bit ddu bang 1). Bu 2 bang bu 1 cong 1.

C6 thé biéu dién s6 4m theo phuong phap bu 2 xen ké&: bat dau tir bit LSB, dich vé bén trai,
giit nguyén cac bit cho dén gap bit 1 dau tién va 1y bu cac bit con lai. Bit ddu giit nguyén.
1.3.2 Céc phép cong va trir sb nhi phan c6 ddu

Nhu d3 néi & trén, phép bu 1 va bu 2 thudng duoc ap dung dé thuc hién cac phép tinh nhi
phan véi s6 ¢6 diu.

1. Biéu dién theo bit diu

a. Phép cong

Hai s6 cung du: cong hai phan tri s véi nhau, con dau 1a dau chung.

Hai s6 khéac dau va so 4m c6 tri soO nhé hom: cong tri sO cua s6 duong vdi bu 1 cua s6 am.
Bit tran duogc cong thém vao ket qua trung gian. Dau la dau duong.

Hai s6 khac dau va so am c6 tri s6 1é6n hon: cong tri s6 ciia sO duwong voi bu 1 cia so6 am.
Lay bu 1 cua tong trung gian. Dau l1a dau am.

b. Phép trir. Néu luu ¥ ring, - (-) = + thi trinh ty thuc hién phép trir trong truong hop nay
cling gidng phép cong. [

2. Cong va trir cdc so theo biéu dien bu

a. Cong

Hai s dwong: cong nhur cong nhi phan t] ﬁ[_ ] u.

Hai s6 am: biéu dién ching ¢ dang bu 1 E han, ké ca bit dau. Bit tran
Th -

cong vao két qua. Chu ¥, két qua dugc viét dud

Hai so6 khac dau va so6 duong 16n hon: cong s6 duong véi bu 1 cua s6 am. Bit tran dugc
cong vao ket qua.

Hai s6 khac dau va s6 dm 16n hon: cong s6 duong vadi bu 1 cua s6 am. Két qua khong co bit
tran va ¢ dang bu 1.

b. Tri

Dé thuc hién phép trir, ta iy bu 1 cia s trir, sau d6 thuc hién cac bude nhu phép cong.
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3. Céng va triv nhi phin theo biéu dién bu 2

a. Cong

Hai s6 duong: cong nhur cong nhi phan thong thudong. Két qua 1a duong.
Hai s6 4am: 1ay bu 2 ca hai sé hang va cong, két qua ¢ dang bu 2.

Hai s6 khac dau va so6 duong 16n hon: lay s6 duong cong véi bu 2 cua so am. Két qua bao
gom ca bit dau, bit tran bo di.

Hai s0 khac dau va s6 am 16n hon: s6 duong dugc cong vaoi bu 2 cua so am, két qua ¢ dang
bu 2 cua s6 duong tuong tng. Bit dau la 1.

b. Phep trur

Phép trir hai s6 c6 dau 1a cac truong hop riéng cua phép cong. Vi du, khi 1dy +9 trir di +6 1a
tuong tng vai +9 cong vai -6.

1.4. DAU PHAY PONG

1.4.1 Biéu dién theo diu phiy dong

GoOm hai phan: s6 mii E (phan dic tinh) va phan dinh tri M (truong phén sb). E ¢ thé c6 do
dai tir 5 dén 20 bit, M tir 8 dén 200 bit phu thudc vao timg Gmg dung va d6 dai tir may tinh. Thong
thudng dung 1 s bit dé biéu dién E va cac bit con lai cho M véi diéu kién:

1/2<|M|<1

E va M c6 thé dugc biéu dién ¢ dang bu 2. Gid tri ciia chung dugc hiéu chinh dé dam bao
mdi quan hé trén day duoc goi 1a chudn hoa.

1.4.2 Cac phép tinh véi biéu dién dau phiy dong
Gidng nhu cic phép tinh cua ham mii. Gia st c¢6 hai s6 theo ddu phdy dong da chudn hoa:
E \ E 3

X=2"x (MX) va Y=27 (My) thi:

Tich: Z=X.Y =25y (

M, M,

Thuong: W =X/Y =27 (M

Muon lay tong va hi€u, can dua c: i, sau do sO mil cua tong va hi¢u
s lay s0 mii chung, con dinh tri ctia tong E T 3 hiéu cac dinh tri.

TOM TAT

Trong chuong nay chung ta giéi thiéu vé mot sé hé dém thuong duge sir dung trong hé
thdng s6: hé nhi phan, hé bat phan, hé thap luc phan. Va phuong phap chuyén dbi gitra cac hé dém
do.

Ngoai ra con gidi thiéu cac phép tinh sé hoc trong cac hé do.
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CAU HOI ON TAP

1. Dinh nghia thé nao 1a bit, byte?

2. Déi s6 nhi phan sau sang dang bat phan: 0101 1111 0100 1110
a. 57514
b. 57515
c. 57516
d. 57517

3. Thuc hién phép tinh hai ) thap luc phan sau: 132,446 + 215,02.
a. 347,46
b. 357,46
c. 347,56
d. 357,67

4. Thuyc hién phép cong hai s6 c¢6 ddu sau theo phuong phéap bu 1:

0000 1101, + 1000 1011,

a. 00000101
b. 0000 0100
c. 00000011
d. 00000010

5. Thuc hién phép cong hai s6 c6 dau sau theo phuong phap bu 2:

0000 1101, — 1001 1000,

a. 10001110

b. 1000 1011

c. 1000 1100 [m] =3 [=]
]
d. 1000 1110 E-t['

6. Hai byte c6 bao nhiéu bit?

a. 16
b. 8
c. 32

d. 64

10



Chuwong 2: Dai sé Boole va cdc phwong phdp biéu dién ham

CHUONG 2: DAI SO BOOLE VA CAC PHUONG PHAP BIEU
DIEN HAM

GIOI THIEU CHUNG

Trong mach sd, cac tin hiéu thuong cho & hai mtrc dién ap, vi du 0 V va 5 V. Nhiing linh
kién dién tir dung trong mach s6 lam viéc & mot trong hai trang thai, vi du transistor ludng cuc
lam viéc & ché do khoa (tit), hodc thong..

Do viy, d¢ md ta hoat dong cta cic mach sb, ngudi ta dung hé nhi phan (Binary), hai
trang thai cua céc linh kién trong mach dugc ma hoa twong g thanh 1 va 0.

Mot bd mon dai sé duoc phat trién tir cudi thé ky 19 mang tén chinh ngudi sang lap ra no,
dai s6 Boole, con dugc goi la dai sb logic rat thich hop cho viéc mo ta mach s6. Pai sb6 Boole 1a
cong cu toan hoc quan trong dé thiét ké va phan tich mach s6. Cac k¥ su, cac nha chuyén mén
trong linh vuc dién tir, tin hoc, thong tin, diéu khién.. déu can phai nim viing céng cu nay dé cd
thé di sau vao moi linh vuc lién quan dén ky thuat $6.

84 nam sau, dai s6 Boole di dugc Shannon phat trién thanh 1y thuyét chuyén mach. Nho
céc cong trinh ciia Shannon, vé sau ndy, cac nha k¥ thuat di dung dai s6 Boole dé phan tich va
thiét ké cac mach vi tinh. Trang thai "ding”, "sai" trong bai toan logic dugc thay thé bang trang
thai "déng”, "ngdt” ciia mot chuyén mach (CM). Mdi quan hé nhan qua trong bai toan logic dugc
thay boi mdi quan hé gitra dong dién trong mach véi trang thai cac CM gan trén doan mach ay.
Mbi quan hé nay s€ dugc thé hién bﬁng mot ham toan hoc, co tén 1a ham chuyén mach. Khi do,
céc trang thai cia CM : "dong" = 1 va "ngat" = 0. Hinh 2-1 mé ta diéu vira néi. O day, trang thai
cua CM duoc ki hiéu b@fmg chir cai A.

Vé thuc chit, ham chuyén mach 1a mot truong hop cu

thé ciia ham logic. Do d6, dai s6 Boole ung v&i trudng hop
7 nay | o “khuyén mach. Mic du vy, trong
CM o, e mot o et Ella 02 huong goi no6 1a dai sb logic hay
oV thai Ngat: i o
A=0 ;

E E le khong chi gidi han trong linh
vue E.tE a na con la cong cu phan tich va
thiét it 1a linh vyc may tinh. CAu kién

CM 6 trang lam El-l LE— Hang Diode’, Transistor, cdc mach
thai Bong: tich hop, bang tur... Hoat dong cta cac cau kién nay ciing duoc
A=l dic trung bang hai trang thai: thong hay tit, dan dién hay

khong dan dién... Do d6, hai gia tri hé nhi phan van duoc
dung dé mo ta trang thai ciia ching.

Dai sb logic chi c6 3 ham co ban nhat, d6 13 ham "Va",
ham "Hodc" va ham "Pao". Pic diém ndi bat cua dai sb logic
1a ca ham 14n bién chi 1dy hai gia tri hodc 1 hodc 0.

11



Chirong 2: Pai s6 Boole va cdc phiong phdp biéu dién ham

Trong chuong ndy, ta sé dé cap dén cac tién dé, dinh 1y, cac cach biéu bién ham Boole va
mot sO phuong phéap rat gon ham. Ngoai ra, chuong nay cling xét cac loai cong logic va cac tham
s6 chinh ctia ching.

NOI DUNG
2.1 PAI SO BOOLE

2.1.1. Cac dinh ly co ban:

STT Tén goi Dang tich Dang tong
1 DPong nhat X.1=X X+0=X
2 | Phantu O, 1 X.0=0 X+1=1
3 Bu XX=0 X 423X 1
4 Bét bién XX =X X+X=X
5 Hap thu X+XY=X X(X+Y)=X
6 | Phu dinh dup X=X
7 Dinh Iy (XY.Z.)=X+Y+Z+..| (X+Y+Z+..)=XY.Z
DeMorgan

Béang 2.1. Mot sb dinh 1y thong dung trong dai $b chuyén mach
2.1.2 Céc dinh luit co ban:
+Hoan vi: X.Y =YX, X+Y=Y+X
+Két hop: X.(Y.Z) = (X.Y).Z, X+(Y+Z) = (X +Y)+ Z

+Phan phoi: X.(Y+Z)=XY+XZ, (NN 1N 7

2.2 CAC PHUONG PHAP BIEU DIEN H.

Nhu da néi ¢ trén, ham logic duoc thé rc dai s6 nhu cac mon toan
hoc khac. Py 1a phuong phap téng quat nhaf
phap khéc ciing duoc dung dé biéu dién loai I

dung riéng cua n6. Dudi day 1a néi dung cta

. Ngoai ra, mot s6 phuong
1ap déu c6 uu diém va ung
y dung.

S

2.2.1 Bang trang thai

Liét ke gia tri (trang thai) mdi bién theo tung cOt va gia tri ham theo mot ¢t riéng (thuong
la bén phai bang). Bang trang thai con dugc goi 1a bdng sw thdt hay bdang chan ly.

12



Chuwong 2: Dai s6 Boole va cdc phwong phdp biéu dién ham

m A B C f
my 0 0 0 0
m; 0 0 1 0
m, 0 1 0 0
m; 0 1 1 0
my 1 0 0 0
ms 1 0 1 0
mg 1 1 0 0
my 1 1 1 1

Bang 2.2. Bang trang thai ham 3 bién

D6i véi ham n bién s& c6 2" t6 hop doc 1ap. Cac t6 hop nay duge ki hiéu bang chit m;, voi i

=0 dén 2" -1 (xem bang 2-2) va c6 tén goi la cac hang tich hay con goi 12 mintex.
Vi mbi hang tich c¢6 thé 1y 2 gia tri 13 0 hodc 1, nén néu c6 n bién thi s ham ma bang
2 10 Ae 14 ~ 1 &
trang thai co thé thiét 1ap duoc s€ 1a: N =22
2.2.2 Phwong phap bang Cac no (Karnaugh)

T4 chirc clia bang Céc nd: Céc to hop bién duge viét theo mot dong (thuong 14 phia trén) va
mot cot (thuong 1a bén trai). Nhu vay, mot ham logic c6 n bién s& c6 2" 6. Mdi 6 thé hién mot
hang tich hay mot hang téng, cac hang tich trong hai 6 ké cdn chi khac nhau mot bién.

Tinh tudn hoan cua bang Cac ndé: Khong nhiing cac 6 ké cin khdc nhau mét bién ma cdc 6
ddu dong va cudi dong, ddu cot va cudi cot ciing chi khdc nhau mot bién (ké ca 4 goc vudng cia
bang). Boi vay cdc é nay ciing goi la ké cdn.

Muén thiét 1ap bang Cac n6 ciia mot ham da cho dudi dang chuén téng cac tich, ta chi viéc
ghi gid tri 1 vao cac 6 ung v6i hang tich c6 mat trong biéu dién, cac 6 con lai s& 1ay gia trj 0 (theo
dinh Iy DeMorgan). Néu ham cho dudi lam cling twong tu, nhung céc 6

g v6i hang tong c6 trong biéu dién lai c lay gid tri 1.

2.2.3 Phuong phap dai so

C6 2 dang biéu dién 13 dang fuyén 'ﬁ 16i (tich cdc tong).
+ Dang tuyén: Mbi s6 hang 1a mot E uong ki hiéu bang chir "m;".
Th -
+ Dang hdi: Moi thira sO 18 hgnglcorg ey —revmvrcry—araeng duge ki hi¢u bang chit "M;".

Néu trong tit ca mdi hang tich hay hang tong c6 di mat cac bién, thi dang tong cac tich hay tich
cac tong twong tmg dugc goi 1a dang chudn. Dang chuan 1a duy nhat.

Tong quat, ham logic n bién c6 thé biéu dién chi bang mot dang tong cac tich:

271
f(Xn—l""’X0)= z a;1my
i=0

13
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hoac béng chi mot dang tich cac téng:

271

f(XppsXo) = [ ] (a5 +m;)
i=0

0 day, a; chi léy hai gia tri 0 hoac 1. Ddi véi mdt ham thi mintex va maxtex 1a bu ctia nhau.

2.3 CAC PHUONG PHAP RUT GON HAM

2.3.1. Phwong phap dai sé

Dua vao céac dinh ly da hoc dé dua biéu thue vé dang tbi gian.
Vi du: Hay dua ham logic vé dang t6i gian:
f=AB+AC+BC
Ap dung dinh Iy, A+A =1, X+ XY =X taco:
f=AB+AC+BC(A+A)

= AB+ABC+AC+ABC

= AB+AC

Vay néu trong téng cac tich, xut hién mot bién va dao cua bién d6 trong hai s6 hang khac
nhau, cac thira s6 con lai trong hai sb hang d6 tao thanh thura s6 ctia mot sd hang thur ba thi sb
hang thtr ba d6 14 thira va c6 thé bo di.

2.3.2 Phuwong phap bang Cac no
Phuong phap nay thuong dugc dung dé rit gon cac ham c6 sé bién khong vuot qua 5.
Céc budc tdi thiéu héa:
1. Gop cac 6 ké can co gia tri ‘1’ (hodc “0”) lai thanh timg nhém 2, 4, ...., 2' 6. S6 6 trong

moi nhom cang 16n két qua thu dugc cang toi gian. Mot 6 c6 thé dugc gdp nhiéu lan trong cac
nhom khéc nhau. Néu gdp theo cac 6 co gia tri Ouét m3 OR e bu cia ham.

2. Thay mdi nhom bang mot hang tich r
va cOt.

bién gidng nhau theo dong

3. Cong cac hang tich mai lai, ta co6 ham

Vi du: Hay dung bang Cac nd dé gian u
f(A,B,C)=>(1,2,3,4,5)

E'-'" '.,, ol 11 10

Loi giai:

14



Chuwong 2: Dai s6 Boole va cdc phwong phdp biéu dién ham

+ Xay dung bang KN tuong tmg v4i ham da cho.
+ GOp cac 6 co gia tri 1 ké can lai v6i nhau thanh hai nhom (hinh 2-2)
Loi giai phai tim :
f=f+f,=B+AC
Néu gop céc 6 ¢6 gié tri 0 lai theo hai nhom, ta thu duge bidu thirc ham bu f :
f=AB+BC
2.3.3. Phuwong phap Quine Mc. Cluskey

Phuong phap nay co thé t6i thiéu hoa dugc ham nhiéu bién va c6 thé tién hanh cong viéc
nho may tinh.

Céc budc tdi thiéu héa:

1. Lap bang liét ké cac hang tich dudi dang nhi phan theo timg nhoém véi s6 bit 1 gibng
nhau va xép chung theo s bit 1 ting dan.

2. Gop 2 hang tich ctia mdi cip nhom chi khac nhau 1 bit dé tao cac nhom méi. Trong mdi
nhém moi, giir lai cac bién gidng nhau, bién bo di thay bang mot dau ngang (-).

Liap lai cho dén khi trong cac nhom tao thanh khong con kha ning gop nira. Mdi lan rit gon,
ta danh ddu # vao cac hang ghép cap dugc. Cac hang khong danh dau trong mdi 1an rit gon sé
dugc tap hop lai dé luya chon biéu thuc toi gian.

Vi du. Hiy tim biéu thic t6i gian cho ham:

f(A,B,C,D)=> (10,11, 12,13, 14, 15)

Gidi: Budce 1: Lap bang (bang 2.3a):

Bang a Bang b

Hang tich | Nhj phén Rt oon Tin dAu | Rt gon l4n thtr 2.
disipxép | ABCD L MO ABCD

10 1010 10 11-- (12,13,14,15)

12 1100 1-1 1-1-  (10,11,14,15)

1 1011 114

13 1101 114 [m] 55

14 1110 .11 # aL1s) |

15 1111 11-1 # (13,15)

111- # (14,15)

Bang 2.3

Budc 2: Thyuc hién nhom cac hang tich (bang 2.3b).

15



Chirong 2: Pai s6 Boole va cdc phiong phdp biéu dién ham

Tiép tuc 1ap bang lwa chon dé tim ham t5i gian (Bang 2.4):

ABCD 10 | 11 | 12 | 13| 14 | 15

1-1- X X X X

Bang 2.4
Tir bang 2-4, ta nhan thiy rang 4 cot c6 duy nhat mot ddu "x" ung véi hai hang 11-- va 1-1-.
Do d6, biéu thirc tdi gian 14 :
f(A,B,C,D)=AB+AC
2.4 CONG LOGIC VA CAC THAM SO CHIiNH

Cong logic co sé 1a mach dién thyc hién ba phép tinh co ban trong dai s6 logic, vy ta s&
¢6 ba loai cong logic co sé 1a AND, OR va NOT.

2.4.1 Cong logic co ban
2.4.1.1 Cong AND
Cong AND thyc hién ham logic
f=f(A,B)=AB

hodc nhiéu bién:

f(A,B,C,D,...)=ABCD...

A— A
. ]
| ) el
A —
B —
=04 =
D —
E —
E Th | -
a) Theo tiéu chuin ANSI b) Theo tiéu chuén IEEE

Hinh 2-4a,b. Ky hiéu ciia céng AND.

Nguyén Iy hoat dong ciia cong AND:
Bang trang thai 2.5a,b 1a nguyén 1i hoat dong cua cong AND (2 16i vao).

16



Chuwong 2: Dai sé Boole va cdc phwong phdp biéu dién ham

A B f A B f
0 0 L L L
0 1 0 L H L
1 0 0 H L L
1 1 1 H H H
a) Ghi theo gié tri logic b) Ghi theo muc logic

Bang 2.5a,b. Bang trang thai mo ta hoat dong cua cong AND 2 16i vao.

Theo qui udc, logic 1 dugc thay bang mirc dién thé cao, viét tat 1a H (High) con logic 0
dugc thay bang muc dién thé thap, viét tit 1a L (Low) (bang 2-5b). Cong AND c6 n 16i vao s& c¢6
2" hang tich (dong) trong bang trang thai.

Khi tac dong téi 161 vao cac chuoi xung s6 xac dinh, dau ra cling s€ xuat hi€én mot chuoi

xung nhu chi hinh 2-4. BJ thi nay thuong duoc goi 13 dé thi dang xung, dé thi dang séng hay do
thi thoi gian.

Lbi vao A

T~ | Léiraf
o:o0ofl 1i1{0:i0fb] o o

Lbi vao B

v

tt t b oot ot ot o bt

Hinh 2-4. D6 thi dang xung vao, ra ciia cong AND
ty va t; dén tg trén ca hai 16i vao
101 gian con lai vi hodc ca hai 161
gic 0. Hoat dong ctuia cong AND

Tir db thi, ta nhan théy rﬁng, chi
déu co logic 1 nén 16i ra ciing lay logic
vao béng 0, hodc mot trong hai 161 vao
nhiéu 16i vao ciing xay ra twong tu.

C6 thé giai thich d& dang mot vai 1

Vi du : Ding cong AND dé tao " EH.I

qua d6 thi dang xung.

1g dung nay, trén hai 10i vao cua

céng AND duogc dua t6i 2 chudi tin hifulow s+ o oo rmweathau. Gia st tn sd cta X 16n hon
tan s6 ctia Y. Trén dau ra cong AND chi ton tai tin hiéu X, gian doan theo timg chu ki ctia Y. Nhu
vay, chudi s6 Y chi gitlr vai tro dong, ngét céng AND va thuong duogc goi 1a tin hi€u "ctra". Hoat
dong cuia mach dugc mo ta béng hinh 2-5.

17



Chirong 2: Pai s6 Boole va cdc phiong phdp biéu dién ham

JUUUT

_¢— Is —»

TUUUUUTUUUUL

«— 15—»_/vT

Hinh 2-5. Mo hinh dung cong AND dé tao “cira” thoi gian

Tuy theo diéu kién cho trudce, co thé ung dung mach theo cac muc dich khac nhau. Néu da
biét d6 rong xung “ctra” Y ( thuong ldy bang 1s ) thi s xung xuét hién dau ra chinh bang tin sd
cua X. Nguoc lai, néu tan sb cua X di cho, chéng han béng 1 Hz ( Tx = 1s ) thi chi can dém sd
xung trén dau ra ta co thé tinh dugc do rong xung “cuia” Y. Pay chinh la phuong phap do tan sb
va thoi gian dugc ing dung trong ki thuat hién nay.

2.4.1.2 Céng OR

Cong OR thyc hién ham logic:
hogc véi ham nhiéu bién:

Ky hiéu cua céng OR duogc biéu dién & hinh 2-6a, b.

A

>

mIAaw »

Tuong ty nhu cong AND, nguyén 1§ ha
qua bang trang thai (Bang 2.6a,b) va d6 thi dar

-
—

a) Theo tiéu chuin ANSI

f(A,B)=A+B

f(A,B,C,D..)=A+B+C+D+...

A

B———

b) Theo tiéu chuan IEEE

Hinh 2-6 a, bK< hidu ciia cdna OR

A B f
0 0 0
0 1 1
1 0 1
1 1 1

18

a) Theo giéa tri logic

» thé dugc giai thich thong

00 f
Lt IR
Eu'- L H
H L H
H H H

b) Theo mirc dién thé

Bang 2.6 a, b. Bang trang thai cua cong OR.
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0.0

te 4 §tz §t3 §t4 ts §t7 §tg to  tio
Hinh 2-7. D) thi dang xung cta cng OR.
Mot cdng OR c6 n 11 vao s& co 2" hang tich trong bang trang thai ctia no.
2.4.1.3. Cong NOT
Cdng NOT thuc hién ham logic:
f=A
Ky hiéu cta cong NOT duoc chi ra trén hinh 2-8 a, b.

A—}K A—1>—K

A 9 A A_Bl K

a) Theo tiéu chuan ANSI. b) Theo tiéu chuin IEEE.

Hinh 2-8a,b. Ky hiéu ctua cong NOT

Hoat dong ciia cong NOT kha don gian, néu 16i vao:

A=0 thi A=1, J_LA—>°7K

ncuA=1thi A=0 5 Hinh 2-9
A 1s : Y 5t ma

Nguyén ly nay dugc minh hoa ban }%u;i I?i re% ic h 2-9.

File Coppy, Chinh siia

Hoat dong ctia cong NOT duoc t61

A f E E f

r
0 1 E.‘-ti' H
1 0 EH'I - L

a) Theo giéa tri logic b) Theo murc logic

Bing 2.7a, b. Bang trang thai ciia cong NOT.
2.4.2 Logic duwong va logic Am

Logic dwong 13 logic c6 dién thé mirc H luon 16n hon dién thé mic L (Hinh 2-10).
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V A
H
ﬂl 10 o1 0|1 11 00|10
L
0 >t
a) Logic duong véi muc duong.
V A
0 >t
H
ﬂl 1{0o o1 |0l 11 00]|1(6O0
L

b) Logic duong véi murc am.

Hinh 2-10a,b. D6 thi dang xung cua logic duong

Logic am thi ngugc lai, logic 1 c¢6 dién thé thap hon mtc 0. Khai niém logic am thudong
duoc dung dé biéu dién tri cac bién. Logic 4m va mirc 4m cua logic 1a hoan toan khac nhau.

2.4.3 Mt s6 cong ghép thong dung

Khi ghép ba loai cong logic co ban nhét s& thu dugc cac mach logic tir don gian dén phuc
tap. O day ta chi xét mot vai mach ghép don gian nhung rat théng dung.

2.4.3.1 Cong NAND

Ghép ndi tiép mot cong AND véi mot cong NOT ta duge cong NAND (Hinh 2-11).
A —

. D AB {>¢f=AB

Hinh 2-11. So db c4u tao cong NAND

Ham ra cta cong NAND 2 va nhiéu bién vao nhu sau:

Ky hiéu cong NAND (hinh 2-12a,b) va

A py, Chinh sua
o — | EEE L
J— E'tE =
B 5
/;—-j } S I NG
C — D —
E

a) Theo tiéu chuan ANSI b) Theo tiéu chudn IEEE

Hinh 2-12a,b. Ky hiéu ciia cong NAND
20
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A B f A B f
0 0 1 L L H
0 1 1 L H H
1 0 1 H L H
1 1 0 H H L

Bang 2.8a,b. Bang trang thai ciia cong NAND

2.4.3.2 Céng NOR
Cdéng NOR duoc thiét 1ap bang cach ndi tiép mot cong OR véi mot cong NOT.

Tir hinh 2-13 ta ¢6 thé viét dugc ham ra ctia cong NOR 2 va nhiéu 16i vao nhu sau:

f=A +B hay f=A+B+C+...

A A+B A+B
B

Hinh 2-13. So d6 cau tao cong NOR

Ky hiéu ctia cong NOR 2 16i vao nhu chi & hinh 2-14a,b.

f B —
s )
a) Theo tiéu chuan ANSI. b) Theo tiéu chuan IEEE.
Hinh 2-14a, | et md O i vio
Hoat dong cua céng NOR dugc gi thai nhu chi ¢ bang 2.9a,b.
A B f B f
0 0 1 L H
0 1 0 E (Th - H L
1 0 0 H L L
1 1 0 H H L

Bang 2.9a, b. Béng trang thai ciia cdng NOR 2 16i vio.
2.4.3.3 Céng khdc diu

Cong khdc ddu con c6 mot sd tén goi khac: cong Cong Modul-2, cong XOR.
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[>1 !
;a;.
%I

B AB

Hinh 2-15. So d6 cua cong XOR 2 16i vao

T hinh 2-15, ta ¢6 biéu thirc cua ham khac diu 2 16i vao la:
f=AB + AB hay theo qui uée f=A®B

Ky hiéu ciia cong XOR 2 156i vao nhu hinh 2-16a, b.

A A___=Y

=]l — f
f B
BjDi

a) Theo tiéu chuan ANSI b) Theo tiéu chuan IEEE

Hinh 2-16a, b. Ky hiéu ciia cong XOR 2 18i vao

Béng trang thai ciia cong XOR hai 16i vao duoc trinh bay & bang 2.10a,b.

A B F A B F
0 0 L L L
0 1 1 L H H
1 0 1 H L H
1 1 0 H H L
Béang 2-10a,b. Bang tran 51 vao
Hoat dong cong XOR nhiéu 16i vao ciin; AleCoppy, Chinhisiia. ; a0, nghia 1a néu s bit 1
trén tit cac cac 16i vao 1a mot sb 1é, thi ham ra E E Su téng s6 bit 1 trén cac 16i
vao 1a mot s6 chin, thi ham ra 13y logic 0. C E.IE r 161 vao dé thyc hién ham
XOR nhiéu bién.

Eu'l - |

2.4.3.4 Cong dong diu (XNOR)

Cong XNOR thyc hién biéu thirc logic sau:

f=AB + AB hay f=A ® B=A~B

Ky hiéu ctia cdng XNOR hai 16i vao duoc trinh bay & hinh 2-17.
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A
B

Do

A
B—

a) Theo tiéu chuan ANSI b) Theo tiéu chuin IEEE

Hinh 2-17. Ky hiéu ciia céng XNOR 2 16i vao

Néu tong s6 bit 0 trén tat ca cac 16i vao 1a mot sb 1¢, thi ham ra cia XNOR s& 1dy logic 1.
Néu téng s6 bit 0 trén tat ca cac 16i vao 1a mot sé chén, thi ham ra lai 1iy logic 0.
XOR va XNOR 1a hai loai cong c6 rat nhiéu tmg dung trong k¥ thuét s6. Chiing 1a phan tir

chinh hop thanh bd cong, trir , so sanh hai s6 nhi phan v.v...

2.4.4 Céc tham s6 chinh

2.4.4.1 Muec logic
L3 a— B — - VREmay s VAL O ——— ]EVRHmaX
4’9V VRHmin
Nu
AV ol J
VVHmln 3,5\/
BV e e e
2,4V -1 VRHmin
o RTaE— A Vitimin Nu OO
VyLma g=1:5v N
[ — S W L
v 0,8V_ ~ VVLma N
ov ! 0.4V W VRLmax O,IV VRLmax
Vao Ra Vao Ra
a) Bdi v6i ho TTL b) Béi v6i ho CMOS

Hinh 2-19a, b. Mirc logic cua cac ho cong TTL va CMOS

Miic logic 1a mirc dién thé trén da
"0", n6 phu thudc dién thé nguén nud
Logic) va Vpp d6i v6i ho MOS (Metal
vuot qua dién thé nguon nudi cé thé gy

Mirc TTL

sita | tuong Umg vai logic "1" va logic
i ho TTL (Transistor Transistor
Luu y rang, néu mirc logic vao

Eu'l - |

Mirc TTL 1a mot chuan quc té, trong d6 qui dinh:
- Pién thé nguén nudi Vee, Vop béng + 5 von hodc béng -5,2 von;

- Mtic dién thé trong tmg véi logic H va L trén dau vao, dau ra ciia cong nhu chi ¢ hinh 2-
18a,b.

Nhéan xét: + Muc vao ra dbi voi cong TTL va CMOS (Complementary Metal Oxide
Semiconductor) khac nhau rat nhiéu;
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Chirong 2: Pai s6 Boole va cdc phiong phdp biéu dién ham

+ Muc vao ra s¢ anh huong dén do phong vé€ nhiéu cta cong.

2.4.4.2 B chong nhiéu

Do chong nhiéu (hay do phong vé nhiéu) 1a mirc nhiéu 16n nhat tic dong t6i 16i vao hoic 16i
ra cia cong ma chua lam thay doi trang thai von c6 cia no.
v
NH VNL

Cong 1 Cong 11 Cong 1 Céng II

a) Tac dong nhiéu khi muc ra cao b) Tac dong nhidu khi murc ra thap
Hinh 2-20a, b, Mo ta tic dong nhiu dén cac cong logic

Anh huéng ctia nhiéu c¢6 thé phan ra hai trudng hop :
+ Nhiéu mirc cao: ddu ra cong I 1ay logic H (hinh 2-20a), tit nhién, dau ra cong II 13 logic
L, néu cac cong van hoat dong binh thuong. Khi tinh téi tac dong ciia nhidu, ta co:

VRHmin + VNH 2 VVvHmin < VNH 2 VVHmin = YRHmin

Véi cong TTL: Vyp =2V —2,4V =-0,4V

Véi cdng CMOS: Vyp 23,5V -4,9V =-1,4V

+ Nhiéu muc thip: dau ra cng I lay logic L (hinh 2-20b), trong tir ta c6:

VRLmax T VNL < VwLmax < VNL < VWimax = VRLmax

Véi cong TTL: Vyp 0,8V —0,4V = 04\

Véi cong CMOS: Vyp £1,5V—-0,1V =
2.4.4.3 H¢ s6 ghép tii K

Cho biét kha niang ndi dugc bao nhiéu 16 ﬁ[_ - =6ng di cho.

Heé sb ghép tai phu thude dong ra (hay d EH -1 tai va dong vao (hay dong
hut) ctia cac cong tai & ca hai trang thai H, L. -
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Chuwong 2: Dai sé Boole va cdc phwong phdp biéu dién ham

Céng chiu tai Céc cong tai Cong chiu tai Céc cong tai

[ =
B:l_}/v ‘v; B:Dy< ...............

a) Mtc ra cta cong chiu tai 1a H b) Mirc ra cia cng chiu tai 1a L
Hinh 2-21a,b. M6 ta vé hé sb ghép tai.

2.4.4.4. Céng suit tiéu thu

+Vce +Vece
l Iecn l Icco
L —] H—]
H_| H H_| L
v v

Hinh 2-22. Hai trang thai tiéu thu dong ctia cong logic
Iccn - La dong tiéu thy khi déu ra 1ay mirc H,
Iccr - La dong tiéu thy khi dau ra lay mic L.

Theo thong ké, tin hiéu sb c6 ty 18 bit H / bit L khoang 50%. Do d6, dong tiéu thu trung
binh I¢c dugc tinh theo cong thure :

lec = (Icen + Iecr)/ 2
Cong suat tiéu thy trung binh ciia mdi cong s& 14 :

Py = Icc

2.4.4.5. Tré truyén lan

E duogc goi 1a tré truyén lan.

A
EH_I _\ Vao

Tin hiéu di qua mdt cong phai m

Vio {>c Ra : | \—

TLH

N >

Hinh 2-23. Minh hoa tr& truyén lan ciia tin hiéu
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Chirong 2: Pai s6 Boole va cdc phiong phdp biéu dién ham

Tré truyén lan xdy ra tai ca hai suon ctia xung ra. Néu ki hiéu tré truyén lan tng véi suon
trudc 1a tryp va suon sau 1a typy thi tré truyén lan trung binh la:

try = (toa + trom)/2

Thoi gian tré truyén lan han ché tan s6 cong tac ctia cong. Tré cang 16 thi tin s6 cong tac
cuc dai cang thap.

TOM TAT

Trong chwong 2 chiing ta gidi thiéu vé cac phuong phap biéu dién va rit gon ham Boole.
Ngoai ra con gi6i thiéu mot sb cong logic thong dung va cac tham sé chinh cia chiing.

CAU HOI ON TAP
Bai 2.1 Rut gon ham sau theo phuong phap dung bang Karnaugh:
1. F(A,B,C)=X(0,2,4,6,7).

a. AB+C
b. AB+C
c. AB+C
d. AB+C
2. F(A,B,C,D)=32(0,1,8,9, 10)
a. BC+D
b. BC+ABD
c. BC+ABD
d. BC+ABD

2.2 Rit gon ham sau theo phuwong phap dai sé

1. CD+CD.AC+D

a. CD
b. CD
c. CD
d. CD
2. ABC.AB+BC+CA
a. AB+AC O Fga 2
b. AB+AC+BC ”
c. AC+BC
d. AB+BC

2.3 Rat gon ham sau theo phuong phap Quine-Mc.CLUSKEY:
F(A,B,C,D)=X(2,3,6,7,12,13, 14, 15).
a. AC+AB
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Chuwong 2: Dai sé Boole va cdc phwong phdp biéu dién ham

b. AC+AD
c. AC+AB
d. AC+AB

2.4 Hai mach di¢n ¢ hinh dudi day la twong duong

Aty Uy a4y By
B B

Do déu bang A+B

Do déu bang B

Do déu bang AB

d. Do déu bing A+AB

Bai 2.5 Phén tich ¥ nghia cc tham s chinh ciia cac ho cong logic.

o owPp

Bai 2.6 Trinh bay vé& d6 phong vé nhidu cua cac ho cong logic? Tinh d6 phong vé nhidu cua
mdt cong logic ho TTL, biét Vy =0V = 0,8 V, Vyg =20V =50V, Ve =0V = 04 V, Vg =
24V +50V?

a. Vyg =04V, V. =-04
b. Vyg =-04V, V. =-04
c. Vyg =04V, Vy. =04

d. Vyg=-04V, Vy. =04

Bai 2.7 Cho mach dién nhu hinh 1. Biéu thirc ham ra la:

A 'y
" F
B
Hinh 1

a. AB+AB
b. AB+AB EL.-. .
c. AB+AB '
d. AB+AB

Bai 2.8 Phan tich y nghia cua viéc tdi wu hoa mach dién cua cac ho céng logic? Cho vi du
minh hoa?
Bai 2.9 Chimng minh cac dang thirc:

a. A@B=A B + AB
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Chirong 2: Pai s6 Boole va cdc phiong phdp biéu dién ham

b. AB(A®@B®C) = ABC

c. AGB®C= A®B®C
Bai 2.10 Liét ké 3 phan tir logic co ban trong k§ thuat s6?
AND, OR va NOT
NAND, AND va NOT

AND, NOR va NAND
AND, OR va XNOR

/e o op

Bai 2.11 Phan tir logic AND 2 18i vao cho dau ra bang 1 khi cac dau vao 14 bao nhiéu?
a. 0vao
b. Oval

c. 1vao
d 1val

Bai 2.12 Poc biéu thirc A+B nhu thé nao?

A AND B
A XORB
AORB

A NAND B

o o

Eu'l - |
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Churong 3: Cong logic TTL va CMOS

CHU'ONG 3: CONG LOGIC TTL VA CMOS

GIOI THIEU

Xét vé mit co ban thi ¢6 hai loai linh kién ban dan dé la ludng cuc va don cuc. Dua trén cac
linh kién ndy, cdc mach tich hgp duoc hinh thanh va c6 san trén thi truong. Cac chic ning ki
thuat sb khac nhau ciing dugc ché tao trong nhiéu dang khac nhau bang cach sir dung cong nghé
ludng cuc va don cyuc. Mot nhom cac IC twong thich véi cac mic logic gidng nhau va cac dién ap
nguén dé thyc hién cac chirc nang logic da dang phai duoc ché tao bﬁng cach st dung céu hinh
mach chuyén bi¢t dugc goi la ho mach logic.

Cac yéu t6 chinh ctia mot IC ludng cuc la dién trd, dibt va cac transistor. Co hai loai hoat
dong co ban trong cadc mach IC ludng cuc:

e Bao hoa.
e Khong bao hoa.

Trong mach logic bao hoa, cac transistor dugc van hanh trong ving bao hoa, con trong cac
mach logic khong bao hoa thi cac transistor khong lam viéc tai vung bao hoa.

Céc ho mach logic Iudng cuc dugc bao hoa la:

e Mach logic Pién tr¢ - Transistor (RTL).

e Mach logic Pidt — Transistor (DTL).

e Mach logic Transistor — Transistor (TTL).
Céc ho mach logic ludng cuc khong bao hoa la:

e Schottky TTL.

e Mach logic ghép cuc phat (==

Cac linh kién MOS la cac linh ki
cac mach logic MOS. Cac ho mach logic

« PMOS. [=] =3 [=]
|
e NMOS. ﬁ%

e CMOS EH'I -

> MOSFET duoc van hanh trong

Trong chwong 3 s& trinh bay cac ho cong logic chii yéu va duoc dung phd bién hién nay.
Phén cudi cua chuong trinh bay mét s6 mach cho phép giao tiép gitta cac ho logic TTL va CMOS.
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Chuwong 3: Cong logic TTL va CMOS

NOI DUNG
3.1. CAC HQ CONG LOGIC

3.1.1. Ho DDL

DDL (Diode Diode Logic) 1a ho cdng logic do cac diode ban dan tao thanh. Hinh 3-1a,b 1a
so d6 cong AND, OR 2 16i vao ho DDL.

+5V
EI R1
D1
Ae—|——9o—— f
D2

a) Cong AND

i Ot
D2 — ng

D1
Ae—Ppl—o o f
B 0—>|—<|
_DLRl
b) Céng OR

Hinh 3-1. Mach dién céng AND va OR ho DDL.

Bang trang thai sau thé hién nguyén 1y hoat dong ctia mach thong qua mic dién 4p vao/ra
ctia cac cong AND va OR ho DDL

AND OR
A (V) B (V) F (V) A (V) B (V) F (V)
0 0 0,7 o a 0
0 3 0,7 43
3 0 0,7 4,3

3

3 4,7 E E—; 4,3
Béang 3-1. Bang trang th E.IE ho DDL
Uu diém ctia ho DDL: [m] <5

— Mach dién don gian, dé tao ra cac céng AND, OR nhiéu 16i vao. Uu diém nay cho
phép xay dung cac ma tran diode voi nhiéu ing dung khac nhau;

— Tan s6 cong tac c6 thé dat cao bang cach chon cac diode chuyén mach nhanh;
— Cong suat tiéu thu nho.

Nhuoc diém :
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Churong 3: Cong logic TTL va CMOS

— Do phong vé nhiéu thap (Vg 16m) ;
— Heé s6 ghép tai nho.
Dé cai thién d6 phong vé nhidu ta c6 thé ghép nbi tiép & mach ra mot diode. Tuy nhién,
khi d6 Vry cling bi sut di 0,6V.

3.1.2. Ho DTL

Pé thuc hién chirc ning ddo, ta co thé dau ndi tiép voi cac cong DDL mét transistor cong
tac & ché d6 khoa. Mach céng nhu thé duoc goi 1a ho DTL (Diode Transistor Logic). Vi du, hinh
3-2a, b 1a cac cong NOT, NAND thudc ho nay.

+5V +5V 5V +5V

b)

Hinh 3-2. So d6 mach dién cua ho céng TDL.

Trong hai truong hop trén, nhd cac diode D2, D3 d6 chéng nhiu trén 16i vao cua Q; duoc
cai thién. Mirc logic thap tai 16i ra f giam xuéng khoang 0,2 V ( bang thé bao hoa Ucg cua Q). Do
TRimax VA TRLmax cUa ban dan co6 thé 16n hon nhiéu so v&i diode nén hé sb ghép tai cua céng cling
tang lén.

Béng cach twong tu, ta c6 thé thiét 1ap cong NOR hoic cac cong lién hop phirc tap hon. Vi
tai clia cac céng 1a dién tré nén hé s6 ghép tai (dac biét ddi véi Npg) con bi han ché, mat khac tré
truyén lan cta ho cong ndy con 10n. Npinatan tai tein o3 suac khic phuc ting phan ¢ cac ho
cong sau. Quét ma QR

3.1.3. Ho RTL

Ho RTL (Resistor Transistor Log E E roc ciu tao boi cac dién trd va
transistor. Hinh 3-3 14 so d0 ctia mot ma E.IE a

Khi dién ap 16i vao 1a 0 V, dién ap E - 1] 58 Am nén transistor cAm nhu vay

16i ra trén collector ctia transistor s& & Muv-vuo o ror ra - OC ndi 1én nguén +5 V thong qua
diode D nén gia tri dién ap 16i ra lac nay khoang 5,7 V, nhan muc logic cao. Khi dién ap 16i vao 1a
5V do hai dién tré 16i vao co gia tri 1an luot 12 1 k va 10 k, nén dién ap tai base s€ du lon dé 1am
transistor thong 1am cho dién 4p 16i ra 1a 0 V. Nhu vay logic 15i ra s& 1a ddo cua logic cua tin hiéu
16i vao.

Tuwong ty nhu mach hinh 3-3, néu mot dién tré duge ndi thém & 161 vao nhu hinh 3-4 sau
mach s€ tré thanh mach NOR ho RTL.
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Chuwong 3: Cong logic TTL va CMOS

12V 5V

-12vV 0V

Hinh 3-3. Céng NOT ho RTL

Bang 3-2 thé hién quan hé dién ap cta cong NOR ho RTL, chi khi ca hai 16i vao A va B
cing & gia tri 0 V thi transistor mgi cAm va 161 ra nhan logic cao. Cac truong hop khac déu dan
dén transistor thong va lam gia tri logic 161 ra & mic thap.

A (V) B (V) F (V)
0 0 5,7
0 5 0
5 0 0
5 5 0

Béng 3-2. Bang trang thai ciia cdng NOR ho RTL

12V 5V

A
B
5V
oV
Hinh 3.4.
3.14.Ho TTL
Do han ché vé téc do, ho DTL da tro EH-, . hé hoan toan boi ho mach

TTL. Han ché toc do cia DTL duoc giai quyét-vamg vaviruray vac-arordau vao thanh transistor da
16p tiép giap BE.
a. Cong NAND TTL
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Churong 3: Cong logic TTL va CMOS

R1 R2
4kQ 1,6kQ

—
Hinh 3-5. So db mach dién mot céng NAND 2 14i vao.

Hinh 3-5 13 so d6 nguyén 1y cia mach NAND TTL. N6 c6 thé dugc chia ra thanh 3 phan.
Transistor Qy, tré Ry va cac diode Dy, D, tao thanh mach dau vao, mach nay thuc hién chic nang
NAND. Transistor Q,, cac tr¢ R,, R4 tao thanh mach gitra Qs, Q4, R; va diode D; tao thanh mach
16i ra nhu phan tich & trén.

Khi bat ky mot 161 vao & mirc thip thi Q, déu tré thanh thong bio hoa, do d6, Q. va Qq
dong, con Qs thong nén dau ra ciia mach s& & muc cao. L6i ra s& chi xudng mic thap khi tat ca
cac 16i vao déu & muc logic cao va lam transistor Q, cadm. Diode D5 dugc su dung nhu mach dich
mirc dién ap, nd c6 tac dung 1am cho Qs cAm hoan toan khi Q, va Q, thong. Diode nay nhiéu khi
con duoc méc vao mach gitra collector Q; va base cua Qs.

Hinh 3-6. So d6 mach dién ciia mot céng OR 2 16i vao.
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Chuwong 3: Cong logic TTL va CMOS

b. Cong OR TTL

Hinh 3-6 13 so @6 ctia mot cong OR ho TTL tiéu chuan hai 16i vao. Trong truong hop nay,
mach vao sir dung cdc ban dan don. Tuy nhién, nguyén 1y hoat dong ctia mach vao nay ciing
gidng véi cong NAND hinh 3-5.

¢. Cong collector dé hé

Nhuge diém cia ho céng TTL c6 mach ra khép kin 1a hé s6 tai dau ra khong thé thay doi,
nén nhiéu khi gay khé khan trong viéc két ndi véi dau vao cia cac mach dién tir tang sau. Cong
logic collector dé hd khic phuc duoc nhuge diém nay. Hinh 3-7 1 so d6 ciia mot cong TTL dao
collector hé tiéu chuin. Mubn dua céng vao hoat dong, can du thém tro ganh ngoai, tir cuc
collector dén +Vcee.

9 o 5V

Hinh 3-7. Mach dién ciia mot céng NOT collector hé.

Mot nhugce diém cua cong logic collector hé 1a tan s6 hoat dong cua mach s€ gidm xudng
do phai stir dung dién tr¢ gdnh ngoai.

d. Cong TTL 3 trang thai

Mot cbng logic, ngoai hai trang thai cao va thap tai dau ra cia nd con c6 mot trang thai
trung gian duoc goi 1 cong ba trang thai. Trang thai trung gian nay con co tén 13 trang thai du ra
c6 tro khang Z cao hay trang thai treo. Céng c6 ky hi¢u nhu chi ¢ hinh 3-8.

Tuong tu nhu cong collector hd, cac ho cong logic déu c6 cong 3 trang thai. Hinh 3-8 1a
mot vi du vé mach dién cua céng NAND ba trang thai ho TTL tiéu chuén .

\V F

sy
M| W@ >

|

(2) (b)

Hinh 3-8. Ky hi¢u ctia céng ba trang thai : (a) céng NOT; (b) céng AND.

Hoat dong ctia cong NAND 3 trang thai dugc giai thich bang bang trang thai 3-3. Khi trén
16i vao E c6 muc logic thip, cong hoat dong nhu mot cong NAND. Trén 16i ra f's& ton tai hai
trang thai cao va thap nhu thuong 1é.
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Churong 3: Cong logic TTL va CMOS

+5V

+Vcee
RS
04
LbiraZ cao
4_
05

Hinh 3-9. Mach dién cong NAND 3 trang thai va so d6 twong dwong ciia no.

E A B f
L L L H
L L H H
L H L H
L H H L
H X X -
H X X

H X X -
H X X -

Bang 3-3. Bang trang thai cua
cong 3 trang thai.

Nguoc lai, khi trén 16i vao E ¢ murc cao thi
bat luan trén hai 16i vao A, B ¢o gia tri logic nao
(ddu x trong bang trang thdi mang y nghia tuy
chon) 16i ra f luon & trang thai treo, hay tha ndi.
Trang thai nay tuong duong v&i trang thai dau ra
khong dugc ndi t6i mot diém nao trong mach. Ung
v6i trang thai ny, tré khang Z trén dau ra ctia cong,
nhin tir phia tai vao s& rat 1on. Theo so do twong
duong, lic nay ca Q4, Qs déu khoa. Lbi ra f duong
nhu bi treo trong mach. Do dd, trang thai nay con
duoc goi la trang thai treo.

Trong k¥ thuat sb, cong ba trang thai thuong
dugc dung lam cac by dém dAu ra, khoa diéu khién
hudng dir licu ...

e. Ho TTL c6 diode Schottky (TTL +S)

Cong TTL tiéu chuan c6 nhuoc diém chung 1a thoi gian tré truyén lan 16n. Nguyén nhan
ciia nhuogc diém nay la do tat ca ban dan trong mach déu cong tac & ché do bao hoa. Mot trong
nhitng bién phap giam nho tré truyén lan 14 sir dung diode Schottky dé chng hién tugng bao hoa

nay.

— Diode va ban dan Schottky

Céu tao ctia diode Schottky ciing giéng nhu diode Silic. Nho viée chén thém mét 16p oxit
kim loai vao giira tiép giap p-n ma dién thé phéan cuc ciia n6 13 0,4 Vdc (thap hon 0,6 von dbi voi

diode Silic va cao hon 0,2 voi diode Ge).

Ky hiéu ctia diode va ban dan Schottky cho & hinh 3-10.
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. C )
E E

a) Ki hiéu Diode b) CAu tao ban din &FKi hizy ban
Schottky Schottky dan Schottky

Hinh 3-10. Ciu tao cia diode Schottky

Mach dién dung diode Schottky chdng bdo hoa cho cac ban dan nhu hinh 3-10b. Dé don
gian, ngudi ta goi mach nay 1a ban dan Schottky va ky hiéu nhu hinh 3-10c.

T & +Vee

Hinh 3-11. Mach dién cta cong NAND 2 16i vao ho TTL+S

— Mach dién ho cong TTL + S

Néu thay tat ca diode va ban dan trong mach dién cua ho TTL tiéu chuén béng cac diode
va ban din Schottky, ta s& c6 mach dién ho cong TTL+S. Hinh 3-11 12 mét vi du vé cong NAND
dung diode Schottky.

Nho str dung diode va ban dan Schottky ma tan s6 cong tic ciia ho cong niy ting dang ké.
Thoi gian tré truyén lan ciia cong TTL+S khoang 3 ns, cong sudt tiéu thu khoang 19 mW.

Khi chi tiéu thoi gian trd khong can cao thi gia tri cac dién trd phan cuc dugc ting 1én dé
giam dong tiéu thu ciia mdi ban dan xudng. Ho cong nhu thé c6 tén goi 1a TTL+LS (Transistor
Transistor Logic + Lowpower Schottky Diode). Cong sut tiéu thu ctia ho cng nay chi khoang 2
mW va thoi gian tré truyén lan van dat khoang 9,5 ns.

Néu can nang cao tan sb cong tac, ngoai vi¢c giam tri s6 cac dién tro phan cuc, nguoi ta con
dung cac cach ndi mach cai tién. Ho céng thu duoc co6 tén la TTL+AS.
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3.1.5. Ho MOS FET

Ban dan truong (MOS FET) ciing duge ding rat phd bién dé xay dung mach dién cac loai
cong logic. Pac diém chung va ndi bat ciia ho nay la:

— Mach dién chi bao gém cac MOS FET ma khong c6 dién tro
— Dai dién thé cong tac rong, c6 thé tir +3 dén +15 V
— Do tré thoi gian 16n, nhung cong suat tidu thu rat bé
Tuy theo loai MOS FET dugc st dung, ho nay dugc chia ra cac tiéu ho sau.

1. Logi PMOS

Mach dién cta ho cong nay chi ding MOSFET c6 kénh dan loai P. Cong nghé PMOS cho
phép san xuét cac mach tich hop véi mat do cao nhét.

Hinh 3-12 14 so dd cong NOT va cong NOR loai PMOS. O day MOSFET Q2, Q5 déng
churc nang cac dién trd.

VDD VDD
A—= ;S_‘ A—=—1—]
G Qi G'—>|D Q3
5 -
Gl Q4
Gl»l Q2 '5

f= A+B
| 5 S
G| Q5
D

SS

a) Cong NOT b) Cong NOR

Hinh 3-12. Mach dién cta cong NOT va NOR theo cong nghé PMOS.
2. Loai NMOS

VDD VDD

HSL f A@U%Ql

A+— ] Q2 | ’:T_ 3
«—q Q3 *
p_¥* | 1
Vss s
a) Cong NAND b) Céng NOR

Hinh 3-13. Mach dién cong NAND va NOR theo c6ng nghé NMOS.
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Hinh 3-13 14 so dd cong NAND va NOR ding NMOS. Déu + trén céc 16i vao mudn chi cuc
tinh cua tin hiéu kich thich. Trong truong hop nay, Q, ciing dong chirc nang 1a mot dién tro. D6i
v6i cong NAND, ta nhén thay rang chi khi trén ca hai 16i vao A va B déu ldy mic cao thi dau ra
mé&i c6 muc thép. Ung véi 3 td hop bién vao con lai, 16i ra f déu co logic thép. Hoat déng cua
cong NOR ciing duoc giai thich twong tu.

3. Cong CMOS

CMOS 1a viét tit cac tir tiéng Anh “Complementary MOS”. Mach dién cta ho cong logic
nay stir dung ca hai loai MOS FET kénh dan P va kénh dan N. Béi vay c6 hién tugng bu dong dién
trong mach. Chinh vi thé ma cong sudt tiéu thu cua ho céng, dac biét trong trang thai tinh la rat bé.

Hinh 3-14 14 mach dién ctia cong NOT va NAND thuc ho CMOS. Biém ndi bat trong
mach dién cta ho céng nay la khong ton tai vai tro cac dién tro. Churc nang logic duoc thyuc hién
bang cach thay dbi trang thai cac chuyén mach c6 cuc tinh ngugc nhau. Dau trir va ddu cong trén
cuc ctra cac MOSFET chi ra cuc tinh diéu khién chuyén mach. Nho dic diém céu trac mach, murc
V&re, Vru dat duoc g?m nhu 1y tudng.

Dé minh hoa, ta c6 thé tim hiéu hoat dong cua cong NOT. Tir hinh 3-14a, d& thiy ring, néu
tac dong toi 161 vao A logic thap thi Q; s& thong, Q, khoa. Léi ra f gan nhu duoc nbi tit t6i Vpp va
cach ly han véi dat, nghia 1a Vry = Vpp. Nguoc lai, khi A léy muc cao, Q; md va Q, dong. Do do,
16i ra f gan nhu ndi déat va cach ly voi Vpp. N6i khac di, Ve = 0.

VDD

VDD
it
- dpla
g A :
1

X
B ; :IQ4

a) Cong NOT b) Cong NAND

A —

Hinh 3-14. Mach dién cta ho cong CMOS.
4. Cong truyén din

Duya trén cong nghé CMOS, nguoi ta san xut loai cong co thé cho qua ca tin hiéu s6 1an
tin hiéu tuong tu. Boi vy cbng duoc goi 1a cong truyén dan. So dd nguyén 1y va ky hiéu cong
truyén dan nhu hinh 3-15.
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G

Ll [P L
| IT
S D Ra/Vao

. Vao/Rao
Vao/Ra—¢ Iy ¢— Ra/Vao

TI Diéu khién
a) Mach dién b) Ky hiéu

Hinh 3-15. Cong truyén dan.

Mach nguyén 1y ctia cong truyén dan ciing sir dung hai MOSFET c¢6 kénh din nguoc nhau.
Tuy nhién cach diéu khién trang thai cac chuyén mach lai khac véi cong logic théng thuong.
Trong trudng hop ndy, ngudi ta phan cuc sao cho khi c6 tin hiéu diéu khién thi ca hai chuyén
mach Q; va Q, cing dan dién. Khi d6, mach trong duong nhu mot ddy dan. Cac cong dao (trong
so d6 ky hiéu) dam bao cuc tinh diéu khién phu hop cho ca hai cuc G ciia mdi MOSFET.

Tinh dan dién ctoa céng truyén dan phu thugc manh vao tan sb cong tac va gia tri tai. Vi st
dung cong nghé CMOS nén tan sd cong tac cua cong chi gidi han & 6 MHz.

Ho CMOS ciing c6 cong D dé hé va cong ba trang thai nhu ho TTL.

3.1.6- Ho ECL

ECL (Emitter Coupled Logic) 14 ho cong logic ¢6 cuc E ctia mot s6 ban dan ndi chung véi
nhau. Ho mach nay ciing st dung cong nghé TTL, nhung ciu tric mach c6 nhiing diém khac han
voi ho TTL. Ngoai vige st dung hoi tiép am trén dién tro Ry dé chéng bao hoa, mach dién cua ho
ECL con tan dung dugc uu diém cta mach khuéch dai vi sai, nén tan sb cong tac ho nay la cao
nhat trong cac ho. Ngoai trir thoi gian tré, tat ca cac tham s con lai déu kém hon cac ho khac.

? * £ tVee
0 RS
Léi | C R5 R6
‘ Q8 , Ra
B I/ \—o Lo6ira OR
Q7
A . -0,9V+
Lo6i ra NOR
Q1 ¢ D1
D2
Rl [l] R9 LISV I
- > -Vec=-5V -14Vv-12V Vao
8) Mach dién nguyén by b) D4 thi mitc vao/ra

Hinh 3-16. Cong OR/NOR thudc ho ECL.

Hinh 3-16 12 mach dién va d6 thi mirc vao ra cia mot cong OR/NOR thudc ho ECL. Vi dién
thé & trén hai cuc collector cta Q4, Qs 1a bu nhau nén co thé léy ra & cuc E cua Q7 chirc ndng OR
va ¢ cuc E cua Qg chitc nang NOR. DPé mach hoat dong theo logic mirc am, +Vce dugc ndi dat, -
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Vee duge ndi toi 4m ngudn. Mirc logic trong mach duoc bién ddi tir gia tri thip 1a -1,75 V dén gia
tri cao 1a - 0,9 V so véi dién thé dat. Khi mudn c6 mirc logic ra duong céc cuc E ndi t6i dat.

3.2. GIAO TIEP GIUA CAC CONG LOGIC CO BAN TTL-CMOS VA CMOS-TTL

Trong nhiéu tmg dung, yéu cau chuyén ddi cac tin hiéu giita cac mirc logic khac nhau nhu
tir TTL sang CMOS hoidc ngugc lai. Cac cong logic collector hd hodc cic mach khuéch dai
transistor don gian thudng duge sir dung trong cac mach chuyén doi nay.

3.2.1. Giao tiép giira TTL va CMOS.

Dé tao duoc giao tiép gitta TTL va CMOS thi ta phai dé ¥ dén ngudn cung cép cua 2 ho. Ho
TTL can dién ap cung cap 1a + 5V, ho CMOS c6 thé dung dién ap cung cap tir +3V dén +15V.

a. Cung dién ap cung cip +5V.

Trong truong hop nay dién ap ra cua TTL nhd hon so véi dién 4p vao cia CMOS. Do vay ta
phai ding mach b sung dé tuong hop hai loai IC khéac nhau.

Giai phép tiéu chuan la dung dién tr& kéo 1én giita diéu khién TTL va tai CMOS nhu hinh
3-17.

+ 5V
N
Piéu khién —
TTL Tai CMOS

Hinh 3-17. Diéu khién TTL va tai CMOS

b. Khéc dién 4p cung cép.

Dién ap cung cip dung cho IC CMOS thich hop nhit 13 tir +9V dén +12V. Mot cach ding
dé dién ap cung cép 1on 1a su dung IC TTL hé mach Collector nhu & hinh 3-18, vi tang ra cia
TTL ho cuc C chi g@)m transistor nhan dong véi cuc C tha ndi. O hinh nay cuc C dé hé duoc ndi
v6i ngudn cung cap +12V qua dién tré kéo 1én 6,8kQ. Khi 16i ra ciia ho TTL ¢ murc L thi dong
cua no la:

12V
Lihan dong = — o — 1, 76mA
' 6,8kQ

Khi 15i ra cia TTL & mutc H thi 16i ra cta cuc C dé ho tang lén mot cach thu dong dén
+12V. Trong truong nao thi cac 18i ra ciia TTL ciing déu twong hop véi cac trang thai & 161 vao
cua CMOS.
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+5V + 12V
»
6,8k
TTL hé mach : -
Collector Tai CMOS

Hinh 3-18. Diéu khién TTL hé mach Collector va tai CMOS
¢. B§ chuyén mirc ngudon dung CMOS.

Hinh 3-19 13 b chuyén mirc CMOS 40109. Tang 1i vao cta IC dung dién 4p cung cap
+5V trong khi tang 1i ra ding +12V.

Trong hinh 3-19, IC TTL tiéu chuan diéu khién b chuyén mirc ngudn, n6 kéo IC TTL Ién it
nhit 1a +2,4V. Dién tré kéo 1én tiép tuc dua dién ap 1én cao dén mirc +5V, mirc nay dam bao chic
chan 16i vao & mirc H. Li ra ctia bo chuyén mirc ndi véi ngudn +12V.

+5V +12V
*
3,3k’\|\l
jx 2 Bo chuyén mirc )37
Picu khién 40109 Tai CMOS
TTL

Hinh 3-19. B chuyén mitc CMOS cho phép str dung hai loai ngudn +5V va +12V.
3.2.2. Giao tiép gitra CMOS va TTL

Dé tao ra duogc giao tiép gilta ho CMOS va TTL thi ta phai quan tdm dén van dé chuyén
mirc dién ap cho t6i khi trang thai 16i ra cia CMOS phu hop véi 16i vao ctia TTL. Ta phai dam
bao chic chin 16i ra ¢ trang thai L cia CMOS lu6n ludn nhé hon 0,8 V(day 1a dién ap 16i vao 16n
nhat & trang thai L ctiia ho TTL). Pién ap 16i ra ¢ trang thai H cia CMOS luén luén 16n hon 2
V(day 1a dién ap 16i vao nho nhét ¢ trang thai H ctia ho TTL).

a. Cung dién 4p cung cip +5V.

Theo s6 liéu k¥ thuat cua IC 74Cxx thi truong hop xau nhat dong 16i ra cia CMOS diéu
khién TTL la:

IOL MAX — 360MA : IOH MAX — - 360HA

Diéu nay co6 nghia la diéu khién CMOS c6 thé cho nhan dong 13 360 pA khi & trang thai L,
d6 1a dong vao ddi v6i IC TTL loai Schottky cong suat thap. Mt khac, didu khién CMOS c6 thé
cho dong ngudn 360 pA, nd 16n hon muc can thiét dé diéu khién dong vao & trang thai H. Nhu
vay hé s6 ghép tai gitra CMOS va 74LS 1a bang 1.
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Dbi v6i loai IC TTL cong suét thap thi c6 dong 16i vao 1a 180 pA thi hé s6 ghép tai giira
CMOS va 74L 1 bang 2.

IC CMOS khong thé diéu khién truc tiép IC TTL tiéu chuén, vi dong 16i vao & trang thai L
yéu ciu la 1,6 mA, ma transistor nhan dong ciia IC CMOS ¢6 dién tro xap xi 1,11kQ (truong hop
x4u nhat). Nén dién ap 16i ra ciia IC CMOS bang 1,6 mA x 1,11kQ = 1,78 V. Pién ap nay qua 16n
d6i v6i 161 vao ¢ trang thai L ctia IC TTL.

- Dung tang dém bang CMOS.

A N +5V
Tang dém
’J CMOS
Diéu khién
CMOS

Tai TTL

|
||HJ
|

Hinh 3-20. Tang dém CMOS c6 thé diéu khién tai TTL tiéu chuan

Hinh 3-20 12 mach diéu khién IC CMOS vd&i hé s tai qua ting dém. Tang dém c6 dong ra
16n. Vi du IC 74C902 ¢6 6 tang dém CMOS, mdi tang dém c6 dong & 16i ra trong truong hop xau
nhit 1a:

IOL MAX — 3.60mA

Ion max = SOOHA

Vi tai TTL tiéu chuan c6 dong 16i vao & trang thai L bang 1,6mA va dong 16i vao & trang
thai H 12 48 puA, IC 74C902 c6 thé diéu khién hai tai TTL tiéu chuén.

Cac IC khac duoc dung lam tﬁng dém nhu hinh 5-19 la IC CD4049A, 4050: dao;
CD405CA: khong dao, 74C901: dao...

b. Khac dién ap cung cip.

Céc tang dém CMOS nhu 74C902 c6 thé dung dién ap cung cip tir +3V dén +15V va dién
ap 16i vao tir -0,3 V dén +15V> Dién ap 16i vao c6 thé 16n hon dién ap cung cap ma khong lam
hong loai IC dung lam tang dém nay. Vi du ta c6 thé dung dién ap 16i vao ¢ trang thai H 1a +12V
ngay khi dién ap cung cap chi bang 5V.

Hinh 5-23 1a mach diéu khién CMOS dung dién ap cung cip +12V, trong khi tang dém
CMOS c¢6 dién ap cung cap 1a +5V.

+ 12V N R +5V
Tang dém
CMOS
Dleu khién B
CMOS Tai TTL

Hinh 3-21. Diéu khién CMOS hoat dong thich hop nhét véi ngudn cung cap +12V.
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c. Giao dién cia hé cwec mang.

Ta d3 biét ¢ IC TTL hé mach Collector, téng 16i ra cua transistor nhan dong voi cuc C tha
ndi. Tuwong tu nhu vay déi voi IC CMOS ciing ¢6 hé cyc mang. Vi du: IC 74C906 c6 6 tang dém
ho cuc mang.

+5V
+ 12V
° ®
3,3k
— 1 Tingdem }_37
bicu khién CMOS ho ai TTL
CMOS cyc mang
T

Hinh 3-22. Tang dém CMOS hé cuc mang lam ting dong nhén.

Hinh 3-22 14 mach dung tang dém CMOS hé cuc mang 1am giao dién diéu khién CMOS va
tai TTL. Dién ap cung cap cho hau hét cic tang dém 1a +12V. Tuy vay c6 thé ndi tang dém hé cuc
mang v6i ngudn cung cap +5V qua mot dién trd kéo 1én (pull up) co gia tri 3,3kQ. Cach ndi nay
¢6 wu diém 14 ca didu khién CMOS va ting dém CMOS déu dugc cung cip ngudn +12V, khong
ké 161 ra hé cuc mang giao dién voi TTL

TOM TAT

Chuong 3 di trinh bay cau tric, nguyén 1y va dac diém cia cong thuong dung. Xuat phat tir
thuc té mach dién da vi mach hoa, nén trong tam chu y nghién ctru cua chiing ta 1a cac céng duoc
vi mach hoa.

C6 2 loai vi mach s6 phd bién nhat : TTL va MOS. TTL la cong nghé dién hinh trong nhom
cong nghé transistor bao gdm TTL, HTL, ECL..., MOS la cong nghé vi mach stir dung MOSFET,
trong d6 dién hinh 1a MOS. ..

Pong thoi trong chuong 3 cling dua ra van dé giao tiép giita cac ho cong d6 véi nhau.
CAU HOI ON TAP

1. Chirc nang ciia mach logic RTL ¢6 so d6 nhu hinh v& sau:

12V 5V

-12vV 0V

a. NOR
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b. OR
¢c. AND
d. NAND

2. Vi mach ¢ so @6 nhu trong cau hoi 1, nhung dién ap logic 16i vao tuong tmg véi cac
mirc logic cao va thap lan luot 1a 10 V va 0 V thi chirc nang ctia mach 1 gi?

a. NOR
b. OR
c. AND
d. NAND

3. Cho mach c6 so d6 nhu so do sau, dién ap logic 101 va twong ing vdi cac muc logic cao va
thap lan lugtla 1 V va 0 V, néu churc nang cua mach?

12V 56V

A
B
1V
ov
-12vV. 0V
a. NOR
b. OR
c. AND
d. NAND

4. Chirc nang ciia diode Dj trong so do sau la gi?

a. Cach ly transistor Q3 va Qq4

b. Dich mirc dién ap 1am cho Qs va Q4 khong bao gid cung dong hodc cung md
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C.

d.

Chong nhieu 101 ra

Cach ly Q4 khéi mach ngoai n6i vao daura f

5. Chirc nang cua mach biéu dién trong so do nhu cau hdi 4 s€ thay doi thé nao néu diode D;
chuyén tdi chan base cua transistor Q; (cathode D3 ndi véi base Qs con anode noi véi
collector QQ;)?

a.
b.
C.

d.

Q3 ludn cAm
Q3 luén mo
Chtrc nang ctia mach khong thay d6i

Lo6i ra luon ¢ trang thai treo

6. Cong collector hé s& hoat dong binh thudng nhu cac cong logic binh thudong néu :

a.
b.
C.

d.

L1 ra dugc noi 1én nguon thong qua mot tré ganh
Lo6i ra dugc noi 1én nguon thong qua mot ty ganh
L6i ra noi xuong dat thong qua mot tré

Lbi ra nbi Xuéng dat thong qua mdt tu

7. Téac dung cua trang thai trd khang 16i ra cao trong cong ba trang thai 12 :

a.

b.

C.

d.

Pua ra mic logic thir 3 1a trung binh ctia hai mirc cao va thap

Cach ly giira cac 16i ra cua cac cong logic khi ching cung dugc noi vao mot 161
vao

C6 murc logic thap nhung tré khang cao

Co6 muc logic cao nhung tré khang cao

8. Mach dién dugc biéu dién trong so d6 sau c6 con hoat dong nhu binh thudng khong néu
nhu diode D; b néi tit ?

+5V

a. Mach tro thanh cong NAND véi hai trang thai 16i ra nhu cac cong NAND thuong

b. Mach tr thanh cong NOR
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46

C.

d.

Trang thai 16i ra khong theo logic co ban nao

Van hoat dong binh thuong 1a cong NAND 3 trang thai

9. Mach dién nhu trong cau hoi 8 c6 con hoat dong nhu binh thuong khong néu nhu dién tré
R4 c6 gia trj bang 10 k?

a
b.
C.

d.

N6 s€ hoat dong nhu mach NOR
N6 s€ hoat dong nhu mach XOR
Van hoat dong binh thuong

Ca ba cach tra 101 trén déu sai

10. Vi mach dién TTL nhu so dd trong cau hoi 4, hién tuong gi s& xdy ra khi mot trong hai
16i vao dé limg?

a.
b.
C.

d.

Lbi vao nay duoc tinh logic 0
Lbi vao nay duoc tinh logic 1
Mach khong hoat dong

C4 ba cach tra 101 trén déu sai

11. So sanh cong NOT ho MOS va CMOS ta thiy :

a.
b.
C.

d.

Cong suét tiéu thy cia MOS cao hon CMOS
Cong suat tiéu thy cia CMOS cao hon MOS
Cong suét tiéu thy cua hai ho nhu nhau

Ca ba cach tra 101 trén déu sai

12. C6 cho phép dau vao ctia mach CMOS dé lo ling khong? Co thé nédi dau vao dé limg
twong duong v&i mirc cao khong?

a.

b.

Pugc- C6 thé coi 1a muc 1
Puogc- Phai coi la mirc 0

Khong duge- Bé mach hoat dong binh thuong thi dau vao khong dung phai ndi
v6i muc logic 0

Khong duogc- Bé mach hoat dong binh thuong thi dau vao khong ding phai ndi
voi mure logic 1

13. Cong truyén dan 1a cong

Chi cho phép tin hiéu s6 di qua theo mét chiéu nhat dinh

. Chi cho phép tin hi¢u sb di qua theo hai chiéu

Chi cho phép tin hiéu twong tur di qua theo mot chiéu nhat dinh

Cho phép tin hiéu twong tu di qua theo hai chiéu
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14. Uu diém cua cac cong logic ho ECL 1a

a
b.

e

&

Tan sb cong tac nhanh
Dién 4p ngudn nudi thap
Cong suét tiéu thy thap

Do chong nhieu cao
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CHUONG 4: MACH LOGIC TO HOP

GIOI THIEU CHUNG

Céc ham logic dugc thuc hién nho cac hé vat Iy goi la cac ¢ logic hay 1a cac mach logic.
Trong chuong 4 chung ta d& cap dén cac mach logic to hop, tirc 1a cic mach ma tin hiéu & dau ra
chi phu thudc vao tin hi¢u & d4u vao ctia mach tai thoi diém dang xét. Noi cach khac, céac tin hi¢u
ra khong phu thudc vao "lich st " cua tin hi¢u vao trudc do, nghia la cac hé nay lam viéc theo
nguyén tic khong co nhd. Hoat dong ciia cac mach t6 hop duge mé ta bang cac bang trang thai
hodc bang cac ham chuyén mach logic dic trung cho quan hé giita cac dai lugng vao va ra cua hé
théng. V& mit ciu trac, cac mach to hop khong chira mot thiét bi hodc mot phﬁn tor nhé thong tin
nao ca.

Trong chuong nay dé cap dén cac mach dién cu thé thuc hién cac chirc ning khac nhau cua
hé théng sb. Cac mach dién nay duoc thiét ké dya trén cac cong logic to hop. Cac cong logic nay
dugc tich hop trong mot IC ¢& vira (MSI) ¢6 chita khoang vai chuc t&i vai tram cac cac cong logic
co s& d6 duge xét dén & chuong 4. Nhitng linh kién nay duoc ché tao nham thyuc hién mot sb cac
hoat dong thu nhan, truyén tai, bién ddi cac dit liéu thong qua tin hiéu nhi phén, xir 1y ching theo
mot phuong thurc nao do.

Phan d4u cua chuong gi6i thiéu cach phén tich va thiét ké cac mach logic t6 hop don gian.

Phan tiép theo gidi thiéu vé Hazard trong mach logic t6 hop. Pay 1a phan rat quan trong khi
thiét ké mach. Néu khong dé v dén hién tuong nay co thé dan dén su 1am viéc sai léch cua ca hé
thong. Phén tich va nhan dang Hazard ¢ ¥ nghia rat quan trong khong nhiing trong tong hop cac
hé logic ma ca trong tu dong chan doan trang thai lam viéc cua ching.

Phan tiép theo giGi thiéu mot sé mach t6 hop thong dung trong cac hé thng sb:

- M3 ho4 va giai ma cac ludng dit liéu nhi phan.

- Hop kénh va phan kénh dé chon hoic chia tach cac ludng sé nhi phan theo nhiing yéu cau
nhat dinh dé dinh tuyén cho chiing trong viéc truyén dan thong tin,

- Cac mach cong, tru.

- Céc phép so sanh sb dé danh gia dinh tinh va dinh lugng trong sb ctia cac sé nhi phan.

- Mach tao va kiém tra tinh chin 1¢.

- Pon vi s6 hoc va logic (ALU).
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NOI DUNG

4.1 KHAI NIEM CHUNG

Can clr vao dic diém va chuc nang logic, cac mach s6 duoc chia thanh 2 loai chinh: mach td
hop va mach tuan tu (mach tuan tu duoc trinh bay & chuong sau).

1) Pic diém co bin ciia mach té hop

Trong mach s6, mach td hop la mach ma tri s6 6n dinh cua tin hiéu dau ra & thoi diém dang
xét chi phu thude vao td hop céc gia tri tin hi¢u dau vao. Pic diém cau trac mach to hop 1a dugc
cAu triic nén tir cac cong logic. Vay cac mach dién cong & chuong 2 va cac mach logic & chuong 3
déu 1a cac mach t6 hop.

2) Phwong phdp biéu dién chirc ning logic

Céc phuong phap thuong dung dé biéu dién chie ning logic ciia mach t6 hop 13 ham sb
logic, bang trang thai, st dung logic, bang Cac n6 (Karnaugh), cling c6 khi biéu thi béng dd thi
thoi gian dang xung.

D6i v6i vi mach ¢d nho (SSI) thuong biéu dién bang ham logic. DSi voi vi mach c& vira

(MSI) thuong biéu dién bang bang trang thai.
So db khéi tong quat ciia mach logic t6 hop duoc trinh bay ¢ hinh 4-1.

X0 S
—» Y
Xl - ' hl . R L Y
: Mach logic to ; Hinh 4-1 So d6 khdi tong quat ctia mach
ogic to hop.
Xp.1———> > Y

Nhu vay, mach logic t0 hop c6 thé cé n 16i vao va m 16i ra. Mdi 16i ra 1a mot ham cia cac
bién vao. Quan hé vao, ra nay dugc thé hién bang hé phuong trinh tong quat sau:

YO = fl(XO)Xla“':Xn—l);

Y = H(X0,X1,..,Xn-1);

Y1 = fm-L(Xo,Xl,---,Xn-l)-

Tir d6, ta thy rang ddc diém ndi bat ciia mach logic t6 hop 12 ham ra chi phy thudc cac bién
vao ma khong phu thudc vao trang thai cia mach. Ciing chinh vi thé, trang thai ra chi ton tai trong
thoi gian co6 tac dong vao.

Thé loai ctia mach logic t6 hop rt phong phti. Pham vi tng dung ciia ching ciing rat rong.
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4.2 PHAN TiCH MACH LOGIC TO HQP
Phén tich mach logic t6 hop 1a danh gid, phé phan mot mach d6. Trén co sd d6, c6 thé rat
gon, chuyén ddi dang thuc hién ciia mach dién dé c6 duoc 101 giai toi vu theo mot nghia nao déy.

Mach t6 hop c6 thé bao gdm hai hay nhiéu tang, mirc d6 phirc tap ctia ciia mach ciing rat
khac nhau.

Neéu mach don gian thi ta tién hanh 1ap bang trang thai, viét biéu thire, rut gon, to61 vu (néu
can) va cuoi cung v€ lai mach dién.

Néu mach phtc tap thi ta tién hanh phan doan mach dé viét biéu thirc, sau do rut gon, tdi vu
(néu can) va cubi cung v€ lai mach di¢n.
4.3 THIET KE MACH LOGIC TO HQP

Thiét ké 1a bai toan nguoc voi bai toan phan tich. Noi dung thiét ké duoc thé hién theo tuan
tu sau:

1- Phan tich bai toan da cho dé gan ham va bién, xac 1ap mbi quan hé logic giita ham va cac
bién do;

2- Lap bang trang thai tuong tng;

4- Tr bang trang thai c6 thé viét truc tiép biéu thirc dau ra hodc thiét 1ap bang Cac nd tuong
ung;

4- Dung phuong phap thich hop dé rt gon, dua ham vé dang t6i gian hodc t6i wu theo
mong mudn;

5- V& mach dién thé hién.

Vi du : Mot ngdi nha hai ting. Ngudi ta lap hai chuyén mach hai chiéu tai hai ting, sao cho
& tang nao ciling co6 thé bat hodc tit dén. Hay thiét ké mot mach logic mé phong hé théng do?

Loi giai:
+ Néu ky hiéu hai cong tic 1a hai bién A, B. Khi & ting 1 ta bat dén va 1én tang 2 thi tit dén

di va nguoc lai. Nhu vy dén chi c6 thé sang tng v6i hai t hop chuyén mach & vi tri nguoc nhau.

Con dén tit khi ¢ vi tri giéng nhau. Hé thdng chiéu sang trong c? so d6 nhu hinh 4-2. :

Bang trang thai mo ta hoat dong ctia h¢ nhu chi A X >< *
¢ bang 4-1. * o

Biéu thirc cia ham 1a: f=AB+AB=A®B

hoac ' l

— Vac

f=ABA ABB Hinh 4-2 Mach dién ciia hé thong chiéu sang

bay la ham cong XOR da quen thudc ¢ céc
chuong trudée. Ham nay co thé duoc thé hién b'fmg nhiéu kiéu mach khéac nhau. Hinh 4-3 12 mot
dang so d6 thé hién ham f.
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4.4 HAZARD TRONG MACH TO HQP

4.4.1. Khai niém.

Viéc thiét ké cac mach logic nhin chung khong phtic tap, vi can ¢ biéu thic toan 13 ta c6
thé v& ra dugc mach dién va l'flp rap thanh hé théng diéu khién. Trén thyc té, khong phai mach nao
cling co thé hoat dong tt dugc, nguyén nhéan la do cAu trac ctia mach to hop gay ra, hién tugng
hoat dong khong 6n dinh xay ra trong mach t6 hop dugc goi 14 hazard.

Hazard con duogc goi 1a sy "sai nham", hoat dong luc dugc luc khéng cia mach logic. Sy
"sai nham" nay c6 thé xay ra trong mot mach dién hoan toan khéng c6 hong héc linh kién. Tuc 1a
trong mach, cac linh kién hoan toan t6t nhung diéu khién chtc niang liic dugc lic khong. Noi
chung 1a mach hoat dong khong c6 sy tin cay. Hién tugng cua Hazard trong mach to hop co thé
gap la:

- Hazard chi xuat hién mot lan va khong bao gid gap lai nira.

- Hazard c6 thé xuét hién nhiéu lan (theo mot chu ky nao d6 hodc khong theo mot chu ky
nao).

- Hazard c6 thé do chinh chirc ndng ctia mach dién gay ra. Pay la truong hop kho giai quyét
nhét khi thiét ké.

Nhu ta d3 biét, mot trong cac dac tinh quan trong nhét ciia mach dién khi hoat dong 1a quan
tinh, d6 linh dong hay su cham tré cia mach. Chinh sy cham tré ndy lam cho tin hiéu tir dau vao
khong thé truyén ngay tic khic t6i dau ra cia mach dién, didu nay 1am cho cac thiét bi diéu khién
phia sau khong thé c6 phan ung tire khic ddi voi tin hiéu dua vao. Do tat ca cac mach dién déu co
thoi gian tré nhét dinh, ngay ca & cac mach vi dién tir cling c6 thoi gian tré. Su thay ddi nhiét do
moi truong cling lam cho thoi gian tré thay ddi, dAn dén su sai 1éch khi diéu khién ctua mach logic,
d6 chinh 1a hazard.

4.4.2. Ban chit ctia Hazard

Pé hiéu dugc nguyén nhan xuat hién hazard trong mach logic t6 hop, hazard chi xuat hién
trong mach t6 hgp ma khong xuét hién & bat ky hé thong dién tir nao khac. Ta xét vi du sau:

Gia sir tin hidu vao 1a X = (x1, X2, X3, X4) thay ddi gid tri tir (000 1) dén (1 1 1 1), tirc 1a (X)
thay d6i tir Q—P. Nhin vao bang Cac nd (hinh 4-4) ta thiy dap tng ra ctia mach logic t6 hop khi
tin hi¢u vao bi thay ddi co gia tri:

f(Q) = (0001) (1) — f(P) =f(111 n=/\
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Hinh 4-4. Mach chirc nang logic

Nhu véy tin hidu vao (X) thay d6i gia tri tir Q = (0001) dén P = (1111) lam cho dap (g ra
cua mach bi thay ddi gia tri tr sang , su thay ddi diéu khién ¢ dau ra ctia mach theo su
thay d6i tin hiéu vao (X) — diéu nay hoan toan chinh xac, khi d6 hazard khong xuét hién va
khong xay ra diéu khién bi sai nham.

Nhung thuce t& ¢6 thé khong duge nhu vay vi khi tin hiéu vao thay d6i tir Q = (0001) dén P
= (1111), ta thiy tin hiéu x,, X, X3 bi thay d6i con gié tri x4 khong bi thay d6i. Mach dién nao ciing
xudt hién thoi gian tré 13 (t) va su thay ddi gia tri (0—1 hay 1—>0) cua tin hiéu déu c6 thoi gian tré
nhét dinh.

Trong trudng hop nay, cac tin hidu vao (xi, X, X3) ¢ gia trj logic bi thay doi khi ta thay d6i
bd tin hiéu vao, va chiung s& c6 mot thoi gian tré nhat dinh (c6 thé rat nho, ¢& ps hay ns). Mt
khéc, thoi gian tré ctia moi duong tin hi€u vao (x;) lai khac nhau, du cuing mét chung loai IC. Nhu
vay néu (x;, X, X3) duoc thay d6i dong thoi va chung c6 thoi gian tré khac nhau thi van xdy ra hién
tuong "chay dua" cua tin hi¢u vao téi dau ra cua mach dién.

Vi co6 sy "chay dua" gitra ba tin hi¢u vao (x;, Xz, X3) (x4 khong thay ddi nén khong dua), gia

st X, chay nhanh hon (c6 thoi gian tré nho hon) xi, X, (gia st thoi gian tré cta hai tin hiéu nay
bang nhau). M6i quan hé nay ta c6 thé biéu dién nhur sau:

X) — (x1 x2 x3 x4) bépungra
tt — 0 0 0 1  fQ)-= @
\

t, — 0 1 0 1 fol01)={0
\’ d !
t, — AN 1 f(P) =ﬁ

Do x, "chay" nhanh hon x; va x3 nén gia tri cua x, chuyén tr 0 sang 1 trudc gia tri cua x; va
x3. Sau mot thoi gian thi (x4, X3) madi chuyén tir 0 sang 1.

Quan hé "chay dua" gitia ba tin hi€u vao dugc minh hoa bzing biéu db sau:

Do x; "chay nhanh" hon (x;, X3) nén trong khoang thoi gian At da Xuét hién mot xung zérd
nhit thoi. Nhu vy trong thoi gian tré T cia mach tin hiéu ra di thay ddi tr 1>0—1 (dung ra la
khong duoc thay ddi), tao ra mot xung kim nhat thoi. Hién tuong xuét hién mot xung z€ro o dau
ra cua mach dugc goi 1a hién tugng hazard va day la hazard nhét thoi, nd chi xuat hién trong thoi
gian tré t sau d6 lai mat ngay. Nhu vay ta c6 thé noi rang su "chay dua" cta tin hiéu vao gy ra
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nhé hon thoi gian tré cua mach (t) nén xung hazard
c6 thé xuat hién nhung khong giy nguy hiém, khong /’

gdy ra sy diéu khién sai nham. Vi xung hazard qua
hep nén ning luong cua né khong du 16n dé c6 thé 0
kich nhiam hay kich dugc cac mach dién tiép theo, ‘f(x?

v

dong tot. Xung hazard chi that sy nguy hiém khi do

do @6 du co6 xung hazard nhung mach dién van hoat :

rong At du 16n thi né c6 du nang lugng dé 1at chuyén
mach dién tiép theo gy ra hién tuong diéu khién
nham.

v

Hinh 4-5. Hién tugng hazard
Nhu vay c6 thé thdy v6i bo tin hidu vao thay
d6i kiéu khac véi t6 hop trén thi c6 thé khong xuit hién xung hazard. Hay voi mot chire nang khac
du c6 hién tuong "chay dua" tin hi€u vao gitra (X;,X3 va X,) nhu vi du trén nhung c6 f(0101) =1
thi hazard ciing khong thé xut hién do xung zérd nhat thoi khong c6.Do vay ta thdy hién tuong
hazard xut hién rat ngﬁu nhién cho di mach dién chtra toan cac linh kién tdt.

4.4.3. Phan loai.
Dau tién ta dé céap dén mot sé dinh nghia tén goi khi noi vé hazard nhu sau:
Q= (a1, 92, -G, G+ 15+ )

P = (a1-92--9i-qics1-dn)

O day P va Q 1a tap tin hiéu vao clia mach, nhung yéu cau giita P va Q can c6 sd luong vi tri
thay d6i gia tri logic > 2, vi chi khi tap tin hiéu vao thay doi gia tri logic dong thoi voi it nhat 2 vi
tri (2 bién sé) thi méi xuat hién hién tuong "chay dua" tin hi¢u vao, va khi dé6 hazard méi c6 kha
nang xuat hién. Con néu tin hiéu vao chi thay ddi gia tri 1an luot trén timg dau vao mot thi s&
khong c6 hién tuong chay dua tin hi¢u va hazard khong thé xuat hién duoc.

Pinh nghia 1: Néu tap tin hiéu vao (X) thay ddi tir Q sang P thi dugc goi 1a ¢ su chuyén
d6i tir Q sang P (Q — P).

Pinh nghia 2: Hazard nhit thoi xuat hién trong mach logic t6 hop 13 hién tuwong tin hiéu ra
& mdt hodc nhiéu dau ra ctia mach xuét hién khac véi cac gia tri quy dinh cho ching theo ham
Boole trong thoi gian chuyén ddi tir Q — P.

Pinh nghia 3: Hazard nhit thoi xuét hién trong mach logic t6 hop trong thoi gian chuyén
d6i tir Q — P goi 1 hazard tinh néu va chi néu Q) = f(P). O day f(X) 1a ham logic duoc thuc
hién boi cac mach da cho.

Pinh nghia 4: Hazard nhat thoi xuat hién trong mach logic t6 hop trong thoi gian chuyén
ddi tr Q — P goi 14 hazard déng néu va chi néu f{Q)= f(P). Nhu vay khi c6 hazard nhét thoi
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dong thi tin hiéu & du ra thay doi it nhét ba lan, vi du 1-0—1—0, nghia 1 c6 it nhat hai xung
nhiu xuat hién. Loai hazard nay thudng xay ra trong cac mach t6 hop.

Pinh nghia 5: Hazard nhét thoi goi 1a hazard ham s6 trong thoi gian chuyén d6i tir Q—P
néu:

-O)=fP)
- Ham f(X) 1ay ca hai gia tri 1 va 0 trong thoi gian chuyén dbi ttr Q—P
Pinh nghia 6: Hazard nhit thoi goi 1a hazard logic trong thdi gian chuyén doi tir Q—P néu:
-fO)=1P)
- Ham f{X) chi nhan mét gia tri nhu nhau (hoac 0 hoac 1)
- Trong thoi gian chuyén dbi tir Q—P xuét hién mot xung hazard ¢ dau ra.
4.4.3.1. Hazard tinh trong mach logic.

Do c6 hién tuong "chay dua" gitta cac tin hiéu vao voi nhau trong thoi gian chuyén tir Q—P
ma xudt hién hazard. Néu f(Q) = f(P) ttc 14 c6 su thay ddi cia tin hiéu vao nhung su diéu khién &
dau ra ctia mach logic van khong d6i du 1a 0 hay 1, nhung xuat hién hazard, khi s6 luong tin hiéu
chay dua khong nhiéu, d6 chinh 13 hazard tinh.

Hazard nhat thoi cling chinh la hazard tinh, tic 1a loai hazard chi xuét hién nhu mot xung
khong theo quy dinh cua ham logic. Hién tugng nay khong nguy hiém, vi do rong cia xung
hazard tinh At luén nhé hon thoi gian tré T ctia mach, nén mach logic van hoat dong binh thuong
du ¢ xuat hién hazard.

Nhung hazard tinh nguy hiém & chd: né c6 thé gy ra "sai nhdm" cho diéu khién cua hé
thdng logic khi gia tri do rong hazard (At) du 16n, didu nay s& xay ra khi sy "chay dua" cta tin
hi€u vao qua chénh 1éch, nghia 1a c6 tin hi¢u vao "chay" quéa nhanh con tin hi¢u khac lai "chay"
qua ch@m, hién tugng nay dugc minh hoa & hinh 4-6.

X1, X
A 1, &4

|I T |:

N

v

X, A |
1

T~

), g

v

1 at
0 i ‘ t
t

v

v j
o to t

Hinh 4-6. Chay dua ¢ hazard tinh
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Ta thiy x, trong qua trinh "chay dua" (thay d6i gia tri logic) da "chay" nhanh hon so véi tin
hiéu x,, X4, thé hién & hinh vé do dbc xung X, lon hon, diéu d6 1am cho At cta xung hazard tang
theo, khi d6 xung hazard tré nén "nguy hiém" hon vi n6 c6 thé kich 1at chuyén mot mach dién tiép
sau hé théng mach logic, gy hién twong diéu khién "sai nham" trong mach logic.

4.4.3.2. Hazard dpng trong mach logic.

Trong thuc té khi thay ddi tin hiéu vao ciia mach logic (mg v6i qua trinh chuyén doi (Q—P)
¢6 thé co rat nhiéu tin hiéu vao cung thay ddi khi d6 co su chay dua cua cac tin hi¢u vao téi dau ra
ctia mach. Vi du trudng hop Q = (0000); P = (1101), d& dang nhén thy co sy chay dua (X)

X) — x1 x2 X3 X4)

t, — 0 0 0 0 fQ =1
J

t, — 0 1 0 0 fX)=0
5

ty — 1 1 0 0 fXm=1
J

t — 1 1 0 1 f(P) = 0

Do c6 nhiéu tin hiéu vao dong thoi thay doi gid tri logic tir 0 sang 1 va tir 1 vé 0 ma mdi tin
hiéu vao c6 toc do "chay" khac nhau nén v6 tinh 1am cho gia tri ham f(X) ¢ dau ra thay doi nhu &
hinh bén. Hién tuong tin hidu ra f(X) thay doi gia tri tir 1->0—1—0 duoc goi 1a hazard dong, tic
1a xuat hién nhidu xung khong can thiét trong khoang thoi gian tré ciia mach (t). Nhu vay trong
thoi gian rat nho t xuét hién rat nhiéu xung hazard nho hon t thi ta c6 thé hiéu la xung hazard
dong khong co gi nguy hiém ca, vi mot xung bi chia ra nhiéu xung con thi nang luong con rat nho
va do rong xung qua bé nén khong du kich mach khac duoc. Hién tuong nay ta c6 thé hiéu 1a khi
dén dang sang ta cho tin hiéu thay d6i dé dén tit nhung do c6 hién tuong chay dua nén sau khi dén
tat thi lai hoi sang 1én rdi m&i tat hin.

Hazard dong it c6 kha nang gay ra diéu khién "sai nham" trong mach logic t6 hop.

(X) | T
kT

\4 ‘l Lt

t to tot

v
-

f(x)

v

Hinh 4-7. Hazard dong
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4.4.3.3. Hazard ham sé trong mach logic.

Hazard c6 thé xuat hién do chirc ning ctia mach trong ca hai truong hop 1a ham f(X) 1iy gia
tri logic 1a 0 hodc 1.

Hazard nhét thoi goi 1a hazard ham so trong thoi gian chuyén ddi tir Q—P néu:

- f(Q)=f(P)

- Ham £{X) 14y ca hai gi4 tri 1 va 0 trong thoi gian chuyén déi tir Q—P

Diéu nay co nghia 1a trong thoi gian chuyén d6i Q—P thi ham logic khong thay doi gia tri
(f(Q)=f(P)), nhung néu liy f(Q)=f(P) = 0 thi thi hazard van xuét hién hoic 1y f(Q)=f(P)=1 thi
hazard van xay ra. Hién tugng nay dugc goi 13 hazard ham sé. Trén thuc t& ¢6 nhitng ham sé

hazard nhat thoi chi xuat hién khi diéu khién logic 1a 1 (f(X) = 1) con diéu khién logic ¢ dau ra 1a
0 thi khong c6 hazard nhat thoi xuat hién va nguoc lai c6 thé diéu khién ra khong bi hazard.

Do nguy hiém cua hazard ham sb ciing giéng nhu hazard tinh, nhung né nguy hiém hon
mot murc nita vi bat ky qué trinh diéu khién nao (0 hay 1) déu c6 kha ning xuét hién hazard, tic 1a
diéu c6 kha ning gay ra "sai nhAm" khi diéu khién mach.

4.4.3.4. Hazard logic trong mach logic.
Day 1a loai hazard nguy hiém nhat, hay giy ra diéu khién "sai nham" nhiéu nhat trong cac
hé théng mach t6 hop diéu khién.
Bén chét cua loai hazard nay nhu sau:

Khi tap tin hiéu vao ctiia ham logic thay d6i dong thoi nhiéu bién trong thoi gian chuyén doi
Q — P, ma m6i mot lan tin hiéu vao c6 thoi gian tré khac nhau, trong qué trinh "chay dua" nay
gdp phai truong hop Q = (00000), P=(11101)

X)) — (x1 X2 X3 X4 Xs)
tt, — 0 0 0 0 0 fQ-=1
J \’
tp, — 0 0 1 0 0 fX)=0
J \’
ty — 0 1 1 0 0 fX")=0
J \’
" — 0 1 1 0 1 fX"=0
3 \’
t — 1 1 1 0 1 fipy=1
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Hién tuong hazard logic dugc mo ta trén
hinh 4-8:

Hazard nhat thoi goi 1& hazard logic
trong thoi gian chuyén déi tir Q—P néu:

-fO)=1(P)

- Ham f{X) chi nhan mot gia tri nhu nhau
(hodc 0 hoac 1)

- Trong thoi gian chuyén d6i tr Q—P
xuét hién mot xung hazard c6 d0 rong At 16n &
dau ra, khi qua trinh chay dua ngau nhién cua
cac tin hi¢u vao tao ra ham f(X) c6 cung mot
gia tri logic.
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Hinh 4-8. Hazard logic

Nhu vay trong qua trinh chuyén doi tir Q — P ctia tap tin hiéu vao, c6 nhiéu tin hiéu cing
thay d6i gi4 tri va ham logic vo tinh hay ngiu nhién xay ra truong hop c6 cling mét gia tri logic

hazard ¢ dau ra f(X) cua mach. Dicu d6 tao nén mot xung hazard ¢ dau ra cua ctia mach do rong

At 16n 1én rat nhiéu, khi At 16n 1am cho xung
hazard c6 nang lugng 16n du kha nang kich
chuyén mot mach tiép theo sau mach diéu
khién, diéu d6 giy ra hién tugng diéu khién
"sai nham" trong hé thong logic to hop. Pay
1a diéu vo6 cung nguy hiém dbi véi cac hé
thong t6 hop c& 16n ¢ nhiéu dau vao.

Trén thuc t& qua trinh chuyén doi tir Q
—P trong mach logic t6 hop rat phirc tap, rat
it khi gdp tirng loai hazard riéng biét ma gap
su to hop hén loan cac loai hazard trén. Hién
tuong nay dugc minh hoa bang hinh 4-9.
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Hinh 4-9. Hién tuong tong quat xut hién Hazard

Tém lai, mdi mot mach didu khién c6 thé xuat hién nhiéu loai hazard, c6 mach logic c6 s6
luong bién s "chay dua" rat I6n nhung hazard lai khong xuét hién, nhung c6 mach rat don gian
thi hazard lai xuat hién va gay ra diéu khién "sai nham". Vi vay mudn khéc phuc dugc hazard thi
phai cin cr vao mach dién cu thé ctia né, roi dung k¥ thuat phan tich phat hién kha ning xuat hién
hazard, sau d6 tim cach khic phuc hazard. Sau day la mét vai bién phap khéc phuc va han ché su

xudt hién hazard trong hé thong logic diéu khién.

4.4.4. Cac bién phap khic phuc Hazard.

Nhu dé phén tich & trén, hazard xuat hién do  xi

T2

¢6 sy chay dua tin hiéu vao trong hé logic t6 hop,

noi cach khac hazard xuat hién l1a do su khac nhau

vé thoi gian tré truyén lan tir dau vao dén dau ra

X3

o107 -

ctia mach, tir d6 ta c6 nhiing bién phap khic phuc

hazard nhu sau:

X3

T
T

o

T2

Hinh 4-10. Phwong phap khic

phuc Hazard
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- Bién phap don gian nhat lam bién mat hazard la khong dé xuit hién qua trinh chay dua cua
c4c tin hiéu vao trong mach logic, nghia 14 chi thay ddi gia tri logic trén mot dau vao tin hiéu. Khi
chi c6 mdt tin hiéu vao "chay" trong mach logic thi s€ khong con "dua" tin hi¢u nita va chic chin
hazard khong thé xuit hién. Nhung nhu vay ciing c6 nghia 1a timg tin hiéu vao thay do6i gia tri
logic s& 1am cho mach hoat dong cham chap, va khong phai qua trinh diéu khién nao ciing cho
phép 1am nhu véy, thong thuong cé su thay d6i nhiéu tin hiéu vao cting mot luc.

- Tiép theo khi phai chdp nhan qua trinh chuyén ddi tir Q—P c6 nhiéu tin hiéu thay d6i hay
¢6 nhiéu bién (X) chay dua. Cach khac phuc 1a chon gia tri linh kién hay IC c6 thoi gian tré T nho.
Vi ta biét hazard chi xuat hién trong thoi gian tré ctia mach, T cang nho nghia Ia xung hazard ¢
d6 rong At nho, va nhu vay né khong co du nang luong dé kich chuyén mach tiép theo.Nhung khi
chon linh kién 1ap rap hé thong hay chon IC c6 t nhé tuc 1a phai chon linh kién, IC ¢6 chat luong
cao, nghia 1a gia thanh ctia hé diéu hanh ting, ddy ciling 1 van dé can quan tam khi thiét mach.

- Khi ta chdp nhan c6 su chay dua tin hiéu vao (X) trong qua trinh chuyén dbi tir Q—P,
ddng thoi khong dung linh kién co chét luong cao dé giam gia thanh va mach van hoat dong t6t
dong thoi khong c6 hazard xuat hién, thi ta c6 thé dung phuong phap khac phuc hazard bang cach
thém cac mach tré trén duong truyén tin hiéu, dé dam bao cho thoi gian chay dua cua céc tin hi¢u
la twong duong nhau. Phuong phap nay dugc minh hoa ¢ hinh 4-10:

Ta biét tin hiu x, chay nhanh t6i du ra, nén trén dudng truyén cua x, ta cho thém hai cong
dao c6 thoi gian tré 14 1, va 1, dé cho tin hiéu trén x, xudt hién dong thdi v6i x; va x3, khi d6
hazard s& khong xuat hién hodc s& lam giam bét hazard . Phuong phap ndy ¢ giy ra hazard néu
duong tré thém vao lai 1am cho x, chay qua cham va lai phat sinh hién tugng chay dua tin hi¢u
vao.

Dé tranh xay ra hién tuong chay dua tin hiéu vao, can biét chinh x4c thoi gian tré 1, va 15,
sau do phai tao ra dugc cong dao cé thoi gian tré bang dung gid tri t; va 15,

- O mirc cao hon khi ta phai chip nhan c6 su chay dua tin hiéu vao trong qua trinh chuyén
d6i Q —P, khong mudn ding linh kién co chit luong cao, dong thoi di thém cac mach tré (khong
anh hudng t6i chirc ning cua mach logic) nhung van khong thé khic phuc hét hazard thi khi d6 ta
ding xung dong b, tirc 1a ta bat chap c6 sur chay dua cua tin hiéu vao, va giira cac duong truyén
tin hiéu tir dau vao téi dau ra c6 thoi gian tré khac nhau. Nhung tin hiéu truyén lan trong hé logic
du nhanh, dit cham, dén truée hay dén sau thi chung chi dwoc lan truyén khi c¢6 sy cho phép cua
xung ddng bd. Xung dong bo thong thuong "chd" theo dudng tin hiéu chay cham nhat, khi d6 cac
xung dén sém phai "chd" cho day dii cac tin hiéu khac khi d6 xung déng bd méi cho phép truyén
tiép. Néu cho thém vao mach diéu khién xung dong bo thi ciing c6 thé giam dang ké anh huong
cua hazard.

- Trong trudng hop cac phuong phap néu trén déu duoc ap dung nhung hién tugng hazard
van xuat hién thi ta budc phai thay doi chuc niang diéu khién, tirc 14 thay doi chirc ning ciia ham
logic ctia hé thong diéu khién tirc 1a phai xay dung mach dién khac.

Nhu vay dé co duge mot mach didu khién t6t, chat luong cao thi phan cing xdy dung nén
mach dién mang tinh quyét dinh. Nguoi thiét ké phai hiéu rat k§ va siu sic hé théng ky thuat ma
minh thiét ké thi méi co thé khic phuc dugc hazard trong mach dién, ciing nhu phai biét thém hay
b6t cac mach dién phu nhu thé ndo ma khong lam thay doi chirc ning cua hé thdng. Tir d6 lam
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cho mach c6 chit lwong cao hon, gia tri kinh té ciing cao hon. Piéu nay cung d& hiéu la cac mach
dién co6 cung chic ning diéu khién nhung mdi hing san xuét lai dua ra mot mach khac nhau va
gia tri kinh té ciia chung ciing khac nhau, tuy thudc vao trinh d6 va sy quan tdm dén viéc ting do
tin cdy, tang chat luong diéu khién mach ctia hang. Nhung ban chat van chi 1a 1am giam t6i da kha
nang xuat hién hazard trong mach.

4.5. MACH MA HOA VA GIAI MA
4.5.1. Mot s6 loai ma thong dung.

4.5.1.1. Ma@ BCD va ma du 3.

MA BCD (Binary Coded Decimal) 1a ma dugc cdu tao bang cach dung tir nhj phan 4 bit dé
mi hoa 10 ki hiéu thap phan, nhung cach biéu dién van theo thap phan. Vi du ddi véi ma NBCD,
cac chir sb thap phan dugc nhi phan hoa theo trong s6 nhu nhau 23, 22, 2!, 2% nén ¢6 6 t6 hop du,
g v6i cac sb thap phan 10,11,12,13,14 va 15. Sy xuat hién c4c t6 hop nay trong ban tin dugc
goi 14 16i du.

Do trong s6 nhi phan ctia mdi vi tri biéu dién thap phéan 1a ty nhién nén may co thé thuc
hién truc tiép cac phép tinh cdng, trir, nhan, chia theo ma NBCD. Tuy nhién nhugc diém chinh
clia ma 14 ton tai to hop toan Zero, gay kho khin trong viéc dong bo khi truyén dén tin higu.

Vi vay, nguoi ta st dung ma Du-3 dugc hinh thanh tr ma NBCD bé“mg cach cong thém 3
vao mdi t6 hop mi. Nhu vay, ma khong bao gdm t6 hop toan Zero. Ma Du-3 chu yéu duoc dung
dé truyén dan tin hiéu ma khéng dung cho viéc tinh toan tryc tiép.

Thap phan | BCD 8421 | Madu 3
0 0000 0011
1 0001 0100
" 0010 0101
2, 0011 0110
4 0100 0111
5 0101 1000
6 0110 1001
o 0111 1010
8 1000 1011
9 1001 1100

Béang 4-2. Ma BCD 8421 va ma du 3
4.5.1.2. Ma Gray.

Ma Gray con dugc goi la ma céach 1, 1a loai ma ma cac td hop ma ké nhau chi khac nhau
duy nhét 1 bit. Loai md nay khéng c6 tinh trong sd. Do d6, gia tri thap phan da dwoc ma hoa chi
duoc giai ma thong qua bang ma ma khong thé tinh theo téng trong s6 nhu d6i v6i ma BCD.

Mai Gray c6 thé duoc to chirc theo nhiéu bit. Bai vay, ¢6 thé dém theo ma Gray.

Ciing tuong ty nhu ma BCD, ngoai ma Gray chinh con c6 ma Gray du-3.
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Théap phan | Gray | Gray du 3
0 0000 0010
1 0001 0110
2 0011 0111
3 0010 0101
4 0110 0100
5 0111 1100
6 0101 1101
7 0100 1111
8 1100 1110
9 1101 1010
10 1111 1011
11 1110 1001
12 1010 1000
13 1011 0000
14 1001 0001
15 1000 0011

Béang 4-3. Ma Gray va Gray du 3
4.5.1.3. M chan, Ié.

Mai chin va mi 1¢ 1a hai loai md c6 kha ning phat hién 15i hay dung nhat. Dé thiét 1ap loai
ma nay ta chi can thém mat bit chdn/ 1¢ (bit parity) vao t6 hop mé di cho, néu tong sd bit 1 trong
tir ma (bit tin tirc + bit chan/lé) 1a chin thi ta dwoc ma chin va nguoc lai ta dugc ma 1¢.

BCD 8421 | BCD 8421chan | BCD 84211¢
Pc P

0000 0000 : 0 0000 : 1
0001 0001 : 1 0001 : 0
0010 0010 : 1 0010 : 0
0011 0011:0 0011 i 1
0100 0100 : 1 0100 : 0
0101 0101 : 0 0101 i 1
0110 0110: 0 0110 i 1
0111 01111 0111 :0
1000 1000 : 1 1000 : 0
1001 1001 : 0 1001 : 1

Bang 4-4. Ma BCD 8421 chin / 1
4.5.2. Mach ma hoa.

Mach dién thuc hién viéc chuyén tin tirc sang ma, dugc goi la mach ma hoa hay mach ghi

ma.
4.5.1.1. Mach md hoa tir thdp phan sang BCD 8421

So d6 khdi téng quat cia mach M4 hoa nhu hinh 4-7. Mach gom 9 16i vao (bién) tmg Véi
céc chit s6 thap phan tir 1 dén 9. Lbi vao zero 1a khong can thiét, vi khi tat ca cac 16i vao khac
bang 0 thi 16i ra ciing bang 0. Bon 16i ra A, B, C, D (ham) thé hién t6 hop ma tuong tng v&i mdi
chir s6 thap phan trén 16i vao theo trong s6 8421. Bang trang thai ciia mach nhu bang 4-5.
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Vao thap Ra BCD

phén 8 4 2 1

0 0000

(—! A 1 0001
—2 8 ) 2 0010
— B 3 0011

Vao | |4 Mach L Ra 4 0100
Thip J zmah"a C % BCD 5 0101
phan 2 8421 6 0110
7 D 7 0111

8 1 8 1000

—° — 9 100 1

—

Hinh 4-11 So d6 khéi ciia mach ma hoa Béng 4-5¢ Bing fragg thii cla

mach ma hoa.

Tt bang trang thai ta viét duoc cac ham ra

nhu sau: | | iEM
sl u(]w [
A=8+9 =% (8,9)
B=4+5+6+7 =3(4,56,7) S e f
C=2+34+6+7 =%X(2,3,6,7) 5 ;}“ },
D=1+3+5+7+9 =XZ(1,3,5,7,9) 3 _)P) v
Cian ctr hé phuong trinh, ta xay dung duoc 4 ;g }.
mach di¢n cua bo ma hod. Hodc dung ma trén 3
diode (céng OR) dé xay dung < _;!(‘ _,K‘
, , MY N 3
Hodc c6 thé dugc viét lai nhu sau (dung = _)g _)g f
dinh Iy DeMorgan) va ding ma trén diode (cong _ f
AND) dé xay dung mach: 8§ —° p
_ _ 9 X X
A=8+9=8.9
E 4+5+6+7:ii£l A B C D
C=2+3+6+7=2.3.6.7 Hinh 4-12 Mach dién cta bo ma hoa ding
D =1+3+5+749 =1.3.5.7.9 diode.

4.5.1.2. Mach ma hod wu tién

Trong bd mi hoé vira xét trén, tin hiéu vao ton tai doc 1ap, (khong co truong hop c6 2 t6
hop tré 1én ddng thoi tic dong). Bo ma hoa wu tién ra doi dé giai quyét truong hop ¢ nhiéu dau
vao tac dong dong thoi. D6i véi cac truong hop nay thi bd ma hoa wu tién chi tién hanh ma hoa tin
hiéu vao nao co cép wu tién cao nhét ¢ thoi diém xét. Viée xac dinh cép wu tién cho mdi tin hiu
vao 1a do ngudi thiét ké mach.

Bay gio ta xét nguyén tic hoat dong va qua trinh thiét ké ctia bo ma hoa wu tién 9 16i vao, 4
161 ra.
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Vao Ra

Thap phan ABCD
| B9 ) Y ) OF) 03 ) 7Y O 8421
000000O0O0O 0000
100000000 0001
x10000000 0010
xx1000000 0011
xxx100000 0100
xxxx10000 0101
xxxxx1000 0110
XXXxxxx100 0111
XXXXXxXxx10 1000
X X XX XXXZX 1 1001
Béng 4-6. Bang trang thai cua by ma hoa

uu tién

Theo dé bai, sy ma hoa thuc hién theo murc d6 wu tién tir L; dén Lo, khi cac tin hiéu cung tac
dong thi cac tin hiéu c6 mic uu tién thap khong tic dung, nghia 14 bat ké muc logic ciia n6 1a 0
hay 1 déu khong anh huong dén 16i ra nén goi no 1a diéu kién tuy chon, ky hiéu 1a "x".

Bang trang thai phan anh yéu cau thiét ké, ma hoa theo cap uu tién.
Tir bang trang thai ta co thé viét dugc biéu thirc 16i ra nhu sau:
D =1 tai cac 16i: +L,va béng 0 tai cac 16i L, La, Le, Lg

+ L; va bang 0 tai cac 16i Ly, Le, Lg

+Lsva béng 0 tai cac 16i L, Lg

+L,;va bfing 0 tai cac 16i Lg

+ Lo

Nén ta viét dugc ham D:

D=L L,.Ly.Lg.Lg+L3.Ly. L. Lg +Ls. Ly. Lg. Lg +L7. Lg+Lg
Tuong tu nhu vay ta viét duge ham cua B, C va A nhu sau:
C=Ly.L4.Ls.Lg. Lo+L3. Ly Ls. Lg. Ly +Lg. Lg. Lo +L7. Lg. Lo
B=L,. Lg. Lg+Ls.Lg. Lo +Lg. Lg. Lg +L7.Lg. Lg

A=Lg Ly

Mot vai IC thuong dung: 74147 1a b0 md@ hod wu tién NBCD 4 bit,
74148 1a bd ma hod uu tién NBCD 3 bit.

4.5.2. Bo giai ma.

Mach dién thyc hién vi¢c chuyén tir ma sang tin tuc dugc goi la mach gidi ma hoa.
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4.5.2.1. B¢ gidai md nhi phdn

B giai ma nhi phan con ¢6 tén 1a bd giai ma "/ tur »", bd giai ma dia chi hodc bo chon dia
chi nhi phan. Chirc ning ctia n6 1a lwa chon duy nhat mot 16i ra (1dy gia tri 1 hodc 0), khi tac dong

td1 dau vao mot s6 nhi phan.

Nhu véy, néu sé nhi phéan 14 » bit (n 16i vao) s&

nhan dién dugc 2" dia chi khac nhau (trén 2" 161 ra). Ay — |

Noi khac di, mach chon dia chi nhi phan 1a mdt mach A,
logic t6 hop 6 n 16 vao va 2" 16i ra, néu tac dong t6i

dau vao mot s6 nhi phan thi chi duy nhat mot 16i ra Ay = |

duoc luya chon, léy gia tri 1 (tich cuc cao) hoac 0 (tich
cuc thép), cac 16i ra con lai déu khong dugc lya chon,
lay gia tri 0 hodc 1. So dd khdi tong quat ctia bo chon

L Dy
B¢ giai
manhi —— D,
phan :

—— Doy

Hinh 4-13. So d6 khéi cua bo giai ma

nhi phan
dia chi nhi phan nhu chi ¢ hinh 4-13.
74154 f— D
IC 74154 1a m6t bd chon dia chi nhi phén 4 vao — D,
16 ra. Ky hiéu logic ciia n6 dugc chi ra ¢ hinh 4-14. Cac A —| Vio L D
16i vao E;, E,, hoat dong theo tich cuc thap thuong duge  Ai— | A p— gi
su dung dé mo rong dung luong hodc thay ddi chire nang ?: —— D ..
., A . ) 3 b—— Loira
logic ctia bg chon dia chi. D6>
5 —— D;
Ta c6 thé mé rong dung lugng bd chon dia chi nhi b—— Dyg
phan bang cach ghép cac IC c6 dung luwong nho lai voi T Vio b 11)39
nhau. L diu p— Dm
E,—{) khiéen [ DQ
4.5.2.2. Mach giai ma 7 doan
St ) \ ) 74154
B¢ hién thi chir s6 ciia mdt h¢ dém phéan bat ky, ta
6 thé dung dung cu 7 doan. (?éu tao S:ﬁa no6 nhu chi ¢ hinh 4-15. ————
Céac doan duoc hinh thanh bang nhiéu loai vat liéu khac nhau, f' ' b
nhung phai c6 kha nang hién thi dugc trong cac diéu kién anh  —
sang khac nhau va tbc d6 chuyén mach phai du 16n. Trong ki thuat ' g ' .
I \ 4 A o . 212 C
s0, cac doan thuong duge dung 1a LED hoac tinh thé 16ng (LCD).
d

Déi voi LED, mdi doan 1a mot Diode phat quang va khi co
dong dién di qua da 16n (5 dén 30 mA) thi doan tuong ng sé&
sang.

Ngoai 7 doan sang chinh, méi LED ciing ¢6 thém Diode dé
hién thi ddu phan s6 khi can thiét. LED c6 hai loai chinh: LED
Anot chung va Ktt chung. Do d6, logic cua tin hiéu diéu khién
hai loai nay la nguogc nhau.

b) Mach gidi ma 7 doan

Nhiém vy cua ta 1 phai thiét ké mot mach logic lién hop
v6i 4 16 vao va 7 16i ra dé chuyén ma NBCD thanh ma 7 doan. So
d6 khdi tong quat ctia bo giai ma nhu hinh 4-16. Tir hinh 4-15 d&

Hinh 4-15 Ciu tao
dung cu 7 doan sang

a

D Mach b

e ~ C

c—1 1| gidi ma 3
B 2| 7 doan

— e

A4 r

8
| &

Hinh 4-16 So d6 khéi ctia
mach giai ma 7 doan sang

63



Chuwong 4: Mach logic t6 hop

nhan thdy rang, doan a s& sang khi hién thi chit s6 : 0 hodc 2, hodc 3, hodc 5, hodc 7, hoic 8, hodc
9. Do d6, ta co thé viét:

a=2(0,2,3,56,7,8,9). Tuwong tu, ta co:

b=2(0,1,2,3,4,7,8,9),

c=2(0,1,3,4,5,6,7,8,9),

d=2%(0,2,3,5,6,8,9),

e=2.(0,2,6,8),

f=2(0,4,5,6,8,9),

g=2(2,3,4,5,6.8,9).

IC 7447, 74247 (Anbt chung),w 7448 (K chung ), 4511 (CMOS) 1a cac IC gidi ma tr NBCD

sang thap phan theo phuong phap hién thi 7 doan.

4.6 BO HQP KENH VA PHAN KENH

4.6.1 Bd hop kénh (MUX-Multiplexer)

Dinh nghia: B6 hop kénh 1a mach c6 2" 16i vao dit liéu, 7 16i vao diéu khién, 1 16i vao chon
mach va 1 16i ra.

Tuy theo gié tri cta n 16i vao diéu khién ma 16i ra s& bang mot trong nhiing gia tri ¢ 16i vao
(X;). Néu gia tri thap phan cua n 16i vao diéu khién bang j thi Y = X;

So d6 khéi cia MUX 2" = 1 (2" 14i vao, 1 16i ra) duoc biéu dién & hinh 4-17a.

Phuong trinh tin hiéu ra la:

Y=X,(A,_ A, _,.A. A)+X(A, A ,.A. A,
tot X, (ALA, L AAA)

E,
v
X, —»] X, —@
Xi —3 MUX X
I =1 ‘. —@ Y
X L » Y-Loira H
] ——P 1
X" : Xj o
| X :
= 2 -1
At Any Ag (b). MUX 12 mét chuyén mach dién tir
%_J
n 16i vao diéu khién
(a) So d6 khoi

Hinh 4-17. B6 hgp kénh MUX 2" = 1
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Thue chit, MUX 1a chuyén mach dién tir ding cac tin hiéu diéu khién (A, Ans...Aq) dé
diéu khién su nbi mach cua 16i ra véi 1 trong s6 2" 16i vao (hinh 4-17b).

Hién nay, bd MUX duoc ding nhu mét phan tir van ning dé xay dung nhitng mach to hop

khac.
IC 74151 1a b MUX 8 16i vao dit ligu - 1 16i ra. Hinh 4-18 1a
AT A, 74151
ky hi¢u logic cua IC 74151. A —] bvao didu
A, —— Jkhién
4.6.2 By phan kénh (DEMUX-DeMultiplexer) Z
. 2 Dy— Vao
pinh lfghia: ’B(f) phéan kénh 1a mach cg') 1 161 vao dir li€u, » lo1 : | |dir lieu v
vao diéu khién, 1 16i vao chon mach va 2" 16i ra. : —
Tuy theo gia tri cta n 16i vao diéu khién ma 16i ra tha i (Y;)) D]
s& bang gid tri cua 16i vao. Cu thé néu goi 7 10i vao diéu khién 1a° E __ | Vio eh
v . _ r o ao cho
An—lAn—Z- . .Ao thi Yl = X khi (An—lAn—Z- . .A1A0)2 (1)10. E2 J } phép

So d6 khéi ctia bd DEMUX 1 16i vao 2" 18i ra duoc biéu dién
& hinh 4-19.

IC 74151
E «— Y, @ Yo
n MUX  |e— Y, Y,
Chon mach 2"=1 | v
Léivio X < Yi j
oi vao = : P Yo"
PR T
111
NI (b). DEMUX la mt chuyén mach dién tir
An—l An-2 A()

n 16i vao diéu khién
(a) So db khdi

Hinh 4-19. B6 phan kénh DEMUX 1 = 2"

Hinh 4-18. Ky hi¢u logic cta

Phuong trinh tin hi¢u ra cia DEMUX 1 = 2" : A 74138
A S A—] }Véq didu
Y, = X.én—lén—z...lji éo A, —1 Jkhién v,
Y, =X AnAna AL AIA :
.............. D ] Véo d& :
liéu — v,
Y, =XA, A L ALA
B0 phan kénh con dugc goi 1a bd giai ma 1 trong 2". Tai mdt E
thoi diém chi c6 1 trong s6 2" 16i ra & mure tich cyc. ! }Véo cho
E,—) phép

IC 74138 12 bd DEMUX 1 16i vao dix liéu - 8 15i ra. Hinh 4-
20 1a ky hiéu logic cua IC 74138.

Hinh 4-20. Ky hi¢u logic cta

IC 74138
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4.7. MACH CONG.

4.7.1. Mach toan tong.

Mach cong hay (bd cong) 13 mach sé hoc nhj phan quan trong, vi trong xir Iy nhi phan phan
16n cac phép tinh dugc thuc hién thong qua phép cong.

Mach logic thyc hién phép cong hai s6 nhi phan 1 bit co 16i nhé dau vao duoc goi 1a mach
toan tong. So d6 khoi tong quat ciia mot mach toan téng dugc biéu dién o hinh 4-21.

Theo hinh 4-21 va nguyén ly cong hai s6 nhi phan mat bit co6 trong s6 bat ky, ta co thé lap
bang trang thai cho mach toan tong.

Cac hamra S; , C;s€ c6 dang:

Si=a;, @ b; ® Cy,4 Ciy

ko
>

C;=a;b;Ci_y+a; b; Ciy +a; b; C;y  hay

Ci=abi+(@®b)Ci.,

O = O = O = O

—_—_—_—o =0 ool

— - — O O O
—_—0 O = = O Of

—_—

Bang 4-7. Bang trang thai
cua mach toan tong.

Gi P1 —» Pl
TT C;
a) Mach dién Cir ] —
—» G1
a b
b) Ky hiéu

Hinh 4-21 a, b Mach toan tong va ky hiéu

Mach logic thuc hién biéu thirc 16i ra tong va 16i ra nhé duoc trinh bay & hinh 4-21a va ky
hiéu cta nd 1a hinh 4-21b.

4.7.2 Mach cfng nhi phin song song

Ta c6 thé ghép nhiéu bd cong hai s6 nhi mot bit lai véi nhau dé thuc hién phép cong hai sb
nhi phan nhiéu bit. So @6 khdi cua bd cong duoge trinh bay ¢ hinh 4-22 va dugc goi 1a bd cong

song song. S; S, S, S,
B toan B(f)v toan B(f)w toan B(f)ﬂ toan
«] tong lg — | tong |g tong | tong
Cri Cvi Cro Cvz Cry Cvi Cro Cvo
b g b, a b, a by a

Hinh 4-22 So db khdi ctia bo cong nhi phan song song
66



Churong 4: Mach logic t6 hop

Pé giam bot mirc d6 phirc tap ctia mach, trong thuc t& ngudi ta thuong san xuit bo tong 4
bit. Mudn cong nhiéu bit, c6 thé hop ni tiép mot vai bo tong mot bit theo phuwong phap néu trén.

Mot trong nhimng bd cong thong dung hién nay 1 7483. IC nay dugc san xuat theo hai loai:
7483 va 7483 A voi logic vao, ra khac nhau.

4.8. MACH SO SANH.

Trong cac h¢ théng s6, dac biét 1a trong may tinh, thuong thuc hién viéc so sanh hai s6. Hai
s6 can so sanh co thé 1a cac sb nhi phan, co thé 1a cac ky tu dd ma hoa nhi phan. Mach so sanh c6
thé hoat dong theo kiéu ndi tiép hodc theo kiéu song song. Trong phin nay ta s& nghién ctru bd so
sanh theo kiéu song song.

4.8.1. Bj so sanh bang nhau.
4.8.1.1. By so sanh bting nhau 1 bit.
Xét 2 bit a; va by, goi g; 1a két qua so sanh. Tir d6 13 c6 bang trang thai 4-8.

gi=a;.bj+a;.bj=a; Db

a b gi
0 0 1
0 1 0
a; 1 0 0
qu & 11|

Hinh 4-23. So d6 logic ham ra cua

‘ : Bing 4-8. Bang trang théi
b so sanh bang 1 bit ang ang trang thai

cua mach so sanh bang.

4.8.1.2. By so sanh bting nhau 4 bit.

So sanh hai s nhi phan 4 bit A = asa,a;ap véi B = bsb,b;by. Vay hai sb AvaB bé“mg nhau
khi a3 = bs, a, = by, a; = by, a9 = b,.

Biéu thirc ddu ra twong tng la:

G= £3. £2.81- 8o
g3=a3®b;
.. Eg2=a;®bj
VO1
gr=2a;®by
go=2a9®by

4.8.2. B) so sanh.

4.8.2.1. Bj so sanh 1 bit.

Tir bang trang thai 4-9 ta c6 biéu thic ra: f_ =a;®b;
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a; bi o f f> q i
ol ool 1]o /)Do*
0 1 1 0 0 fo
1o lo|o]1 m
1 1 0 1 0
Bang 4-9. Bang trang thai Hinh 4-24. Mach dién cta bo
ctia mach so sanh. so sanh 1 bit

4.8.2.2. By so sanh 4 bit (So sanh lon hon).

So sanh hai s6 nhi phin 4 bit A = asa,a;a v6i B = bsb,bby. S& A 16n hon sé B khi:

a3 >bs hodca;=bsvaa,>b,hodcay=bs;vaa,=b,vaa >b hoicaz=bsvaa,=b,vaa =
b1 va do >b0.

T d6 ta ¢6 biéu thirc ham ra 1a:

f> =a3.g+a3 (‘Db3 %) .E-f— aj (‘Bb3 .ap (‘Bbz .al.b_1+ aj (‘Db3 .ap @bz .aq (‘Bbl .49 %

Hinh 4-26. Mach dién cua bd so sanh 16n hon 4 bit

Mot trong nhitng bd so sanh théng dung hién nay 1a 7485. IC nay so sanh 2 sé nhi phan 4
bit.

4.9. MACH TAO VA KIEM TRA CHAN LE.

C6 nhiéu phuong phap ma hoa dit liéu dé phat hién 11 va stra 16i khi truyén dit liéu tir noi
nay sang noi khic. Phuong phap don gian nhét 1a thém mat bit vao dit liéu duoc truyén di sao cho
s6 chit s6 1 trong dit liéu ludn 1a chan hogc 1. Bit thém vao d6 dugc goi 1a bit chan/le.

Pé thuc hién duge viée truyén dit liéu theo kiéu dua thém bit chin, 1é vao dit liéu chung ta
phai:

- Xay dung so dd tao duoc bit chin, 1¢ dé thém vao » bit di liéu.
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- Xay dung so do kiém tra hé xem d6 1a hé chan hay 1é voi (n + 1) bit & dau vao (n bit dir

liéu, 1 bit chan/18).

4.9.1. Mach tao bit chin/1é.

Goi 3 bit ctia dir liéu 1a dy, d», d3 va Xe, X, 1a 2 bit chan, 1& X
thém vao dir liéu. Tir d6 1ap duoc bang trang thai 4-10: Tao bit
n bit dix chan/1é
Vio Ra ligu y X
d d, d; | X, X,
0 0 00 1 ‘ —
0o 0o 111 o Hinh 4-27. So d6 khoi ctia
0 1 0|1 0 mach tao bit chan/lé
o 1 1[0 1
1 0 0|1 O
1 0 1|0 1
1 1 0]0 1
1 1 1|1 0
Béang 4-10. Bang trang thai
ctia mach tao bit chan 1¢
Tir bang trang thai ta thiy X_ =X_C hay X, =X_0.
Vi biéu thirc ctia X, va X, 1a
XO = d1 @ d2 @® d3
X =X_=d ®d, dd,
4.9.2. Mach kiém tra chin/lé.
4 N Fo
Klerrl tra hé
n bit dir liéu chan/lé s Hinh 4-28. So d6 khéi cia mach kiém tra
Bitchin ¢ ) o chan/lé
(Xoa XE)
Vao Ra L e 4 . <3 s o A
d, d, d; X|F, Fo Bang trang thai cua mach kiém tra tinh chan/lé ctia hé duoc
0 0 0 0|1 o cho ¢ bang 4-11.
0 0 0 1[0 1 o
0 0 1 0|0 1 Tur bang trang thai ta thay:
0 0 1 111 0 L As S o S A
01 0 0/0 1 - F.=1néu h¢ 1a chan (F. chi ra tinh chan cta h¢).
PO - F,=1néuhélalé (F, chira tinh I¢ ciia hd).
‘1’ (1) (1) (1) g i Hai ham nay luén 1 phu dinh cua nhau. Mat khac do tinh
1. 0 0 111 o chét cta ham cong XOR, ta co:
1 0 1 0|1 0
1 0 1 1 0 1 = F0:d1®d2®d3@x
1 1 0 o0]1 0 —
1 1 0 1[0 1 - E=F
1 1.1 00 1
1 1 1 1]1 0

Bang 4-11. Bang trang thai
ctia mach kiém tra chin /1é
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4.10. PON VI SO HOC VA LOGIC (ALU).

Pon vi s6 hoc va logic (Arithmetic — Logic Unit) 1a mot thanh phan co ban khong thé thiéu
dugc trong cac may tinh. N6 bao gém 2 khdi chinh 1a khéi logic va khdi s6 hoc va mét khdi ghép
kénh.

- Khéi logic: Thuc hién cac phép tinh logic nhu 1a AND, OR, NOT, XOR.
- Khéi s hoc: Thuc hién céac phép tinh s6 hoc nhu la: cong, tru, tang 1, gidm 1.

So @b khdi cua 1 don

vi s6 hoc — logic ALU 4 bit /v/4 /v/4
duge md ta & hinh 4-29: Thanh ghi A Thanh ghi B
M 12‘1, 16i vao chon g '/4 1 '/4
phép tinh s6 hoc hay logic. — Cin
Fo, F; la hai 16i vao chon ALU DE VAN
chue néng., Sau khi mot :: } F(l) C(P%Ié; tilf;;lang
phép tinh s6 hoc hay logic B P
dugc thuc hién thi két qua 14 _ Vv :
s& dugc ghi 16n 1 thanh ghi, v Ghi trang thai
vi du thanh ghi A. Két qua v

nay c6 thé duoc st dung dé
thuc hi¢n phép tinh sau. B
ALU con tao ra céc bit trang thai chuyén doi thanh ghi. Vi du: Carry out: néu ¢6 nhé; Zero: néu
két qua phép tinh bang 0.

Hinh 4-29. So db khi ctia ALU 4 bit

TOM TAT

Trong chuong nay, ching ta da giéi thiéu mach logic t6 hgp. Mach t6 hgp do cac phan tir
logic co ban ciu tric nén. Pic diém ctia mach to hop 1a tin hiéu dau ra & thoi diém bat ky nao
ciing chi phy thudc vao tin hiéu & dau vao & thoi diém d6 ma khong lién quan dén trang thai vén
¢6 cia mach.

Mach t6 hop rat phong ph, ta khong thé xem xét hét trong chuong 4. Trong tim ctia ching
ta 1a nim vimng diac diém mach t6 hop va phuong phap chung khi thiét ké, phan tich mach t6 hop.
Vi vay, chung ta da gioi thi€u mét cach chon loc bd ma hoa, b gidi ma, bd hop kénh, phan kénh,
mach cong, trir, mach so sanh...trong qua trinh d6, ta d xem xét phuong phap phan tich va thiét
ké mach t hop.

Khi phén tich mach t6 hop da cho, ta ¢6 thé viét ra ham logic dau ra cho timg cap cia so do,
roi tién hanh tdi thiéu hoa ham logic d6 dé biéu thi rd mdi quan hé giita dau ra v6i dau vao. Can
luu ¥ thém rang phai xem xét dén hién tugng Hazard- 13 hién tugng chay dua trong mach logic va
cach khic phyc hién tuong nay.
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Vigce toi thi€u hod ham logic rat quan trong. Vi viéc nay lam cho mach logic don gian, kinh
te. Ching ta mong muon mach dién cang it linh ki¢n cang tot, s6 dau vao cia mach cong cling
khong theé qua nhiéu

CAU HOI ON TAP

1.

Mach logic td hop 1a mach:

a. Co¢ tin hi€u ¢ dau ra chi phu thude vao tin hi¢u ¢ dau vao cia mach tai thoi diém
dang xét.

b. Khoéng nhiing tin hi¢u & dau ra phu thudc vao tin hi¢u & dau vao ma con phu
thudc vao trang thai trong cua mach tai thoi diém dang xét.

c. Ca hai phuong an trén déu ding.
d. Khoéng c6 phuong an nao dung.
Loai Hazard c6 trong mach 16gic t6 hop c6 thé 1a loai:
a. Hazard chi xuit hién 1 1an va khong bao gid gip nira.
b. Hazard c6 thé xuat hién nhiéu lan.
c¢. Hazard co thé do chirc ning cia mach dién giy ra.
d. Ca 3 phuong an trén déu ding.
Loai Hazard nao trong mach logic t6 hop 1a loai nguy hiém nhat?
a. Hazard tinh.
b. Hazard dong.
c. Hazard logic.
d. Khoéng c6 phuong an nao dung.
Bd ma hod uu tién 1a b ma hoa cho phép ma hoa khi:
a. Chi c6 mot tin hiéu tac dong vao.
b. Chi hai tin hiéu tac dong vao.
c¢. C6 hai tin hiéu tro 1én dong thoi tac dong vao.
d. Ca 3 phuong an trén déu ding.
B9 giai md BCD sang thap phan lam nhiém vy bién doi:
a. dau vao nhi phan thanh dau ra thap luc phan (hé hexa).
b. dau vao thap phan thanh ma BCD 8-4-2-1.
c. dau vao BCD 8-4-2-1 thanh dau ra thap phan tuong tng.
d. Khong c6 phuong an nao dung.
Dung cu hién thi 7-doan:

a. chi co thé chi thi cac ky tu tir 0 d&én 9.

71



Chuwong 4: Mach logic t6 hop

b. chi co thé chi thi cac ky tu tir A dén F.
c. chico thé chi thi cac ky tu tir 0 dén 9 va tir A dén F.

d. co thé duoc chu tao dé chi thi cac ky hiéu s6, chit cai hodc cac ky hi¢u dac biét
khac.

Dung cu hién thi 7-doan Andt chung:

a. dugc biéu dién bang mot Andt don bén trong.

b. duoc biéu dién bang bay dén LED riéng 1é.

c. dugc biéu dién bang mot catdt don bén trong.

d. khong c6 phuong an nao dung.

8. B0 hop kénh c6 kha nang:
a. ndi mot 16i vao mach voi mot 16i ra trong mot nhom cac 16i ra.
b. ndi déng thoi mot 161 vao mach v6i mot hodc nhiéu 16i ra ciia mot nhoém céc 16i ra.
c. ndi mot 16i vao trong mot nhom cac 161 vao véi mét 16i ra.
d. ndi déng thoi mot hodce nhiéu 16i vao vai mot 16i ra.

9. B0 phan kénh c6 kha nang:

a. ndi mot 16i vao mach voi mot 16i ra trong mot nhom cac 16i ra.

b. noi dong thoi madt 10i vao mach voi mot hoac nhiéu 161 ra trong mdt nhom cac 161
ra.

c. ndi mot 16i vao trong mot nhom cac 161 vao véi mét 16i ra.
d. ndi ddng thoi mot hodc nhiéu 16i vao véi mot 16i ra.
10. Mach minh hoa trong hinh 4-29 la:
a. cap giai ma (a)/ ma hoa (b).
b. c@p ma hoa (a)/ gidi ma (b).
c. ca@p hop kénh (a)/phan kénh (b).
d. cap phan kénh (a)/hop kénh (b).
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11.

12.

13.

14.

15.

16.

17.

IC trong hinh 4-29(a) duoc goi la:

a. bd hop kénh 8 vao - 1 ra.

b. bd phan kénh 8 vao — 1 ra.

c. bd hop kénh Ivao — 8 ra.

d. bd phan kénh 1vao — 8 ra.

IC trong hinh 4-29(b) duoc goi la:

a. bd hop kénh 8 vao — 1 ra.

b. bd phan kénh 8 vao — 1 ra.

c. bd hop kénh 1 vao — 8 ra.

d. bd phén kénh 1 vao — 8 ra.

Thuat ngit parity (tinh chan 1&):

a. dung dé chi kich thuéc dudng dit liéu cta hé thong.
b. chi c6 thé dung cho cac hé théng 8-bit.

c. lién quan dén qua trinh kiém tra 15i.

d. dung cho thanh ghi dich.

Néu bd tao bit chin 1é nhan mot bit kiém tra parity chan, n6 yéu cau nhan:
a. dit lidu parity chan.

b. dir li€u parity 1¢.

c. mot trong hai truong hop trén.

d. Khong phai hai truong hop trén.

Khi ghép bo cong 2 s6 nhi phan 4 bit c6 thé :

a. Cong thanh céc sd 8 bit.

b. Cong thanh cac s6 4 bit.

c. Taora mot téng 8 bit.

d. Tao ra mot sd 8 bit khac.

Lbi ra cia tung téng cua bd cong co6 duoc 1a do thuc hién cong :
a. Tat ca 4 bit cua ting s6 nhj phan.

b. tung cdp bit mat.

c. Bitnhd.

d. 1 véi bit trude do.

Néu 16i ra A>B cua bd so sanh duoc kich hoat, thi:
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18.

19.

20.

C.

d.

Gia tri cua sO A 16n hon gia tri cua so B.
C4a hai s0 ¢ 101 vao déu co gia tri giong nhau.
Gia tri cua sO A nho hon gia tri cua sO B.

Gia tri cua sO B 16n hon gia tri ctia s6 A.

Néu 16i ra A=B cuia bd so sanh dugc kich hoat, thi:

a.
b.
C.

d.

Gia tri cua sO A 16n hon gia tri cua so B.
Ca hai s0 ¢ 161 vao déu co gid tri giong nhau.
Gia tri cua sO A nho hon gié tri cua sO B.

Gia tri cua sO B 16n hon gia tri ctia s6 A.

Néu 16i ra A<B cua bd so sanh duge kich hoat, thi:

a. Gia tri ciia s A 16n hon gia tri cua sb B.

b. Ca hai s6 & 16i vao déu co gia tri gibng nhau.
c. Giatri ciia s6 A nho hon gia tri cua sb B.

d. Gia tri ciia s6 B nho hon gia tri cua 6 A.
Mot ALU c6 chura:

a. Mot khéi s6 hoc.

b. Mot khéi logic.

c. Mbt khéi so sanh.

d. Mot khéi s6 hoc va mot khdi logic.
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CHUONG 5: MACH LOGIC TUAN TV

GIOI THIEU.

Chuing ta da nghién ctru vé phép phan tich va thiét ké cac mach logic to hop. Mic du rat qua
trong nhung n6 chi 14 mot phan ciia cac hé théng ky thuat s6. Mot phan qua trong cia cac hé
théng ky thuat sb khac 1a phan tich va thiét ké mach tuan tu. Tuy nhién viéc thiét ké cac mach
tuan tu lai phu thudc vao viée thiét ké mach t6 hop da duoc dé cap o chuong 4.

C6 nhiéu ung dung ma dau ra sb phai duogc tao dé phu hop véi tudn tu nhan dugc cac tin
hiéu vao. Yéu cau nay khong thé duoc thoa man bang viée sir dung hé thong logic to hop.

Nhirg tmg dung nay yéu cau dau ra khong chi phu thudc vao cac diéu kién dau vao hién c6
ma con phy thudce vao lich st cua cac dau vao. Lich sir duge cung cdp bang cach phan hoi tir dau
ra vé lai dau vao.

Mach logic tuan tu khong nhitng phu thudc vao trang thai cac 16i vao va con phu thudc vao
trang thai trong cia nd. Mach tuan ty duoc chia 1am hai loai chinh 12 mach tudn tu khong déng bo
va mach tudn tu déng bo.

Trong phan nay chiing ta s& gidi thidu vé cac phan tr nhé ciia mach tudn ty. Cach phan tich
va thiét ké mach tuan tu don gian va phc tap.

NOI DUNG

5.1. KHAI NIEM CHUNG VA MO HINH TOAN HQC

5.1.1. Khai niém chung

Trong chuong nay, ching ta s& noi dén hé théng sé dwoc goi 1a mach logic tudn ty (hay con
goi 12 mach diy - Sequential Circuit). Hoat dong ctia hé nay c6 tinh chat ké tiép nhau, tic 1a trang
thai hoat dong cua mach dién khong nhiing phu thudc truc tiép 161 vao ma con phu thudc vao
trang thai bén trong trudc d6 ctia chinh nd. Noi cach khac cac hé théng nay lam viéc theo nguyén
tac co nhd.

ATy . _—» 5
5.1.2. M6 hinh toan hoc 2
Mach tuan ty la mach bao gobm mach ” Mach t6 hop
logic to hop va mach nhé. Mach nhé 1a cac =~ ———» —

»

trigo. DSi v6i mach tuan tw, dap mg ra cta ~
hé théng mach dién khong chi phu thudc truc Qi |-|Q - Wil | Wy
tiép vao tin hi¢u vao (X) ma con phu thudc

A

vao trang thai ndi (Q) cua n6. Co6 thé mo ta so
do khoi tong quat cia mach tuan tu.

Mach nhé

Hinh 5-1. So d6 khéi cua mach tudn tu.
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O day: X - tap tin hiéu vao.

Q - tap trang thai trong trudc do6 cia mach.

W - ham kich.

7 - cac hamra
Hoat dong cua mach tuan tuy duoc mo ta béng mbi quan h¢ toan hoc sau:
Z =1(Q, X)

Trong phuong trinh todn hoc ctia mach tuan ty ta thay c6 hai théng tin. D6 13 thong tin vé
trang thai tiép theo ctia mach tuan tu va thong tin vé tin hiéu ra cia mach. Hai thong tin ndy cing
phu thudc dong thdi vao trang thai bén trong trude d6 cia mach (Q) va tin hiéu tac dong vao (X)
ctia no. Ta co thé viét lai biéu thirc trén nhu sau:

Z=1(Q(n), X).
Q (n+1) =1(Q(n), X)
Trong d6:  Q(n +1): 1a trang thai tiép theo ctia mach.

Q(n): 1a trang thai bén trong trude d6. Dé tién cho viéc nghién ctru ta s& ky
hi¢u Q(n +1) 12 Q, Q(n) 12 Q.

Dé hiéu rd hon vé mach tuan tu ta di xét cac phén tor c6 trong mach. Nhu ta da biét mach
logic t6 hop di dugc xét & chuong 4. By gid ta s& tim hiéu vé mach nhd, ma phan tir nh¢ chinh 13
cac trigo.

5.2. PHAN TU NHO CUA MACH TUAN TU

5.2.1. Cac loai Trigo

Dinh nghia: Trigo 1 phan tir c6 kha nang luu trit (nhd) mot trong hai trang thai 0 va 1.

Trigo ¢o tir 1 dén mot vai 16i dicu PR
khién, c¢6 hai 16i ra ludn ludn nguge nhau Q
laQva Q .’Tuy tung loai trigo c6 thé C’O Cic 161 vio ‘
thém cac 101 vao lap (PRESET) va 161 diéu khién : TRIGG
vao x04 (CLEAR). Ngoai ra, trigo con ¢
16i vao dong bo (CLOCK). Hinh 5-2 1a Clock — 3
so do khoi tong quat cua trigo. CLR

Phan logi: Hinh 5-2. So d6 tong quét ctia mot Trigo

. Theo chuc nang lam viéc cua cua cac 16i vao diéu khién: hién nay thudng sir dung

loai trigo 1 16i vao nhu trigo D, T; loai hai 16i vao nhu trigo RS, trigo JK.

. Theo phuong thirc hoat dong thi ta c6 hai loai: trigo dong bo va trigo khong dong
bd. Trong loai trigo d@)ng b lai dugc chia lam hai loai: trigo thuong va trigo chinh
- phu (Master- Slave).

So d6 khéi cua su phan loai trigo dugc cho ¢ hinh 5-3.
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TRIGO
\ 4 A\ 4 A\ 4 A\ 4 \ 4
TRIGO D TRIGO T TRIGO RS TRIGO JK KHONG BONG PONG BO
I
v v
Hinh 5-3. LOAI THUONG CHINH - PHU

52.1.1. Trigo RS

Trigo RS 1a loai ¢6 hai 16i vao diéu khién S, R. Chan S goi 13 16i vao "1ap" (SET) va R dugc
g0i 12 16i vao "xoa" (RESET).

S Ql—— S Q=
Clock >C

— R Q) _ s R Qlat
a) b)

Hinh 5-4. So d6 ky hiéu cta trigo RS

Hinh 5-4 1a ky hiéu cia trigo RS trong céc so do logic (hinh a 13 so d0 cua trigo RS khong
ddng b, hinh b 1a so d6 cia trigo RS dong bo). Hinh 5-5 1a so d6 nguyén 1y cua trigo RS va RS
déng bd. Trang thai & dau ra cta Q phu thudc vao cac tin hi¢u logic ¢ hai 161 vao diéu khién S, R
theo bang trang thai 5-1 va 5-2 :

S | R | Q| Mod hoat dong C | S | R | Q| Modhoat dong
0| 0| Q Nhé 0| x| x| Q Nhé
0| 1] 0 Xoa 1 0] 0|Q Nhé
1|0 |1 Lap 1o |10 Xo4
1] 1] x Cam 1|10 |1 Lap

Béng 5-1. Bang trang thai cua trigo RS 1 1 1 X Cam

Béng 5-2. Bang trang thai ciia trigo RS dong bo cong NAND

Trong bang, ky hiéu Q* 1a gia tri ¢ 16i ra Q ¢ thoi diém ké tiép, Q 1a gia tri tai thoi diém
hién tai.

R

Q S Q

Q Hinh 5-5. So d6 nguyén Iy cia

trigo RS va RS ddng bo
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Ta thay khi S =1, R =0 thi Q* =1; khi S =0, R = 1 thi Q“ = 0. Pay chinh 1a hai diéu kién
diéu khién ¢ 16i vao khién cho 16i ra cia trigo ¢ thé 1at trang thai. S va R 1a cac 16i vao diéu
khién. Truong hop S =0, R = 0 thi Q“ = Q, diéu nay co6 nghia 1a khi khong c6 tin hiéu diéu khién
thi trigo van gitr nguyén trang thai vn c6 ctia n6. Cudi cing khi S =R = 1 thi 16i ra Q* va Q_k co
gia tri bang nhau (c6 thé 1a 1, c¢6 thé 13 0) nén ta n6i trang thai cia trigo 1a khong xac dinh hay goi
1a trang thai cAm. Vay, khéng bao gio dwoc sir dung truwong hop nay.

52.1.2. Trigo JK

Trigo JK 12 loai trigo ¢6 hai 16i vao diéu khién J, K. Trigo nay c6 uu diém hon trigo RS 1a
khong con ton tai to6 hop cAm bang cac dudng hoi tiép tir Q vé chan R va tir Qvé S. Tuy nhién,
diém dic biét 1a trigo JK con c6 thém dau vao dong bo C. Trigo c6 thé 1ap hay xoa trong khoang

thoi gian tng v6i sudn am hodc sudn duong cua xung dong bo C. Ta ndi, trigo RS thudc loai
dong bp.

Su hoat dong cua trigo JK duogc trinh bay bang bang trang thai 5-2

C J K QF Mod hoat dong
0 X X Q  Nho (dbi vai loai trigo JK dung céng NAND)
1 X X Q  Nh& (d6i véi loai trigo JK dung cong NOR)
Ck 0 0 Q Nho
Ck 0 1 0 Xoa

Ck 1 0 1 Lap

Ck 1 1 Q Thay d6i trang thai theo mdi xung nhip

Bang 5-3. Bang trang thai ciia trigo JK dong bo

J

Q —{r Qo —  Q—
c ; —>C —op>C

Q — K Qb— —K  Qp—
K

Hinh 5-6. So d6 nguyén ly va ky hiéu cta trigo JK dong bd

So dd nguyén ly va so d6 ky hiéu cta trigo JK dugc trinh bay & hinh 5-6.
52.1.3. Trigo D

D —,

Q Qp—

Hinh 5-7. So d6 nguyén 1y va ky hiéu cua trigo D dong bod
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Trigo D 1a loai trigo c6 mot 16i vao didu khién D. Tin hiéu & 16i vao diéu khién s& truyén t6i
16i ra Q (Q* = D) mdi khi xuat hién xung nhip C. Trigo D thuong duoc dung lam bo ghi dich dit
lidu hay bo chdt dir liéu. So d6 nguyén 1y va so dd ky hiéu cta trigo D dugc biéu dién & hinh 5-7.

52.1.4. Trigo T

Trigo T 1a loai trigo c6 mot 16i vao diéu khién T. Mdi khi c6 xung t6i 161 vao T thi 16i ra Q
s& thay d6i trang thai.

T | QF
Béang 5-3 1a bang trang thai cua trigo T 0 Q
So db nguyén 1y va ky hiéu cua trigo T duoc biéu dién ¢ hinh 5-8. 1 Q
Bang 5-4. Bang
T _IT o trar}fi ;I;a}r cua
Qk —0PpC
Qo—

Hinh 5-8. So d6 nguyén 1y va ky hiéu cua trigo T

¢ Nhan xét: Tir cic bang trang thai cua cac trigo trén ta thdy rang: Cac trigo D va RS ¢6
thé 1am viéc duoc & ché do khong dong bd vi mdi tap tin hiéu vao diéu khién D, RS
ludn ludn ton tai it nhét 1 trong 2 trang thai 6n dinh. Trang thai 6n dinh 1a trang thai
thoa man diéu kién Q= Q. Con trigo T va trigo JK khong thé lam viéc dugce & ché do
khong ddng bo vi mach sé& roi vao trang thai dao dong néu nhu tap tin hiéu vao la <11’
dbi voi trigo JK hodc 13 ‘17 @6i vé6i trigo T. Nhu vay, trigo D, trigo RS ¢6 thé lam viéc
& ca hai ché do: dong bo va khong dong bo con trigo T va trigo JK chi ¢6 thé lam viéc
& ché d6 dong bo.

5 2.1.5. Cac logi trigo Chinh- Phu (MS-Master- Slave).

Do céc loai trigo dong bo trén déu hoat dong tai sudn duong hay sudn 4m cta xung nhip
nén khi 1am viéc ¢ tan s6 cao thi 16i ra Q khong dap tng kip voi su thay dbi cua xung nhip, din
dén mach hoat dong & tinh trang khong dugc tin cay. Loai trigo MS khéc phuc dugc nhugc diém
nay. Ldi ra cta trigo MS thay doi tai suon dwong va suon am cuia xung nhip, nén cau trac ciia nd
gbm 2 trigo gidng nhau nhung cuc tinh didu khién ciia xung Clock thi nguoc nhau dé dam béao sao
cho tai mdi sudn ctia xung s& c6 mot trigo hoat dong. V& nguyén tic hoat dong cia loai trigo MS
(RS-MS, JK-MS, D-MS, T-MS) hoan toan giéng nhu céc loai trigo thong thudng (RS, JK, D, T).

Céu tric chung cia mot trigo MS dugc minh hoa ¢ hinh 5-9.

> TRIGO >TRIGO

o ] L

S

Hinh 5-9. Ciu tric cta trigo MS
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5.2.2. Chuyén doi gitra cac loai trigo.

C6 4 loai trigo da duoc gidi thidu 1a trigo RS, JK, D va T. Trén thuc té c6 khi trigo loai nay
lai dugc st dung nhu trigo loai khac. Noi dung phﬁn nay la xay dung cac trigo yéu cau tir cac
trigo cho trude.

V6i 4 loai trigo trén thi ¢ 12 kha nang chuyén doi sang nhau.

\ / Hinh 5-10. Cac kha nang chuyén ddi giira cac
@ loai trigo.

5.2.2.1. Phwong phdp chuyén déi gia cdc loai trigo.

Mot trong cac phuong phap dé xay dung trigo loai X tir loai Y cho truée duge cho & so do
khoi & hinh 5-11.

Céc 161 vao X 1a cac 161 vao cua trigo loai X can thiét ké. Loi ra cia mach logic 1a cac 161
vao cua trigo Y cho trudc. Nhu vay, bai toan chuyén doi tir trigo loai Y sang trigo loai X la xay
dung mach t6 hop co6 cac dau vao 1a X va Q; cac 16i ra 1a Y bicu dién boi hé ham:

Y=f(X,Q)
Pé thuc hién chuyén ddi trigo loai Y sang loai X can thuc hién cac budc sau:
. Xéc dinh hé¢ ham Y = £ (X, Q) theo bang ham kich.

. Toi thi€u hod cac ham nay va xay dung cac so do.

+~Q N
Y : 1 Hinh 5-11. So d6 khoi
X Machq Trigo . . ; 3
I:> logic t6 :> loai Y - cua trigo loai X
. hop H—1.Q

Bang ham kich cua cac loai trigo dugc cho ¢ bang 5-5.
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Q Q* RS JK D T
0 0 X0 0X 0 0
0 1 01 1X 1 1
1 0 10 X1 0 1
1 1 0X X0 1 0

Bang 5-5. Bang ham kich cua cac loai trigo

Sau déy ta xét mot sé vi du xay dung cac trigo tir cac trigo cho trude thuong hay duoc sir
dung trong thuyc té.

Vi du: Chuyén dbi tir trigo RS sang trigo JK.

Ta can phai thiét ké mach logic t6 hop cta cac ham logic:
R=1(Q,J,K)

S=1(Q,J,K)

Ttir bang ham kich thich trén ta thu dugc bang Karnaugh (bang 5-6) cho S va R véi cac bién
vaolaQ, J, K.

K W{
Q 00 01 11 10 Q 00 01 11 10
0

1 | X 0 0 X 1 o 04 D o

Bang 5-6. Bang tinh S va R
Mach thuc hién chuyén déi duoc cho ¢ hinh 5-12.

Hinh 5-12. Trigo JK

«D—
J E 6 xay dung tur trigo RS

Tuong tu nhu vay ta ciing c6 thé lam nhu vay dbi v6i cac chuyén ddi khac.
5.3. PHUONG PHAP MO TA MACH TUAN TU.

Thiét bi dugc thiét ké phai duoc mé ta bang 101 hay mot s6 hinh thirc khac. Cong viéc dau
tién cua nguoi thiét ké 1a phai phién dich cac dir kién d6 thanh 1 hinh thirc mé ta hoat dong cua
thiét bi can phai thiét ké mot cach trung thuc va duy nhat. Noi cach khac 1 phai hinh thirc hoa
duc liéu ban dau.

C6 hai cach hinh thirc hoa thuong dung d6 1a dung bang va db hinh trang thai.
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5.3.1. Bang
5.3.1.1. Bing chuyén déi trang thdi.

Bang chuyén ddi trang thai bao gdm cac hang va cac cot, cac hang ghi cic trang thai trong,
cac ¢t ghi cac gia tri cua tin hiéu vao. Cac 6 ghi gia tri cac trang thai trong ké tiép ma mach s&
chuyén dén tng véi cac gia tri & hang va cot. Bang chuyén dbi trang thai dugc mo ta ¢ bang 5-6.

Tin hiéu vao

Vi Vv vV, | Vo
S Trang thai
_ ké tiép Q~
T > /
rang
thi S
trong
Sn

Bang 5-6. Bang chuyén doi trang thai
5.3.1.2. Bang tin hié¢u ra.

Céc hang ctua bang ghi cac trang thai trong, cac cdt ghi cac tin hiu vao. Cac 6 ghi gia tri
cua tin hiéu ra twong tng. Bang tin hi¢u ra dugc mo ta ¢ bang 5-7.

Tin hi€u vao

V| V; Yor T e Va
S Tin hi¢u
Trang 2; » ra-R
thai .
trong .
Su

Bang 5-7. Bang tin hi¢u ra

C6 thé gdp hai bang chuyén ddi trang thai va bang tin hiéu ra thanh mot bang chung goi 1a
bang chuyén doi trang thai / ra. Liic d6 trén cac 6 ghi cac gid tri cta trang thai ké tiép va tin hiéu
ra (Sk / R) tuong Gmg vai trang thai hién tai va tin hi¢u vao.

Bang chuyén doi trang thai va tin hiéu ra duoc mo ta & bang 5-8.

Tin hiéu vao

Vv vV, Vo | e Va Trang thai ké
S _ tiép S*va
 Trang|__ St " Tinhiéura -
532, DS g | S R
hinh trang :
thii. trong
Su

32 Bang 5-8. Bang chuyén doi trang thai va tin hiéu ra
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D6 hinh trang thai 1a hinh v& phan anh quy luat chuyén doi trang thai va tinh trang cac gia
tri & 161 vao va 16i ra twong rng cia mach tuan tu.

D4 hinh trang thai 1a mot do hinh c6 hudng gdm hai tap:

M - Tap cac dinh va K - Tap cac cung c6 hudng.
a). Doi véi mé hinh Mealy thuc hign dnh xa.

Tap cac trang thai trong 1a tp cac dinh M; Tap cac tin hi¢u vao / ra la tap cac cung K.

Trén cung c6 hudng di tir trang thai trong S; dén trang thai trong S; ghi tin hi€u vao/ra tuong
ung.
b). Déi véi mé hinh Moore.

Vi tin hi€u ra chi phu thudc vao trang thai trong ctia mach ma khong phu thudc vao tin hi¢u
vao cho nén thuc hién anh xa:

Tép cac trang thai trong, tin hi€u ra 1a tap cac dinh M.

Tap cac tin hiéu vao 1a tap cac cung K.

5.4. CAC BUOC THIET KE MACH TUAN TU.

Qua trinh thiét k& mach tuan tu duge mé ta theo luu dd sau Bai toan ban dau
. Bai todn ban ddu: Nhiém vu thiét ké duge mo ta béng
ngdn ngit hodc bang luu dd thuat toan. l
. Hinh thive hod: Tt cac dir kién dé bai cho ma ta mo ta Hinh the hod
hoat dong cuia mach béng cach hinh thirc hoa dir kién
ban dau ¢ dang bang trang thai, bang ra hay do hinh l
trang thai. Sau do6 rut gon céc trang thai cua mach dé — —
c¢6 dugce sb trang thai trong it nhat. Ma hod trang thi
* Ma hoa trang thdi: Ma hoa tin hi€u vao ra, trang thai l
trong dé nhan dugc ma nhi phan (hodc co thé 1a céac
loai ma khac) c6 tap tin hiéu vao la X, tap tin hiéu ra la H¢ ham cua mach
Y, tap cac trang thai trong l1a Q.
. H¢ ham cia mach: Xac dinh hé¢ phuong trinh logic l
cua mach va tdi thiéu hoa céc phuong trinh nay. Néu So dd

mach tuan tu khi thiét ké can dung cac trigo va mach
t6 hop thi tuy theo yéu cdu ma ta viét hé phuong trinh

cho céc 16i vao kich cho ting loai trigo d6. Hinh 5-13. Cac budc thiét
ké mach tuan tu

¢ Xdy dung so do: Tix hé phuong trinh ciia mach da viét
duoc ta xay dung mach di¢n thyc hi¢n.

5.4.1. Thiét ké mach tuén ty tir do hinh trang thai.

Gid thiét: Cho db hinh trang thai cua mach c6 tap tin hi€u vao V, tap tin hi€u ra R, tap trang
thai trong S (chua ma hoa nhi phan).
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dién.

Xdc dinh: Hé phuong trinh nhi phan cta mach (da tdi thiéu hoa). Trén co so d6 v& mach

5.4.1.1. Cic buéc thiét ké

¢ Ma hod tin hi€u vao V, tin hi€u ra R, trang thai trong S dé chuyén thanh mach dang
nhi phan ¢6 cac tap tin hi€u vao X, tin hi€u ra Y, trang thai trong Q.

* Xac dinh hé phuong trinh tin hi¢u ra: Y; = fi (X, Q). Phuong trinh nay dugc xac dinh
trén cac cung véi md hinh kiéu Mealy, trén cac dinh véi mé hinh kiéu Moore. Tdi
thiéu cac ham nay.

¢  Xac dinh h¢ phuong trinh ham kich cho céc trigo va ti thiéu hoa no.

Sau day gioi thiéu thuat toan xac dinh phuong trinh 16i vao kich cho céc trigo tir &6 hinh

trang thai.

Dbi vé6i trigo Q; bit ky su thay ddi trang thai tir Q; dén Q; chi c6 thé c6 4 kha ning nhu hinh

5-16.

Q=0 ! Q=1
O———»0O I O———»0O
0 2 E 1
O———»O
L3
O¢——]—©O

Hinh 5-14. Cac cung biéu dién sy thay déi trang thai tir Q; dén QY cua trigo Q;

Trong d6 cac cung biéu dién sy thay déi tir Q; dén Q; dwoc ky hiéu nhur sau: 0 — 0 14 (0), 1

S1(1a1),0>11a(2),1 >01a(3).

84

T quy udc co6 thuat toan sau:
a.Thudt todn xdc dinh phwong trinh 16i vao kich cho trigo Q; logi D.
Phuong trinh dic trung cta trigo D : Q% = D. Tir d6 ta rit ra
D; = Q = tuyén tat ca cac cung di t6i dinh c6 Q; = 1.

=Y cac cung loai (2), ké ca khuyén tai dinh d6 tirc 1a cung loai 1

=2 (1)va(2)
Téi thiéu hoa ham D; vira tim duoc rat ra phuong trinh 16i vao kich cho trigo loai D.
b.Thudt toan xdc dinh phwong trinh 16i vao kich cho trigo T
Phuong trinh dac trung cua trigo T: Q=Ti®Q=>Ti=Q:®Q=0Q,
Trong do Q' béng 1 khi Q; thay déi trang thai tr 0 = 1 hodc tir 1 = 0, ta [am nhu sau:
- Pién sy thay doi gia tri ciia Q; vao cac cung.
-Ti=Q'1 =3 céc cung c6 Q; thay ddi (cung loai 2, loai 3) =Y (2) va (3).

Téi thiéu hoa ham T; vira tim dugc rat ra phuong trinh kich cho trigo T.
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c.Thudt todn xdc dinh phwong trinh 16i vio kich cho trigo JK
Phuong trinh dic trung cua trigo JK: QF =J al-i-K Q,
Xac dinh:

Ton = 2 cac cung ma Q; duoc bat (Q; thay dditr0 =1 - cung loai 2) =2 (2). Bua phuong
trinh ctia T, vé dang:

Ton=(T*) Q, = rutral=T*

Toir = X, cac cung ma Q; duoc tat (Q; thay doi tir 1 = 0 - cung loai 3) =Y (3). Pua phuong
trinh cta Tog Ve dang:

Torr=(T**) Q, => rtra K = T**,

d. Thudt todn xdc dinh phwong trinh 16i vao kich cho trigo RS
Phuong trinh 16i vao S cua trigo RS duoc x4c dinh nhu sau:

S =T, + [Céac cung loai (1)]

R = Togr + [Céc cung loai (0)]

Céc cung loai (1), cac cung loai (0) dé trong déu [ ] & biéu thirc cua S, R duogc 13y gid tri
khong xac dinh. Nhitng gia tri ndy va nhiing trang thai khong duoc str dung s& duoc dung dé t6i
thiéu hoa sao cho biéu thirc nhan duoc 1a tdi gian nhéat.

5.4.1.2. Vidu

DPé minh hoa,xét vi du sau: Thiét ké bo dém déng bd ¢6 Mg = 5 vé6i dd hinh trang thai va ma
hoa trang thai nhu ¢ hinh 5-17 , dung

Q3
o] 00| o111 10 @
o] 0 | 1|3 | 2
1| 4 X X X /

b). Bang ma ho4 trang thai
Q1Q%Q% Q2Q's

Hinh 5-15.
Qs
011 «— 010

a). P6 hinh trang thai

a) Trigo D va cac mach AND.
b) Trigo T va cac mach AND.

85



Chuwong 5: Mach logic tudn tw

¢) Trigo JK va cac mach AND.
d) Trigo RS va cac mach AND.

B6 dém M =5 nén co 5 trang thai 0, 1, 2, 3, 4. Dé don gian, trén do hinh ta khong ghi cac tin
hiéu vao dém va tin hiéu ra. Tin hiéu ra ctia b dém chi xuit hién khi bd dém dang ¢ trang thai 4
va ¢6 tin hiéu vao dém, lic d6 bd dém quay trd vé trang thai ban dau 0 va cho ra tin hiéu ra.

Mach c6 5 trang thai va do vdy dugc ma hod it nhat bang 3 bién nhi phan twong tng véi 3
trigo: Q;, Q, Q; nhu trén bang mi hoa trang thai hinh 5-17b. Dién ma twong Ung vao cac trang
thai trén d6 hinh 5-17a.

Tir d6 ta viét duoc phuong trinh cho tin hiéura Y: Y = Q, Q_2 Q_3 X

Str dung céc trang thai tuy chon dé t6i thiu ho4, tir d6 ta nhan duoc két qua
Y =Qi1 X4

Bay gio ta xac dinh cac phuong trinh kich cho céc trigo :

a) Trigo D.

Nhin vao d6 hinh trang thai ta thy: Q, = 1 tai dinh (4), Q, = 1 tai dinh (2), (3), Q, =1 tai
dinh (1), (3).

D, =Y Cac cung di dén dinh (4) = 3)= Q,Q, Q,.

D, = Y. Céc cung di dén dinh (2), 3)=(1)+(2) = Q,Q,Q,+Q, Q,Q, .

D; = Y. Céc cung di dén dinh (1), 3) = (0) + )= Q, Q, Q, +Q, Q,Q, .

WQ:Q; (01028

k 00 | o1 | 11 | 10 k 00 | o1
0 (1\ 0 /1\
1 w 1 w

11

A
G

D;=QQs D,= Q_2Q3+Q2Q_3:Q2®Q3

Qs
Q N 00|01 |11 10 L
o[ D ad| D»-Q0Q

1 X X X

N

Bang 5-9. Bang tim ham kich

Dung bang Karnaugh 5-9 ta thu dugc két qua
D1 =QxQ;
D, = Qz Q3 +Q2 Q3 :Qz €i_)Q3
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D;=Q,Q,
b) Xdc dinh phwong trinh kich cho Trigo T.

Dién su thay doi gia tri cua Q; (Q;) vao cac cung. Khi mach dém tir trang thai (0) = (1)
(nghia 1a tir 000 = 001) thi Q3 thay ddi tir 0 = 1 nén ta ghi Qs 1én cung d6. Khi mach chuyén tir
trang thai (1) = (2) (twong tmg tir 001 = 010): Q, khong thay ddi trang thai (= 0), Q, thay ddi tir
0 = 1 va Qs thay dbitr 1 = 0, nén ta ghi Q,Q3 1én cung tir (1) = (2). Tuong tu nhu vay ta co:

T, =Q; =2 céc cung c6 Q, thay doi = (3) + (4) = Q_IQ2 Q;+Q, Q_ZQ_3
T, =Q, =Y cc cung ¢ Q, thay dbi = (1) + (3) = Q, Q, Q, + Q, Q,Q,

Ts = Q; = Y cac cung c6 Qs thay ddi = (0) + (1) + (2) + 3) =
Q,Q,Q,+Q,Q,Q,+Q,Q,Q, + Q,Q,Q,

) 2Qs 7 ,Q3
Q, 00 | 01 11 10 Q, 00 | 11 10
0 1 0 1] 1)
1 X \x X x }/ x
Ti=Qi+QxQ5 T=Q
Qs
O 00 | o111 | 10
Bang 5-10.
0 1 1 1
X X X
T3 Qe Q_l
Lap bang Karnaugh 5-10 cho cac ham trén ta thu duoc két qua:
Ti=Qi+Q:Q5
T,=Q;
T3 = Q_l

¢) Xdac dinh phwong trinh kich cho Trigo JK.

Chu y khi viét cac biéu thirc Top, Torr ctia trigo thir I ta can phai don gian cac biéu thirc d6 va
dua vé dang:

Ton=(T*) Q, = ritraJ; = T*.
Toge=(T**) 61 = ratra K; = T**,

Viét cac biéu thirc Toy, Togr cho céc trigo va tr d6 xac dinh phuong trinh kich cho cac trigo
nhu sau:
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Ton1 = 2 Céc cung ma Q; dugc bat (Chuyén tir 0 = 1) = (3) = Q_1Q2Q3

Tom = X, Céc cung ma Q; tt (Chuyén tir 1 = 0) = (4) = Q,Q, Q,

Tony = 2. Céc cung ma Q, dugc bat (Chuyén tir 0 = 1) =(1)= Q, Q, Q,

Tom = 3. Céc cung ma Q, tit (Chuyén tir 1 = 0) = (3) = Q, Q,Q;

Tons = 2. Céc cung ma Qs duoc bat (Chuyén tir 0 = 1) = (0) + (2) = Q, Q,

Totms = 3. Céc cung ma Qs tit (Chuyén tir 1 = 0) = (1) + 3) = Q, Q,

Biéu dién cac ham nay tr‘én bémg Karnaugh, su dung cac trang thai tuy chon dé tdi thiéu hoa:t
. Céc trang thai tuy chon bao gom 3 so khéng nam trong pham vi dém 5, 6, 7. Ngoai ra c§)n mat sO
trang thai khac tuy vao ting bang. Vi dy, doi voi bang tinh J; gia tri tuy chon ngoai 3 so trén con

thém 6 co6 gia tri Q; = 1, bang tinh K; c6 thém cac 6 c6 gia tri Q; = 0, twong tu nhu vay véi cac
bang con lai.

N

2Q3 h ,Q;
Q] 00 | 01 | 11 | 10 Q 00 | o1l 11 | 10
0 /1 \ 0 / X X X X
1 X X \X/ X 1 \ X X X
Ji =004 K =1
™NQ:Q; ™NQ.Q;
0 1 x\ 0 X X 1\
X y X 1 X X y X
L=Qs K =Q;
) 2Q3 ) Q3
Q 00 01 [ 11 10 Q 00 01 ! 11 10
0 Q X X p 0 1 x 1 1 X
T X X 1 \ X X X X
J3 o G K3 =1

Bang 5-11. Béang tim ham kich

Ta thu dugc két qua tir bang 5-11 nhu sau:
J1=Q:Q3 Ki=1
h=Q; Ky=Q;
;= 61; Ks=1

d) Xdc dinh phwong trinh kich cho Trigo RS.
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Sy = Ton + [Céc cung loai (1)] = (3) + [¢]

R = Tom + [Cac cung loai (0)] = (4) + [(0), (1), (2)]
Sy = Tonz + [Céc cung loai (1)] = (1) + [(2)]

R, = Tom + [Céc cung loai (0)] = (3) + [(0), (4)]

S3 = Ton3 + [Cac cung loai (1)] = (0) +(2) + [¢]

R3 = Tos + [Céc cung loai (0)] = (1) + (3) + [(4)]

Bi€u dién cac ham nay trén bang Karnaugh va toi thiéu hoa chiing.

2Qs ) hQ;
Q 00 01 11 10 Q 00 01 11 10

0 [1) 0

B —— S
Si=Q,03 R;=Q; hoac R, = azhoéc R,= (‘\T}
Q.0 N0
Qp 0 | g1 | 11 10 Q 00 | 01 | 11 | 10

0 1 N 0 | x [1)
1 <X> < | x 1] x| x [\x)J] «x

32:@Q3 R, =Q:Q;
2Qs TNQ:0Q;
Q 00 01 11 10 Q) 00 01 11 10
0 1 1 0 1 1
X X X 1 X X X X
S0, k=0 0

Bang 5-12. Bang tim ham kich
Sau khi rat gon tir bang 5-12 ta thu duoc két qua sau:
S1=Q:Q; ; Ri=QihoicR,=Q, hoicR,=qQ,
$:=Q,Q ; Ri=QyQ;3
S3=Q,Q, : Rs=qQ,Q;
5.4.2. Thiét ké mach tuin tu tir bang.

Gid thiét: Cho bang chuyén doi trang thai, bang ra ciia mach (chua ma hoa nhi phén).

Xdc dinh: H¢ phuong trinh nhi phén cua mach vao gém hé ham ra, hé ham kich cho cac

trigo. Trén co s& do vé so do mach.

Cac budc thuc hién:
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¢  Ma hoa tin hi¢u vao V, tin hi€u ra R, trang thai trong cua mach S dé chuyén mach ban

dau thanh mach nhi phéan c6 tap tin hi¢u vao X, tap tin hi¢ura Y, tap trang thai trong Q.

¢  Lap bang chuyén dbi trang thai, bang ra cia mach nhi phan tng voi sy ma hoa trén.

¢  Duya vao bang cac 16i vao kich cua cac trigo xac dinh cac 16i vao kich cho cac trigo
ung voi su chuyén doi trong bang trang thai.

¢ Viet phuong trinh 161 vao kich cho tirng Q; cua trigo va cac ham ra roi toi thiéu cac
ham nay. Trén co sé d6 xay dung mach dién.

Vi du: Thiét ké bo dém c6 K4 = 5, dd hinh trang thai cho & hinh 5- 15a. Tir d6 lap bang
chuyén d6i trang thai nhu hinh 5- 16a, ma ho4 trang thai nhu hinh 5-16b. Dua vao hai bang
nay va can ctt vao bang ham kich thich cho trigo ¢ hinh 5- 16¢ ta lap dugc bang nhu hinh 5-
16d. Tir d6 x4c dinh duoc cac phuong trinh cac 16i vao kich cho cac loai trigo. Bang

Karnaugh va két qua tbi gian gibng nhu & muyc 5.4.1.2.

S sk \QQK
0 1 QN 00 | o1 | 11 | 10
1 2 0 0 1 3 2
2 3 X X X
3 4
4 0

a) Bang chuyén b) Bang ma hoa trang thai

doi trang thai

Q| Q“ID|T|RS|JK
0/0[0|0|X0]|0X
0|1 |1|1]01]1X
1/0/0]0]10|X1
1|1 [1]1]0X|[X0

¢) Bang ham kich cho cac trigo

Q| Q| Q| Q" | Q% | Q5| Dy |Dy|Ds| T, | T, | T5| RS | RSy | RSs | JIKy | 1K, | JiKs
0,0(0)] 0 0 1 ({00100 |1 |X0|X0[01 | 0X|0X|1X
0,0 (1] 0 1 0| 0|1(0 |01 |1 X001 |10 0X|1X|X1
0 1[0 0 1 1 (01100 |1 |X0|0X|01 |0X|X0|1X
0 1|1 1 o/ o0j(1(j]0|0(1T|1|1]01 10|10 |1X|X1 (X1
10|00 00 [0|0|0(1]0]|0]10 X0 |X0|X1|0X|0X
1101 X [ X[ X[X|X|X[X|X|X|XX|XX|[XX[XX|XX|XX
1110 X [ X[ X[X|X|X|[X|X|X|XX|XX|[XX[XX|XX|XX
1111 ] X [ X[ X[ X|X[|[X[X|X|X|XX|XX|[XX[XX|XX|XX

5.5 MACH TUAN TU PONG BO

Phan nay trinh bay phuong phép co ban dé phan tich va thiét ké mach tuan ty dong bo.
Mach tuén tu déng b6 12 mot mach sd bao gém cac mach to hop va cac ph?m tor nhé (trigo), hoat
dong cua mach dugc déng bd boi xung nhip C. Trén thuc té dé giam nhd cong suét tiéu thu, thoi
gian tré va dé cho cac mach thyc hién don gian, nguoi ta thudng thiét ké so dd str dung céc trigo

Hinh 5-16. (a), (b), (c), (d) : Cac budc thiét ké mach tuan ty

JK va cac mach NAND.
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DPé nim viing cac van dé thiét ké mach tuan tu déng bo, trude hét ta s& di phan tich mach
tuan tu.

5.5.1. Phan tich mach tuin ty dong bd.
5.5.1. 1. Cic bwdc phin tich mach tuin tw dong b.

Bai toan phan tich 1a bai todn xac dinh chirc nang cua mot mach cho trude. Khi tién hanh
phan tich can tuan theo cac budc sau:

- So do mach: Tu so d6 cho trude can xac dinh chirc nang tung phan tir co ban cua so do,
moi quan hé gitra cac phan tir do.

- Xdc dinh cdc dau vao va ra, so trang thdi trong ciia mach: Coi mach nhu mét hop den
can phai xac dinh cac dau vao va ra cia mach, dac diém cua cac dau vao, dau ra. Bé xac dinh
dugc so trang thai trong ctia mach can phai xac dinh xem mach dugc xay dung tir bao nhiéu phan
tor nhé (trigo JK) tir d6 xéc dinh duoc so trang thai trong c6 thé c6 ciia mach.

Goi s6 trigo 14 n thi s trang thai c6 thé c6 cua mach 1a 2",
- Xdc dinh phwong trinh ham ra, phwong trinh ham kich cua cdc trigo.

- Ldp bdng trang thdi, bang ra nhi phan 1a bang biéu dién mbi quan hé trang thai ké tiép,
tin hi¢u ra nhi phan véi trang thai hién tai va cac tin hi¢u vao tuong tng .

Duya vao phuong trinh dic trung cia trigo xac dinh dugc trang thai ké tiép va tin hiéu ra
tuong Ung vaéi tin hi€u vao va trang thai hién tai cia mach.

- Dé hinh trang thdi: Tir bang trang thai xay dung d6 hinh trang thai va tin hiéu ra cua
mach.

- Chikc ndng ciia mach: Dua vao dd hinh trang thai xac dinh dugc chic nang cua mach
5.5.1.2. Vi du.

Phan tich mach tuén tu déng b6 ¢ so d6 duge biéu dién nhu hinh 5- 17a.

Q,
I e s T I z
§ . o= o~
1 — X ~
—|Kp Q, I— Q— K,y Q]
! Hinh 5-17a)
Clock
=

Bude 1. So @6 trén c6 hai dau vao 1a tin hiéu X va xung nhip Clock. C6 mdt tin hi¢u Z ra,
mach str dung hai phan tir nhd 14 hai trigo JK (Q, va Q).

Budce 2: Xac dinh dau vao, dau ra va so trang thai trong cuia mach.

Mach nay c6 thé dugc bicu dien bang mot “hdp den” c6d hai dau vao va mot dau ra. Do
mach dugc cau tao bang hai trigo nén so trang thai co6 thé c6 cia mach 1a 4. Cu the la:

Qi1Qo=00.01, 10 va 11.
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Budc 3: Xac dinh phuong trinh ham ra va ham kich cho trigo.

Tur so do trén ta tim duoc:

+ Phuong trinh ham ra:

Z=CQiQo
+ Phuong trinh ham kich
Jo=Q1; Ko=1

J1=Q_0;K1=X§ :iﬁ-QO

Bude 4. Bang chuyén ddi trang thai.

Phuong trinh dic trung cia trigo JK 1a Q* =J 6+KQ

Phuong trinh chuyén di trang thai:

Q =
Qf

1,Q, + K,Q,=Q,Q,

= JIQ_I + E1Ql:Qle"'X"'Qle:Q_OQ_l"'XQ_le

Tir cac phuong trinh trén ta 1ap duoc bang chuyén doi trang thai

Trang thai | Trang thai ké tiép Tin hiéu ra
hién tai
X=0 X=1 X=0 X=1
Qo Qs QoQ: Qo Qs Z Z
So 00 01 01 0 0
Sy 01 10 11 0 0
S; 11 00 00 1 1
S3 10 00 00 0 0

Hinh 5-17 b). Bang chuyén ddi trang thai

Budc 5: Do hinh trang thai. TU bang
chuyén d6i trang thai trén ta xay dung duoc dd
hinh trang thai nhu hinh 5-17 ¢) (m6 hinh
Mealy). Db hinh gdm 4 trang thai trong Sy, S,
S,, S;. Cac trigo JK hoat dong tai suon am cua
xung nhip. Nhin vao d6 hinh trang thai ta thiy &
trang thai trong S2 (Q¢Q; = 11) khi c6 xung nhip
C thi mach s€ dua ra tin hiéu Z = 1.

Bude 6: Chic ning cua mach:Trén do
hinh trang thai ta thiy c6 hai duong chuyén doi
trang thai la Sy —» S1— S; —» Sy va Sg — S;—
S; — Sy. Theo du’(‘mg So — S1— S, — S thi tin

@m

1

00

<—
JL
0

s

1
ol
1

zZ

Hinh 5-17 ¢). D6 hinh trang thai

=1

hiéu ra Z = 1 s& dugc dua ra cung thoi diém co xung nhip thir 3. Theo duong Sy — S;— S; — S
thi khong c6 tin hiéu ra (Z = 0). Do vy ta s& phén tich theo con duong thir nhat Sy — S;— S, —
So : Su chuyén ddi trang thai du tién tir So — S; chi nho tac dong ciia xung nhip ma khong phu
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thudc vao trang thai ciia X. Chuyén doi trang thai thir hai tir S;—S, nho tic dong cua xung nhip
va su tdc dong cua tin hi¢u vao X = 1. Con su chuyén ddi trang thai thir ba tr S; — Sy chi nho tac
dong cua xung nhip ma khong phu thude vao tin hi€u vao.

Nhu vay, mach chi dua ra tin hiéu ra Z = 1 khi duong chuyén d6i di qua S, tirc 1a mach chi
dua ra tin hiéu ra Z = 1 khi ddy tin hiéu vao X c¢6 dang 010, 011, 110 va 111. C6 thé biéu dién day
tin hiéu vao dé mach c6 tin hiéu ra Z = 1 nhu sau:

0 1
J J
0«11 0<1->1

Tém lai, mach cho & so d trén ¢ chirc nang kiém tra day tin hiéu vao X & dang chudi c6
d6 dai bang 3. Néu chudi tin hiéu vao c6 dang 1a 1 trong 4 day: 010, 011, 110 va 111 mach s& cho
tin hiéu ra Z = 1 tai thoi diém co xung nhip tht 3. DS rong cua tin hi¢u ra Z béng dd rong xung
nhip (Z=C Q1 Qo).

Clock 1 2

Z=CQQq

1
3
I_|
Z=Q;Qq | |

Hinh 5-17d) Dang xung ra cua mach

Hinh 5-17 a, b, ¢, d. Phan tich mach tuin tu déng bd
5.5.2. Thiét ké mach tuin ty dong bd.
5.5.2.1. Céc bwdc thiét ké mach tudn tw dong b.
Bu6e 1: Xac dinh bai toan, gan ham va bién, tim hiéu mdi quan hé gitta ching.
Buée 2: Xay dung do hinh trang thai, bang chuyén di trang thai va ham ra.
Bu6e 3: Rt gon trang thai (tdi thiéu hoa trang thai).

Viéc t6i thiéu hoa trang thai chu yéu dwa vao khai niém trang thai tuong dwong. Céc trang
thai twong duong voi nhau c6 thé duge thay bing mot trang thai chung dai dién cho chung.

Buoc 4: Ma hoé trang thai.

S6 bién nhi phan dung dé ma ho4 cac trang thai trong cia mach phu thudc vao sb luong
trang thai trong cia mach. Néu s6 luong trang thai trong 14 N, s6 bién nhi phan can dung 1a » thi n
phai thod man diéu kién: n > log,N.

C6 rat nhiéu cach ma hoa khac nhau, mdi cach cho mot so do thuc hién mach khac nhau.
Van dé 1a phai ma hoa sao cho so d6 mach thuc hién la don gian nhat.

Buoc 5: Xac dinh h¢ phuong trinh cia mach. Co hai cach xac dinh:
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+ Lap bang chuyén ddi trang thai va tin hiéu ra, tir 6 xac dinh cac phuong trinh kich cho
cac trigo.

+ Dua truc tiép vao do hinh trang thai, viét hé phuong trinh T,,, Tor clia cac trigo va
phuong trinh ham ra.

Burde 6: V& so do thuc hién.
5.5.2.2. Vi du.

Thiét ké mach tuan ty thyc hién nhiém vu kiém tra ddy tin hiéu vao ¢ dang nhi phan co
do dai béng 3 duoc dua vao lién tiép trén dau vao X. Néu day tin hi¢u vao c6 dang la 010 hoac
011 hoac 110 hoac 111 thi Z = 1. Cac truong hop khac Z = 0.

Bude 1: Xac dinh bai toan. Mach dugc thiét ké c6 nhiém vu phat hién tin higu vao. Khi
nhan dugc 1 trong cac day tin hi¢u trén thi mach s€ bao r@ing da nhan duoc.

Mach phai thiét ké 1a mach dong bo, nén s& c6 cac 16i vao 1a X- tin hiéu vao, Ck- xung nhip
diéu khién, Z — tin hiéu ra.

Bu6e 2: Xay dung dd hinh trang thai, bang chuyén déi trang thai

Gia sir trang thai ban dau 1a Sy:

Khi tin hiéu vao la X. Ck thi mach sé chuyén téi trang thai S;. Khi tin hiéu vao 1a X. Ck
mach s€ chuyén dén trang thai S,.

Tuong ty nhu vay. Khi mach ¢ trang thai S; thi khi c6 tin hi¢u X. Ck mach chuyén dén
trang thai S; va chuyén dén trang thai S, khi ¢6 tin hiéu X. Ck. Tuong tu ta xay dung dugc do

hinh sau 5-18 a.

oA
m/\m/m\ ﬂ/% PN

Hinh 5-18 a). P4 hinh trang thai

Néu mach & 1 trong 4 trang thai S;, S4, Ss, S¢: khi c6 tin hiéu vao X. Ck hoac X . Ck thi
mach s& chuyén vé trang thai ban dau Sy. Khi diy tin hiéu vao 1a 110 hodc 111 (ing véi duong
chuyén doi trang thai 14 Sy — S; — S3 — Sp) hay khi day tin hiéu vao 1a 010 hodc 011 (img véi
duong chuyén doi trang thai 1a So — S;— S5 — Sp) thi mach s€ cho tin hi¢u ra Z = 1 tai thoi diém
xung thir 3. Vi cac dudng chuyén dbi khac Z = 0.

Tir @6 hinh trang théi ta xay dung dugc bang chuyén ddi trang thai nhu sau:
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S Sk Z
X=0| X=1 | X=0 | X=1

So S; Si 0 0
St S4 Ss 0 0
S, Se Ss 0 0
S; So So 1 1
S4 So So 0 0
Ss So So 1 1
Se So So 0 0

Hinh 5-18b). Bang chuyén dbi trang thai

Buée 3: Tbi thiéu hod trang thai. Pé c6 dugc so do mach don gian ta phai tdi thiéu hoa cac
trang thai. Trong phan nay sé& giGi thiéu phuong phap t6i thiéu hoa Caldwell. Co so 1y thuyét cia
viéc tbi thiéu hod 1a dira vao khai niém cac trang thai tuong dwong.

Dinh nghia cdc trang thdi twong dwong:

Trang thai S; duoc goi 1a trang thai twong duong voi trang thai S; (S; = S;) khi va chi khi:
néu lay S; va S; 1a hai trang thai ban dau thi v6i moi day tin hidu vao c6 thé chung luén cho day tin
hiéu ra giéng nhau.

Néu co6 nhiéu trang thai twong duong v6i nhau timg d6i mot thi ching twong dwong véi
nhau (tinh chat bac cau). Pé kiém tra mot nhém céc trang thai xem chung c6 twong duong voi
nhau khong, c6 thé st dung bang trang thai va tin hiéu ra nhu sau:

- Nhom céc trang thai twong dwong phai c6 nhimng hang trong bang tin hiéu ra gidng
nhau.

- Nhom céc trang thai trong duong phai c6 nhiing hang trong bang trang thai & cung
mdt cot (mg v6i cling mot t6 hop tin hiéu vao) 1a tuong dwong. Nghia 14 tmg véi
cung mdt to hop tin hiéu vao cac trang thai ké tiép cta chiing 1a twong duong.

Quy tic Caldwell:

Nhirng hang (twong ting v6i trang thai trong) cua bang chuyén ddi trang thai va tin hiéu ra
s& dugc két hop voi nhau va dugc biéu dién bang mot hang chung - dic trung (trang thai dic
trung) cho ching néu nhu chiing thoa mén hai diéu kién sau:

1. Céc hang twong trng trong ma tran ra gidong nhau.
2. Trong ma tran ra, cic hang twong (mg phai thoa man 1 trong 3 diéu sau:
- Céc hang trong ma trin trang thai gidng nhau.

Céc trang thai ¢ trong cing mot ¢t nam trong nhom trang thai duoc xét.

- Céc trang thai ¢ trong cung mot cdt 1a cac trang thai tuong duong.

Sau khi di thay thé cac trang thai twong duong bang mot trang thai chung dic trung cho
chung, 13p lai cac cong viée tim céc trang thai twong dwong khac cho dén khi khong thé tim duoc
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cac trang thai twong duong nao nita thi ding lai. S trang thai trong bang chuyén doi trang thai 1a
t0i thiéu.

Nhugc diém ctia phuong phép nay 1a khi sb trang thai qua 16n thi céng viée t6i thiéu hoa
mat nhiéu thoi gian.

Ap dung quy tic Caldwell cho bai toan trén ta thdy trang thai Sy tuong duong vdi trang thai
Se (S4 = Se), S3 twong duong vai Ss (S3 ~ Ss). Thay thé cac trang thai twong duwong bang mot trang
thai chung dac trung cho ching. Vi dy thay thé S4, Se béng S46, thay thé Ss3, Ss béng Sss. Tur d6 1ap
dugc bang chuyén d6i trang thai 5-18c) va 5-18 d):

X 0 1 X 0 1

S S
So S, St So S Siz

7Z=0 Z=0 7Z=0 7Z=0
Sy S46 Sss Siz S46 Ss

Z=0 Z=0 Z=0 Z=0
S, S46 Sss S3s So So

Z=0| Z=0 z=1| z=1
Sis So So Sus So So

z=1| z-=1 Z=0| 7=0
S46 So SO

Z=0 Z=0

Hinh 5-18d) Bang chuyén ddi
Hinh 5-18c¢) Bang chuyén doi trang trang thai sau khi gop S; va S,
thai sau khi gf)p S3 va S5, S4 va Sﬁ

Buoc 4: Sau khi gop hai trang thai S; va S, thanh trang thai chung S;, thi mach chi con 4
trang thai S, S12, S35, S4. Ma hoa 4 trang thai nay béng hai bién nhi phan Q; va Q.

Qo | O Ma hoa S 00
4—
So

Si gl
S35
Su6 I @
Hinh 5-18 e) Béng ma hoa I X_L JL
trang thai
1

Hinh 5-18f). D6 hinh trang thai t6i gian

— - @@
[ N )

ol

Buoc 5: Xac dinh hé phuong trinh cia 10 !

mach.

0

Co6 hai cach xac dinh hé phuong trinh
nay.

Cach 1:
Dua vio bang chuyén dbi trang thai ta 1ap bang ham kich 5-13 cho hai trigo Qo va Q.
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Dung bang Karnaugh 5-14 dé rat gon, ta thu dugc két qua sau:
Jo=Qi:;Ko=1

Ji= Q_O; K= i-i—QO

Z=XQuQ
Trang Trang thai ké Cic diu vao cia trigo
thai hién tiép
tai
X=0|X=1 X=0 X=1 X=0 X=1
Qo Q4 QuQ:1 | QQ1 | Jo | Ko | Jo | Ko Ji | Ky Ji K,
00 01 01 0 X 0 X 1 X 1 X
7Z=0|7Z=0
01 10 11 1 X 1 X X 1 X 0
7Z=0|7Z=0
11 00 00 X 1 X 1 X 1 X 1
7Z=1|7Z=1
10 00 00 X 1 X 1 0 X 0 X
7Z=0|7Z=0
Bang 5-13. Bang ham kich thich
0Q1 ) 0Qi
00 | o111 | 10 00_L—6+—T+H—|_10
0 /1 x\ X 0 X X 1 x\
1 \ V o 1 x | x 1 V
1, =0, Ko=1
Qi TNQUQ
0011 | 11 | 10 00_| 01 --13+10
o [/t ] x\| x o [Ya [ 1t /1] x\
1] x/] x 1| x N | o/

Jl = Q_O K1 = §+QO
OQI
00 01 }_‘k 10
Bang 5-14. Bang tinh
0 [1) L
ham kich
1 \1)
Z=XQoQ
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Cdch 2: Dya tryc tiép vao do hinh trang thai viét phuong trinh Top,, Tosr clia ting trigo va
phuong trinh tin hiéu ra.

Dbi véi trigo JK néu:
Tno=T*Q =Jo=T*
T =T Q = Ko=T**

Déi voi truong hop nay ta co:

TonQo =812X+Slzi=slz :Q_0Q1 =J,=Q,
Tomg, =S5 +S46 = QuQ, +Q061:Q0 =K,=1
T -5X=0,0 5t

Ty, =Sp X+555=Q, Q X+Q,Q,=Q, (Q, X+Q,) =K, =Q,X+Q,=X+Q,
Phuong trinh ham ra Z = QyQ;Ck

Buéc 6: So d6 mach dién:

Q Q

Jo Q™™ I Q

D0 Lo 7
_ o = o P~

> > | T

ke g | XD Q

—

\

Clock
JL

Hinh 5-18 a, b, ¢, d, e, f. Thiét k& mach tuan ty
5.6. MACH TUAN TU KHONG PONG BQ

Phan 5.6 di nghién clru cac mach tuan tu déng b0, hoat dong cua chung duogc diéu khién
bdi cac xung nhip. Nhung trén thuc té c6 nhiéu mach lai dugc diéu khién boi cac su kién ma
khong tuan theo mdt quy ludt nao ca. Vi du mdt hé théng chéng trom s€ chi hoat dong khi co
trom. Nhiing mach tuan ty hoat dong theo kiéu nhu vay goi la mach tun tu khong déng bo.

Mach tuan tu khong déng bd c6 thé thiét ké:
- Chi dung nhiing mach NAND.
- Dung trigo RS khong ddng bd va cac mach NAND.

Viéc thiét ké mach tuan tu khong dong bo dung cac trigo loai khong dong bo khac hoan
toan tuong tu.

5.6.1. Cac budc thiét ké mach tudn tw khong dong bd
Buée 1: Xac dinh bai toan, gan ham va bién, tim hiéu mdi quan hé giita chung.
Bu6e 2: Xay dyng @6 hinh trang thai, bang chuyén ddi trang thai va ham ra.

Buée 3: Rut gon trang thai (t6i thiéu hod trang thai).
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Viéc t6i thiéu hoa trang thai chu yéu dwa vao khai niém trang thai tuong dwong. Céc trang
thai twong duong vdi nhau c6 thé duoc thay bang mot trang thai chung dai dién cho chung.

Buoc 4: Ma hoa trang thai.

S6 bién nhi phan dung dé ma hoa céc trang thai trong ctia mach phuy thudc vao sé luong
trang thai trong ctia mach. Néu s luong trang thai trong 1a N, s6 bién nhi phan can dung 12 # thi n
phai thoa man diéu kién: n > log,N.

C6 rat nhiéu cach ma hoa khac nhau, mdi cach cho mot so do thuc hién mach khac nhau.
Van dé 1a phai ma hoa sao cho so d6 mach thuc hién la don gian nhat.

Do mach khong dong bd hoat dong khong co sy tic dong cua xung nhip cho nén trong
mach thuong céd cac hién tugng chay dua lam cho hoat dong ctia mach bi sai, vi vdy khi ma hoa
trang thai phai tranh hién tugng nay.

Buoc 5: Xac dinh h¢ phuong trinh cua mach. C6 hai cach xac dinh:

+ Lap bang chuyén doi trang thai va tin hiéu ra, tir d6 xac dinh cac phuong trinh kich cho
cac trigo.

+ Dua truc tiép vao dd hinh trang thai, viét hé phuong trinh T,,, Tor cua céc trigo va
phuong trinh ham ra.

Ca hai cach nay déu c6 hai loai phuong trinh:
- Phuong trinh ctia mach chi dung NAND.
- Phuong trinh ctia mach dung trigo RS khong dong bd va cac mach NAND
Buéc 6: V& so d6 thuc hién.
Sau day la ndi dung cua tirng phuong phap.
Cich 1: Dwa vio bing chuyén doi trang thdi.
a) Chi dung cac mach NAND
Ky hiéu : 4, B, ...N 1a cic bién nhi phan ding dé ma hoa c4c trang thai trong ciia mach.
X, X5...X,, 12 cac tin hiéu vao da dugc ma hoa nhi phan.
Z, Z5...Z 1a céc tin hi€u ra da dugc ma hoa nhi phan.
Duya vao bang chuyén doi trang thai xac dinh hé phwong trinh:
A*=f\ (4, B, ..N, X, X>..X,,)
B'=f3(4, B, ..N, X, X>..X,)
N'=fy(4, B, ..N, X, X,..X,,)
Zi=g1(4 B, ..N,X;, Xo...Xn)
Z,=g,(4, B, .N,X;, Xo...Xn)
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Zn=g,(4, B, ..N,X;, Xo..X,)
Téi thiéu hod hé ham va viét phuong trinh & dang chi ding NAND.
b) Mach dung trigo RS va cac mach NAND
Trong bang trang thai cin cir vao sy thay doi trang thai ciia ting trigo:

A = A" B = B' ..., N = N, xac dinh duoc gia tri tuong ung cua dau vao kich R, S cho
ting trigo, tir 6 viét duoc hé phuong trinh:

Ri=®; (4, ..N,X;, Xo..X)
Si=D, (A4, ..N, X, Xo..X»)
Téi thiéu hoa cac ham va viét phuong trinh & dang chi ding NAND.
Tuong tu voi B, C,...N cling nhu vay.
Ta xac dinh tin hiéu ra :
Z=®A, . .N,X, X>..X)
Téi thiéu hoa va viét phuong trinh & dang chi dung NAND.
Cich 2: Dwa tryc tiép vao dé hinh trang thdi
Ta c6 phuong trinh dau vao kich (R, S) cua trigo A la:
S, =tap hop batcia 4 + [(1)]
R, = tap hop tit ctia 4 + [(0)]
Lam tuong tu voi cac trigo khac.
a) Chi dung mach NAND
Ta c6 phuong trinh dac trung cua trigo RS
0 =S+RQ =A"=S,+R, 4
Sau d6 ta phai t6i thiéu hoa phuong trinh va viét duéi dang chi dung NAND. Bdi véi cac
trigo khac cling lam nhu vay.
b) Diing cdc trigo RS khong dong bé va cac mach NAND
Ri=® (A4, ..N, X, X5.. Xy )
Si=Dy (A4, ..N, X, X>.. Xy )
Rv=@n(A4, ..N,X;, Xo..Xn)
Sv=Dn (A, ..N,X, X>..Xn)
Zi=¥(A, ..N,X, X>..Xy)
Z =¥ (A, .. N,X;, X>.Xn)
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Z, =¥ (A, .N,X, X5..X)
Tbi thiéu hod hé phuong trinh.

5.6.2. Vidu
Mot mach tudn ty khong dong bd duoc thiét ké dé dém sé ngudi vao thim mot vién bao
tang. Mach gém hai dén X;, X, dugc bd tri cach nhau 10 mét. Mach duoc thiét ké sao cho mdi lan

chi dém dugc mot nguoi.
10 m

Lo6i vao —> Loira —

X, X,

Hinh 5-19 a) B0 tri cac dén & cuia vao vién bao tang

? ——> Mach logic 7
e
Hinh 5-19 b) So d6 khdi ctia mach

Khi c6 mot nguoi di vao thi hai dén s& bi chén lién tiép. Pau tién X; bi chan, tiép dén ca X,
va X, cung bi chén, sau d6 dén X; bi chian. Khi d6 mach cho ra tin hiéu Z = 1. Khi mot nguoi ra
thi s€ nguoc lai. Pau tién dén X sé& bi chin, sau d6 ca X; va X> cung bi chin va cudi cung chi co
X; bi chin. So d6 khdi ctia mach tao tin hiéu dém Z dugc mo ta boi hinh 5-19b.

Hai 161 vao ctia mach 1a X; X,. Pau ra Z dugc dua t6i 161 vao ctia bd giai ma.

Ta quy udc: dén bi chin = X; nguoc lai thi= X .

Do hinh trang thai dugc mo ta ¢ hinh 5-19c.

5 XX, 2 xx, 5
e Trang —_——
Xl Xz $ thai tinh < Xl Xz

—» Duong vao S,

..... » Bu(‘yng ra .
Hinh 5-19 ¢)D0 hinh trang thai

Sy 1a trang thai ban dau ctia mach. Néu mét nguoi di vao thi sy chuyén ddi cua mach sé 1a
So—=S; =S, —>S; > Sp. Néu mot nguoi di ra thi qua trinh chuyén doi trang thai cua mach 1a S
— S5 > S4 = S; = So. Khi ¢6 mot ngudi ngdp ngig sau d6 lai quay ra ban dau chin dén X; sau
d6 quay ra thi mach s& chuyén doi trang thai Sy — S; — Sy, lac d6 mach s& khong thyc hién dém.
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Tuong mg voi d6 hinh trang thai trén ta 1ap duoc bang chuyén doi trang thai & hinh 5-19d:

Trang thai Trang thai ké tiép va tin hiéu ra
hién tai

X X (X X X XXy Xy
0 1 |1 1|1 0

0 0
S S; s/
/z=o /Z=0 Z=0
S S @
Z=0 Z=0 /z=0
S; @ St
/z=0 /z=1 /z=0
S5 s(/ @ Sy
Z=0 A=0 Z=0
S, SV @/ S/
Z=0| /7=0 Z=0

Hinh 5-19 d) Bang chuyén d6i trang thai va ham ra

S,

Bang c6 5 hang ung voi 5 trang thai hién tai co thé xuat hién va 4 cot, mdi cot ung voi mot
t6 hop gia tri c6 thé cua X;, Xo. Mdi 6 cua bang biéu dién trang thai ké tiép va tin hiéu ra twong
ung voi trang thai hién tai va gia tri cua tin hi¢u vao X;, X.

Trong bang chuyén d6i trang thai, nhimg 6 dugc khoanh tron 14 nhimng 6 c6 trang thai ké
tiép béng trang thai hién tai. Nhiing trang thai d6 la nhitng trang thai 6n dinh. Piéu kién cho trang
thai on dinh 1a S*=S.

Trén bang c6 nhitng 6 trong. Nhitng 6 nay twong tng véi cac to hop tin hiéu khong xuét
hién & dau vao. Nhimg 6 niy c6 thé dién gia tri tuy chon dé t6i thiéu hoa hé phuong trinh cia
mach.

Tién hanh tbi thiéu hoa:

C6 thé gan trang thai ké tiép va tin hiéu ra vao cac 6 tréng sao cho hang c¢6 6 trong co thé
két hop véi cac hang khac.

O bang chuyén doi trang thai cac hang Sy, S;, S,, va S;, S4 c6 cac trang thai Kké tiép va tin
hiéu ra twong tng 1a gidng nhau néu nhu ta gan:

- 0 trong ciia hang dau tién (g véi Se) 14 S,/ Z =1,
- 0 trong ctia hang thtr hai 1a S; / Z =0,
- 0 trong cia hang thir tw 14 S, / Z =0,

- 0 trong ctia hang tht ba va thtnam 1a Sy / Z =0,
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Khi d6 bang chuyén dbi trang thai dugc rit gon lai nhu sau:

Trang thai Trang thai ké tiép va tin hiéu ra
hién tai

X1 X2 X X | X X5 X X,
0 1 |1 1 1 0

/

Z=0 Z=0 7Z=0
S34

®z=0 @%=0 Sm/z=0

Hinh 5-19 e) Bing chuyén déi trang thai va ham ra rit gon

X X,

Soul ¢S34
Z:X]Xg
A=0 ? _ | A=1
Xz

Hinh 5-19 f) B4 hinh trang thai sau khi rat gon

Mach chi c6 hai trang thai nén dé ma hoa ta chi can st dung mot bién nhi phan A. Pé ma
hoa trang thai 8012 thi A= 0, S34 thi A=1. Tin hléu raZ=10¢ trang thai SOIZ khi Xl Xz =11.

Ta dung trigo RS d¢é thiét ké (dwa vao bang ham kich cua trigo RS-bang 5-15 ).
Ta c6 phuong trinh dau vao kich (R, S) cua trigo 1a:

S = tap hop bat cua O + [(1)] ; Tap hop bat cua Q (Ton) 1a céc | Cung | Q Q*|R S
cung ma Q chuyén tir 0 — 1. 0 0 0 X 0
- . £ Ton | 0 1 10 1
S;=A4X, X,+4 X, X,=X X, Totr 1 0|1 0
A g 1 1 10 X
= tap hop tit cua O + [(0)] ; Tap hop tit cta Q (Te) 1a cac Bang 5-15.Bang ham kich

cung ma Q chuyén tir 1 — 0.

R,=AX,+A X, X,+A X, X,=X,
Céc cung [(0)], [(1)] duoc 14y gia tri khong xac dinh (x) va dugc dung dé téi thiéu hoa.
Phuong trinh ddc trung cua trigo RS

Qk :SA +RA QA

Thay gid tri cua Ry, Sy vao biéu thire thu duoc Kkét qua:

A'=X, X, +X,A=X, X, + X,A=X, X,. X, 4

Phuong trinh ra:
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X
X 230X, :
x—4 ] o
A X

=D

Hinh 5-19 g) So d6 mach chi ding NAND

) A
x, = P

4

X2—>

Hinh 5-19 h) So d6 mach chi dung trigo RS
Hinh 5-19 a, b, ¢, d, e, f, g, h. Thiét ké mach tuan tu.

Néu thiét ké mach dung trigo RS va cac mach NAND ta cé:
S,=X, X, R;=X,
Va mach dugc biéu dién & hinh 5-19 g, h.
5.7. HIEN TUQNG CHU KY VA CHAY PUA TRONG MACH KHONG PONG BQ
bdi véi ¥nach tudn tu d@)ng bd, viéc ma hoa trang thai l1a 1am sao cho so dd thyuc hién mach
1a don gian nhAt.

Déi voi mach tuan tu khong déng b, trong mach thuong xay ra cac hién tugng hodc la chu
ky hodc la chay dua. Nhitng hién tuwong nay lam cho mach hoat dong sai 1éch di so véi chirc nang
cua nd. Vi vay, khi ma hod trang thai cua mach tudn tu khong déng bd ta phai tranh céc truong
hop do.

5.7.1. Hién twong chu ky trong mach tuin tw khong dong b.
Dinh nghia:

Hién tuong chu ky 1a hién tuong tai mat t6 hop tin hi¢u vao nao do, mach lién tuc chuyén tur
trang thai nay sang trang thai khac theo mdt chu ky kin. Nghia la trong qua trinh d6 khong co
trang thai nao 6n dinh. Do vay, khi thay dbi tin hiéu vao khong xac dinh dugc mach dang ¢ trang
thai nao trong day trang thai noi trén.

Vi du: ing véi mot t6 hop tin hidu vao qué trinh chuyén doi trang thai theo chu trinh sau:

Trén bang trang thai hién twong chu ky dugc thé hién & chd: cot tmg véi to hop tin hidu vao
d6 khong co trang thai nao duoc khoanh tron (khong cé trang thai nao 6n dinh).

104



Chuwong 5: Mach logic tudn tu

Vi du: D6 hinh trang thai ctia mdt mach tuén tu khong dé)ng b6 duge biéu dién trén hinh 5-
20a. Viéc ma hoa trang thai st dung bién nhi phan A va B 1a tuy chon. Tur dd hinh trang thai ta 1ap
bang chuyén doi trang thai 5-20b.

Gia thiét ban dau mach ¢ trang thai S; (AB = 10) va X = 0. Sau dé tin hiéu vao X thay d6i
tir 0 dén 1 thi mach s& chuyén trang thai tir S; sang So. Néu X véan bang 1 thi mach s& lan luot
chuyén dén cac trang thai tiép theo 12 S, S,, ...So. Khi X = 1 chu trinh chuyén ddi trang thai nhu

hinh 5-21:
S, S &
X S 0 1
— _ So S, QS1‘
X+X
x| N s s |

Q - S; Ss |28
S, S, S [(S)4*S

Hinh 5-20b) Bang
chuyén d6i trang thai

Hinh 5-20a) D hinh trang thai

Hinh 5-20 a,b. Bang trang thai hién tugng chu ky

S > So > S — %

)

Hinh 5-21. Chu trinh chuyén doi trang thai
Khi d6 mach khong c6 trang thai 6n dinh.
5.7.2. Hién twong chay dua trong mach tuin tw khong dong bo.
Dinh nghia:

Hién tugng chay dua trong mach khong dong bo 1a hién tugng: do tinh khong dong nhit
ctia cac phan tir nhi phan ding dé ma hoa trang thai, vi mach hoat dong khong dong bo, khi mach
chuyén trang thai tir S; — S; mach ¢6 thé chuyén bién trang thai theo nhiing con duong khéac nhau.

Néu trang thai cudi cung cia nhitng con dudng d6 1a 6n dinh va duy nhét thi chay dua
khong nguy hiém. Nguoc lai, chay dua nguy hiém 1 nhitng cach chuyén bién trang thai khac nhau
d6 cubi cung din dén cac trang thai on dinh khac nhau, c6 thé téi trang thai khoa va khong thoat
ra duoc.

Vi du: Chay dua khong nguy hiém: Mot mach tuan tu khong dong bo c6 bang trang thai mo
ta ¢ hinh 5-22 .

Nhin vao bang ta thdy néu mach dang & trang thai Sy (AB = 00) tin hiéu vao X thay ddi tir 0
— 1 mach s& chuyén trugc tiép t6i trang thai S, (AB = 01) va néu X van bang 0 trang thai tiép
theo ciia mach s€ 1a S3, nd s€ 1a trang thai 6n dinh cudi cung cua mach néu nhu X van béng 0.

Mach c6 thé thay ddi trang thai theo nhitng con dudng khac nhau tuy thudc vao thir ty thay
do6i (hay thoi gian qua do) cia A va B
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X
AB& 0 1

) 00 SO /’SZ NI Sl =B thay dél
A thay doi < o s s 2 S trudc A
trudc B :, D ...................... »A, B cﬁpg
11 S \(C S35 Ss thay doi

10 s, msS s

Hinh 5-22. Hién tuong chay dua khong nguy
hiém trong mach tuan ty khong dong bo

Néu A va B thay d6i ddng thoi mach s& chuyén trang thai sang S, r0i méi sang S;.
Néu B thay d6i trudc A thi mach s& 1an lugt chuyén qua S,, S, rdi méi sang Ss.
Néu A thay ddi truée B mach sé chuyén doi tr Sp — Ss.

Ta thay rang ca ba con duong déu din dén cing mot trang thai 6n dinh S;. Vay hién tugng
chay dua nay khong nguy hiém.

Khi mach dang ¢ trang thai 6n dinh (trang thai dugc khoang tron), n6 chi thay ddi trang thai
khi tin hiéu vao thay doi.

Chay dua nguy hiém: D) hinh trang thai cua mach khong déng bd mo ta & hinh 5- 23a.

X X 2. .
Sa S, q B thay doi trudc
X S A 1
1

A, B thay d6i

A\ 4

0
AB S() 00 So S A N
11 U' dong thoi
_ S, 01 So S,
5% X 01 ,
0 S 11 1S A thay déi trudc
S; 10 <s3> S

Q S Q Hinh 5-23b) Bang

7 chuyén dbi trang théi
Hinh 5-23a) D6 hinh trang thai

Hinh 5-23. Hién tugng chay dua nguy hiém trong mach khong dong bo
Gia thiét trang thai ban dau cia mach 1a Sy (AB = 00) va tin hiéu vao X = 0. Néu X thay d6i
tir 0 — 1 thi mach s& chuyén d6i trang thai nhur sau:

- Néu A, B thay d6i dong thoi thi mach s& chuyén dén trang thai S,.
- Néu B thay d6i trudc A thi mach s& chuyén dén trang thai S,.
- Néu A thay ddi trudc B thi mach s& chuyén dén trang thai S;.

O day trang thai S; 1a trang thai “khoa”. Nhu vay khi A thay d6i truéc B thi mach s& roi vao
trang thai khoa va khong thoat ra duogc.
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Chay dua nay la chay dua nguy hiém.
5.7.3. Toi thiéu hoa va mi hoa trang thai trong mach tuin ty khong dong bd.
5.7.3.1. Téi thiéu hod trang thdi

Tbi thiéu hod trang thai 1a giam bot s trang thai (néu c6 thé) dé mach thiét ké 1a don gian
va do vay tin cdy hon.

Dbi v6i cac 6 trong trong bang chuyén doi trang thai (nhitng 6 nay ung véi t6 hop tin hiéu
vao khong xudt hién) co thé 14y gia tri tuy chon dé két qua tbi thiéu ho4 1a téi gian.

5.7.3.2. Ma hoa trang thdi
Str dung cac bién nhi phan dé ma hoa cac trang thai trong cua mach. Ddi voi mach tuan tu
khong dong bo phai ma hoa trang thai dé tranh dwoc hién tuong chu ky va chay dua.

Pé tranh duoc hién tuong chu ky thi khi c6 moi tin hi¢u vao nhung mach phai luén cé mét
trang thai 6n dinh.

DPé tranh hién tugng chay dua, phai ma hoa trang thai sao cho véi tat ca cac chuyén ddi
trang thai c6 thé c6 ctia mach chi c6 duy nhat mot bién thay doi.

Vi du. D6 hinh trang thai ctia mach tuan tu khong d@)ng b6 duoc md ta nhu hinh 5-24:

AB S0 X 51 AB &l X 5
00 > 00 >
o1 A o1
X F X
11 11
10
S2 S3 Sz
a) Db hinh trang th4i ban diu b) D4 hinh trang thai va ma hoa

tranh chay dua
Hinh 5-24. Tranh chay dua trong mach khong dong b

Cén hai bién nhi phan A va B dé ma hod 3 trang thai nay. Gia st chon cach ma hoa nhu
hinh 5-24a.

Vi cach ma hod nay khi thay doi tir S, — So ca hai bién A va B déu thay d6i. Piéu nay dan
dén hién tuong chay dua trong mach.

Do viy, dé tranh hién tuong chay dua dua thém mat trang thai gia S; dé cho thay d6i tir S,
— S, thong qua trang thai gia nay bao dam qua trinh thay dbi trang thai ludn chi c6 mot bién thay
d6i. Po hinh nay tranh dugc hién tugng chay dua.

Khi str dung céc trang thai gia dé ma hoa cho mach cin luu ¥ tim cach cho mach thoat khoi
cac trang thai gia d6. Phan 16n cac truong hop ta cho mach thoat khoi cac trang théi gia d6 vo didu
kién.
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5.8. MOT SO MACH TUAN TU THONG DUNG

5.8.1. B) dém.

B6 dém 13 mach tudn tu don gian, né duogc xay dung tir cac phﬁn tor nhé 1a cac trigo va cac
mach logic t6 hop.

Cac bo dém 1a thanh phan co ban cta cac hé théng s6, chung duoc sit dung dé dém thoi
gian, chia tan sd, diéu khién cdc mach khac...B6 dém duoc sir dung rat nhidu trong may tinh,
trong thong tin. Dé xay dung bd dém, ngudi ta c6 thé dung ma nhi phan hodc cac loai ma khac
nhu ma Gray, ma NBCD, ma vong...

Phan nay s€ dua ra nhiing dac diém co ban nhit cia bo dém va cac phuong phap thiét ké bo
dém.

5.8.1.1. Dinh nghia va phdn logi bé dém

1. Dinh nghia.

B6 dém 13 mot mach tudn tu tudn hoan c6 mét 16i vao dém va mot 16i ra, mach c6 sb trang
thai trong bang chinh hé sb ¢ém (ky hiéu 1a My). Dudi tac dung cua tin hiéu vao dém, mach s&
chuyén tir trang thai trong nay dén mot trang thai trong khéc theo mot thir tyr nhat dinh. Cir sau My
tin hiéu vao dém mach lai tr& vé trang thai Xuét phat ban dau.

So d6 khéi duge mo ta nhu & hinh 5- 25.

X4 B6 dém Y
Hé so dém = My >

Hinh 5- 25 So dd khéi cta bo dém

2. Do hinh trang thdi tong qudt ciia bp dém.

D6 hinh trang thai cia bd dém c6 hé sb dém béng Mg duoc md ta ¢ hinh 5-26.

Xaso Xd/0 Xd/0 Xda/0 Xaso
[N (N [N (N (N
Xar0 Xdro Xaro
0 > >, e — v M M
4 Xar1

Hinh 5-26. D6 hinh trang thai cta bo dém My
Khi khong c6 tin hi¢u vao dém (X4) mach gitr nguyén trang thai cd, khi co6 tin hi¢u dém thi
mach s& chuyén dén trang thai ké tiép.
Tinh chét tudn hoan cua bd dém thé hién & chd: sau My tin hiéu vao X4 thi mach lai quay tr¢
vé trang thai xuét phat ban dau.
Tin hiéu ra cta bo dém chi xuét hién (Y = 1) duy nhét trong truong hop: bd dém dang &
trang thai My va c6 tin hi¢u vao X4. Khi d6 b dém s& chuyén vé trang thai 0.
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Trong trudng hop can hién thi trang thai ctia bd dém thi phai dung thém mach giai ma.
2. Phén logi bj dém.

C6 nhiéu cach phan loai bo dém. Hinh 5-27 1a cach phan loai dién hinh cta bd dém.

| Phén theo cach hoat déne \‘}
Kh

Pong bo |

dng ddng bod |

P Pém tién
_’I E] A ] ] , 1,( \*
|

Dém It

/'{ M =2N |
A t A‘Ad,(
> Phan theo hé so dém \‘} |

M # 2N

dem Khong lap trinh

o <
~

Lap trinh |

—»  Ma nhi phan

_’I Ma NBCD |

—>| Phan theo ma |—’—>| Mai Gray |

_’I Ma Johnson |

Hinh 5-27. So d6 phan loai bd dém

_’I Ma vong |

5.8.1.2. Cdc buwéc thiét ké bo dém

Hinh 5-28 1a luu dd thiét ké bo dém.

V& d hinh trang thai

!

Xac dinh s6 trigo ctia bo dém (n) Ma
hoa trang thai theo ma da cho

v

Xac dinh hé phuong trinh ham ra, ham
kich cua céc trigo va toi thiéu hoa

A 4

So dd

Hinh 5-28. Céac budc thiét ké bo dém
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A. B dém ddng bo.
A.1. B$ dém nhi phan
Thiét ké bo dém nhi phan dong bd cé My = 4.
Do My =4 nén lap duogc dd hinh trang thai ¢ hinh 5-29.

QIQO Si Sy S;
Se| 00 | o1 > 10 11 Hinh 5-29
) |

Tur d6 xac dinh duoc sb trigo can dung dé thiét ké bo dém (n = 2) va mé hoa cac trang thai
d6. Hai trigo can dé ma hoa cac thai 13 Q, va Q.. Dung bang ham kich 5-16 dé xac dinh cac 16i
vao kich cho céc trigo.

n n+1 Trigo Q, Trigo Qg
Qi [ Q| Q% | Q% |Ri|Si|Ji|Ki|Ti|Ry|So|Jdo|Ko|To
0 [0 |0 (1 [X|[0]|0|X (0|0 |1 |1 (X1
0 |1 |1 (0 |0 |1 |1 |X |1 |1 [0 X1 [1
1 [0 (1 |1 [0 [X[X]|0 [0 [0 |1 |1 |X |1
1 (1 (0 |0 (1 |0 [X|1 |1 |1 |0 |X|1 |1
Bang 5-16

Toi thicu hoa ham kich cua céc trigo, nhan dugc két qua:

I_RO % _D—R1Q1J
e i Ml

Clock
i Jo Qo Qi T To Qo T Q
> > > >
L KO 60 — K] 61 Qo 61
Clock Clock

Hinh 5-30. Bo dém Mod 4 dung trigo RS, JK, T.
bbi voi trigo Qo:
Ro=Qo So=Q,
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Jo=Ko=1;
To=1;
béi véi trigo Qy:
Ri=QiQo, Si= Q_lQo
J1 =K1 =Qu;
Ti = Qu;

So d6 mach dién nhu & hinh 5-30.
A. 2. Bj dém c6 mod dém bit ky
Thiét ké bo dém ddng bd c6 My = 5.
Do M4 = 5 nén lap dugc dd hinh trang thai nhu hinh 5-31.

Q2Q1Q0 S[ Sz S3 S4
So| 000 —»| o001 > 010 011 100
1 |

Hinh 5-31. B6 hinh trang thai ctia bo dém Mod 5

Tir d6 xéac dinh dugce sb trigo can dung dé thiét ké bo dém (n = 3) va ma hoa cac trang thai
do. Ba trigo can dé ma hoa céc thai l1a Q,, Q; va Qp. Dung bang ham kich 5-17 dé xac dinh cac 16i
vao kich cho cac trigo.

n n+1 Trigo Q; | Trigo Q; | Trigeo Qy
Q| Q1| Q| Q% Q% |Q%| J |Ki| Ji | Ki | Jo | Ky
0O (0 |0 |0 0 1 0 | X |0 | X 1 | X
0O (0 |1 |0 1 0 0 | X |1 X | X |1
0O (1 |0 |0 1 1 0 | X (X ]| 0 1 X
0O |1 |1 |1 0 1 X | X 1 X |1
1 {0 [0 |0 0 0 X|1]0 ] X |0 X

Béang 5-17. Bang ham kich cho trigo

Tbi thiéu hoa ham kich cta cac trigo, nhan duogc két qua:
h=Q,; Ko=1;

J1 =K1 = Qo;

H=Q1Q ; Ky=1;

Kiém tra kha ning ty khai dong bang bang 5-18.

Nhin vao bang trang thai 5-18, ta thiy cac trang thai du sau 1 s6 xung nhip déu quay tr¢ lai
vong dém nén ta noi bo dém nay ty khoi dong.
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n n+1
Q | Q| Q | QY “1 Q%
1 0 1 0 1 0
1 1 0 0 1 0
1 1 1 0 0 0

Bang 5-18. Kiém tra kha ning tu khoi dong

So d6 mach dién & hinh 5-32:

I—Jo Qo I Qi L Q
—.

'LK() 60 1 KI Ql

(@]
\Y

K> @, [

Clock

Hinh 5-32. B4 dém Mod 5 ddng bd
B. Bj dém khong dong bé.
B. 1. B¢ dém nhi phin

Céc bo dém nay co so do rat don gian véi dic diém:

- Chi ding mét loai trigo T hodc JK. Néu dung trigo T thi 16i vao T ludn duge ndi véi mie
logic '1', néu dung trigo JK thi J va K dugc ndi v6i nhau va ndi véi mirc '1".

- Piu ra cua trigo trude duge ndi v6i 16i vao xung nhip cia trigo sau ké tiép. Khi dém tién
thi 14y & d4u ra Q, khi dém Iui thi 1dy & ddu ra Q (v6i gia thiét xung Clock tich cuc tai sudn 4m
d).

- Tin hiéu vao Xg ludn duogc dua t6i 161 vao xung nhip cuia trigo c6 trong s6 nho nhat.

Vi du d6i v6i bo dém nhi phan khong dong bd Mg = 2" ding céc trigo Qo, Q ...Qu.1 v6i Qo
1a bit c6 trong s6 nho nhat, Q,.; 1a bit co trong s6 10n nhat, ta co:

- Khi dém tién: CQO =X; CQ] = Q(). d .CQn_1 = CQn_z.

- Khi dém Iui: Co = X; Cq1 = Qp ---Can1 = Cy,

So dd ctia bo dém nhi phan khong dong bo 3 bit (Mg = 8 - dém tién) dung trigo JK dugc cho
¢ hinh 5-33

" - Q 'LJ Q " - Q
Clock 0o Qo 1 Qi 2 Q
—Q- Q> d>
lll R '1‘ - " .
L1k q —K, Q, I 1k q,

Hinh 5-33. B4 dém nhj phan khong dong bo 3 bit
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B. 2. B$ dém cé mod dém bit ky.

Vi du: Thiét ké bo ¢ém My = 5 khong dong bo.

Tir yéu cau bai toan ta xay dung so d6 khéi va dd hinh trang thai nhu ¢ hinh 5-34.

C

Xung dém

Md:5

Loira

—>

a) So dd khdi ciia bd dém Mod 5
Hinh 5-34. Mb hinh thiét ké b dém

- Chon lya ma hoa trang thai

v

So—> S, —> S>> S;—>S,

b) D4 hinh trang thai ban dau

C6 5 trang thai nén sd trigo bang 3, chon trigo JK. Chon ma BCD8421.
So=000; S;=001; S, =010; S3=011; S4=100.

- Chon xung dong ho tir gian db xung 5-35.

Qo

Qi

Q

C 1

2

3

4] |5

Ci=4vC;C=1Qy;C;=4C;

- Tim h¢ phuong trinh:
T™NQQo
Q, 00 01 11 10
0 001 | 010 | 100 | 011
000 X X X
NQQ
QN 0001 | 11 | 10
o [/x ]| 1) o] «x
1 \X x/ X X

Hinh 5-35. Gian d6 xung ciia bd

! dém Mod 5
™NQQ

QN 00 | o1 | 11 | 10

o [ 1o ] o Ku

1 0 X X X

Qko :Q72Q70
™NQQ
Q; 00 01 }_k 10
0 o || o
1 X X X
ka = Qz Q1 Qo

Bang 5-19. Bang tinh ham kich cua bo dém
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Sau khi t6i thiéu ho4 bang bang 5-19 ta nhan dugc hé phuong trinh:

Qv=q,Q,

Q" =q,

Q%= Q, Qi Q

Kiém tra kha ning ty khdi dong bang bang 5-20:
n n+1
Q | Q | Q | Q% 51 Q%

1 0 1 0 1 0
1 1 0 0 1 0
1 1 1 0 0 0

Béng 5-20. Kiém tra kha nang tu khoi dong

Nhin vao bang 5-20, ta thiy cac trang thai du sau 1 sé xung nhip déu quay tro lai vong dém
nén ta néi bo dém nay tir khoi dong.

Twr d6 ta tim dugc phuong trinh ham kich:

Jo=Q,; Ko=1;

h=K=1

1H=Q1Qo; Ky =15

Tir d6 ta v& duoc mach dién cia bo dém Mod 5 khong ddng bd nhu hinh 5-36.

Vll

Jo Qo —1h O L Q
—O > —>

" _ T o

_K1 Ql 1_K2 Q2

Clock

Hinh 5-36. So d6 mach dién cia bd dém Mod 5 déng bo

5.8.2. B§ ghi dich.
B0 ghi dich c6 kha nang ghi gitr va dich thong tin.
5.8.2.1. Ciu tao va phén logi

a) Ciu tao:

Bo ghi dich gdm mét diy cac phan tir don bit mic lién tiép va dong trén cung mot chip. Cac
trigo str dung trong bo ghi dich thuong 1a trigo D hodc céc loai trigo khac mic theo kiéu D. Dé
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ghi n bit thong tin, ngudi ta st dung » trigo, dau ra cua trigo nay méc t6i dau vao cia trigo ké tiép.
B0 ghi dich ghi duoc n bit thong tin dugc goi 1a bo ghi dich » bit. Hinh 5- 37 1a so dd cuia mot bd
ghi dich 4 bit dung trigo D

Léi vao I I I _T
—»Dy Qo D, Q D, Q D, Q,

—O> > g->
Q() Ql QZ Q3

Clock

Hinh 5-37. B ghi dich 4 bit dich phai
Thong tin dugc nap vao b ghi dich tirng bit mot va dugc déng bd véi xung nhip C.
b) Phan logi:
- Phén theo cach dua tin hiéu vao va lay tin hiéu ra:

* Vao ndi tiép, ra song song: thong tin dwoc dua vao thanh ghi dich tuan tu timg bit
mot, sd lidu duoc dua ra déng thoi tire 1a tat ca n trigo cua thanh ghi dugc doc cung
mot luc.

* Vao song song, ra song song: thong tin dugc dua vao va liy ra dong thoi & n trigo.
. Vao nbi tiép, ra ndi tiép: thong tin dwoc dua vao va ldy ra tudn tu timg bit mot.

* Vao song song, ra ndi tiép: thong tin dugc dwa vao dong thoi ca n trigo, 14y ra tuan
tir timg bit mot dudi sy diéu khién cua xung nhip.

- Phan theo hudng dich:
. Dich phai, dich trai, dich hai hudng, dich vong
- Phan theo déu vao:

. Pau vao don: mdi trigo trong bo ghi dich chi sir dung mét dau vao diéu khién, vi du
nhu trigo D hay céc trigo khac mic theo kiéu D.

¢  Déu vao doi: cac trigo trong bd ghi dich st dung ca hai dauvao diéu khién , vi dy hai
16i vao diéu khién cua trigo JK hay trigo RS.

- Phan theo dau ra:
¢ Dau ra don: mdi trigo trong bo ghi dich chi c6 mot dau ra Q; (hay Q_i) duoc dua ra
chan cta vi mach.
* Dau ra d6i: ca hai dau ra cua trigo Q; va 61 déu dugc dua ra chan cua vi mach.
¢) Ung dung ciia bj ghi dich

B9 ghi dich dugc su dung rong rai dé nho dir liéu, chuyén dr liéu trr song song thanh ndi
tiép va nguoc lai. Bo ghi dich 1a thanh phan khong thé thiéu duoc trong CPU cua cac hé vi xur 1y,
trong cac cong vao/ra c6 kha nang lap trinh.
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B6 ghi dich con duoc dung dé thiét ké bo dém, tao diy tin hiéu nhi phan tuan hoan...
5.8.2.2. Hoat dong co ban cua bo ghi dich

Trong phan nay ta gi6i thidu bo ghi dich 4 bit nap vao nbi tiép hodc song song, ra ndi tiép
va song song, dich phai.

So dd bo ghi dich nay dugc trinh bay trén hinh 5- 37.

Bo ghi dich nay c6 thé nap thong tin vao ndi tiép hodc song song. Pau ra ndi tiép dugc 1iy
ra O trigo cudi cing, diu ra song song dugc 1y ra dong thoi trén ca 4 trigo. Viée nap thong tin
vao song song duoc thyc hién bdi mot trong hai ddu vao Preset 1 va Preset 2 (day 1a 2 16i vao
phu). Trude khi 1am viéc cdn phai xo4 tat ca cac trigo vé trang thai '0' nhd 16i vao Clear. Thong tin
trong b ghi dich nay dugc dich phai.

TOM TAT

Khac v6i mach logic t6 hop, mach logic tudn tw ¢ tin hiéu dau ra phu thudc khong nhiing
tin hiéu dau vao & thoi diém xét ma ca vao trang thai mach dién sin c6 ¢ thoi diém do. Pay 1a dic
diém chuc nang logic cua mach tuan tu. Dé nhé trang thai mach dién, mach tuan tu phai co ph?ln
tur nho - d6 1a cac trigo.

1-  Tinh chit co ban cua Trigo

Trigo 1a linh kién logic co ban cia mach sb. Trigo ¢6 hai trang thai 6n dinh, dudi tac dung
ctia tin hiéu bén ngoai c6 thé chuyén ddi tir trang thai 6n dinh nay sang trang thai 6n dinh kia, néu
khong co tac dung tin hiéu bén ngoai thi né duy tri mdi trang thai 6n dinh vén co. Vi thé, trigo co
thé dugc dung 1am phan tir nhd cta sb nhi phan.

2-  Quan hé giira chtrc ning logic va hinh thirc ciu trac cia trigo

Chtre ning logic va hinh thirc cdu trac cua trigo 1 hai khai niém khac nhau. Chirc ning
logic 14 quan hé giita trang thai tiép theo ciia dau ra voi trang thai hién tai ciia dau ra va cac tin
hiéu dau véao. Do chuc nang logic khac nhau ma trigo dugc phan thanh cac loai RS, D, T, JK. Con
do hinh thirc ciu tric khac nhau ma trigo lai duwoc phan thanh loai trigo thudng va loai trigo chinh
phu.

Mot trigo c¢6 chirc ning logic xéc dinh c6 thé thyc hién bang cac hinh thirc cdu trac khac
nhau. Vi dy, céc trigo cAu trc loai chinh phu va loai thuong déu co thé thuc hién chuc nang cua
mot trigo khac. Nghia 13 ciing mét ciu tric c6 thé dam trach nhiing chirc ning khac nhau.

3- Mach tuan tu cu thé c6 rat nhiéu chung loai. Chuong nay chi gidi thiéu mat s6 loai
mach tuan tu dién hinh: bd dém, bo ghi dich.. .D@)ng thoi véi viée nam ving cAu truc, nguyén ly
cong tac va dac diém cua cac mach tuan tu do, chung ta ciling phai ndm viing dugc dac diém
chung ctia mach tuan tu va phuong phép chung khi phan tich va thiét ké mach tuan tu.

CAU HOI ON TAP CHUONG 5

1. Cho céc trigo co ban loai RS, JK, D va T. Loai trigo ndo trong sd cac loai nay c6 thé
thuc hién dugc ma khong can tin hiéu dﬁ”)ng bo.

a. Trigo RS va trigo D.
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b. Trigo JK va trigo T.

C.

Trigo RS va trigo T.

d. Trigo JK va trigo D

Trong cac loai trigo sau, trigo nao con ton tai t6 hop cam:

a.

b.

C.

d.

Trigo D.
Trigo T
Trigo RS.
Trigo JK.

Céan bao nhiéu céng NAND dé thyc hién tao ra mot trigo RS déng bo:

a.

b.

C.

d.

2
3
4,
5

Néu dau vao D cua trigo thay doi tir cao dén thap thi du ra

a. thay doi trang thai ctia nd mot cach tic thoi
b. s& thay d6i sau khi c6 xung nhip clock & dau vao .
c. s& thay ddi sau khi c¢6 2 xung nhip clock & dau vao .
d. s& khong thay khi c6 xung nhip tiép theo.
Mot trigo JK duoc o ché d6 1at. Néu tan s6 Clock cuia nd 12 1000 hz thi tan sb tai 16i ra
la:
a. 2000 hz.
b. 1000 hz.
c. 100 hz.
d. 500 hz.
Mo hinh Mealy la m6 hinh:
a. ¢06 ham ra phu thudc vao tin hi¢u vao va trang thai trong cua mach.
b. c¢d ham ra phu thudc vao tin hi¢u vao.
c. ¢06 ham ra phu thudc vao trang thai trong cuia mach.
d. khong c6 phuong an nao dung.

Mo hinh Moore 1a mo6 hinh:

a.

b.

¢6 ham ra phu thudc vao tin hi¢u vao va trang thai trong ctia mach.

c6 ham ra phu thudc vao tin hi¢u vao.
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c. ¢0 ham ra phu thudc vao trang thai trong cuia mach.
d. khong cé phuong an nao ding.
8. Céac phuong phap mo ta mach tuan tu:
a. Bang chuyén doi trang thai.
b. Bang tin hiéu ra.
c. DO hinh trang thai.
d. Caba phuong an trén déu ding.

9. Céc phan tir nhé ciia bd ghi dich la:

a. Trigo D.
b. Trigo RS.
c. Trigo JK.

d. Bat ky loai trigo ndo nhung phai dua vé dang trigo D.

10. Cén bao nhiéu trigo dé thuc hién tao ra mot bd ghi dich 4 bit:

a. 2.
b.

c. 4.
d. 5.

11. Bﬁng cach nao tao ra dugc mot Trigo Chinh - phu (MS):
a. T hai trigo cing loai dong bo.
b. Tu hai trigo cung loai.
c. Tu ba trigo cung loai.
d. Tu 4 trigo cung loai.
12. B dém ma Johnson la:
a. Bo dém vong.
b. B dém vong xoan.
c. B9 dém nhi phan.
d. Caba phuong an trén déu dung.

13. Mdt bd dém nhi phan 4 bit thi tan sb tai 16i ra cua bit c6 trong s6 16m nhit so véi tan sb
xung nhip:

a. nho hon 2 lan.
b. nhé hon 4 lan.

c. nho hon 8 1an.

118



Chuwong 5: Mach logic tudn tu

d. nhé hon 16 lan.
14. Trén bd dém déng b, cac 16i vao Clock
a. phai duoc ndi voi tang LSB ctia bo dém.
b. phai duoc nbi véi ting MSB ciia bo dém.
c. 1a chung cho mdi tang cta bo dém.

d. phai 12 dang xung dugc phat theo kiéu don budc.

74L5193
. . \ , —> Down CARRY D= 2 ;
CAC LOI VAO PHAT XUN¢ [ sonraw b- _J (BT AROE RA HOAT
HOAT PONG G MUC CAO DONG O MUC THAP
-~ D ap —
— C ac p—
T AIVAO DT T T i o8 CAC LOI RA DU LIEU
CAC LOI VAO DU LIEU — a an Ol RA T
| ciean HOAT PONG O MUC THAP
= LOAD
HOAT PONG O MUC CAO
HOAT PONG O MUC THAP
Hinh 1

15. Vi IC xuit hién trén hinh 1, chan CLEAR
a. Xo0a tat ca 6 16i ra cua IC.
b. lap tatca 616ira cua IC.
c. Chi xo4 cac 16i ra tir QD dén QA.
d. Chi xo4 cac 16i ra CARRY va BORROW.
16. Néu cac 16i vao cua LS 193 c6 gia tri 1a 1010, thi cac 15i ra ctia b dém sé 1a:

a. hién thi gia tri 1010 sau khi chirc nang LOAD dugc kich hoat.

b. hién thi gia tr1 0101 la gia tri ddo cta 1010 sau khi chirc nang LOAD dugc kich

hoat.
c. hién thi gia tri 1010 sau mot xung clock.
d. s& ting lén nhung khong thé giam xubng.
17. Céc 16i ra CARRY va BORROW cua b dém LS 193:
a. binh thuong & mirc thip va s& phat ra mot xung hoat dong ¢ mtc cao.
b. ¢6 thé duge dua 1én mirc cao bang cach kich hoat chirc nang LOAD.
c. c6 thé duge dwa xudng muc thip bang cach kich hoat chirc ning CLEAR.
d. binh thuong & mirc cao va s& phat ra mot xung hoat dong ¢ muc thap.
18. Trén b dém LS 193, bd dém thuc hién dém tién:

a. néu chan DOWN duogc cap xung va chan UP n6i 1én Vc.
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19.

20.

21.

22.

23.

24.

120

b. néu chin UP dugc cp xung va chdn DOWN nbi 1én V.
c. chan UP va DOWN duoc cip xung dong thoi.
d. chan UP va DOWN déu dugc ndi 1én Ve,

Trén by dém LS 193, bo dém thuc hién dém 1ui:
a. néu chan DOWN duoc cép xung va chan UP ndi 1én Vee.
b. néu chan UP dugc cip xung va chan DOWN nbi 1én V.
c¢. chan UP va DOWN dugc cip xung dong thoi.
d. chan UP va DOWN déu duoc ndi 1én Ve,

Mot bo dém khong dong bo 5 bit thi cung cip hé sé chia tin hay hé sé chia s dém 1a
bao nhiéu :

a. 32.
b. 16.
c. 8.
d. Khong c6 truong hop nao ¢ trén.
V6i bo dém khong dong bo, qua mdi trigo thi 1 ra cia n6 chia tan sé dau vao ra lam :

a. 4.

b. 2.
c. 10.
d. 16.

Tan ’sé dau vao cia mot bo dém khong dong bo 4 bit 1a 100KHz. Vay tan sd tai dau ra
tai 101 ra c6 trong so 16n nhat (MSB) 1a bao nhiéu ?

a. 100 KHz.

b. 50 KHz.

c. 12,5KHz.

d. 6,25KHz.

Khi tan s6 xung nhip ctia bd dém khong dong bo tang thi :

a. Cac dau vao xoa (CLEAR) va 1ap (SET) khong diéu khién tit ca cac trigo ciia bo
dém.

b. Chirc ning ciia cac dau vao xoa (CLEAR) va lap (SET) khong bi anh huéng gi.
c¢. Tang kha nang dém 16n nhat cta nod.
d. Giam kha ning dém 16n nhit cua no.

Mot xung clock vao :

a. Cho phép mot bd dém khong dong bd chay trong ché d6 khong dong bo.
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b. Xac dinh sé dém 16n nhét cuia bo dém khong dong bo.

Thay ddi 1an luot cac ché do hoat dong cua bd dém khong déng bo.

d. Chuyén mot bo dém khong d@)ng bd thanh mot bd dém ndi tiép.

25. Khi phat xung vao bd dém khong déng b0 thi xung clock 1a :

a. Tin hiéu diéu khién tat ca cac dau vao.

b. Tin hiéu diéu khién t?mg LSB cua bo dém.

c¢. Tin hiéu diéu khién tang MSB cuia by dém.

d. Trang thai tinh.

26. Khi chdn CLEAR (x04) cua bo dém khong dong bo duoc dua xudng murc thap thi bd

dém :

a. Khong tiép nhan xung xo04 bdi vi xung CLOCK chay tu do.

b. Tiép nhin xung xo4, luc ndy tat ca cac dau ra khong dao dwoc dit ¢b dinh ¢ mirc
thap.

c. Tiép nhan xung xo04, luc ndy tit ca cac dau ra khong dao duge dit tam thoi & muc
thap.

d. Dao dong giita gia tri dém 16n nhét va gi tri nho nhat.

27. Khi chan SET (lap) ciia bo dém khong dong bo duge dua xuéng mirc thap thi bo dém:

a.

b.

d.

Khong tiép nhan xung lap boi vi xung CLOCK chay tu do.

Ti€p nhan xung lap, lac nay tat ca cac dau ra khong dao dugc dat co dinh ¢ muc
cao.

Tiép nhan xung lap, lc nay tit ca cac dau ra khong dao dugc dat tam thoi ¢ muc
cao.

Dao dong gitra gia tri dém 1on nhit va gia tri nho nhat.

28. Mot bd dém khong déng bd duge coi nhu 1a mot bo dém ndi tiép la boi vi :

o

Tat ca cic dau ra thay doi dong thoi.
Mot tin hi¢u xung nhip diéu khién tat ca cac trigo.
Tt ca cac dau ra la dao.

Céc trigo trong bo dém hoat dong theo phuong phap chudi canh hoa (daisy-chaind).
(Diéu nay c6 nghia 1 16i ra cua trigo trudc s& didu khién 16i vao cua trigo sau).

29. Hé sb chia tan sb cho mot bo dém khong déng bo 4 bit la :

a.

b.

C.

d.

1,2,4va8.
1,2,4va 16.
2,4,8va 16.

Tt ca cac truong hop trén, phu thude vao tan sb xung clock.
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30. Néu mot bo dém khong ddng b 4 bit co cac 16i ra dao thi chung
a. Pémtr 15— 0.
b. Pémtir 0 — 15.
c. LuonlaO.
d. Luébnla 15.

31. Can bao nhiéu chu ky xung clock d4u vao dé phat ra mot chu ky hoan chinh tai 16i ra c6
trong s 16n nhat (MSB) ctia bo dém khong dong bo 4 bit.

a. 32.
b. 16.
c. 8.

d. Khoéng co6 truong hop nao ¢ trén.
32. Cac Trigo JK sir dung trong bo dém khong dong bo duoc xay dung bang cach:
a. Noi 16i vao J va K véi Ve va vo hiéu hod céc 16i vao CLR (xo04) va PR (lap).
b. Cau trac mach Trigo JK gidng nhu mot mach Trigo T.
c. NOi tat ca cac 16i vao J, K, CLR va PR véi Vc.
d. Sur dung bat ky ciu tric nao & trén.

33. Cho bd dém hinh 2. Cho biét day 1a bo dém Mod may?

Jo Qo I Q L Q
- qd - - Hinh 2
lll
—K. & JtDE K, K. o
Clock 1
a. Mod>5.
b. Mod 6.
c. Mod7.
d. Mod 8.
34. Cho bo dém hinh 3. Cho biét day 1a bo dém Mod may?
LJO Qo 11 Q L Q
. d. 4. N Hinh 3
OC -
AL Y 'L K() _ 'LK J— vlv K2 Q2
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a. Mod 5.
b. Mod 6.
c. Mod?7.
d. ModS8.

35. Cho bo dém hinh 4. Cho biét day 13 bd dém Mod may?

Jo Qo I Q h Q

Hinh 4

Vll

K, Ka

°|

Clock
a. Mod 5.
b. Mod 6.
c. Mod?7.
d. Mod 8.

36. Thiét ké bd dém Mod 9 dong bo.
37. Thiét ké bd dém Mod 9 khong dong bo.

38. Bg ghi dich cua ban dugc reset. Sau 4 suon duong ctuia xung clock tat ca 4 16i ra déu &
mirc cao. Két luan cia ban vé cac 161 vao dir liéu la:

a. duoc dat & mic thép.

b. Lan luot thay ddi giita hai trang thai cao va thip.
c. Lan luot thay d6i giita hai trang thai thip va cao.
d. duoc dat & mic cao.

39. Néu mach ctia ban dugc thiét ké dé dich trai dir lidu vao ndi tiép, sau d6 ludng bit dir
lidu chuyén dong tir:

a. Trai qua phai.
b. Tu phai qua trai.
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c. Mot trong hai truong hop trén.
d. Khong c6 truong hop nao ¢ trén.

40. Néu mach cta ban duoc dinh hinh dé dich phai dit liéu vao ndi tiép, sau do lu6ng bit dit
lidu chuyén dong tir:

a. Trai qua phai.
b. Tu phai qua trai.
c. Mot trong hai truong hop trén.

d. Khong c6 truong hop nao ¢ trén.
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CHUWONG 6: MACH PHAT XUNG VA TAO DANG XUNG

GIOI THIEU

Hau hét cac hé théng ky thuat sb6 déu yéu cau mot vai loai dang song dinh thoi, vi du mot
ngudn xung cua bd dao dong can thiét cho tit ca cac hé théng tuan ty dinh thoi. Trong cac hé
thong k¥ thuat sd, mot dang song xung vudng thuong duoc sir dung nhat. Sy tao ra cac dang song
xung vuong dugc goi 1a bo da hai.

Co6 ba loai bo da hai:
e B0 dao dong da hai (chay tu do).
e B0 da hai don 6n (mot nhip).
e BJ da hai hai trang thai 6n dinh (trigo).

Mot bd dao dong da hai chi 1a mdt by dao dong dé tao ra dang xung. N6 c¢o hai trang thai
chuan ma khong yéu cau su kich hoat tir bén ngoai. B6 nay thuong duge dung lam xung diéu
khién cho cac mach tudn tu.

Mot bo da hai don 6n chi c6 mot trang thai on dinh, tirc 13 trong diéu kién trang thai 6n dinh
thi ddu ra cta n6 c¢d dinh. Pau ra nay ¢ trang thai LOW hodc ¢ trang thai HIGH. Mach nay can
mot xung kich khéi tir bén ngoai dé cho mach chuyén sang trang thai khac. Mach nay van giir
nguyén trang thai cli trong mdt khoang thoi gian, khoang thoi gian nay phu thudc vao cac thanh
phﬁn dugc dung trong mach. Trang thai cua mach nay duoc xem la trang thai on dinh boi vi n6
phuc hdi tr& vé trang thai 6n dinh ma khong can bat ky xung kich hoat nao tir bén ngoai. D6 rong
ctia xung kich khai rat nho, do rong cua xung dau ra chi phu thudc vao khoang thoi gian ma mach
gilr lai ¢ trang thai 6n dinh. Mach nay dugc goi 1a mach mdt nhip (one-shot) bdi vi mét xung kich
khéi chi tao dugc mot xung nhung do rong xung lai khac. Mach nay rat hiru dung bdi vi nod cod thé
tao ra mdt xung tuong dbi dai (hang chuc mili gidy) tr mot xung hep, do d6 nd con dugce goi 1a bo
giam xung (pulse stretcher).

Vi dy, mot bo vi xir Iy ¢6 thé phat tin hiéu cho mot thiét bi bén ngoai dé in mot ndi dung
nao do6 bang cach truyén qua moét xung. Thiét bi dau ra noi chung c6 téc 6 cham hon bo vi xu 1y,
do d6 no yéu cau mot xung tin hiéu trong mot khoang thoi gian lau hon. Piéu nay dat dugc bang
mot mach giao tiép co chira bo da hai don 6n.

Mot mach da hai trong do6 ca hai trang thai déu 6n dinh thi dugc goi la mach da hai hai trang
thai 6n dinh hay trigo. Mach nay thyuc hién viéc chuyén tiép tir mot trang thai 6n dinh nay sang
mot trang thai 6n dinh khac chi lac xung kich khoi duge ap vao. Mach nay thuong duoc ding lam
cac thanh phan trong bd nhd trong cac hé thng k¥ thuat s6 va da duoc thao luan & chuong 5.

Chuong nay tap trung vao so d6, nguyén tic hoat dong, img dung ciia 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 doc gia co thé tu thiét ké cac mach dao dong theo cac yéu cau co ban cho
cac ing dung khac nhau.
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NOI DUNG

6.1. MACH PHAT XUNG

6.1.1. Mach dao dong da hai co ban cong NAND TTL

Cong NAND khi 1am viéc trong viing chuyén tiép c6 thé khuéch dai manh tin hiéu dau vao.
Néu 2 cong NAND dugc ghép dién dung thanh mach vong nhu hinh 6-1 ta dugc bo dao dong da
hai.Vk 1a dau vao diéu khién, khi & mic cao mach phat xung, va khi & mic thap mach ngimg
phat.

Vi A Ve AV
| 1l O
o —
Vi Cq

Hinh 6-1. B6 dao dong da hai c4u tric bang cong NAND

Néu cac cong I va II thiét 1ap diém cong tac tinh trong viing chuyén tiép va Vi = 1, thi mach
s& phat xung khi dugc ndi nguon. Nguyén tic lam viéc cia mach nhu sau: Gia st do tac dong cua
nhiéu 1am cho Vj; ting mot chut, 1ap tirc xuat hién qua trinh phan hdi dwong sau:

bty wtoy

Khi d6, cong I nhanh chéng trg thanh thong bao hoa, cong II nhanh chong ngit, mach budc
vao trang thai tam 6n dinh. Lic nay, C, nap dién va C, phong dién theo mach don gian hod duogc
thé hién trong hinh 6-2. C, nap dén khi Vj, ting dén ngudng thong Vr, trong mach xuat hién qua
trinh phan hdi duong nhu sau:

TWT+%¢+W¢+WTT

Két qua qué trinh nay 13: cong I nhanh chong ngat con cong 11 thong bio hoa, mach dién
bude vao trang thai tam on dinh méi. Luc nay C, nap dién con C; phong cho dén khi V;; bang
ngudng thong Vr 1am xuét hién qué trinh phan hdi duong dwa mach vé trang thai 6n dinh ban déu.
Mach khong ngimg dao dong, khi bo qua dién tro déu ra cta cac cong NAND, dya vao hinh 6-2
gian d6 xung ctia mach duge thé hién trén hinh 6-3.
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Vi Ec Vi Ec
Ry R
Re Ry V.,
> +
Vi R VS C1I-
l Vi

i1
I VL1

Hinh 6-2. Mach vong nap phéng dién cta tu C1, C2

V2
\'

Viz“ Vh -VL+Vr t

VT____ _____ - T = ______7___:

T2=(R4// Rp)C>
Hinh 6-3. Dang song gﬁn dung cua dién ap tai cac diém trén mach bo dao dong da hai.
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,. Tt hinh 6-2 ta ¢6 thoi gian nap
dién cua tu C; 1a 1, = (Rp / Ry) Cy, thoi gian dé Vi, nap dién dén Vi la:
2VOH — (VT + VOL)
VOH B VT

t, = (sz //Rl)cl In

Néu Rp=Rp=Ry, C;=C,=C, Vou=3 V, Vo1=0,35 V, V1= 1,4 V thi ta co:
T~2(R,/R,)C

T 1a chu ky cta tin hiéu da hai 16i ra.
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6.1.2. Mach dao dong da hai vong RC

OO vl 1

Hinh 6-4. B dao dong vong va dang song

Bo dao dong vong co ciu triic gdbm 3 cong NAND mic nbi tiép nhu hinh 6-4. Phan hoi
duong tir V, dén V;; 1am cho mach nay khong c6 trang thai 6n dinh. Tan s6 cta tin hiéu 16i ra phy
thuoc vao thoi gian tré cia cong NAND, va khong thé diéu chinh duoc tin sé nay. Tan sb cua
mach phat s& diéu chinh dugc khi mot mach tré RC dugc mic thém vao mach nhu hinh 6-5. Tan
s6 dao dong ctia mach diéu chinh dugc thong qua gia tri cta tu dién C va dién trd R.

Ve Vo R Rs Vo
|}r[ I }—:——:»—[ i plo
Vi | ILC Vis

Hinh 6-5. B6 dao dong da hai c6 mach RC
6.1.3. Mach dao dong da hai thach anh

Dé ¢o cac tin hiéu déng hd ¢6 tan sb chinh xac va c¢6 dd 6n dinh cao, cic mach da hai trinh
bay trén day khong dap ung dugc. Tinh thé thach anh thudng duoc st dung trong cac trudng hop
nay. Thach anh c¢6 tinh on dinh tan sb tdt, hé sd phém chét rat cao dan dén tinh chon loc tan sb rat
cao. Hinh 6-6 1a mét mach dao dong da hai dién hinh st dung tinh thé thach anh. Tan s6 ciia mach
dao dong chi phu thudc vao tinh thé thach anh ma khoéng phu thudc vao gia tri cac tu dién va dién
trg trong mach.

Ve U

Hinh 6-6. Mach dao dong da hai thach anh

6.1.4. Mach dao dong da hai CMOS

Hinh 6-7a 1a mach dao dong da hai co ban st dung hai céng NOR CMOS va cac linh kién
dinh thoi tré va tu. Gian dd xung cua mach duoc thé hién trén hinh 6-7b. Chu ky dao dong cua
mach dugc tinh gan dung nhu sau:
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«— T —>

| T | T |
ED___|<- 1Pl 29 -

T
1l

a)

Hinh 6-7. B6 dao dong da hai diung cong NOR CMOS va gian d6 xung

T=T +T,=RCIn Ey +ED
-V, V

D T T

Néu gia thiét V1 = Ep/2 thi T, = T», khi d6 T = RCIn4 ~ 1,4RC.

6.2. TRIGO SCHMIT

Mach Schmit, PaduRa -+

Pau vao

Hinh 6-8. So d6 nguyén 1y cua trigo Schmit

Hinh 6-8 13 so dd nguyén 1y cua trigo schmitt, hay con dugc goi 1a bd dao pha trigo schmit.
N6 gbém 3 phan: mach ddu vao, mach schmit va tang cong suat 16i ra. Nguyén tic 1am viéc cia
mach nhu sau: Néu Vg, & mirc thip thi T, ngit, T, thong bdo hoa va nguoc lai néu Vg, & mirc cao
thi T, thong bao hoa, T, ngét. Khi Vp, tdng tir muc thép 1én muc cao dén tri $6 Vg, = Vg - [LRs
= 0,5 V thi T, bat dau chuyén tir trang thai ngit vao trang thai khuéch dai. Do Vg, tiép tuc ting
nén Vcg; = Vg, giam xuéng. Sau khi T, 101 khoi trang thai bado hoa ma Vg, tiép tuc tang thi xay ra
qué trinh phan hoi duong sau:

VB1T_> icq (iE1)T — Vg i _>V352¢—> ica (iE2)¢ — VE¢—> ViiE1T
A
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Nho phan hoi duong mach dién nhanh chong chuyén sang trang thai T, thong bio hoa, T,
nga“it. Néu Vg, sau khi tang dén cuc dai thi bit dau giam; khi Vg, giam dén muc lam T, ra khéi
vung bdo hoa, T, ra khoi viing ngit thi mach dién lai xay ra qué trinh phan hdi dwong sau:

VAR 0! SRVAE VAR SR S () SV R Ve }
T

Két qua mach dién nhanh chong 1t sang trang thai T, ngit, T, thong bdo hoa. Ching ta goi
gi tri dién ap dau vao V| trong qua trinh tang 1én cua nd dat dén ngudng lam l1at mach schmit dé
dau ra tir mic cao xudng muc thip 1a ngudng trén V. va gia tri nguoc lai 13 ngudng dudi cia
trigo schmit Vr_(hinh 6- 9). Hi¢u di¢n ap twong tng véi ngudng trén va ngudng dudi dugce goi la
do chénh I¢ch dién ap chuyén mach AV=Vr - V.

o
~Y

Hinh 6-9. Dang song dau vao V; va dau ra Vo cua trigo schmit
Trigo schmit thuc chat 13 mot bd so sanh hai ngudng nén nd duoc ding tng dung khac nhau
nhu: Cac mach dao dong, cdc mach so sanh, loc nhiéu v.v..

6.3. MACH DA HAI POI

Mach da hai dgi c6 mot trang thai on dinh va mot trang thai tam on dinh. Khi ¢6 tac dung
cua xung ngoai, mach co thé chuyén doi tir trang thai on dinh sang trang thai tam 6n dinh. Sau khi
duy tri mot thoi gian, mach s€ tuy dong quay lai trang thai on dinh. Thoi gian tam on dinh phu
thudc vao cac thong s6 ctia mach ma khong phu thudc vao xung kich. Mach da hai dugc ing dung
trong cac mach dinh thoi, tao dang xung, tré v.v..

6.3.1. Mach da hai dgi CMOS

1. Mach da hai di kiéu vi phin

Hinh 6-10. Pa hai doi kiéu vi phan ding cong NOR CMOS
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Hinh 6-11. Dang song ciia mach da hai doi kiéu vi phan

Hinh 6-10 1a so d6 nguyén ly ciia mach da hai doi kiéu vi phan. Tai trang thai 6n dinh, V=0
thi Vo1=Ep, Vi,=Ep, V;=0. Khi ¢c6 mot xung kich thich 161 vao lam cho céng 1 nhanh chong cAm
va 16i ra béng 0, xem gian dd 6-11. Mach dién RC sé& nap dién cho ty dién C. Trong qua trinh nap,
dién ap V, ting dan dén ngudng Vr va lam cong 2 dong, dién ap Vo,=0. Khi d6, cong 1 nhanh
chong chuyén vé trang thai cAm va lam cho mach da hai doi tré vé trang thai on dinh.

D0 rong xung tai dau ra cua mach dugc xac dinh bang cong thirc sau:

D T

TW:(IeJrRO)(,**lrlEi

trong d6 Ry 1a dién tr& d4u ra cua céng 1, néu Vi=Ep/2 thi T, w=0,7 (R +R, ) C

2. Mach da hai doi kiéu tich phin

\

I o

Hinh 6-12. Pa hai doi kiéu tich phan dung cong NOR CMOS
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TW

Hinh 6-13. Dang song ctia mach da hai doi kiéu tich phan
Hinh 6-12 biéu dién so dd nguyén 1y cia mach da hai doi kiéu tich phan. Tai trang thai on
dinh, Vi=1 thi V=0, V,=0, V,=0. Khi 16i vao V; chuyén tir 1 xudng 0 15i ra V¢, nhay tir trang
thai 0 1én 1 va dong thoi mach RC bét dau tich dién cho tu dién C, khi dién ap Vi, = Vi dién ap 16i
ra Vo, chuyén xudng trang thai 0. Sau khi khi hét xung 18i vao tu dién phong dién thong qua tro R
va mach tro vé trang thai 6n dinh.

Do rong xung 16i ra ciia mach da hai doi dugc tinh theo cong thuc:
E
Ty =(R+R,)CxIn—2—
p~ 'r
trong d6 Ry 1a dién tr& dau ra cua céng 1, néu Vr=Ep/2 thi T, w=0,7 (R +R, ) C
3. Mach da hai doi dung trigo Schmitt

Dua vao déc tinh so sanh cua trigo Schmitt, mach nguyén 1y chi ra trén hinh 6-14 1a bo da
hai doi. Po rong xung 16i ra phu thudc vao ngudng trén cia trigo Schmitt va gia tri cua tu dién C
va dién tro R theo cong thure sau:

E
Ty :RC*ln%
D T

néu Vi=Ep/2 thi T, = 0,7RC
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Hinh 6-14. So d6 nguyén 1y va gian do thoi gian ciia mach da hai ding trigo Schmitt
6.3.2. Mach da hai doi TTL

Hinh 6-15 1a so &6 nguyén 1y mach da hai doi ho TTL, trong d6 cac cong 1, 2, 3 cdu trac 1én
mach flip-flop, cong 4,5 12 mach tao dang xung. Céc cong nay thudc ho TTL nén c6 mirc logic 1
1a 3,6 V va logic 0 12 0,3 V. Pau vao V, biéu thi sir dung mach dao. Mach dao nay thong bdo hoa
thi V, ~ 0,7 V, con ngudng thong cua n6 ¢d 0,6 V.

Tai trang thai 6n dinh P = P’ = 0. Mach dao du vao V, 1a bo khuéch dai transistor emitter
chung ¢ trang thai bao hoa va khido V,=0,7V,V;=0,V,=1,Q=0, é =1.

Khi ¢6 xung duong tac dong & dduvao thiP=1,P’=1,V;=0,Q = 1, @ = 0, mach ¢
trang thai tam 6n dinh. Do @ = 0 khoa céng 4, nén sau khi bi kich thich boi suon duong xung P
thi mach bi cach ly khoi xung P.

JL
DI E

Hinh 6-15. So dd nguyén Iy mach da hai dgi ho TTL

Lo

Vi dién ap trén tu C khong tang dot bién nén khi V; tir murc cao 3,6 V dot bién xuéng 0,3V
thi V, tir mirc 0,7 V dot bién xudng -2,6 V. Bét dau qua trinh nap dién cua tu dién C. V, ting dan
1én. Khi V, Tang 1én dén ngudng thong 0,6 V thi sinh ra qua trinh phan hoi duong sau:

V1= V|-V, T=Q]
A 000 |

Qua trinh nay 1am mach nhanh chong tro vé trang thai 6n dinh ban dau V;=0,V,=1,Q =
0, é = 1. Tiép d6 tu dién C phéng dién, V, dan dan hdi phuc vé 0,7 V. Hinh 6-16 chi ra gian dd
xung ciia mach da hai doi ho TTL véi gia thiét thoi gian tré truyén dat cua cac cong va bo dao pha
déu bang tq.

D0 rong xung ra dugc tinh theo cong thuc 7, = 0,7RC . Mach dao dong da hai doi dugc

thiét ké sin trong mot s6 ho IC TTL nhu 74LS121, 74LS123 ... bang cach thay ddi cac gia tri tu
va tré mac ngoai s& cho cac xung 16i ra mong mudn.
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t(t,)

Hinh 6-16. Gian d6 xung cua mach dao dong da hai doi TTL véi gia thiét do tré cua cac
la tpd

cong la

)
A

6.4. 1C PINH THOI

B9 dinh thoi 555 dugc st dung rat rong rai trong cac bd dao dong da hai, da hai doi, va cac

7
A

Hinh 6-17 1a so do

cac chan dugc chi ra trong bang sau:

én ly cua IC dinh thoi nay, trong d6 chirc ndng cua

01 nguy

bd so sanh v.v...

Chtic nang Chan Chtrc nang
Pit - GND

Chan

.
A

2
A

diéu khién

én ap

bi
Cha

1
2

an ngudng

6
7

kich thich

an

Ch

Piu phong dién

Paura

Nguon - Vee

Xoa - Reset

4

Béng chuc nang cua IC 555

wn 2 mo S o
en N
— | <O «Q = on
= <= <
RIE|l & m z
E
-
D (2l 4 =
o) m =
|z [ an o s
Q Q Q
<) m | o | m
2 [N —len|—]en|—]en
= N N N
| o
T Xl || X
AN Vv
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[I] 5K
5 4
6 Bo diéu
+ khién |—¢
So sanh 1 Trigo
[] 5k
So sanh 2 -
+ Tang )
] cén,g suat
2 10i ra 3
py < Ground vce
[] 5K ‘ Trigger Discharge
<
Output Threshold
1 7 Reset

Control Voltage
Hinh 6-17. So d6 khéi nguyén 1y ctia IC dinh thoi 555
Mot vai irng dung cia IC dinh thoi 555
1) Trigo Schmitt
Hinh 6-18 1a so d6 nguyén ly cta trigo schmitt ding IC 555. Véi so d6 ndy ngudng trén
Vi.=2%+E, vi ngung dusi ¥, =V «xE, Do chénh lech dien ap

AV =V, —V, = %* E,,. Néu dua dién ap vao dau vao C-V thi c6 thé diéu chinh dugc Vi,
Vi Vi AV.

Ecz
8 4
R4
7
9955 Vo,
3
V01

1

Hinh 6-18. Mach trigo Schmitt dung IC 555
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2) Mach da hai doi

Hinh 6-19 13 so d6 nguyén ly va gian d6 thoi gian ciia mach da hai doi dung IC 555, trong
d6 RC 1a mach dinh thoi. Po kéo dai xung 16i ra duoc xac dinh bing cong thuc
T, = RCIn3~1,1RC . Mach dao dong da hai doi nay yéu cau do rong xung 16i vao nho hon do

rong xung 101 ra, néu no6 16n hon thi yéu cau dung thém mach vi phéan ¢ 161 vao.

Vi . _o_|_| |_|
2E./3 ——=
VC 0_/\/\_

E.-—-

0_4 »

(¢}

Hinh 6-19. Mach da hai doi dung IC 555 va dang song

3) Mach da hai
EC
8 4
Rl
l__5 7
555 R, X 4
3 - Vg € T, _; «
] |
V, % | Tyl

11 <
Hinh 6-20. Mach da hai dung IC 555 va dang song

Hinh 6-20 1a so dd mach da hai va dang song, di¢n tro R1, R2 va tu di¢n C dong vai tro 1a
mach dinh thoi. Chu ky dao dong cua tin hiéu 16i ra duogc xac dinh thong qua thoi gian phong va
nap cua tu dién C nhu sau:

T,,=(R +R,)CxIn2=0,7(R +R,)C
T,,=R,CxIn2=0,7R,C
T=T, +T,,=07(R +2R,)C

1,43

=1/T=—""—
/ (R +2R,)C

Nhu ta thay xung 16i ra ¢6 d6 1ap day phu thudc vao ca dién trd R1 va R2 va khong thé tao
ra xung vudng voi do lap day bang 50% thong qua viéc thay doi gid tri R1 va R2. Dé co duge
xung vudng véi do lap day bang 50%, nguoi ta sir dung mach c¢6 thém 2 diode khi d6 tré phong va
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nap dién cho Tu c6 thé thay ddi doc 1ap va tao ra xung mong mudn. Hinh 6-21 1 so 6 nguyén Iy
ctia mach da hai dung IC 555 ma d¢ lap day c6 thé thay d6i duoc.

7
0,01 uF IJ_— ?Z—'
555 |, ng R,

I+ T°
Hinh 6-21. Mach da hai diéu chinh duoc d6 1ap day xung ding IC 555

EC
8 4

(¢,
|

TOM TAT

Trong chuong ndy ching ta da tim hiéu cac mach tao xung. Mach dao dong xung tu kich
khong can tin hiéu ngoai dua vao; sau khi dugc cAp ngudn mét chiéu mach ty dong sinh ra xung
vuén. Thudc loai dao dong tu kich nay c6 cac mach: bo dao dong da hai co ban céng NAND ho
TTL, bo dao dong vong, bd dao dong thach anh, b dao ddong da hai co ban CMOS.

Mach tao dang xung khong tir dong phat xung nhung cé thé bién tin hiéu dau vao hinh dang
khac thanh xung vudng theo yéu cau clia mach s6. Trong sé mach tao dang xung, chiing ta da tim
hiéu: trigo Schmit va don 6n.

Céach mach phat xung va tao dang xung trén ddy, ngoai ding lam xung dong ho ra con c6
g dung vo cing rong rii trong cac he thong xung - sb. B6 dao dong da hai thuong dung 1am bo
tao xung chudn thoi gian va chuan tan s6. Mach don 6n thuong dung dé dinh thoi va lam tré xung.
Trigo Schmit ngoai img dung tao dang xung con g dung so sanh mrc va gidm sat muc...

CAU HOI ON TAP
1. Trong mach dao dong da hai co ban dung cong NAND ho TTL, hinh 6-1, néu gia tri

tri dién tré Ry = 5*Rpp = 10 kQ, gid tri C; = C, = 1 pF thi mach c6 hoat dong
khong? dang tin hiéu tuong d6i 16i ra s& nhu thé nao?

R#
Vi Ve
| 1 —O0
o__
Vi Cq

Hinh 6-1. Bo dao dong da hai cau trac bang cong NAND
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a. L&ira ludn ¢ mic logic thap
b. Léi ra luén & muc logic cao
c. Tin hiéu 16i ra 1a xung vudng v6i do 1ap ddy nho hon 50%

d. Tin hiéu 16i ra 1a xung vudng c6 d6 1ap day 16n hon 50%

2. Véi cau hoi nhu cau 1 va gia thiét R;= 3 kQ, tinh tin s6 dao dong cua mach va vé
dang song 16i ra.

a. f=28Hz va dang song 16i ra c6 dang : —|_ _I—
b. =28 Hz va dang séng 16i ra c6 dang :—|— j

c. f=28 Hz va dang song 1di ra c6 dang :

i

d. =0Hz va dang song 16i ra c6 dang :J

3. Dbic diém ndi bat nhit ctia mach dao dong da hai dung thach anh 1a gi?
a. Bién do tin hiéu 16i ra 6n dinh
b. Tan s6 tin hiéu 16i ra 6n dinh
Bién do 16i ra c6 thé diéu chinh dugc
d. Tan s 16i ra c6 thé diéu chinh duoc

4. Trong mach dao dong da hai dung thach anh nhu hinh 6-6, néu khong c6 tu C,, 16i
ra cua thach anh duoc ndi truc tiép v6i dau vao cua céng NAND thtr hai thi mach:

Il
R, c, R,

Vil [HHL

Hinh 6-6. Mach dao dong da hai thach anh

a. Khong dao dong 16i ra ludn thap
b. Khong dao dong 16i ra ludn cao
c. Co xung 16i ra nhung tan s thay doi

d. Tén sb xung 1i ra khong thay d6i

5. Pic diém quan trong nhét cta trigo Schmitt 1a gi?
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Tan so hoat dong cao

®

o

Tinh chéng nhiéu cao vi né hoat dong nhu
Cong suét tiéu thy thap

d. Labd so sainh mot ngudng

bd so sanh hai ngudng

6. Mach c6 so d6 nguyén Iy nhu hinh sau ¢6 chitc niang nhu thé nao?

a. B0 so sanh mot ngudng
b. Trigo Schmitt
C. Mach dao dong da hai

d. Mach dao dong da hai doi

7. V61 mach dién nhu cau hoi 6, néu tin hiéu 16
hiéu 161 ra nam & hinh nao.

+V
+V/2
-V/2
-V
Hinh a.
+WV - -—_—-—-1--

+V/2 |- —/\—————— ﬁ—-
-V/2 ___y__u_y_____

VA SE— ——-

7 AWAY I A
VAT A AW

Hinh ¢

V+
o— al¥
Vi
Opam —0
Vo
+
\VE
{1

1 vao co dang tin hi€u nhu hinh sau, tin

Hinh b
4+ ——————— E—

7 AWAY P A
v -

Hinh d
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a. Hinh a.
b. Hinhb.
c. Hinhec.
d. Hinhd.

8. Chirc nang cuia mach da hai doi 1a gi?
a. La mach phat xung vuong
b. La mach dao dong da hai c6 chan diéu khién
c. Lamach dao dong da hai c6 mot trang thai on dinh va mot trang thai tam 6n dinh
d. La mach phat xung diéu hoa

9. Trong mach da hai doi kiéu vi phan nhu hinh 6-10, néu xung diéu khién c6 do rong
16n hon xung da hai doi 16i ra thi :

a. Mach van hoat dong binh thuong
b. Tin hiéu 16i ra luén bing 0
c. Tin hiéu 16i ra ludn bang 1
d. Xung 16i ra bang xung 16i vao
10. Trong mach da hai hinh 6-20, néu dién trd R, bi ndi tit thi:
Mach vén phat xung va tan s6 16i ra chi phu thudc vao gia tri ciia R1 va C

a.
b. Xung 16i ra 1a xung vudng c6 d6 lap day 1a 50%

e

Mach van phat xung nhung tan s rat cao

&

Khong c6 tin hi¢u 161 ra
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CHUONG 7: BO NHO' BAN DAN

GIOI THIEU

B6 nhé ban dan thay thé cac loai bd nhG béng vat liéu tir. Céc tién bo méi cia cong nghé
ban dan trong thoi gian gan ddy di cung cip nhidu mach nhé loai MSI va LSI ¢6 d6 tin cdy cao va
gi4 thanh ha. Vao dau thap ky 60 cua thé ky 20, gia thanh thuong phdm ctia mét bit nhé vao
khoang 2 USD. Dén nay (nhitng niam dau thé ky 21), gia thwong pham ctia 128 Mbyte vao khoang
20 USD. Nhu vay gia thanh thuong phém cua mdt bit nhé sau khoang 40 nam da giam di khoang
105.10° 1an. Bo nhd ban din dién hinh ¢ cac té bio nhé sap xép theo hinh chit nhat, gan trong
khéi hop nhé bang nhua dang DIP (Dual in line package). Té bao nhé co ban 13 mot mach trigo,
transistor hay mach c6 kha nang tich trir dién tich, té bao nhé nay dung dé luu trit mot bit tin.

Trong phan nay gidi thiéu mot s bd nhé ban dan co ban.
NOI DUNG
7.1. KHAI NIEM CHUNG

7.1.1. Khi niém

Bo nhd 1a mot thiét bi co kha ning luwu trit thong tin (nhi phan). Mudn sir dung bd nhd,
truc tién ta phai ghi dit liéu va cac thong tin can thiét vao né, sau d6 luc can thiét phai lay dit lidu
da ghi trude d6 dé sir dung. Thu tuc ghi vao va doc ra phai duoc kiém soat chit chg, tranh nhim
14n nho dinh vi chinh x4c ting vi tri 6 nhé va ndi dung ciia né theo mot ma dia chi duy nhét.

7.1.2. Nhirng dac truwng chinh cia by nhé
7.1.2.1. Dung lwong ciia by nho.

Dung luong bd nhé 1a sd bit théng tin t6i da c6 thé luu giit trong nd. Dung luong ciing c6
thé biéu thi bang s tir nhé n bit. Tir nhé n bit 13 s6 bit (n) thong tin ma ta c6 thé doc hoic ghi
d@)ng thoi vao bd nhé. Vi du: Mot bo nhéd c6 dung lugng 1a 256 bit; néu no ¢ céu tric dé co thé
truy cdp cung mot lice 8 bit thong tin, thi ta ciing c6 thé biéu thi dung luong bd nhé 1a 32 tir nhé x
8 bit = 32 byte.
7.1.2.2. Cach truy cdp thong tin.

Céc bo nhd co thé co mot trong hai cach truy cap thong tin.

Truy cdp truc tiép, hay con goi 1a truy cp ngau nhién (random access). O cach nay, khong
gian bd nhé duoc chia thanh nhiéu 6 nhd. Mdi 6 nhé chta duoce 1 tir nhé n bit va ¢6 mot dia chi
xac dinh, ma hoa béng s6 nhi phan k bit. Nhu vay, nguoi st dung c6 thé truy cap truc tiép thong
tin & 6 nh¢ c6 dia chi ndo d6 trong bo nhé. Mdi bd nhé c6 k bit dia chi s& 6 2 6 nhé va c6 thé
ghi duoc 2* tir nhd n bit.
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Truy cdp lién tiép (serial access) hay con goi 1a kiéu truy cap tudn ty. Cac dia tir, bang tir,
tréng tir, thanh ghi dich...c6 kiéu truy cap nay. Cac bit thong tin duoc dua vao va lay ra mot cach
tuan tu.
7.1.2.3. Toc dp truy cdp thong tin.

Day 1a thong sb rat quan trong ctia bo nhé. N6 duoc dic trung bai thoi gian can thiét dé truy
cap thong tin.

Thoi gian truy cip thong tin & cac bo nhé truy cap kiéu truc tiép gom thoi gian tim dia chi
ctia 6 nhd va thoi gian doc/viét thong tin trén d6. Thoi gian truy cap thong tin phu thudc cha yéu
vao cong nghé ché tao. Vi cong nghé MOS thi thoi gian truy cap khoang 30 dén vai trim ns.

O céc bd nhd truy cap kiéu tudn tu, thoi gian truy cap phu thudc vao vi tri cia thong tin can
truy cap trong tap tin (file). Péi voi cac bang tir, dia tir thoi gian truy cdp ctia nd dugc dinh nghia
1a thoi gian trung binh hodc cuc dai dé truy cap mot thong tin va nam trong khoang vai msec dén

nhiéu sec.

7.1.3. Phan loai

BO NHO BAN
DAN
B6 nhé ¢ dinh B6 nhé ban ¢b B6 nhé doc/viét
ROM dinh
[ [
I | I I
MROM PROM EPROM EEPROM SRAM DRAM

Duya trén thoi gian viét va cach viét, co thé chia thanh bd nhd cd dinh, bo nhé ban c¢b dinh
va bo nhd doc/viét duge. Bo nhd ¢6 ndi dung dugc viét sin mot lan khi ché tao duge goi 1a bo nho
¢d dinh va dugc ky hiéu 1a ROM (Read Only Memory). Sau khi da dugc viét (bang mat na-mask)
tor nha may thi ROM loai nay khong viét lai duoc nira d6 chinh la MROM. PROM 1a mot dang
khac, cac bit c6 thé duoc viét bang thiét bi ghi cua ngudi st dung trong mot lan (Programmable
ROM).

Bo nhé c6 thé doc/ viét nhidu lan dugc goi 1a RAM (Random Access Memory) gom hai
loai: by nhd RAM tinh-SRAM (Static RAM) thuong dugc xay dung trén cadc mach di¢n tir trigo
va RAM dong-DRAM (Dynamic RAM) dugc xay dung trén co s& nhd cac dién tich ¢ tu dién; bd
nhé nay phai dugc hoi phuc noi dung déu dan, néu khoéng ndi dung s€ mét di theo su ro dién tich
trén ty. Gitta ROM va RAM c6 mot 16p cac bd nhd dugc goi 1a EPROM (Erasable PROM), dir
li¢u trong do co thé xoa duogc béng tia cyc tim va ghi lai dugc, EEPROM (Electric EPROM) c6
thé xo4 duoc béng dong dién. Cac loai nay con dugc goi la bd nhé ban ¢d dinh. Cac bd nhé
DRAM thudng thoa mén nhitng yéu cau khi can bd nhé c6 dung luong 16n; trong khi d6 khi can
6 tdc d6 truy xudt 16n thi phai ding cac bd nhd SRAM c6 gia thanh dat hon. Nhung cé hai loai
nay déu cé nhuge diém 1a thudc loai “bay hoi” (volatile), thong tin s& bi mat di khi ngudn nudi bi
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ngit. Do vay cac chuong trinh ding cho viéc khoi dong PC nhu BIOS thudng phai nap trén cac
bd nhé ROM.

7.1.4. T6 chitc ciia by nhé

B0 nh¢ thuong dugc td chuc gém nhiéu vi mach nhé duge ghép lai dé co do dai tir va téng
sO tir can thiét. Nhitng chip nhé duge thiét ké sao cho c¢6 ddy du mot sd chirc nang cia bd nhé
nhu:

e Mot ma tran nhé g6m cac 6 nhd, mdi 6 nhd g véi mot bit nh.
e Mach logic gidi ma dia chi 6 nhé.

e Mach logic cho phép doc ndi dung 6 nhé.

e Mach logic cho phép viét ndi dung 6 nhé.

e (Cac bd dém vao, bo dém ra va bo mo rong dia chi.

Céch t6 chtc don gian nhat 1a t6 chirc theo tir (word organized) v6i su chon tuyén tinh. Mot
ma trin nhé nhu vay c6 do dai cta cot bang s6 luong tir W va d6 dai ctia hang bang sé lugng bit B
trong mot tir. BO chon tir phai giai ma 1 tir W, nghia 13 giai ma dé c6 mot dau ra duy nhat cho mot
tir trong bo nhd. Phuong phap nay c6 thdi gian truy nhap ngan nhung can mot bo giai ma 16n khi
tong sb tir 16n, do d6 1am tang gia thanh san pham.

Kich thudc ciia phan giai ma dia chi s& giam di khi to chirc ma trdn nhé va phan logic chon
tir cho phép gidi ma hai budc. Ma tran nhé st dung gidi ma hai budc tng véi tur vat 1y va tir logic.
Tir vat 1y bao gdm s6 luong bit trong mot hang cta ma tran. Tir logic bao gdm sb lugng bit twong
g v6i mot tir logic dugc nhan biét va giri ra cung mot lic. Can hai bo giai ma: mot b giai ma
hang dé chon mot tir vat Iy va mot bd giai ma ¢t gém c6 mdt vai mach hop kénh chon mot tir
logic tir mot tir vat Iy da chon. Mot tir vat Iy dugc chia thanh S tir logic. B giai ma hang la b giai
ma chon 1 tr W ma B = W/S va bo chon ¢t chira B bo hop kénh mot duong tir S.

Vi du so 6 ROM dung lugng 2048 x 8 (2048 tir, mdi tir chira 8 bit) to chuc giai ma hai
budc nhu hinh 7- 1.

Ma tran nhé 1a 128 x 128, nhu vay co 128 = 27 tir vat ly. Mot tir vat Iy dugc chon boi 7
duong dia chi tir AO dén A6. Bo giai ma hang chon 1 hang tir 128 hang. Mot tir vat 1y duoc chia
thanh 128/8 = 16 nhom 8 bit. Nhom thir nhat chira nhimng bit c6 trong s cao nhat ctia 16 tir logic.
Nhom thir hai chira cac bit cao tiép theo cua 16 tir logic...Nhém cudi cing chira nhing bit thap
nhat cta 16 tir logic, do d6 S = 16. Nhu vay, nhitng bo giai ma cot gdm 8 bd hop kénh mot dudng
tir 16 duong dé cung cap mot tir locgic ra 8 bit. Nhitng dia chi tir A7 dén A10 diéu khién cac b
giai ma cot. Trudng hop dic biét khi sé phan tir trong mot tir vat 1y bang sos bit trong mot tir vét
1y thi d6 12 bd nhé t6 chirc theo bit c6 nghia 1a mbi tir logic c6 d6 dai 1 bit.
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Gidi ma hang 128
7 Pém 71 1tr128 .| Ma trin ROM
A0-A6 " vio - | 128 x 128 bit
4
4 128
4 8 bo giai ma cot
AW 0 1t 16
Vv
v38
CS —» bémra

48
07,,,00
Hinh 7-1. Mt vi du vé gii ma hai buéc cho ma tran ROM 128 x 128

Céc bd dém ra dam bao cac muc logic mong mudn va cung cap du dong dién, ngoai ra nd
con c6 dau ra collector hé hodc 3 trang thai cho phép ndi chung dau ra ciia mot vai chip voi nhau.
B6 dém ra dugc diéu khién bai mot hay nhiéu dau vao nhu chon mach CS (Chip Select), cho phép
mé CE (Chip Enable) hay cho phép mé dau ba trang thai OE (Output Enable).

7.2. DRAM

7.2.1. CAu tao cia DRAM

Cac 6 nhd duoc xép xép theo hang va ¢t trong mdt ma tran nhé. Dia chi 6 nhd dugc chia
thanh hai phﬁn: dia chi hang va cot. Hai dia chi nay dugc doc vao bd dém mot cach lan luot. Xir
Iy kiéu nay duoc goi 1a hop kénh, 1y do 1a dé giam kich thudc bd giai ma, tic 1a giam kich thude
va gia thanh vi mach. Qua trinh don kénh dia chi nay dugc diéu khién boi cac tin hiéu RAS (Row
Access Strobe) va CAS (Column Access Strobe).

Néu RAS & muc tich cuc thép thi DRAM nhan dugc dia chi dat vao n6 va st dung nhu dia
chi hang.

Néu CAS& muc tich cuc thép thi DRAM nhan dugc dia chi dat vao n6 va st dung nhu dia
chi cOt.

Mot 6 nhéd cia DRAM gém cd mot transistor truong MOS c6 trd 16i véao rat 1on va mot tu
dién C la linh ki¢n luu trir mot bit thong tin twong ng voi hai trang thai cd hoac khong co dién
tich trén tu.

16@:«1 Transistor

bién cuc

2 .
n- Ngudn n- Mang
T —

Vung lwu gitr
dién tich

Dé ban dan loai p
WL

BL BL
Hinh 7-2. Ciu tao mét 6 nhé cia DRAM
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Transistor 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 transistor dugc ndi voi day hang (con goi 1a day tir-
WL-Word Line) va cuc méang (Drain) dugc nbi voi day cdt (con dugc goi la day bit BL hoac BL-
Bit Line), cuc nguén (Source) duoc ndi vé6i tu dién. Dién ap nap trén ty tuong ddi nho, vi thé can
st dung khuéch dai nhay trong mach nhé. Do dong 1o cua transistor nén 6 nhd can dugc nap lai
trudce khi dién ap trén tu thép hon mdt ngudng nao d6. Qua trinh nay dugc thuc hién nhd mdt chu
ky “lam tuoi” (refresh), khi d6 dién ap trén tu

/

duoc xéc dinh (¢ trang thai 0 hay 1) va mac dién n — 1 16 | ono
ap logic nay duoc viét lai vao 6 nho. Dn | 2 151 s

Mot sb loai chip DRAM thudng gip la: we — 3 14 b
TMS 4116: c6 dung lugng 16k x 1 bit; 41256 ¢co RAS | 4 13 .
dung lugng 256k x 1 bit. Thoi gian truy cép s 5 12
thong tin khoang 150 nsec, cong sudt tiéu thu 5 11 he
khoang 280 mW khi lam viéc (khi chd =28 mW) - — As

: — e 10 L

Hinh 7-3 1a vo cta IC 41256 dung luong 3 As

256k x 1 bit. Mach cAn 18 bit dia chi dé ma hoa v | 8 S &

cho cac dia chi hang va c0t; nhung trén vo chi co
9 dwong dia chi tir Ay dén Ag. Hai chian RAS,
CAS hoat dong ¢ muc cao, dung dé diéu khién 9 bit dia chi trén chip t&i bo giai ma dia chi hang
hay cot.

Hinh 7-3. IC 41256

7.3. SRAM

Mot 6 nhé cua SRAM gitlr thong tin boi trang thai cua mach trigo. Thuét nglt “tinh” chi ra
rang khi ngudn nudi chua bi cat thi thong tin ctia 6 nhé van duoc gitt nguyén. Khac véi 6 nhé
DRAM, ¢ day 6 nhd trigo cung cdp mot tin hidu s6 mach hon nhiéu vi di co céc transistor trong
cac 6 nho, chung ¢ kha ning khuéch dai tin hiéu va do d6 co thé cap truc tiép cho cac duong bit.
Trong DRAM, su khuéch dai tin hiéu trong cac bd khuéch dai can nhiéu thoi gian va do do thoi
gian truy nhap dai hon. Khi dinh dia chi trong cac trigo & SRAM, cic transistor bo sung cho cac
trigo, cac b gidi ma dia chi...cling dugc doi héi nhu & DRAM.

WL
WL

L BL BL
BL BL

Hinh 7-4. Ciu tao mét 6 nhé cia SRAM va DRAM

Nhu trong DRAM, cuc ctra cua transistor dugc ndi véi duong tr va cuc mang ndi vai cap
dudng bit. Néu s6 lieu duoc doc tir 6 nhd, khi d6 bo giai ma hang kich hoat duong day tir WL

tuong tng. Hai transistor T dan va ndi trigo nhé véi cap ddy bit. Nhu vay hai 16i ra Q va 6 duogc
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n6i v6i cac duong bit va cac tin hidu duge truyén téi bo khuéch dai ¢ cudi duong day nay. Vi dién
thé chénh 1éch 16n nén xur 1y khuéch dai nhu vay s& nhanh hon trong DRAM (c& 10 ns hodc ngin
hon), do d6 chip SRAM can dia chi cot sém hon néu thoi gian truy nhap khong duoc giam. Nhu
vay SRAM khong can thuc hién phan kénh cac dia chi hang va cot. Sau khi s6 liéu 6n dinh, bod
giai ma cdt chon cot phu hop va cho ra tin hiéu s6 lidu t6i bd dém sb liéu ra va téi mach ra.

Viét s6 liéu duge thuc hién theo cach nguoc lai. Qua bo dém vao va bg giai ma cot, s6 liéu
viét duoc dat vao bd khuéch dai phii hop. Cung lac d6 bo giai ma hang kich hoat dudng day tir va
lam transistor T dan. Trigo dua s6 liéu dugce luu trit vao cap day bit. Tuy vay, bd khuéch dai nhay
hon cac transistor nén no sé cép cho céc duong bit mot tin hi¢u phu hgp véi s6 liéu viét. Do do,
trigo s& chuyén trang thai phu hop véi sb

liéu maéi hodc giﬁ’ gia tri qa duoc lvu trle phu NG — 17 28— +veo
thudc vao viéc so li€u viét trung véi so ligu A12 — 2 27 — RIW
da luu trir hay khong. A7 =3 26— Cs
. A6 — 4 25 — A8
Mot s6 IC DRAM thuong gap la 2148, A5 — 5 24 — A9
2114-2 cua hang Intel. Dung luong 1k x 4 A4 — 6 23 — A1
bit. Thoi gian truy cap thong tin khoang 200 A3 —7 B
5ng suat tiéu thy 525 mW rd 2
ns, cong suat ti€u thu mW. wd o I
IC TMS 4016 dung lugng 2k x 8 bit. A0 — 10 19 — D7
po — 11 18— D6
IC HM 6116, ho CMOS, dung lugng D1 — 12 17 |_ D5
2kbyte, thoi gian truy cap 1a 120 nsec, cong D2 — 13 16 — E‘;
suat tiéu thy khi lam vigc 1a P = 180 mW GND —1.14 B
(khi cho ~ pW). Hinh 7-5 gidi thiéu IC
6264, dung lugng 8 kbyte, va bang diéu kién Hinh 7-5. So dd chan ciia SRAM 6264
thao tac cia no.
Phwong thirc hoat dong cs CS wWE OE
Khong dwgc chon H X X X
Poc L H H L
Poc nhung khong xuitdirlitu L H H H
Ghi L H L L

7.3. BQ NHO CO PINH - ROM

Céc chip RAM khong thich hop cho cac chuong trinh khéi dong do céc thong tin trén d6 bi
mat khi tit ngudn. Do vay phai dung dén ROM, trong d6 céc sd liéu can luu trit dugc viét mot lan
theo cach khong bay hoi dé nham giit dwoc mai.

7.3.1. MROM
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ROM lap trinh theo kiéu mat na dugc goi la
MROM. Né dugc ché tao trén mot phién silic theo ﬁ] ﬁ] f] f]
mot s6 bude xur Iy nhu quang khic va khéch tan dé
tao ra nhimg tiép giap ban dan c6 tinh dan dién theo i /
moét chidu (nhu diode, transistor truong). Nguoi thiét } Ci
ké dinh 16 chuong trinh muén ghi vao ROM, thong _;P“ f' dav hﬁ:Z (i
tin nay dugc sir dung dé diéu khién qué trinh lam mat ¥
na. Hinh 7-6 1a mot vi du don gian vé so dd MROM
dung diode.

Ciac day bit

Chd giao nhau giita cac day tir (hang) va cic
day bit (cot) tao nén mot phan tir nhd (6 nhd). Mot
diode duoc dt tai d6 (hinh v&) s& cho phép luu trit s6 lidu “0”. Nguoc lai nhing vi tri khong c6
diode thi s& cho phép luu trir sé liéu “1”. Khi doc mot tir s liéu thir i cia ROM, bo giai ma s& dat
day tir 46 xudéng mirc logic thap, cac diy con lai & mirc cao. Do véy chi nhiing diode nbi voi day
nay duoc phan cuc thuan, do d6 né s& dan 1am cho dién thé 16i ra trén cac ddy bit twong tng &
mirc logic thap, cac day bit con lai s& gitr & muc cao.

Hinh 7-6. MROM diode

Ca hai cong nghé MOS va ludng cuc duge diung dé ché tao MROM. Thoi gian truy nhép
cua by nhd ludng cuc khoang tir 50 — 90 ns, bo nhd MOS lau hon khoang 10 lan. Do d6 ROM
ludng cuc nhanh hon va c¢6 kha ning kich hoat tét hon trong khi mach nhd MOS cung dung luong
c6 kich thude nho hon va tiéu thu nang luong it hon.

7.3.2. PROM

PROM ciing gdom c6 cac diode nhu & MROM nhung chiing ¢6 mat day du tao cac vi tri
giao nhau giira ddy tir va ddy bit. Mdi diode dugc ndi vi mot cau chi. Binh thuong khi chua lap
trinh, cac cau chi con nguyén ven, ndi dung cia PROM sé€ toan 1a 0. Khi dinh vi dén mot bit béng
cach dat mot xung dién ¢ 16i ra twong tmg, cau chi s& bi dut va bit ndy sé bang 1. Bang cach do ta
6 thé 1ap trinh toan bd cac bit trong PROM. Nhu vay, viéc lap trinh d6 co thé duoc thuc hién boi
nguoi sir dung chi mot 1an duy nhat, khéng thé stra d6i duoc.

7.4. BQO NHO BAN CO PINH

7.4.1. EPROM (Erasable PROM)

S liéu vao co thé duge viét vao bang xung dién nhung duoc luu giit theo kiéu khong bay
hoi. D6 1a loai ROM ¢6 thé lap trinh dugc va xéa dugc. Hinh 7- 7 chi ra cdu trac ciia mot
transistor dung dé 1am mot 6 nhd goi 14 FAMOST (Floating gate avalanche injection MOS
transistor).

Trong 6 nh¢ dung transistor nay, cuc cura dugc ndi véi duong tur, cuc mang dugc ndi véi
duong bit va cuc ngudn duoc ndi véi ngudn chuan duge coi 1a ngudn cho mirc logic 1. Khac véi
transistor MOS binh thudng, transistor loai ndy con c¢6 thém mét ctra goi 1a cita noi (floating
gate); d6 1a mot vung vat lieu dugce thém vao vao gitra 16p cach dién cao nhu & hinh 7-7. Néu cua
n6i khong c6 dién tich thi no khong anh huong gi dén cuc cira didu khién va transistor hoat dong
nhu binh thuong. Tuc 1a khi day tir dugc kich hoat (cuc ctra ¢6 dién thé duong) thi transtor dan,
cuc mang va ngudn duge ndi v6i nhau qua kénh dan va day bit c6 mirc logic 1. Néu cira ndi c6
cac dién tir trong d6 véi dién tich am thi chung s& ngan trudng diéu khién ciia ctra ctra va du day
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tir duoc kich hoat thi ciing khéng thé phat ra truong diiu manh véi cuc cira diéu khién dé 1am
thong transistor. Luc nay dudng bit khong duoc ndi v6i ngudn chuan va 6 nhé coi nhu duoc gitr
gia tri 0.

Ngudn Coa Mang
fiv @ o

vv | vy N ”

Clra didu khién
ﬂ Cira noi [7

© 00

n- Ngudn n- Mang

© 006

Dé ban dan
loai p

Hinh 7-7. Cu tric cia mét EPROM

Viéc nap cac dién tr vao vung cua ndi, tire 14 tao ra cac 6 nhé mang gia tri 0 dugc thuc hién
boi xung dién c6 do dai cd 50 ms va do 16n + 20 V dat gifra cuc ctra va cuc mang. Luc d6 nhitng
dién tich mang ning lugng 16n s& di qua 16p cach dién gitta dé va cira ndi. Chung tich tu trong
vung ctra ndi va duoc giit & day sau khi xung lap trinh tat. D6 1a do cira ndi duoc cach dién cao
v6oi xung quanh va cac dién tir khong con du nang lugng sau khi lanh di, dé co thé vuot ra ngoai
16p cach dién d6 nita. Chung sé& dugc giit & ddy trong mot thoi gian rat dai (it nhét 13 10 nam).

Dé xo4 cac thong tin, tirc 13 1am mat cac dién tich dién tir trong ving ctra ndi, phai chiéu
anh sang tir ngoai UV vao chip nh¢. Luc nay, nhitng dién tr hip thu duo ning luong va s& nhay
1én cac muc ning luong cao va roi khoi cira ndi gidng nhu cach ma chung dd tham nhap vao.
Trong chip EPROM c6 mdt cira s6 1am bang thuy tinh thach anh chi dé cho anh sang tir ngoai di
qua khi can xo04 sb liéu trong bd nhd.

7.4.2. EEPROM (Electrically Erasable PROM)

Cira s6 thach anh c6 gia thanh kha dét va khong tién loi nén nhitng nim gin dy xut hién
cac chip PROM c6 thé xo4 sb liéu bang phuong phap dién. Cau triic cta 6 nhé gidng nhu hinh 7-
8.

Viéc nap cac dién tir cho ctra ndi duoc thuc hién nhu cach & EPROM. Béng mot xung dién
tuong ddi dai, cac dién tich mang nang lugng cao dugc phat ra trong dé s& thim qua 16p cira oxit
va tich ty trong cira nbi. Dé xo4 EEPROM, mét 16p kénh mang mong 6xit giita viing cira ndi trai
xudng dudi dé va cyc mang gitr vai tro quan trong. Céac 16p cach dién khong thé 1a 1y tuong duoc,
cac dién tich c6 thé tham qua 16p phan cach v6i mot xac sudt thap. Xac sudt nay 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
cac dién tich trong vung ctra ndi mot dién thé (-20 V) duogc dat vao cuc ctra diéu khién va cuc
mang. Luc nay cac dién tir 4m trong ctra ndi duoc chay vé cyc mang qua kénh mang mong oxit va
s liéu luu giit duge xoa di. Piéu luu ¥ 1a phai 1am sao cho dong dién tich nay chay khong qua 1au
vi néu khong ving cira ndi nay lai tré nén tich dién dwong lam cho hoat dong cua transistor khong
duogc trang thai binh thuong (mirc nhé 1).
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Hinh 7-8. CAu tric cia EEPROM

Céc chip ROM hién nay c6 thoi gian truy nhép tir 120 ns dén 150 ns dai hon nhiéu thoi gian
do6 trong céc chip nhd RAM.

7.4.3. Pia cung silicon- B nhé¢ FLASH

Trong nhiing nam gﬁn day, mdt loai bg nhd khong bay hoi méi da xuét hién trén thi
truong, thuong duoc sir dung thay thé cho cac 6 dia mém va cimg trong nhitng may tinh. D6 1a bd
nh¢ flash. Cu tric ciia ching co ban nhu EEPROM, chi ¢6 16p kénh 6xit & cac 6 nhd mong hon.
Do vay chi can dién thé ¢& 12 V 1a ¢6 thé cho phép thuc hién 10 000 chu trinh xo4 va 1ap trinh. Bo
nhé flash ¢6 thé hoat dong gﬁn mém déo nhu DRAM va SRAM nhung lai khong bi mét sb liéu
khi bj cét dién. Hinh 7- 9 chi ra so d6 khdi cia no.

Phén chinh 1a mang nhé bao gébm cac 6 nhé FAMOST nhu dugc mé ta & muc trén. Gidng
nhu SRAM, bd nhé flash khong ddn phan kénh dia chi. Cac by gidi ma hang va ¢t chon mot
duong tir va mot hodc nhiéu cap duong bit. S liéu doc duoc dua ra ngoai by dém s6 liéu 1/0 hodc
duogc viét vao 6 nhé da duoc dinh dia chi boi bo dém nay qua cong /0. Xt 1y doc duoc thyuc hién
v6i dién thé MOS thong thuong 1a 5V. Dé 1ap trinh mot 6 nhd, don vi diéu khién flash dat mot
xung dién thé ngan ¢& 10 ps va 12 V gay nén mét sy choc thing thac 1i vao transistor nhé dé nap
vao ctra n6i. Mot chip nhé flash 1 Mb c6 thé duoc lap trinh trong khoang 2 sec, nhung khac vai
EEPROM vi¢ce xo0a dugc thuc hién tirng chip mot. Thoi gian xoa cho toan bo bo nhé flash khoang
1 sec. Xt 1y doc, 1ap trinh va xo4 duoc diéu khién bai cac 1énh c6 do dai 2 byte duoc bo xir 1y viét
vao cac thanh ghi 1énh cia mach diéu khién flash.
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Hinh 7-9. So' @6 bé nhé FLASH

Muc dich sir dung chinh ctia b nhé flash 1a dé thay thé cho cac 6 dia mém va 6 dia cling
dung luong nho. Do né 1a mach tich hgp nén ¢6 uu diém 1a kich thudc nho va tiéu thu ning luong
thap, khong bi anh hudng cia va dap. Cac dia cling chat rin dua trén co sé cic bd nhé flash c6 loi
thé vé cong sudt tiéu thu ciing nhu gia thanh c6 dung lugng t6i vai Mbyte. Cac card nhé loai nay
¢6 uu diém 1a khong gap phai vin dé& mat thong tin nhu truong hop RAM CMOS khi pin Ni-Cd bi
hong. Thoi gian luu trit thong tin trong bd nhé flash it nhat 13 10 ndm, théng thudng 1a 100 nim,
v6i khoang thoi gian nay thi cic dia mém va cing da bi hong roi.

Nhuoc diém cua bd nhé flash 1a chi ¢ thé xoa theo kiéu 1an lugt timg chip hodc 1an lugt
tung trang.

7.4.3. B) nhé CACHE

Vi cac méy tinh ¢6 toc do nhanh (trén 33MHz), can phai xen cac trang thai doi khi truy
xudt dit lidu t6i cac DRAM ré tién nhung c6 thoi gian tham nhap cham (60-120ns). Diéu nay lam
giam hiéu sudt cia may. C6 thé giai quyét bang cach dung cac SRAM c6 thdi gian tham nhap
ngan hon (20-25 ns, tham chi 12 ns) nhung gia thanh lai rat dit. Bo nhd Cache két hop dugc cac
loi diém nhanh cia SRAM va ré ciia DRAM. Giita CPU va bd nhd chinh bing DRAM, ngudi ta
xen vao mot bo nhé SRAM nhanh ¢6 dung lugng nho béng 1/10 hodc 1/100 1an bd nhé chinh goi
1a cache; dui su diéu khién cua mach diéu khién cache, bd nhé nay s€ luu trit tam thoi cac sb liéu
thuong duoc goi va cung cip né cho CPU trong thoi gian ngan.

Cache chtra cac thong tin méi vira dugc CPU str dung gan day nhat. Khi CPU doc s6 lidu n6
s& dua ra mot dia chi t&i bo diéu khién cache. Sau d6 mot trong hai qua trinh sau s€ xay ra:
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- Cache hit: néu dia chi d6 da c6 sin trong RAM cache.
- Cache miss: nguoc lai, néu dia chi d6 khong c6 san trong RAM cache.

Nhu véy, cache hit ty 1& v&i truy xuat théng tin ¢ san trong bd nhd cache SRAM, con
cache miss lai ty 1& vi truy xuat thong tin co trong b nhd chinh 1a cac DRAM.

SRAM Cache

CPU DRAM trong bd
nhé chinh

B6 diéu khién CACHE

Hinh 7-10. Nguyén ly cia Cache
7.5. MO RONG DUNG LUQONG BQ NHO

Céc vi mach nhé ban dan chi c6 dung lugng xac dinh. Muén ¢6 bd nhé cd dung lugong 16n
hon, ta tim cach ghép nhiéu vi mach nhé nham mét trong ba muc dich sau:

- Tang do dai nh¢, nhung khéng 1am ting sb luong tir nhé.
- Ting s lugng tir nhd nhung khong 1am tang d6 dai tir nhé.
- Tang ca sb luong va do dai tir nho.

7.5.1 Mé rong do dai tir

Trén mdt chip nhg, cod thé ¢6 duoc 1 dén mot sb hiru han 16i ra, thuong 1a 4 hoac 8 bit.
Muén c6 d6 dai tir 1on hon, chang han tir 4 1én 8

hodc 16 bit, ta tién hanh ghép nhiéu chip nhd nhu §A° —
chi & hinh 7-10 déi voi RAM. Déi v6i ROM cich i BUS diachi
lam cling twong tu, chi khac trong truong hop J L
ndy, c6 thé khong c6 16i vao R/ W. ~—2
R/W —
7.5.2 M6 rong dung luong R?M R/W RII\IM
Mudn mé rong dung luong, ta ciing ghép s CS CS|
nhiéu chip lai v6i nhau. Nhu d3 biét, dung luong ’7
c6 lién quan dén sb 161 vao dia chi (C = 2N x do
dai tir, voi N 1a s6 161 vao dia chi). Ctr ting 1 chip Dy s~ _—
v A oA T A n ae , , BUS dit liéu
thi can c6 thém mot 161 vao dia chi. : 4 L
Khéc véi truong hop moé rong do dai tu, khi b BUS dir lidu

mo rong dung lugng cac 161 vao/ra dir li€u D va

Hinh 7-10. So d6 mé rong do dai tir.
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RV dugc ndi song song. Mot phan dung luong dugc trir vao mdi chip. Su phan chia nay dya
trén co so to hop dia chi vao va 16i vao diéu khién. Hinh 7-11 1a mot so d6 vi du.

Ag—> Ay : Ay : > A, : > A,
: IC1 | [IC2 | | 1c3 | |IC4
Ay A, A, ol A ol A
2k 2k [T ok [T 2k
Ap P CS, CS, CS, CS,
B0 giai
Ap—> ma vao
’ 2ra4 L

Hinh 7-11. Phuong phap mé rong dung lugng.

Pé thyc hién phép mé rong ta phai st dung mot sb 161 vao dia chi danh riéng cho bo giai
ma (thuong 1a cac dia chi c6 trong ) cao). O so d6 trén ta chon 2 dia chi A, va Az dé giai ma.
Do d6 ta c6 thé nhan duoc 4 gia tri ra twong tmg. Céc gia tri nay tac dong lén cac 16i vao CS dé
md tudn ty cac IC nhd. Cac IC nhé nay c6 thé lam ROM hodc RAM hoic ca hai 1a tiy chon. Tuin
te m& cac IC theo Aj,, Az nhu chi ra & bang hoat dong sau.

Az A a IC m¢é | Khoang dia chi
0 0 |CS, |ICT |0000-OFFF
0 1 | CS, |ICTI |1000-1FFFy
1 0 | CS; |IC I |2000-2FFF
1 1 | CS, |IC IV |3000-3FFF;

K§¥ thuat nay thuong dugc ing dung trong cac hé thong vi xir 1y, phd bién nhit 1a cac may
vi tinh. Phuong phép nay khong chi cho phép mé rong dung lugng, ma con tao ra sy phan vung
nhd. Chi can ba dia chi giai ma da co thé tao ra duge 8 ving nhé voi dung luong tiy thude cac
chip thanh phan.

TOM TAT

Trong chuong nay chung ta trinh bay nguyén 1y cu tao, cic tinh ning co ban cia cac loai
bd nhé ban din: ROM, PROM, EPROM, EEPROM, SRAM, DRAM, FLASH, CACHE.

Céc chip RAM khoéng thich hop cho cac chuong trinh khéi dong do cac thong tin trén do bi
mat khi tat nguon. Do vay phai ding dén ROM, trong d6 céac s6 liéu can luu trir duoc viét mot 1an
theo cach khong bay hoi dé nham gitr dugc mai.

Trong nhitng nim gan ddy, mot loai bd nhé khong bay hoi méi dd xuét hién trén thi trudng,
thuong duge st dung thay thé cho cac 6 dia mém va clng trong nhitng mdy tinh. D6 1 bo nhé
flash. Cau tric cua ching co ban nhu EEPROM, chi ¢6 16p kénh 6xit ¢ cac 6 nhé mong hon.

Vi cac may tinh c6 tbc do nhanh (trén 33MHz), can phai xen cac trang thai doi khi truy
xuat dir lidu t6i cic DRAM ré tién nhung c6 thoi gian tham nhap cham (60-120ns). Dicu nay lam
giam hiéu suit ciia may. Co thé giai quyét bang cach ding cac SRAM c6 thoi gian tham nhap
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ngan hon (20-25 ns, tham chi 12 ns) nhung gia thanh lai rat dit. B nhd Cache két hop dugc cac
loi diém nhanh ctia SRAM va ré ciia DRAM.

Trong chuong nay con gidi thiéu cich md rong dung luong va do dai tir ctia bo nhé ban dan.
CAU HOI ON TAP
1. B9 nhé ROM la b nho:
a. Chi c6 thé doc.
b.  Chico thé viét.
c. C6 thé vira doc vira viét.
d.  Khong c6 phuong an nao dung.
2. B0 nhé RAM la b nho:
a. Chi c6 thé doc.
b.  Chico thé viét.
C. Co thé vira doc vira viét.
d.  Khong c6 phuong an nao dung.
3. Linh ki¢n luu git bit thong tin cuia DRAM la:
a.  Transistor.
b.  Trigo.
c. Tudién.
d.  Diode.
4. Linh kién luu giir bit thong tin cia SRAM la:

a. Transistor.

b.  Trigo.
c. Tudién.
d. Diode.

5. MROM dugc ché tao béi cong nghé :
a.  LuOng cuc.
b. MOS.
c.  Ludng cuc va MOS.
d.  Khong c6 phuong an nao dung.
6. PROM la loai ROM c6 thé:
a. Chi lap trinh dugc mot lan.

b.  Lép trinh duoc nhiéu lan.
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C.

d.

Léap trinh dugc va xoa dugc.

Khong c6 phuong an nao dung.

7. Linh kién luu gilr bit thong tin cuia EPROM la:

10.

1.

12.

a.
b.
C.

d.

Transistor ludong cuc.
Transistor truong.
Tu dién.

Diode.

Trong EPROM, viéc nap céc di¢n tich vao vung ctra ndi c¢6 nghia la:

a.
b.
C.

d.

Tao cac 6 nhd mang gia tri 0.
Tao cac 6 nhd mang gia tri 1.
Tao cac 6 nhd mang gia tri 0 va 1.

Khong c6 phuong an nao dung.

EEPROM la loai ROM c0 thé:

a.
b.
C.

d.

Chi lap trinh dugc mot lan.
Lap trinh dugc va xod dugc mot lan.
Lap trinh dugc va xoa dugc nhiéu lan.

Khoéng c6 phuong an nao dung.

Mubn xo4 dit liéu trong EEPROM thi can:

Chiéu tia tir ngoai vao.
Can dat vao cuc ctra di¢u khién va cuc mang mét dién theé co6 gia tri 20V.
Can dat vao cuc cua dieu khién va cuyc mang mdt dién the co6 gia tri - 20V.

Ca phuong an trén déu dang.

B6 nhé FLASH la loai bd nho:

a.
b.
C.

d.

Mat dir li¢u khi mat nguon nuoi.
Khong mat dix liéu khi mat nguon nudi.
Bi mat dan dir li¢u ngay ca khi c6 ngudn nuéi.

Khong c6 phuong an nao dung.

B6 nhd FLASH 1a loai bo nhé c6 thé thay thé cho:

O dia mém.
O dia cling.
O mém va 6 cung c6 dung luong nho.

Khong c6 phuong &n nao ding.
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CHUONG 8: LOGIC LAP TRINH (PLD)

GIOI THIEU

Cac mach k¥ thuat s6 t6 hop va tuan tu da dugc dé cap ¢ cac chuong trude. Cac IC s6 rat da
dang tir thuc hién céc phép tinh k¥ thuat sb cin ban dén cac chic ning phic tap khac nhu: bo hop
kénh, phan kénh, b cdng, so sanh, bd ma hoa, giai ma, bd dém... Chting Ia cac IC s6 ¢o chuc
nang ¢d dinh, tirc 1a mdi IC thyuc hién mot chu nang chuyén bi¢t. Nhiing linh kién nay dugc san
xuat mot s6 lwong 16n dé dap tng nhu cau tng dung phong phi.

Dé thiét’ Kké mot mach, nha thiét ké co th§ chon tir céc IC ¢o san phu hop nhit cho mach
dién. Phan thiét ké nay c6 thé dugc chinh stra dé dap ung cac yéu cau chuyén bi¢t cua nhiing linh
kién nay.

Uu diém cuia phuong phap nay 1a:

1. Chi phi phat trién thap.
2. Van hanh nhanh xung quanh ban thiét ké.
3. Tuong ddi dé thu nghiém cac mach
Nhuoc diém:
1. Cac yéu cau vé kich thudc trong bang mach 16n.
2. Yéu cau vé dién 16n.
3. Thiéu tinh bao mat. (Cac bang mach c6 thé bi sao chép).
4

Céac yéu cau vé chi phi bd sung, khoang trong, dién...can thiét dé chinh sira ban
thiét ké hodc trinh bay cac tinh niang khac.

Pé khic phuc nhing nhugc diém cua thiét ké bang cach sir dung cac IC chire ning c¢d dinh,
cac mach tich hop chuyén biét tmg dung (ASIC-Aplication Specific IC) di dugc phat trién. Cac
ASIC di dugc thiét ké dé dap ung cac yéu cau chuyén biét cia mot mach va dugc gidi thiéu boi
mot nha san xuét IC. Cac thiét ké nay quéa phtrc tap khong thé thyc hién bang cach sir dung cac IC
chiic nang ¢d dinh duoc.

Uu diém cta phuong phap nay 1a:

1. Giam thiéu dugc kich thudc thong qua viée sir dung mirc tich hop cao.

2. Giam thiéu dugc yéu ciu vé dién.

3. Néu duoc san xuat theo mot quy mé 16n thi chi phi giam déng ké.

4. Viéc thiét ké dugc thuc thi dudi dang nay thi hoan toan khong thé sao chép dugc.
Nhuge diém:

1. Chi phi phat trién ban dau co thé cuc ky 16n.
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2. Cac phuong phéap thir nghiém phai dugc phat trién va diéu nay lam gia ting chi phi
va cong suc.

C6 mot phuong phap khac co cac wu diém cua hai phuong phap trén 13 sir dung céc thiét bi
logic 6 thé 1ap trinh duge (PLD). Mot thiét bi logic ¢6 thé 1ap trinh 13 mot IC ma nguoi dung c6
thé c4u hinh dé chiing c6 kha ning thuc thi cac chirc nang logic nhu mong mudn. Day 1a mot chip
LSI ¢6 chita mdt cau trac “binh thuong” va cho phép nha thiét ké tao tuy bién cho né dé dung cho
bat ky trng dung dac biét nao, tirc 1a n6 co thé duoc nguoi dung 1ap trinh dé thyuc hién mét chuc
nang can thiét cho tmg dung cua ho.

Céac PLD ¢6 cac uu diém sau:
1. Chu ky thiét ké ngén.
Chi phi phat trién thap.
Giam thiéu duoc yéu cau khoang trong trén bang mach.
Giam thiéu duoc yéu cau veé dién.
Bao dam tinh bao mat caa thiét ké.
Mach duge két chit lai.
Tbc d6 ddo mach nhanh hon.
Mat d¢ tich hop cao.

A e IS N I

Chi phi san xuat s6 luong 16n thap.

PLD ciing cho phép nha thiét ké c6 nhiéu phuong tién linh dong hon dé thi nghiém vdi cac
ban thiét ké boi vi chung ¢ thé duoc 1ap trinh lai trong vai gidy.

Véi nhidu wu diém nhu vay nén hién nay c6 mot ) luong 16n cac PLD dugc cac nha san
xuét IC tao ra v6i nhiéu tinh nang da dang va nhiéu tuy chon co san dé nha thiét ké mach co thé st
dung mot cach phd bién. Cau trac va cac tinh ning da dang khac cta cac PLD nhu ROM, cic
mang logic l4p trinh (PLA). Logic mang c¢6 thé 1ap trinh (PAL), thiét bi logic ¢ thé 1ap trinh don
gian (SPLD), va cac mang cong c6 thé 1ap trinh truong (FPGA) s& duge dé cap ¢ ddy. Cong dung
ctia nhitng thiét bi nay yéu cau phai co thay ddi thiét ké truyén théng, mic dau cac khai niém co
béan van duoc gitr lai khong ddi.

NOI DUNG

8.1. GIOI THIEU CHUNG VE LOGIC KHA TRINH (PLD)

Vi mach 14p trinh, viét tit 1a PLD (Programmable Logic Device), 1a loai cAu kién dién tur c6
nhiéu vu diém va hién nay dang duoc phat trién rdt manh. V& nguyén 1y, ching c¢é ciu tao rat
giéng v6i PROM. Viée lap trinh cho PLD c6 thé duoc thuc hién béng cac cong ngh¢ khac nhau,
dua trén co s& bé cau chi hoic chuyén mach. Tuy nhién, ing dung cua PLD lai rat khac voi
PROM. Mot PLD, duoc tao thanh béng mot sb céng AND, OR, XOR hodc ca cac trigo, co thé
thuc hién nhiéu ham Boole khac nhau.
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8.2 SPLD

SPLD - ciu kién logic kha trinh don gian. Day 12 loai cau kién sb ¢6 nhiéu vu diém va ciing
d3 duogc phat trién rit manh. V& nguyén 1y, chung c6 cdu tao rit gidng véi PROM. Viéc 1ap trinh
cho SPLD c6 thé dugc thuc hién béng cac cong nghé khac nhau, dya trén co sd thuc hién cac két
ndi béng cach st dung cAu chi hodc chuyén mach. Mot SPLD, duogc tao thanh bé‘mg mot sd mang
cf)ng AND, OR, XOR hoac ca cac triger, c6 thé thuc hién nhiéu ham Boole khéac nhau.

Céac SPLD déu c6 cau tao dua trén mot trong hai dang cau tric chinh: méang logic kha trinh
PLA (Programmable Logic Array) va logic mang kha trinh PAL (Programmable Array Logic).

Diu vao PAL Diu vao PLA

Paura

(?UU

UUUU

¥
_C(
_C(
_C(
_<(

Hinh 8.1 - So sanh giita PAL va PLA

Thanh phan co ban ctia PLA 13 mét mang AND va mot mang OR 1ap trinh dugc. M&i mang
AND, OR g@)m cac hang va céac cot lién két v&i nhau. Tai mdi diém giao gitra hang va cdt, c6 mot
cau chi. Khi cau chi dong, tai diém do6 co két ni gitra hang va cét, khi cau chi ngét, tai d6 khong
c¢6 két ndi. Viéc dong ngit cau chi dugc thyue hién bang phan mém (do 1ap trinh vién hodc sir
dung cong cu In- System Programming (ISP) — 1ap trinh trén hé thng).

Céu triic PLA tao ra sy to hop tiy v giita cac cong AND va OR, cho mat do logic cao
nhung tdc d6 cham, sb lugng ciu chi 16n. Vi vy, sau nay ngudi ta da dua ra mot kiéu kién truc
khéc 1a logic mang kha trinh PAL (Programmable Aray Logic).

Cong nghé PLD xuat hién tir rit sém voi cac cong ty nhu Xilinx — san xuét vi mach CMOS
cong suit cuc thip dua trén cong nghé Flash. PLD duya trén cong nghé Flash cho phép 1ap trinh va
x04 vi mach nhiéu lan béng dién, nho do tiét kiém duoc thoi gian so v&i xo0d vi mach béng tia cuc
tim.

8.3. CPLD (Complex PLD)
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10/Registers/Logic Interconnect 10/Registers/Logic
A
s A N \
Function Block
I ----------- -
HCO | HCO
I |
Logic Logic
g Block ° = W G o
= |
MCn = 1 HCn
1 =] ------------I
=
-]
HCO = HCO
Luyic . 2 Luyic
.’ Block Block !
HCn HCn
|

L o
FJ
Hinh vé 8.2 - Kién tric ciia CPLD

Thiét bi logic kha trinh phitc hgp (CPLD) ¢6 mat dé logic cao hon so v&i cac PLD don gian
nhu da xét ¢ trén (PLA va PAL). CPLD bao gém nhiéu mach logic, mdi mach ¢6 thé coi 14 mot
SPLD. Trong mot mach don chi thuc hién cac chirc nang logic don gian. Cac chuc nang logic
phirc tap hon can sé lugng khdi nhiéu hon, st dung ma tran lién két chung gitra cac khéi dé tao
két ndi. CPLD thudng dung dé diéu khién ghép cong phirc hop & tde do rat cao (5ns, twong duong
v6i 200 MHz). Kién tric co ban cia CPLD dugc minh hoa trong hinh vé 8.2.

CPLD c¢6 cu tric dong nhat gdm nhiéu khdi chirc nang "Function Block" duoc két ndi véi
nhau théng qua mot ma tran két ndi trung tim "Interconnect Array". Mdi khdi function block
gdém c6 mot khoi logic - gdm cac hang tich AND va OR sép xép gidng PLA hoic PAL, cho phép
thuc hién cac ham logic t6 hop- va nhiéu khéi MC (Macrocell) c6 chtra tai nguyén 1a cac Trigo
cho phép xdy dung céac thanh ghi va mach tuan tu. Phan 16i bén trong ctia CPLD dugc ndi ra bén
ngoai thong qua cac khéi vao ra I/O cho phép thiét 1ap chirc ning cho cac chan cia IC c6 chic
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nang vao hodc ra hodc vira 1a chan vao vura 1a chan ra, ngoai ra con c6 thé thiét 1ap cac chan I/O
nay lam viéc ¢ cac muc logic khac nhau, c¢6 di¢n tré pull-up hodc pull-down ...

V6i cu triic dong nht, gia thanh ré, tinh ning kha manh, dé sir dung CPLD di va dang
dugc sir dung rat rong rai trong thuc té, gitip cho nha san xuét phat trién nhanh san pham cua
minh v6i gia thanh ré. Pac biét hién nay cic hing da phat trién cic ho CPLD véi tinh ning rat
manh, cong sut tiéu thu thép, chung dang dugc st dung rat nhiéu dé phat trién cac san phém dién
tir, vién thong, cong nghé thong tin, nhét 1a trong cac thiét bi cim tay, di dong. ..

Trong thuc té rt co nhiéu loai CPLD khéc nhau, cta cac hang khac nhau, va da dugc phat
trién voi nhiéu chung loai, thé hé CPLD khac nhau. Cau tao, dung lugng, tinh nang, dac diém,
mg dung... ciia mdi loai CPLD ciing rat khac nhau. Trong gi4o trinh nay khong di sau trinh bay
cAu tao cu thé cua cac ho CPLD, ma chi trinh bay kién trac chung don gian nhét ctia CPLD. Khi
su dung cu thé loai CPLD nao, nguoi hoc nén tham khao céc tai liéu khac, nhat 1a tham khao céc
tai lidu k¥ thuat duoc cung cap kém theo ciu kién do cic hing dwa ra. Cac hang dién tir ndi tiéng
trén thé gidi dang s hitu, phat trién, cung cip cac loai cau kién CPLD la Xilinx, Altera. ..

8.4. FPGA

FPGA (Field Programmable Gate Array - Ma tran cong lap trinh duoc theo truong): c¢6 cdu
trac va hoat dong phirc tap hon CPLD. N6 ¢6 thé thuc hién nhitng chtic ning phtrc tap wu viét hon
CPLD. Nam 1985, cong ty Xilinx dua ra ¥ tuong hoan toan mai, d6 1a két hop thoi gian hoan
thanh san pham va kha ning diéu khién dugc cua PLD véi mat do va wu thé vé chi phi cua
GateArray. Tir d6, FPGA ra doi. Hién nay, Xilinx van 1a nha san xuit chip FPGA s6 mot trén thé
gidi.

Loadgic {)| Logic || Logic ||| Logic (L Lagic
d Cell [ Cell HH Cell I} Cell Cell
Logic ||| Logic Logic ||| Logic Logic
4 Cell [ff Cell HiCell [H Cel el
Logic ||| Logic Logic ||| Logic Logic
 Cell M Cell HH Cell i Cell Cel

Fogie () Fogic || oge )| T ogie T ooie
 Cell i Cell {H Cell 4 Cell Cell

Logie || Logie ||| Loae ||| Legie ||| Logic

Cell Cell || Cel Cell Cell

Hinh 8-3. Kién tric chung cia FPGA

Céu trac FPGA don gian gom cac té bao logic (Logic Cell), cac khdi cach déu nhau, lién két
nho cac duong két ndi cé thé thay dbi duoc theo yéu cau ciia nguoi thiét ké. Nghia 1a nguoi thiét
ké co quyén thiét ké, 1ap trinh va thay ddi mach dién. Hién nay, FPGA c6 mat do kha cao, Ién toi
hang trim ty cong va ciu tric ciing da dang, phirc tap hon. Nhiéu chirc ning phuc tap dd duoc tich
hop sin dé tang hiéu qua st dung FPGA. Vi du nhu ngoai nhiing khéi té bao logic, nhiéu ho
FPGA da dugc tich hop thém cac khéi chuc nang nhu cac bd nhan cing, khéi nhd, PLL, tham chi
ca mét bo vi xtr Iy manbh...

Co hai loai FPGA co ban: loai 1ap trinh lai duogc, dua trén cong nghé SRAM va loai lap
trinh mot 1an.
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e Loai lap trinh lai dugc (dua trén SRAM):

- SRAM xéc dinh céc két nbi

- SRAM dinh nghia cac ham logic trong bang 4nh xa (LUT- Look Up Table)
e Loai lap trinh mot lan:

- Két ndi dang bé cau chi

- St dung cac cong logic truyén thong

_ X O nhé dé diéu
Logic Block atcn] & Khién b6 chon
kénh
T ALUT | o Paura
Pau vao
AN
A O nhé didu
N A \ n
Béng LUT 4 dau vao khién diém

/ két ndi
s
[ ]

[ latch
|l

Piém két noi

Hinh 8.4 - Ciu triic ciia logic cell don gidn

Hai dang nay khéac nhau vé quy trinh thyc hién té bao logic va co ché dugce st dung dé tao
két n6i trong thiét bi.

Chip FPGA 14p trinh mét 1an sir dung phuong phap bé cau chi (két ndi duoc tao ra bang
cach dong cau chi) dé tao két ndi tam thoi trong chip, do d6 khong can SPROM hoic cac phuong
tién khac dé nap chuong trinh vao FPGA. Tuy nhién, mdi 1an thay ddi thiét ké, phai bé hoan toan
chip cii di. Té bao logic OTP twong tw nhu PLD véi cac cdng va céc trigo dinh trude.

Dang FPGA quan trong hon va dugc dung phé bién hon ca la dang 1ap trinh lai dugc, dua
trén SRAM. Trén thuc t€, FPGA SRAM duoc 1ap trinh lai mdi khi bat nguén, vi FPGA la dang
chip nhé tam thoi. Do d6, mdi chip FPGA déu can c6 mot bd nhé PROM néi tiép hodc mot bo
nhé hé théng.

Trong té bao logic SRAM, thay vi cic cong thong thudng, ngudi ta sir dung bang anh xa
(LUT). Bang nay xac dinh cac gi4 tri ddu ra dua trén cac gia tri ddu vao, sir dung dé xay dung cac
ham logic t6 hop. Trong so d6 “Té bao logic SRAM” minh hoa ¢ hinh v& 8-3, 16 t6 hop khac
nhau cua 4 dau vao sé xac dinh gia tri cua dau ra). Cac cic 6 nhd SRAM ciing duoc sir dung dé
diéu khién két noi .
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8.5. SO SANH GIUA CPLD VA FPGA

CPLD FPGA
- Cau trac theo mang céc hang tich - Céu trac dwa vao LUT
- Mang két ndi trung tdm - Ma tran két nbi 2 chiéu X-Y
- Mat dg tich hop trung binh - Mat do tich hop cao
- Ty 1& s6 chan I/O trén microcell 16n - Ty 1& s6 chan I/O trén microcell nhd

- Cau hinh duoc luu lai khi mat dién, va | - Cau hinh nap vao SRAM, khi mat dién s& khong
khoéng ddi trong qua trinh hoat dong con, can c6 bd nhé cdu hinh PROM, cau hinh ¢6
thé duoc nap dong trong qua trinh hoat dong.

- CAu triic ddng nhat —Céu trac khong dong nhat

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

—Ung dung: ma hoa va giai ma logic, cac | - Ung dung: PCI (Peripheral Component
méay trang thai hay cac giao dién bus | Interface), giao tiép ndi tiép tc do cao va cac bd vi
chuan (SPI, 12C, SMBus...), uu diém ndi | xtr Iy nhung ...., wu thé ndi bat khi thiét ké phirc
bat khi thiét ké cac mach logic nhiéu ddu | tap, can nhiéu tai nguyén.

vao.

8.6. QUY TRINH THIET KE CHO CPLD/FPGA

Trong thuc té ¢6 rat nhiéu hang dién tir trén thé gidi cung cap cac san pham PLD va bo cong
cu phan mém thiét ké di kém. Mdi ho CPLD, FPGA cua cic hing c6 nhiing quy trinh thiét ké
khac nhau danh cho chung, tuy nhién vé co ban ching van ¢ quy trinh thiét ké chung nhat dinh.
Khong mat tinh tong quat, dé ngudi hoc tiép can d& dang hon, trong tai liéu nay viéc trinh bay quy
trinh thiét ké cho CPLD/FPGA duoc ldy vi du, cu thé hoa cho CPLD/FPGA cua hing Xilinx —
Mot hing cung cip cac san pham PLD s6 1 thé gidi hién nay — str dung bd cong cu phan mém
thiét ké ISE.

8.6.1. Yéu cau chung khi thiét ké véi CPLD/FPGA

8.6.1.1 Chon vi mach CPLD hodac FPGA phu hop

Khi phat trién cac hé théng sb su dung CPLD/FPGA budc dau tién can duoc thuc hién 1a
phan tich bai toan, lua chon vi mach CPLD hoac FPGA phu hop. Viéc chon dugc vi mach, cong
nghé phii hop nhit cho céc tiéu chuan thiét ké, duoc tién hanh theo cac yéu cau sau:

Mat dé: 1a mat do logic dy tinh cua linh kién, dic trung boi khai niém "sb luong cong".

S6 lwong thanh ghi: Phai tinh duoc s6 thanh ghi can cho b dém, may trang thai, thanh ghi
va bo chdt. SO lwong macrocell trong vi mach t6i thiéu phai bang s6 thanh ghi can co.

S6 lugng chan vao/ra: phai xac dinh vi mach thiét ké can bao nhiéu dau vao, bao nhiéu dau
ra.
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Yéu ciu vé toc dd: Tuyén t6 hop nhanh nhit s& xac dinh tpd (tré truyén trong vi mach, tinh
theo ns). Mach tuan tu nhanh nhat s& xac dinh tan s tdi da cua vi mach (fMax)-

Pong vé: Phai xac dinh vi mach cdn gon nhét hay chi st dung dang QFP thong thudng.
Hodc vi mach thiét ké thudc dang c6 1ap chan cam, trong trudng hop nay 1a vi mach PLCC.

Cong suit thap: Phai xac dinh san pham s& s dung ngudn pin hay ning luong mat troi,
thiét ké c6 yéu cau cong suit tiéu thu thap hay khong, vin dé ton hao nhiét c6 quan trong hay
khong?

Chirc niing cip hé théng: Phai xac dinh bo mach c6 bao gdm nhiéu vi mach da murc dién
ap hay khong, giita cic vi mach c¢6 phai chuyén murc hay khong, co yéu cau stra dang xung dong
bd hay khong, co yéu cau giao tiép giita bo nhd va bo vi xir Iy hay khong?
8.6.1.2 Chon gidi phdp cdu hinh cho CPDL/FPGA

Lap trinh ngay trén hé thé'n;z

Céc CPLD va FPGA ciia cac hang n6i chung, cta Xilinx néi riéng c6 thé duoc lap trinh
ngay trén hé thong (vi mach da dwoc han vao mach tng dung) théng qua giao thirc JTAG (Joint
Test Advisory Group: Chuan giao tiép ) da duoc tich hop san trong IC. Nguoi thiét ké str dung
cap nap dé nap c4u hinh cho CPLD hoic FPGA. Xilinx dua ra mot chuan cap nap nhu sau:

+ MultiLINX : Cap nap dua trén giao chuan giao tiép nbi tiép USB hodc RS232, cap nap
nay co6 tdc do truyén trong dai rong va giao dién co dién ap diéu chinh duoc dé phu hop véi viee
giao tiép vOi cac hé théng va cac chan I/O hoat dong ¢ cac muc dién ap khac nhau 5V; 3,3V;
2,5V. Va duoc thiét ké dé hd trg dé cho cac phan mém g& rdi phan cimg trudc kia, nay ching da
tr 1én 13i thoi khi ¢6 su ra doi clia cong cu g& réi phan cing ChipScope ILA.

+ Parallel Cable IV: Cap nap st dung cong giao tiép song song ctia may tinh, dugc phat
trién dé thay thé cho chuan cap nap Parallel Cable III va cho phép ting toc do 1én hon 10 lan va
hd tro cho tat cac cac vi mach st dung muc dién ap /O tr 5V Xuéng 1,5V. Hién nay chuén cap
nap nay dugc ding phd bién hon ca.

Ldp trinh bén ngoai

Céac CPLD va FPGA cua Xilinx ciling co thé dugc 1ap trinh bén ngoai boi bd lap trinh chip
HW130 ctia Xilinx cing nhu cac bo 1ap trinh cta cac nha phat trién khac. Didu nay ciing thuan
tién cho viéc sir dung céc chip duoc lap trinh trudc trong thoi gian san xuat.

Céu hinh ciia CPLD dugc nap vao FLASH nén khi mit dién c4u hinh khong bi mét di, trong
khi d6 ciu hinh khi hoat dong ctia FPGA dugc ghi vao SRAM nén s& mat di khi mat dién, vi vay
can sir dung FPGA va két hop voi PROM luu ciu hinh phit hop, mdi khi bat ngudn, cau hinh s&
nap tu dong tir PROM vao FPGA. C6 thé st dung PROM néi tiép hodc song song, tuy nhién thi
loai PROM ndi tiép hay dugc stt dung hon ca. Khi thiét ké can chon loai PROM c6 dung lugng
phu hop véi mat do cua cac loai FPGA khac nhau.

Ngoai ra Xilinx con cung cép cic giai phap dugc thiét ké true, dé s dung dé cau hinh cho
tat ca CPLD va FPGA cuia Xilinx, nhat 1a khi thiét ké cac hé théng phuc tap. Tat ca cac ndi dung
lién quan dén ciu hinh, PROM cho FPGA hay ISP cho CPLD, déu duoc dua ra. Cac giai phap sir
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dung cong cu 3rd part boundary scan, cac giai phap phan mém kém theo, cap ISP, thiét bi kiém tra
tu dong ATE va hd trg 1ap trinh ciing nhu cac thiét bi luu trit cau hinh.

Giai phap cdu hinh hién dai nhat 1 nhém céu hinh System ACE. Véi gidi phap System
ACE, ngudi thiét ké c6 thé dé dang str dung giao dién vi xt li trong System ACE dé tryc tiép phi
hop céu hinh FPGA theo cac y8u cau ctia hé thong. Giai phap dau tién trong nhom nay 1a System
ACE CF, cung cip cong nghé diéu khién 6 dia Microdrive kich thudc mot inch va CompactFlash
cling nhu bo Iuu trir ciu hinh c6 dung lugng 8 gigabits. Ngoai ra, System ACE CF ciing dugc
thiét ké trudc, cung cép cac dic tinh hién dai dé tan dung kha nang c4u hinh lai linh hoat cua
FPGA, bao gom:

- C4u hinh multi-board tir mot ngudn duy nhét

- Quan |i bitstream da c4u hinh

- Nang cip cau hinh qua mang (IRL)

- Hot-swapping

- Khéi tao trung tAm xir li va luu trir phdn mém

- Ma hoa

Véi System ACE CF, nguoi thiét ké co thé thuc hién duge gﬁn nhu toan bd cac yéu clu cAu
hinh cho FPGA. Céc kha ning bd tro hé thong nay cho phép ngudi thiét ké sir dung FPGA thoa
mén cac yéu cau dinh trudc vé mat thiét ké va thoi gian xur 1i 16i. Ngoai ra, cac cong vi xu 1i va
cong kiém tra JTAG con cho phép tich hgp System ACE trong moi hé thong.

Mot s6 dic diém cua giai phap cAu hinh System ACE:

- D§ linh hoat: Véi System ACE CF, c6 thé st dung mot thiét ké cho nhiéu ing dung khac
nhau, nho d6 giam déng ké thoi gian hoan thanh san pham. Thay vi thiét ké vai bo mach twong tu
nhau phtt hop vé6i cac chuan khac nhau, gio ddy nguoi thiét ké chi phai thiét ké mot bo mach duy
nhét v6i nhiéu cdu hinh duoc luu trit trong bo nhé System ACE CF. Méi bo ¢6 thé chon cac ciu
hinh phu hgp véi cac chuén khac nhau bé’mg cach khoi tao gid tri mdc dinh twong tng dugc luu
trong bd nhd ACE. Hé théng con cho phép luu nhidu cau hinh cho mot thiét ké trong mot System
ACE CF don. Vi dy nhu trong qua trinh thiét ké mau, ngudi thiét ké ¢ thé Iuu cac ciu hinh hoat
dong, cau hinh kiém tra va cdu hinh g& r6i trong bo nhd ACE, ddong thoi c6 thé chon cac ciu hinh
khac dé chay thtr ban thiét ké ctia minh.

Pé hd trg quan ly nhiéu bitstream va tich hop diéu khién cau hinh FPGA véi hoat dong cua
hé thdng, System ACE c6 mot cong vi xir li trong hé thong. Cong nay cho phép bd xir li ciia hé
théng thay ddi cau hinh mic dinh, cu hinh lai trigo, cau hinh lai tung FPGA hodc mdt nhom
FPGA, truy nhap vao cac file khong ciu hinh duoc luu trong khdi CompactFlash, hodc dung khéi
CompactFlash 1am bd nhd chung cho hé thng.

Vi cac FPGA c6 trung tim xu li kém theo, System ACE CF cung cp giai phap 3 trong 1
dé quan 1i phan ctg va phan mém. System ACE CF ¢6 thé c4u hinh khung FPGA, khoi tao trung
tam vi xtr i, va cung cip cac ing dung phin mém cho trung tim nay néu can ma khong phai thém
bat ctr thiét bi phan clig nao.
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+ M@t dg: Vi mat do logic cao chua timg thay (trén 8 Gb), mot System ACE CF c6 thé cu
hinh cho hang trim FPGA va c6 thé thay thé cho cac mang PROM céu hinh. Nguoi thiét ké co thé
luu mot s6 luong 16n cac thiét ké khac nhau cho mét mang FPGA trong cing mot khdi nhd.
System ACE CF sir dung hé thong file FAT (File Allocation Table: bang sap xép file tiéu chuén),
do d6 nguoi thiét ké co thé luu ca nhiing file khong ¢ dang bitstream hoac st dung bd nhé thira
1am bd nhé chuan cho hé théng.

+ Khd néng qudn Iy tip trung: System ACE CF duoc thiét ké dé quan li cau hinh theo yéu
cau. Mot System ACE CF ¢6 thé cdu hinh cho mét hodc nhidu bo FPGA két ndi qua mot back-
plane. Kha ning tap trung cho phép don gian hoa qua trinh quan 1i va nang cip cau hinh. Dé thay
d6i hay nang cap céu hinh ctia mot hé thong, ngudi thiét ké c6 thé vao khdi nhé, thuc hién cac
thay ddi can thiét trén man hinh may tinh, chinh lai ndi dung trong hé théng qua cong vi xir 1i;
hoic tai ciu hinh méi vé qua mang, sir dung IRL.
8.6.1.3 Chon céng cu phian mém phu hop

Xilinx da cung cép cac cong cu thiét ké dién ttr hoan chinh, cho phép thuc hién thiét ké trén
cac thiét bi logic kha trinh cua Xilinx. Cac cong cu nay két hop cong nghé tién tién véi giao dién
dd hoa linh hoat, d& sir dung dé ngudi thiét ké co duoc thiét ké t6i wu. Bo cong cu phan mém hién
dang dugc sir dung rong rdi 1a ISE voi phién ban méi nhat 1a 7.0 (ndm 2005).

Xilink ciing cung cap ISE dudi dang cac g6i phan mém c6 céu 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

+ Goi phan mém co ban BASEX: ¢6 thé thiét ké cho cac loai chip sau:

Virtex-4, FPGA LX15, LX25, SX25, FX12, Spartan-3 FPGA 1én dén 1500 ngan cong va
tat ca cac ho CPLD.

+ Goi phan mém Foundation: c6 thé thiét ké cho tat ca cac loai FPGA va CPLD cua Xilinx

Ngoai ra Xilinx con phat trién cac bd coéng cu phan mém tién ich khac nhu System
Generator hd trg cho cac thiét ké DSP (Digital Signal Processor: Bo xir 1y tin hiéu s6), hay EDK
(Embbleded Dvelopment Kit: B6 phan mém phat trién hé théng) hd tro cho cac thiét ké nhung.

ISE duge dung két hop véi phan mém mé phong ModelSim cta Mentor Graphics phién ban
XE duoc phat trién riéng ho tro cho cac ho CPLD/FPGA cuia Xilinx.

8.6.2 Luu do thiét ké cho CPLD ciia Xilinx

Qua trinh thiét ké cho CPLD chu yéu 1a thyc hién trén cac cong cu ph?m mém, luu do thiét
ké chung cho CPLD (Vi du str dung phan mém ISE) nhu hinh v& sau, bao gdm cac budc nhu sau:

+ Nhap thiét ké (Design Entry):

Pay 1a bude dau tién va quan trong nht ciia qua trinh thiét ké cho CPLD. Céc cong cu thiét
ké cho phép nhap thiét ké cho phép nhap thiét ké theo cac cach sau:

- Nhap thiét ké theo so @6 nguyén 1y Schematic, nguoi thiét ké sir dung cac modul dé c6 sin
trong thu vién Schematic dé ghép ndi chiing voi nhau tao thanh ban thiét ké theo yéu cau, cach
nay c6 thé thuc hién thiét ké nhanh nhung s& rat khé khan va khong tdi wu tai nguyén cia CPLD
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khi thiét ké phirc tap, va thiét ké khong thé st dung sang cong cu thiét ké CPLD cua cac hing
khac. Tir so dd nguyén 1y thiét ké duoc cong cu phan mém s& chuyén doi sang file ngdn ngit mod
ta phan cimg HDL, ma phd bién 1a VHDL hoic Verilog.

- Nhap thiét ké sir dung ngén ngit mod ta phan cing HDL (VHDL, Verilog, ABEL,
AHDL...), Nguoi thiét ké co thé sir dung chwong trinh soan thao dé thyc hién viéc mé ta toan b
ban thiét ké ciia minh dudi dang ngdén ngit HDL nao dé ma cong cu thiét ké co thé tong hop dugc.
C6 rat nhiéu phuwong phap mé ta, mirc do triru twong khac nhau khi thiét ké, mdi cach mo ta khac
nhau c6 thé tao ra mot cau trac mach khac nhau trong CPLD mic du ching ¢6 cung chirc ning.

Design Entry
Schematic HDL State Machines
ECS Verilog/VHDLL StateCad

Design Verification

=

Functional Simulation
ModelSim XE

=

Design Synthesis

Xilinx Synthesis Tool
XST

=

Design Implementation

Translate

H el

Place and Route

=

Timing Simulation

Static Timing Analysis (ECS) ModelSim XE

-

Configuration

Download (iMPACTE)
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Hinh 8.5- Luwu d6 thiét ké CPLD

Do d6 nguoi thiét ké can thuc hién phan tich bai toan, tim hiéu tai nguyén, cAu tric cla
CPLD, yéu ciu vé thoi gian thiét ké dé sir dung kiéu mé ta. Mirc do triru twong trong khi mo ta
phtl hop vira dam bao yéu cau vé thoi gian thiét ké vira t6i wu duge viée sir dung tai nguyén cia
CPLD.

- Nhap thiét ké dudi dang so d6: Cong cu thiét ké con cho phép nhap thiét ké vao dudi dang
so d6 ma dién hinh 1a d6 hinh trang thai, sau d6 chiing ciing duoc chuyén d6i sang HDL.

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

+ Kiém tra, mé phéng thiét ké (Design Verification): Thuc hién kiém tra, mo phong chuc
nang hoat dong cua thiét ké HDL d3 tao ra & trén. Cac cong cy thiét ké déu hd trg viéc mé phong
chtic nang hoat dong cua ban thiét ké HDL theo mé hinh hoat dong (Behavioral Model), mirc do
md phong nay doc lap voi loai CPLD da dugc luya chon. Budc nay c¢6 thé khong can phai thyc
hién trong khi thiét ké.

+ Téng hop thiét ké (Design Synthesis): Sau khi hoan thanh mé6 phong thiét ké, bude tong
hop tiép theo c6 nhiém vu chuyén thiét ké dudi dang file van ban HDL thanh dang file netlist,
thyc hién md ta mach thuc & muc thap dudi dang cong logic va két ndi giira ching v6i nhau. Co
thé sir dung cac cong cu tong hop ciia cac hing khac nhau.

MJi cong cu co thé tao ra file netlist theo dinh dang riéng (vi du cua XST cua Xilinx XNF-
Xilinx Netlist Format) nhung c6 thé dat lua chon dé tao ra file netlist duéi dang dinh dang chuin
EDIF (Electronic Digital Interchange Format) ma tat ca cc cong cu co6 thé hiéu duoc.

UlA UlA
o 1 —
U2A >
D U2A
— U317
Chon cac céng Thue hién két ndi
Component AND G1
G UlA - Component OR G
_‘l> H_P Component NOT G3
U4B
B__{> > Net N1: A. Gl:a. G3:a
Net N2: B. G1:b. G2:a
. 22 v | Net N3: Gl:c. P
W— Net N4: G3:b. G2:b
Net N5: G2:¢. Q ;

Ghép cac by dém va/ra

Tao Netlist
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Hinh 8.6- Vi du tong hop ra file netlist

+ Thuc hign thiét ké (Design Implementation): Sau khi c6 file netlist, budc tiép theo 1a
thyc hién thiét ké, nghia 1a xdy dung cau hinh cho CPLD. Budc nay st dung file netlist va file
rang budc "constraints File" (m6 ta cac nguyén tic thiét ké, cac rang budc vé vat 1y nhu gan vi tri
cho cac dau vao/ra trén chip, cac rang budc vé tde do, thoi gian, tan sb.. J) dé tao thiét ké st dung
tai nguyén co san cia CPLD. Budc nay bao gdm cac bude: Translate (bién dich), Map (Phan b
ban thiét ké vao chip), Place and Route (Pinh vi va dinh tuyén két ndi).

+ Translate (bién dich): Budc nay nham thyuc hién kiém tra thiét ké va dam bao netlist phu
hop véi kién triic di chon, kiém tra file rang budc "constraints File" ctia nguoi sir dung dé phat
hién cac 16i mau thuan véi tham s ciia chip da chon. Bién dich thuong bao gdm céc qué trinh: t6i
uu hod, bién dich thanh cac thanh phan vat 1y cua thiét bi; kiém tra rang budc thiét ké. Khi két
thuc bude bién dich, s& co mot ban bao céo vé cac chuong trinh dugc st dung, danh séch céac céng
1/0 va céc thiét bi dugc sir dung trong thiét ké, nhd d6 ngudi thiét ké s& lya chon dwoc phuong an
thiét ké t6i wu.

+ Map: tao ban phan b thiét ké tdi cc tai nguyén cu thé trong CPLD. Néu thiét ké qué 16n
so véi thiét bi dugc chon, quy trinh nay khong thé hoan thanh nhiém vu ctia minh. Qua trinh Map
¢ cac tham sb rang budc cua thiét ké, vi du nhu tham sb tdc d9, thoi gian cua thiét ké, va doi khi
quyét dinh gan thém cac thanh phan logic dé dap mg cac yéu cau vé thoi gian. Map c6 kha ning
thay d6i thiét ké xung quanh cac bang anh xa dé tao kha nang thuc hién tot nhét cho thiét ké. Quy
trinh nay dugc thyc hién hoan toan ty dong va can rét it tac dong dau vao tur nguoi st dung. Budc
nay nham dua mach thiét ké vao mot thiét bi cu thé. Budc nay ciing tao ra bao cdo xac nhan cac
tai nguyén duogc st dung trong chip, mé ta chinh xac cac phan trong thiét ké dugc dat o vi tri nao
trong chip thuc té.

+ Place and Route (PAR - Dinh vi tri va dinh tuyén két ndi) Place 1a qua trinh lya chon vi
tri phtt hop ctia mdi khdi chirc nang trong thiét ké va dwa cac cong logic cua phan d6 vao cac khbi
logic hay cac modul cy thé trong CPLD trén co s¢ t6i wu viéc két ndi va dam bao vé cac rang
budc vé thoi gian. Nhiing phan logic hoat dong tbc d6 cao s& dugce xép canh nhau dé giam d6 dai
duong két nbi. Route 1 qua trinh tao lién két vat 1y giita cac khdi logic. Hau hét cac nha san xuét
cung cip cong cu Place and Route tw dong cho nguoi sir dung. Ngoal cong cu ty dong, nguoi thiét
ké co thé ty Place and Route trong khi thiét ké. Nha san xuit cling cung cap cac cong cy, nhu
“Floorplanner”, d¢ nang cao hiéu suit qua trinh Place and Route do nguoi thiét ké thuc hién so
v6i qua trinh tu dong.

Place and Route 12 qua trinh phic tap, do d6 n6 chiém thoi gian nhiéu nhét. Tuy nhién,
budc nay chi c6 thé hoat dong t6t néu chip di chon dap tng di cac tuyén lién két cho thiét ké.
Néu khong, ngudi thiét ké s& phai chon chip ¢6 dung luong 16n hon. Sau budc nay tao ra duoc file
céu hinh * jed c6 thé duoc nap vao cho CPLD.

+ Timing Simulation (Mé phéng cé tham sé thoi gian): Sau budc Place and Route ngudi
thiét ké c6 thé thyc hién mé phong thiét ké & mirc cong logic da duoc dinh vi tri va dinh tuyén
trén CPLD, phén mém s dung file c4u hinh da dugc tao ra va két hop voi thu vién vé md hinh
thoi gian cua cac ho CPLD (Vi du ISE cua Xilinx thi dung thu vién VITAL), dé thuc hién mo
phong hoat dong cua thiét ké ma c6 tinh dén cac tham sb thoi gian tré, thoi gian thiét lap... cia
céc cong logic trong CPLD. Budc ndy rat quan trong v6i nhiing thiét ké phuc tap, toc do 16n.
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+Configuration (Céu hinh): Goi chuong trinh diéu khién viéc nap c4u hinh, thuc két ni
thiét bi nap (cap nap) dén CPLD va nap file ciu hinh cho CPLD. V&i CPLD cuia hang Xilinx, qua
trinh 18p trinh c6 thé thyc hién ngay trong h¢ thé)ng nho cong cu JTAG, hodc su dung bd 1ap trinh
thiét bi chuyén dung, vi du nhu céng cu JTAG Data I/0, theo chuan IEEE/ ANSI 1149.1 1190.
Cong cu JTAG 1a mét bd cac nguyén tic thiét ké, hd tro qué trinh kiém tra, lap trinh cho thiét bi
va g& 1di trén chip, trén bo mach va trén hé thong. Kha nang lap trinh trén hé thong 1a wu diém
ctia CPLD, cho phép han truc tiép thiét bi 1én PCB. Néu cé thay doi trong thiét ké, s& khong phai
thao thiét bi ra khoi bo mach, ma don gian chi phai 1ap trinh lai trén hé théng.

8.6.3 Luu do thiét ké cho FPGA

Luu d6 thiét ké cho FPGA ciing twong ty nhu luu dd thiét ké cho CPLD, chi khac & budc
cudi cung - budc Cau hinh cho FPGA. O budc nay, dbi voi FPGA c6 thém budc "Create Bit file"
dé tao ra file "bitstream" dé nap vao by nhé cAu hinh trong FPGA thuong 1a b nh¢ tam thoi nhu
SRAM. Dong bit duoc nap mang tat ca thong tin dé dinh nghia cac ham logic va cac lién két trong
thiét ké. Mi thiét ké khac nhau c6 mot dong bit khac nhau. Cac thiét bi SRAM mat toan bo thong
tin mdi khi ngit ngudn, do d6 khi can thiét phai nap dong bit cdu hinh nay vao trong PROM
(thuwong sir dung PROM ndi tiép). Mbi khi thiét bi dugc bat nguon file cdu hinh tir PROM s& duoc
nap tu dong vao bd nhd SRAM cua FPGA, va FPGA hoat dong theo cAu hinh da dugc nap do.

1

Configuration

Create Bit file

4

Download (iMPACTE)

Hinh 8.6- Luu d6 thiét ké FPGA

TOM TAT

Trong chuong nay trinh bay cac khai niém co ban cua logic 1ap trinh. Véi sy phat trién ctia
cac thiét bi logic 1ap trinh ta c6 thé thiét ké cac hé thong k¥ thuat s6 phuc tap. Cac k§ thuat thiét
ké & cAp cao va cac cong cu trg giup may tinh can thiét dé tao nén chirc nang thyuc thi PLD va
FPGA hiéu qua. Viéc thir nghiém tinh thyc thi ctia PLD va FPGA ciing yéu cau phai ¢ cac cong
cu thr nghiém va sy trg gitp cua may tinh.
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CHU'ONG 9: NGON NG MO TA PHAN CU'NG VHDL

GIOI THIEU

Trong toan bd luu d6 thiét ké cho CPLD hodc FPGA, budc nhap thiét ké 14 budc quan trong
va ton nhidu cong stc nhét, nd quyét dinh phan 16n dén két qua ciia cong viée thiét ké. Cac cong
cu thiét ké hd tro nhiéu phuong phap nhap thiét ké khac nhau, tuy nhién phuong phap nhap thiét
ké dung ngdn ngit mod ta phan cing HDL 1a uu viét hon ca va duoc sir dung chu yéu trong qua
trinh thiét ké sb noi chung va thiét ké cho CPLD/FPGA néi riéng. Hién nay co nhiéu ngdén ngir
HDL dugc sir dung, tuy nhién trong phan nay chi gigi thiéu phuong phap thiét ké dung ngon ngir
VHDL va gi6i thiéu nhimg dic diém cua VHDL khién n6é duge trd thanh mot ngdén ngit HDL
dang dugc giang day va st dung ¢ nhiéu trudng dai hoc trén thé gidi.

Ngay nay, cac mach tich hop ngay cang thuc hién duoc nhiéu chirc nang, do d6, van dé thiét
ké mach cang tré nén phirc tap. Nhitng phuong phap truyén théng nhu ding phuong phap t6i
thiéu hoa ham Boolean hay dung so d6 cic phan tir khong con dap ting dugc cac yéu cau dit ra
khi thiét ké. Nhuoc diém 16n nhat cia cac phuong phap nay la ching chi mé ta dugc hé théng
dudi dang mang ndi cac phan tir voi nhau. Nguoi thiét ké can phai di qua hai bude thuc hién hoan
toan thu céng: d6 1a chuyén tir cic yéu cau vé chirc ning cua hé thong sang biéu dién theo dang
ham Boolean, sau cac budc t6i thiéu hoa ham nay ta lai phai chuyén tir ham Boolean sang so d6
mach cta hé théng. Ciing tuong ty khi phan tich mot hé théng nguoi phan tich can phai phan tich
so d6 mach cua hé thdng, roi chuyén no thanh cac ham Boolean, sau d6 méi lap lai cac chirc ning,
hoat dong ciia hé thong. TAt ca cac bude noéi trén hoan toan phai thyc hién thii cong khong co bat
ky su trg giup ndo cua may tinh. Nguoi thiét ké chi co thé sir dung may tinh lam cong cu hd trg
trong viéc vé so d0 mach cua hé thong va chuyén tir so d6 mach sang cong cu tdng hop mach vat
1y ding cong cu Synthesis. Mot nhuoc diém khac nita cua phuong phap thiét ké truyén thong 1a su
gi6i han vé d6 phirc tap cta hé théng duoc thiét ké. Phuong phap dung ham Boolean chi c6 thé
dung dé thiét ké hé théng 16n nhat biéu din boi vai trim ham. Con phwong phap dua trén so dd
chi c6 thé dung dé thiét ké hé thong 16n nhit chira khoang vai nghin phan tir.

Phuong phép thiét ké, thir nghiém, phan tich cac hé thdng sb st dung cac ngdn ngit mo ta
phan ctig ndi bat 1én véi cac wu diém hon han va s& dan thay thé cac phuong phép truyén thong.
Su ra do1 cua ngén ngt mo phong phﬁn cung da giai quyét duogc rit nhiéu nhugc diém 16n cua cac
phuong phép thiét ké truée day: Néu cac phuong phap cii doi hoi phai chuyén doi tir mo ta hé
thdng (cac chi tiéu vé chiic nang) sang tap hop cac ham logic bang tay thi budc chuyén dé hoan
toan khong can thiét khi dung HDL. Hau hét cac cong cu thiét ké dung ngon ngit mo phong phan
ctmg déu cho phép sir dung biéu d6 trang thai (finite-state-machine) cho cac hé thong tudn ty ciing
nhu cho phép st dung bang chén 1y cho hé théng tong hop. Viée chuyén dbi tir cac biéu do trang
thai va bang chan 1y sang ma ngon ngit mé phong phan cimg duoc thuc hién hoan toan tu dong.

Nho tinh d& kiém tra thir nghiém hé thong trong sudt qua trinh thiét ké ma nguoi thiét ké co
thé d& dang phat hién cac 15i thiét ké ngay tir nhimg giai doan dau, giai doan chua dua vao san
xuét thir, do do tiét kiém duoc lugng chi phi dang ké boi tir y thiét ké dén tao ra san phém ding
nhu mong muén 1a mot viée rat kho tranh khoi nhitng kho khan, that bai.
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Khi moi linh vyc cua khoa hoc déu phat trién khong ngimg thi sy phuc tap cua hé thong
dién tir cling ngay mot ting theo va gan nhu khong thé tién hanh thiét ké thu cong ma khong c6 sy
trg gitip cua cac loai may tinh hién dai. Ngay nay, ngdn ngit md ta phan cimg HDL duoc dung
nhiéu dé thiét ké cho cac thiét bi logic 1ap trinh dugc PLD tur loai don gian dén céc loai phuc tap
nhu FPGA.

NOI DUNG

9.1. GIOI THIEU NGON NGU MO TA PHAN CUNG VHDL

VHDL la ngdn ngit mé ta phan cimg cho cac mach tich hop tdc do rat cao, 1a mot loai ngdn
ngit mo ta phan cimg duoc phat trién dung cho truong trinh VHSIC( Very High Speed Itergrated
Circuit) ctia bd qudc phong My. Muc tiéu ciia viéc phat trién VHDL 1a ¢6 dugc mot ngdn ngit mo
phong phan cing tiéu chuin va thong nhit cho phép thir nghiém céc hé thong sé nhanh hon ciing
nhu cho phép dé dang dua cac hé théng d6 vao tmg dung trong thyc té. Ngon ngit VHDL duoc ba
cong ty Intermetics, IBM va Texas Instruments bit dau nghién ciru phat trién vao thang 7 nim
1983. Phién ban dau tién duoc cong bd vao thang 8-1985. Sau d6 VHDL duogc dé xuat dé t chuc
IEEE xem xét thanh mot tiéu chudn chung. Nam 1987 da dua ra tiéu chuan vé VHDL( tiéu chuan
IEEE-1076-1987).

VHDL duoc phat trién dé giai quyét cac kho khan trong viée phat trién, thay dbi va lap tai
liéu cho cac hé théng s6. Nhu ta da biét, mot hé théng s6 co rat nhiéu tai lidu mo ta. Pé 6 thé van
hanh bao tri sira chira mot hé thong ta can tim hiéu k¥ ludng tai liéu d6. Vi mot ngdn ngir mod
phong phan cimg tot viéc xem xét cac tai liéu mo ta tré nén dé& dang hon vi bo tai liéu do c6 thé
duoc thuc thi dé mé phdng hoat dong ctia hé théng. Nhu thé ta co thé xem xét toan b cac ph?m tr
ctia hé thong hoat dong trong mot mé hinh théng nhat.

VHDL duoc phat trién nhu mot ngon ngir doc 1ap khong gin véi bat ky mot phuong phap
thiét k&, mot bd mo ta hay cong nghé phf?ln cung nao. Nguoi thiét ké c6 thé tu do lua chon cong
nghé, phuong phép thiét ké trong khi chi str dung mot ngdn ngit duy nhat. Va khi dem so sanh voi
cac ngdn ngit mo phong phan cimg khac di ké ra & trén ta thay VHDL c¢6 mot s6 uu diém hon han
cac ngon ngit khac:

+ Thir nhét 14 tinh cong cong: VHDL duoc phét trién dudi su bao trg cta chinh phu My va
hién nay la mot tiéu chuén ctua IEEE. VHDL duoc su hd tro ctia nhiéu nha san xuét thiét bi cling
nhu nhiéu nha cung cap cong cu thiét ké mo phong hé thdng.

+ Thir hai 12 kha nang hd trg nhiéu cong nghé va phuong phap thiét ké. VHDL cho phép
thiét ké bang nhiéu phuwong phap vi du phuong phap thiét ké tir trén xudng, hay tir dudi 1én dua
vao cac thu vién sin c6. VHDL ciing hd trg cho nhiéu loai cong cu xdy dung mach nhu sir dung
cong nghé dong bo hay khéng dong bo, sir dung ma tran 1ap trinh duoc hay sir dung mang ngau
nhién.

+ Thu ba la tinh doc 1ap vdi cong nghe¢: VHDL hoan toan doc 1ap véi cong nghé ché tao
phan ctmg. Mot mé ta hé thong ding VHDL thiét ké & muc cong co thé dugc chuyén thanh cac
ban tong hop mach khac nhau tuy thudc cong nghé ché tao phan cimg méi ra doi nd c6 thé duge
ap dung ngay cho cac hé théng da thiét ké .
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+ Thir tu 1a kha niang md ta mé rong: VHDL cho phép mo ta hoat dong ctia phan clng tir
mitc hé thong s6 cho dén mirc cong. VHDL c¢6 kha ning mo ta hoat dong cua hé thong trén nhidu
mirc nhung chi sit dung mot ¢t phép chit ché théng nhit cho moi mirc. Nhu thé ta ¢ thé mo
phong mot ban thiét ké bao gdm ca cac hé con duoc md ta chi tiét.

+ Thtr nam 1a kha ning trao doi két qua: Vi VHDL 1a mét tiéu chuan dugc chap nhéan, nén
mot md hinh VHDL ¢6 thé chay trén moi bo mo ta dap ung duogc tiéu chudn VHDL. Cac két qua
mo ta hé thong c6 thé duoc trao ddi gitra cic nha thiét ké sir dung cong cu thiét ké khac nhau
nhung ciing tuan theo tiéu chuidn VHDL. Ciing nhu mot nhom thiét ké c6 thé trao d6i mé ta mirc
cao cua cac hé thong con trong mot hé théng 16n (trong d6 cac hé con d6 duoge thiét ké doc lap).

+ Thir sau 1a kha nang hd tro thiét ké muc 16n va kha niang sir dung lai cac thiét ké: VHDL
duogc phat trién nhu mot ngon ngtr 1ap trinh bac cao, vi vay n6 co thé duoc sur dung dé thiét ké mot
hé thdng 16n voi sy tham gia ciia mot nhoém nhiéu nguoi. Bén trong ngdn ngir VHDL ¢ nhiéu
tinh nang hd tro viéc quan 1y, thir nghiém va chia sé thiét ké. Va no ciing cho phép dung lai cac
phan d3 co sin.

9.2. CAU TRUC NGON NGU' CUA VHDL

VHDL 14 ngdn ngit cho phép md ta cac thiét bi phan cung sb triru tuong, no khong dya vao
cong nghé thiét bi phan cimg sb, phuong phap duoc sir dung dé thiét ké thiét bi s6, ma nhing khai
niém, md hinh triru twgng cua thiét bi phan ctng sé duoc dua ra nhu 13 nén tang cua ngdn ngir. Do

d6 diung VHDL cho phép mé ta dugc hau hét cac hé thong phan cimg s6. Cac mé hinh triru tuong
gom:

- Mo hinh hoat dong (a Model of Behavior).
- M0 hinh thoi gian (a Model of Time).
- Mo hinh c4u tric (a Model of Structure).
Pé thuc hién mo ta cho mot hé théng s6 nao do can thyc hién theo cac budc nhu sau:
+ Phan tich yéu cu cua hé thdng sb can phai thiét ké hodc cAn phai mé ta.
+ Phén tach hé thong thanh nhiig khdi con.
+ X4c dinh m6 hinh mé ta phu hop cho mdi khdi con hodc cho ca hé thong.
+ Str dung ngdn ngit VHDL dé mé ta hé thong sb theo cac mo hinh da xac dinh.

Nhu vay viéc ndm chdc cau tric, ci phap, cic mo hinh moé ta ciia ngdn ngir 1a rat quan
trong, quyét dinh chu yéu dén thanh cong trong vi¢c mo ta hé thong so can thiét ke.

VHDL ciing ¢6 nhiéu diém giong nhu mdt ngén nglr 1ap trinh bac cao, c¢6 cau trac, c6 cl
phép riéng, c6 cach to chirc chuong trinh, c6 tir khoa, c6 phuong phap bicu dién s6 liéu riéng...

Chii y: - Trong cic doan ma mé ta VHDL trong chuong céc tir khoa déu duoc in dam.
- Trong VHDL khong phan bi¢t chit hoa, chir thuong.
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9.2.1 Péi twong trong VHDL

Trong ngdn ngit VHDL gbém c6 3 ddi tuong la: tin hiéu - signal, bién - variable, hang -
constant, mdi d6i tugng dugc khai bao dua vao tir khoa twong g va chung ¢6 muc dich sir dung
nhu sau:

+ Tin hi¢u — Signal: 1a dbi twong dé biéu dién duong két ndi cac giira cac cong vao/ra ciia
thuc thé, giita cic cong vao/ra cua cac khdi thanh phan phan cimg xuat hién trong thuc thé...
Chung 14 phuong tién truyén dir liéu dong giita cac thanh phan cua thuc thé.

Tin hiéu c6 tinh toan cuc rat cao, chiing c6 thé dugc khai bao trong package (tin hiéu toan
cuc, dugc str dung boi mdt s6 thuc thé), khai bao trong thuc thé - Entity (tin hi€u ndi bo dung
trong thuc thé, co thé dugc tham chiéu bai bat ky kién trac nao cua thuc thé d6), khai bao trong
kién triic — Architecture (tin hiéu ndi bo dung trong kién triic, c6 thé duoc st dung trong bét ctr
cAu trac 1énh nao trong kién truc). Cac tin hi€u c6 thé duoc st dung nhung khong dugc khai bdo
trong tién trinh — process, trong chwong trinh con. Vi tién trinh va chuong trinh con 1a thanh phan
co s cua mo hinh va ching dugc coi nhu cac hop den. Ch phap khai bao tin hiéu nhu sau:

Signal tén tin hiéu {,tén tin hiéu}:kiéu di liéu [:=gid tri khdi taol;
Vi du: Signal a,b,c: Bit:='1’";
Signal y, reg: std logic vector(3 downto 0):="0000";

+ Bién — Variable: 1a d6i twong cuc bd duoc sir dung dé chira cac két qua trung gian. Bién
chi duoc khai bao va sir dung trong process va trong chuong trinh con. Ct phap khai bao cia bién
cling trong ty nhu khai bao tin hi¢u:

variable tén bién {,tén bién}: kiéu du liéu [:=gid tri khéi taol;

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

Néu khong duogc khoi tao gia tri ban dau bién s& nhan gia tri khoi tao ban dau 1a gia tri thip
nhét trong céac gia tri thudc mién xac dinh cua kiéu dit liéu. Tin hiéu cling co thé chua dir liéu
nhung ching lai khong dugc str dung vi nhiing 1y do sau:

- Viéc sir dung bién hiéu qua hon vi gia tri ctia bién dugc gan ngay lap tirc trong process khi
tin hién chi dugc lap ké hoach dé thuc hién va chi dugc cap nhat toan bd sau khi két thic
process.

- Bién chiém it bo nhé hon trong khi tin hiéu can nhiéu thong tin dé c6 thé lap ké hoach
thuc hién cling nhu dé chira cac thudc tinh cua tin hiéu.

- Sur dung tin hidu yéu ciu c6 1énh wait dé thuc hién dong bo phép gan tin hiéu véi phép lap
thyuc hién theo cach st dung quen thudc.

+ H%ng —constant: 13 ddi tuong héng duoc gan cho cac gia tri cu thé cua mot kiéu khi duoc
tao ra va khong doi trong toan bd qua trinh thuc hién. Hang ciing c¢6 tinh toan cuc gidng nhu tin
hiéu va c6 thé duoc khai béo trong package, entity, architecture, proceduce, process... Ct phap
khai bao hang:

constant tén hdng {,tén hdng}: kiéu dit liéu :=gi& tri khoi tao;
Vi du: constant GND : std logic:='0’;
constant PI: real:=3.1414;
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Tém lai: Cac d6i tugng trong VHDL c¢6 muc dich st dung, pham vi st dung khac nhau,
nhung chung c6 ¢t phép khai bao chung nhu sau:
Dbéi tugng tén dbi tuong : kiéu di liéu {:=gid tri khéi tao}
Cac ddi tuong khi khai bao phai duoc xac dinh kiéu dir liéu twong tng. VDHL dinh nghia
nhiéu kiéu dit liéu khac nhau dé phu hop véi viéc md ta, thiét ké, mo phong cac hé thdng sb khac
nhau trong thuc té.

9.2.2 Kiéu dir liéu trong VHDL
Trong VHDL c¢6 4 dang dir liéu:

e Vo huéng : gdbm cac dir liéu ¢ gia tri don nhu bit, boolean, integer, real, physical,
character, std_logic va std_ulogic, enumerated (kiéu liét ké)...

e  Kiéu ghép: cac dir liéu duéi dang mot nhoém cac thanh phan nhu mang, bang ghi
(record). Bit_logic vector, std_logic_vector va String déu 1a nhiing dang dir liéu ghép
da dugc dinh nghia san.

e 2-D Arrays: cac dir liu c6 dang mang 2 chiéu, duoc tao nén tir 1 mang cia mdt mang
1 chiéu ( hay mot ban ghi).

e  VHDL Subtypes: dang dir li¢u con do nguodi dung ty dinh nghia dya trén nhitng dang
c6 san.

Céc kiéu dir liéu da dugc dinh nghia trong goi Standard chira trong thu vién chuan Standard
Library cia VHDL la: bit, boolean, integer, real, physical, character, std logic and std ulogic,
Bit_logic_vector, std_logic_vector va String va mot s6 kiéu dir liéu con. Ca phap chung dinh
nghia kiéu dir liéu nhu sau:

Type Tén kiéu is gidi han giad tri cua kiéu
a. Kiéu vé huwéng
- Kiéu Bit : Kiéu liét ké v6i 2 gia tri ‘0’ va ‘1”. Kiéu Bit da dugc dinh nghia nhu sau: Type
Bit is ('0', ‘1');

- Kiéu Boolean: Kiéu liét ké véi 2 gia tri false va true. Kiéu Boolean d3 duoc dinh nghia
nhu sau: Type Boolean is (false, true);

- Kiéu Integer: Kiéu s6 nguyén véi nhitng gia tri duong hodc 4m, do 16n mic dinh 1a 32 bit
v6i gidi han gia tri: tir -2147483647 dén +2147483647. Khi sir dung co thé gidi han mién xac dinh
theo gi6i han giam dan dung tir khoa downto hodc ting dan dung tir khoa to:

signal A : integer range 0 to 7; -- A sb nguyén 3 bit
variable B : integer range 15 downto 0; -- B s6 nguyén 4 bit
signal B : integer range 15 downto -15; -- B sb nguyén 5 bit

Céc cach biéu dién s6 nguyén dang thap phan:
+ digit[underline]digit, vidu : 0, 1, 123 456 789 ,-123 5678S...
+ digit(E)digit, vi du: 987E6 (=987.10°). ..

Céc cach bicu dien dudi dang co s6 xac dinh:
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+ base#tbased integer#[exponent], vi du: 2#1100 0100#, 16#C4#, 4#301#E1, (=196)

- Kiéu Real: Kiéu s6 thuc co giéi han tir -1.0E+38 dén 1.0E+38, khac voi kiéu integer kiéu
s6 thuc khi sir dung thuong dugc dinh nghia thanh kiéu dir liéu riéng va co gidi han mién Xéac
dinh:

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;
constant P : PROBABILITY := 0.5 ;

Céc cach biéu dién sb thuc:

+ Biéu dién duéi dang thap phan: integer|.integer][exponent], vi du: 0.0, 0.5, 1.1234 5678,
12.4E-9...

+ Biéu dién dudi dang co sb xéc dinh:

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

Vidu: 2#1.111_1111_111#E+11, 16#F.FF#E2 (=4095.0)

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

- Kiéu Vit ly — Physical: dugc st dung dé biéu dién cac dai lugng vat ly nhu khoang céch,
dién trd, dong di¢n, 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 nhat ¢6 thé biéu dién duoc 1a don vi co ban. Trong thuc
viéc chuan Time (kiéu di liéu thoi gian) 13 kiéu vat Iy duy nhat di duoc dinh nghia.

type Time is range <x&c_dinh gidi han>

units Vi du st dung:
fs; -- Don vi co ban constant Tpd : time := 3ns ;
ps = 1000 fs;
ns = 1000 ps; Z <= A after Tpd ;
us = 1000 ns;
ms = 1000 us;

sec = 1000 ms;
min = 60 sec;
hr = 60 min;
End Units;
- Kiéu std_logic va std_ulogic: kiéu dir liéu logic nhiéu muc di dugc dinh nghia trong goi
std_logic 1164, so véi kiéu Bit thi ching c6 thé mo ta chinh xac va chi tiét hon cho cc phan
cung 30, ching con xac dinh dugc cudong do khac nhau cia cac tin hi¢u.
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type std ulogic is type std logic is

( ‘U’, —-- Uninitialize ( Mur, -— Uninitialize
X', -- Forcing Unknown X', -- Forcing Unknown
‘o', -- Forcing Zero ‘0, -- Forcing Zero
‘1, -- Forcing One ‘17, -- Forcing One
‘z', -- High Impedance ‘\z', -- High Impedance
‘W, -— Weak Unknown ‘W, -— Weak Unknown
‘L', -—- Weak Zero ‘L', -- Weak Zero
‘HY, -— Weak One ‘H', -— Weak One
- -- Don’t Care - -- Don’t Care

) )

Hai kiéu dir liéu std logic va std_ulogic tvong tw nhau, ching chi khac nhau & chd 1a kiéu
std_ulogic khong c6 ham phan dai (unresolved) — ham quyét dinh gia tri tin hiéu, do d6 s& c6 13i
khi cac tin hiéu kiéu std ulogic dwgc nbi chung vao 1 diém. Thu vién cling cung cAp ham phat
hién 11 ndy ciia cac tin hiéu kiéu std_ulogic.

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;

Res Out

Thuc hién duoc

(Ky hiéu “<=" dung & trén la 1€nh gan tin hi¢u, 1énh gén tin hi¢u thyc hién duogc voi 2 dir ligu
cung kiéu, cing do 16n, gia tri ctia tin hiéu bén phai s& duoc gan cho tin hidu bén trai).

- Kiéu dir liéu liét ké ty dinh nghia: Kiéu dir liéu liét ké, do nguoi st dung ty dinh nghia,
cho phép md ta rat sang sta, va linh hoat cho cic mé hinh phan ctng s6 voi mirc do triru twong
cao. Kiéu dir liéu nay dimng nhiéu mé ta d6 hinh trang thai, cac hé thong phic tap...

Vidu: type My State is( RST, LOAD, FETCH, STOR, SHIFT) ;

signal STATE, NEXT STATE : My State ;
b. Kiéu dir liéu ghép
Tuong tu cac ngdn ngir 1ap trinh, VHDL ciing ¢6 céc kiéu dit liéu ghép 1a nhom cac phan tir
dir liéu theo dang mang (array) hoac bang ghi (record).

+ Mang — Array:
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Mang 14 nhém nhiéu phan tir 6 cting kiéu dit liéu v&i nhau thanh ddi tugng duy nhat. Mdi
phan tir ctia méang c6 thé duoc truy cap bang mot hodc nhidu chi sé ctia mang. Ct phap dinh nghia
kiéu dir liéu mang nhu sau:

Type tén mang is array (khoang cua chi sb) of kiéu cua phén tu;

Vi du mét s6 cach khai bao va sir dung dit liéu 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 ;

r

Céc kiéu dir liéu mang dd dwoc dinh nghia trong thu vién chuan cua VHDL la:
Bit_logic vector (mang dir lidu kiéu Bit), std logic vector (mang dit liéu kiéu std logic) va
String (mang dit liéu kiéu Chacracter). Mot s6 vi du sir dung cac kiéu dit liéu nay 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);

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

r

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

Mt s6 phép todn thao tic véi phan tir méng:

- Phép gan cho mang: 2 mang phai cing kiéu, cing d6 16n, phép gan s& thyuc hién gan theo
timg phan tir theo thir tu tir trai sang phai:

My BusB <= My BusA ; My BusC <= My BusA ;
3 2 1 0 3 2 1 0
My BusA My BusA
'] j 1 '] '] j 1 ']
My BusB My BusB
3 2 1 0 0 2 5

Data Word <= 7101001101111”

Data Word <= X”AGE”;

Data Word <= 0”5157";

Data Word <= B”1010 0110 1111” ;
Céch biéu dién sb liéu bit vector va std logic vector: BJO[X gia tri” (dung dau nhay kép).
Trong d6 B : Binary -Kiéu nhi 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 ca dit liéu v hudng va dir liéu mang dé thuén tién cho cac
phép géan cho mang:
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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 0);

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

Chii y: Phép gop & vé bén trai chi ding véi kiéu dir liéu vo hudng.

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

Q Out <= (others => ‘0’) ;

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

H Byte <= (7]6|0=>'1", 2 to 5 => ‘0’ );

L Byte <= (3=>'1’', 1 to 2 => ‘0’, 4 to 7 => '17);

Chii y: “others” c6 thé dugc sir dung khi gan mic dinh, n6 co ¥ nghia la cic tat ca cac phan tir
con lai duge gan bang mot gia tri nao do) .

+ Bang ghi — Record:

truy nhap theo tén ban ghi va tén truong, 2 thanh phan nay duoc ngin cach bai dau ©.’

Bang ghi 1a nhém nhiéu phan tir ¢6 kiéu dit liéu khac nhau thanh ddi twong duy nhét.

Mbi phén tir cia ban ghi dugc truy nhap téi theo tén truong.

Céc phan tir ciia ban ghi ¢ thé nhan moi kiéu ctia ngdn ngit VHDL ké ca mang va bang

ghi.

Vi du dinh nghia kiéu dir liéu 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 O to 6;
STOP_BITS : bit vector (1 downto 0);

end record ;

signal TX PACKET, RX PACKET : OPCODE;

«— — > —
ADDRESS DATA BYTE
PARITY .

—P]

NUM VALUE STOP BIT

Céch truy nhap va gan dir liéu cho cac truong cua ban ghi: Cac phan tir ciia ban ghi dugc

TX PACKET <= ( ‘1’,700117,711101010",5,”10"
TX PACKET.ADDRESS <= (“0011");
TX PACKET <= RX PACKET;

)

’
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TX PACKET.ADDRESS <= RX PACKET.ADDRESS;

c. Kiéu dir ligu méng 2 chiéu (2-D Array)

Mang 2 chiéu 14 kiéu dit liéu mang ctia cac phan tir mang mot chiéu hay bang ghi. Mot s6 vi
du dinh nghia va khai bao kiéu dit 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 khai tao mot ving nhé ROM
constant My ROM : REM Array := (0 => (others=>'1"),
1 => “10100010",
2 => “000011117,
3 => “11110000") ;

d. Kiéu dir liéu con:

La mot tap hop con cta cac kiéu dir liéu da dugc dinh nghia khac. Phép khai bao kiéu dir
lidu con ¢ thé nam & moi vi tri cho phép khai bao kiéu dit liéu. Ct phap khai bao chung:

Subtype Tén_kiéu_dir liéu_con is xac_dinh kiéu dir 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);

9.2.3 Cac phép toan trong VHDL

Toan tir logic: dugc st dung cho cac dang dit li¢u 1a bit, boolean, bit vector va std logic_vector.
Toan tur logic gém co: and, or, nand, nor, xor, not, xnor.

F
A
4
B H

G
Vi du: Z <= A and B; Y<=Gor(FandH);

- Toan tir logic dung cho kiéu di liéu mang:
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signal A vec, B vec, C vec : A—Vecm_}Cvecm
bit vector (7 downto 0 ) ; B vec(7) -

A vec (6)
——|Bwec (6)—} Cyec(©)

A vec(5)
B vec (5)—} Cvec(d)

C vec <= A vec and B vec ;

Nguyén tic thuc hién phép logic véi dir liéu mang:
+ Chi thyc hién véi cac mang phai cung kiéu, ciing d6 10n.

+ Phép toan logic thuc hién vdi ting phﬁn tr cua mang va | A vec (O)D
theo thir tu tir trai sang phai. B vec(0) C vec(0)

Toan tir quan hé: dugc st dung cho hau hét cac dang dir li€u, tat ca cac toan tir quan hé déu cho
gia tri tra vé dudi dang boolean. Toan tir quan hé gom co: =, /=, <, <=, >, >=,

Vi du: signal FLAG BIT : boolean ;
signal A, B : integer ;
FLAG BIT<=(A > B);
- Nguyén tic thyc hién phép quan hé véi dir liéu mang:
+ Cac mang phai cung kiéu, d6 dai c6 thé khac nhau.
+ Mang c¢6 do dai khac nhau thi phép quan hé thuc hién uu tién phan tir tir trai sang phai va
so sanh theo gia tri ASCIL.

signal A vec : bit wvector ( 7 downto O ) := “11000110" ;
signal B vec : bit vector ( 5 downto O ) := “111001" ;
if ( A vec > B vec ) then

State <= Normal;
else
State <= Code_ Red;

end if;

To4n tir s6 hogc: dugc su dung cho sb nguyén, s6 thuc, va céc dang dir liéu vat ly, std logic.
Std_logic_vector, Bit, Bit_vector. Can chi y rang khong phai tat ca toan tir s6 hoc déu c6 thé sir
dung cho mang. Cac toan tir sb6 hoc 1a: +, -, *, /, abs (tri tuyét déi), ** (ham mi).

Toan tir dich: mdi toan tir tac dong vao thanh phan bén trai ciia mot toan hang hoic toan hang
bén phai cta sd nguyén dé tao ra rat nhidu toan tir dich va quay. S6 am chi ra cach huéng khac
duoc st dung. Mdi toan tir cho két qua cung dang va kich thudc voi toan hang ban dau. Céc toan
ttr dich trong VHDL 1a: sl (dich trai logic), srl (dich phai logic), sla (dich trai s6 hoc), sra (dich
phai s6 hoc), rol (quay tréi), ror (quay phai).

Vi du: signal A vec : bit vector (7 downto 0) := “110001107;
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signal D vec : bit vector (7 downto 0);

D vec <= A vec sll 2; D vec ="00011000"
D vec <= A vec sra 2; D vec ="11110001"
D vec <= A vec ror 3; — D vec ="11011000"
D vec <= A vec srl 2; D vec ="00110001"
D vec <= A vec sra -2; D vec ="00011000"

Toan tir ghép ndi: toan tir “&” cho phép ghép ndi mot cach linh hoat cac dir liéu don va dir lidu
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;

Toan tir tach: cho phép ta 1dy ra mot sd thanh phan ciia mang, chiéu chi s6 cua phép tach phai
cung chidu danh chi s da dinh nghia cho méang.

Vi du: 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);

Toan tir thudc tinh: Xac dinh thudc tinh dir liéu cua dbi tuong bién va tin hiéu. Ca phap
chung:

DPéi_tugng’thudc_tinh

- Cac thugc tinh dugc dinh nghia trudc cho kiéu dit liéu mang trong VHDL la:

+ left, right: tra lai chi s ctia phan tir bén tri nhat hoac bén phai nhat cia di liéu mang.

+ high, low : tra lai chi s6 ctia phan tir cao nhat hodc thap nhét cia kiéu dir liéu méang.

+ range, reverse_range : xac dinh khoang ctia chi s6 ciia mang.

+ length : tra vé sb luong cac phan tir ciia mang.

+ event, stable : thudc tinh chi dung cho dbi tuong 1a tin hiéu, tra vé gia tri boolean, chi ra
rang trén dudng tin hidu dang xét c6 xudt hién sy kién thay doi hay gia tri trén duong tin hiéu 6n
dinh tai thoi diém hién tai. Cac thudc tinh nay dung nhiéu véi 1énh wait va if. Vi du st dung toan
tr thudc tinh nhu sau:

signal a : std logic:='0';

PROCESS (a)
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 (a’event and a=’'1’)then —- su kién cé xudn duong cua a.

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

9.2.4 Cac don vi thiét ké trong VHDL:
VDHL su dung 6 don vi thiét ké gém 2 loai: don vi co ban va don vi thiét ké tht cép:
- Pon vi thiét ké co ban:
e Library: Cho phép tao thu vién trong VHDL

e Package: Tao cac goi giit liéu trong Library, nhu cac khai bao cac d6i tuong, khai
bao chuong trinh con, ham...

e Entity: (Thuc thé) - cho phép khai bao cac giao dién ciia mot khéi thiét ké sd nao
d6: nhu khai bao cac chan vao/ra, cac tham sb cua khdi mach...

- Pon vi thiét ké thir cap (Phu thudc vao mot don vi thiét ké co ban):

e Architecture: Mo ta hoat dong bén trong cia mot Entity hay ddy chinh 13 phan mé
ta hoat dong cua khdi mach sd.

e Package Body: Mo ta chi tiét cho cac khai béo trong Package nhu viét cac ham, cac
thu tuc ...

e Configuration: Pon vi thiét ké ciu hinh cho phép gin cac phién ban cia thuc thé
vao nhiing kién triic khac nhau. Cau hinh ciing c6 thé duoc sir dung dé thay thé mot
cach nhanh chong cac phén tir ciia thuc thé trong cac biéu dién cau trac cua thiét ké.

+ Entity - (Thuee thé) :

Khai béo thuc thé trong VHDL phan dinh nghia céc chi tiéu phia ngoai cia mot phan tir hay
mot hé théng. Thuc chit cua viée khai bao thuc thé chinh 1a khai bao giao dién cua hé théng voi
bén ngoai. Ta co thé c6 tat ca cac thong tin dé két ndi mach vao mach khac hoat thiét ké tac nhan
dau vao phuc vu cho muc dich thir nghiém. Tuy nhién hoat dong that sy ctia mach khong nam &
phan khai bao nay. Ct phap khai bio chung ctia mot Entity nhu sau:

entity Tén thec the is
generic (--Khai bdo danh sdch cic tham se generic

Tén tham se : [Kieu de lieu] [:=gid tre khei teo];

) 4
port (-- Khai bdo danh sach eei teeng cic port vao ra
Tén ceng : [mode] [Kieu de lieu] [:=gid tre khei teo];
)
end Tén thec_the;
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Trong khai bao trén:

+ Tham s6 khai bao trong phan generic dung dé kiém soat ciu tric, hoat dong cua thyc thé,
ching s& dugc truyén gia tri hodc 1dy gia tri mac dinh ban dau khi thuc thé dugc khai tao.

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

+ [mode]: chi huéng tin hiéu cta céng co thé 13: (in, out, inout hodc buffer). Trong d6
cong dang in chi dung dé doc dir liéu. Cong dang out chi dung dé gan gia tri dir liéu. Cong inout
cho phép ddng thoi vira doc vira gan gia tri dir liéu & trong va ngoai chuong trinh. Céng dang
buffer cho phép ca 2 thao tac doc va gan dir li¢u tir bén trong chuong trinh, nhung chi cho phép
doc dir li¢u tr ngoai chuong trinh.

Vi du khai bdo thuc thé cho mét cdng logic AND:

A PLD

entity Logic AND is Y
port(A, B : in std logic ; B Logic AND o]
Y : out std logic) ;

end Logic AND;

+ Architecture — (Kién tric) :

Céu trac nay cho phép mo ta hoat dong bén trong cuia thyc thé. Ca phap chung ciia mot
Architecture:

Architecture Tén kién truc of Tén thuc thé is

-— Thuc hién céc khai béo cho kién truc

Begin

-- Viét cédc mé td hoat ddéng bén trong cho thuc thé

End Tén kién truc;

Phén khai béo kién trac co thé bao gdm cac khai bao vé cac ddi tugng signal, constant, kiéu
dir liéu, khai bao cac phan tir bén trong hé thong (component), hay cac ham (function) va thu tuc
(proceduce) str dung dé mo ta hoat dong cua hé théng. Tén cua kién trac 1a nhan dugc dat tuy theo
nguoi st dung

VHDL cho phép tao ra nhiéu mo ta Architecture cho mot thuc thé, cho phép thuc hién
nhiéu cach mé ta hoat khac nhau cho mét thuc thé. Mdi cach mé ta hoat dong s& tdi uu vé& mat
thoi gian thiét ké hay do tin cay hay t6i wu vé tai nguyén sir dung khi tong hop. ..

C6 3 cach chinh mo ta kién tric ciia mot phan tir (hodc hé thng sd) d6 1a mé hinh hoat
dong (Behaviour), md ta theo mé hinh céu trac logic (Structure), va mo hinh ludng dit liéu. Tuy
nhién dé mo ta cho mot hé thdng, trong mot kién tric c6 thé két hop str dung 2 hodc ca 3 md hinh
md ta trén dé thyc hién cho ting thanh phan con twong tmg cua hé théng sb. Trong phan sau cta
tai liéu nay s& trinh bay chi tiét hon cac phuong phap mé ta nay.
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entity Half Add is -- Vi du cac cach mo ta hoat dong khac
nhau cta thuc thé Half Add
end Half Add;

architecture BEH of Half Add is -- Kién triic mo ta
> theo md hinh hoat dong

end BEH ;

architecture RTL of Half Add is -- Kién trac md ta
_ theo mé hinh ludng dir

end RTL ; liéu

architecture XLX of Half Add is -- Kién trac mo ta
- .. theo mo hinh cau trac

end XLX; logic

+ Package va Package Body

Package ( g6i dit liéu) 1a don vi thiét ké co ban dung dé chtra nhitng khai bao cho cac ddi
tugng, khai bdo chuong trinh con, ham, kiéu dir liéu, component cé thé dung chung cho nhiing
thiét ké, project, cau truc.

Package Body 13 don vi thiét ké phu thudc duoc ding dé chira nhimg mé ta chi tiét cho cac
khai bao trong don vi thiét ké Package nao do, mo ta chi tiét noi dung cua cac ham, cac thu tuc ...
Package Body thudng duoc viét ngay sau Package. Ct phap chung céc don vi thiét ké Package
va Package Body :
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package My Pack is -- Cach su dung package trong
file mé6 ta VHDL.

constant. library IEEE;-- Thu viéc chuan

Coe . use IEEE.std logic 1164.all ;
function bv _to integer (BV: bit v..

return integer R R . 4 A
-- Trong phé&n mém thiet ke ISE

gbdéi dtt liéu do nguoi su dung
component . . . tao ra thudng dugc td chic mic
st dinh trong thu vién “work”
subtype.

P use work.My Pack.all;

end package My pack;
entity

package body My Pack is

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

end function;

end My Pack ;

+ Library (thw vién)

Trong VHDL c6 céc thu vién thiét ké chuan, ngoai ra ngudi thiét ké c6 thé tao cac thu vién
thiét ké riéng. Trong mat thiét ké VHDL nhiéu doan chuong trinh c6 thé duoc goi tur cac thu vién
khac nhau.

Phan tich VHDL 14 mot qua trinh kiém tra cac don vi thiét ké VHDL dé cho dung ca phap
va ngit nghia, cac don vi thiét ké VHDL duoc luu vao thu vién dé su dung sau nay. Thu vién thiét
ké chtra cac nhitng phan tir thu vién sau:

- Package: chira nhirng mo ta khai bao dugc dung chung.

- Entity: 12 nhitng mo ta giao dién thiét ké duoc dung chung.

- Architecture: nhitng mo ta hoat dong thiét ké duoc dung chung.

- Configuration: 13 nhiing phién ban cua thuc thé dugc dung chung.

Céac don vi thu vién 1a cac cau tric VHDL c6 thé dugc phan tich riéng r€ theo trinh tu nhét
dinh.

Trong VHDL ¢6 thu vién thiét ké didc biét c¢6 tén 1a “WORK?”. Khi nguoi thiét ké bién dich
mot chuong trinh viét trén VHDL nhung khong chi rd thu vién dich, chuong trinh nay s& dugc
bién dich va chira vao thu vién “WORK”.

Vi du cach goi va st dung thu vién nhu sau:
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library My Lib ;
use My Lib.Fast Counters.all ;

entity Modl is
port (

+ Configuration (Ciu hinh)

Mot thue thé c6 thé c6 mot vai kién trac mé ta hoat dong cho nod. Trong qua trinh thiét ké c6
thé phai thir nghiém mot vai bién thé cua thiét ké bang cach sir dung cac kién trac khac nhau. Cau
hinh 13 thanh phin co ban cia don vi thiét ké. C4u hinh cho phép gin cac phién ban cua thuc thé
vao nhitng kién trac khac nhau. Cau hinh ciing c6 thé duoc sir dung dé thay thé mot cach nhanh
chong cac phan tir ciia thuc thé trong cac biéu dién cu trac cua thiét ké.

Cu phap ctia mo ta cau hinh nhu sau:

Configuration tén cdu hinh of tén thuc thé is
-- Phan khai bdo cua cldu hinh (cho phép sur dung
-- cac phidn tu trong package va library.
for dic ta cua khdi

{ménh dé use}

{cdc_phédn tu cua cdu hinh}

end for;

Vidu:

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;

9.2.5 Céu triic chung ciia mot chwong trinh mé ta VHDL
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Mo hinh cdu tric mé ta phan cing s6 va pham vi str dung cuia cac ddi tuong trong VHDL
¢6 thé dugc tong két don gian nhu trong hinh 9-1 dudi day:

CPLD/FPGA
entity
architecture
rocess

«— P

<)

=

Input Ports Output Ports

Hinh 9-1. CAu triic mé ta phan clmg va cac ddi twong trong VHDL.

Sau ddy la cu triic chung don gian ciia mot chuong trinh mé ta VHDL:

-- Vi du cdu trtc 1 file md ta cho mdét hé théng phin ctng sb dung VHDL
-- Khai bao thu vién, (mdc dinh cdn khai bdo thw vién IEEE (thu vién
-- chudn di dugc xay dung) .
library IEEE;...
-- Khai bao géi dix liéu (package) trong thu vién cédn s@ dung:
use IEEE.STD_LOGIC_1164.ALL;...
-- Khai bao thuc thé
Entity Tén_thuc thé is

-- Khai bao cac tham sb generic néu can:

Generic( -- khai bao danh sach cac tham sd);

Port (-- Khai bao danh sach cac céng vao/ra

)

End Tén_thuc_thé;
-- Bat dau viét
Architecture Tén_kién_truic of Tén_thuc_ thé is
{Khai bdo:kiéu dir liéu, cac component,cac déi tuong constant, signal}
Begin

{ Viét cac mé ta dung cdu tric lénh song song }

Process(-- danh sach tin hiéu kich thich néu cén)

{Khai bdo:kiéu dit 1liéu, cac dbi tuong bién constant, variable }
Begin

{ Viét cac mé ta dung cdu tric lénh tudn tu }

End process;
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{ Viét cac mdé ta dung cdu tric lénh song song hay process khac }

End Tén _kién_truc;

9.2.6 Méi trudong Kkiém tra testbench

Mot trong cac nhi¢m vu rat quan trong la kiém tra ban mo ta thiét ké. Kiém tra mot mo hinh
VHDL duoc thyc hién bang cach quan sat hoat dong ctia n6 trong khi moé phong va céc gia tri thu
dugc c6 thé dem so sanh voi yéu cau thiét ké.

Moi truong kiém tra ¢6 thé hiéu nhu mot mach kiém tra d0. M6i trudng kiém tra sinh ra cac
tac dong 1én ban thiét ké va cho phép quan sat hodc so sanh két qua hoat déng cua ban mo ta thiét
ké. Thong thuong thi cac ban mé ta déu cung cdp chuong trinh thir. Nhung ta ciing c6 thé tu xdy
dung chuong trinh thir (testbench). Mach thir thuc chat 1a sy két hop cia tong hop nhiéu thanh
phan. N6 gdm ba thanh phan. M6 hinh VHDL d3 qua kiém tra, ngudn dit liéu va bo quan sat. Hoat
dong cta md hinh VHDL dugc kich thich bai cac ngudn dit liéu va kiém tra tinh ding dan thong
qua bd quan sat. Hinh 9-2 13 so d6 tong quat ctia mot chuong trinh thir (Testbench).

Testbench dugec md ta nhu mot Entity khong c6 dau vao dau ra, chi c¢6 tin hiéu bén trong
duoc ghép téi khdi DUT can duge kiém tra theo Kkiéu cdu tric. Nguoi thiét ké s& mé ta cac tin
hiéu bén trong nay tao ra tin hiéu kich thich cho cac dau vao cia DUT va doc két qua ra dé quan

sat...

Testbench Entity

Generics

) &

Data > U —» i Observer
So.urce. L 5 L ]
(stimuli
Generator > —>

Trong d6: DUT: (device under test) m6 hinh VHDL can kiém tra
Observer: khoi quan sat ket qua
Data source: nguon dir liéu (khoi tao ra céc tin hi¢u kich thich)

Hinh 9.2. So d6 tdng quat chwong trinh thir Testbench
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mo

Viét Testbench cho thyc thé Logic AND damé ta ¢ phﬁn trudc:

; Test_bench
M6 ta tao DUT . '
kich thich :
e e Logic AND T

Thuc thé Test_bench khong co cac céng vao ra ma chi khai bao cac tin hi€u néi bo A, B, Y
dé ndi téi khdéi DUT céan kiém tra (Logic AND). Trong phan kién trac mé ta hoat dong cia
Test_bench, coi khéi Logic AND nhu mot component dé tao thanh khéi Test_bench. Toan bo ma

ta cho Test_bench nhu sau:

LIBRARY ieee;
USE ieee.std logic_1164.ALL;

USE ieee.numeric std.ALL;
Khai bao thyc thé Test bench;
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
);

END COMPONENT;

SIGNAL A : std logic:=
SIGNAL B : std logic:=
SIGNAL Y : std logic;

BEGIN

lol;
'0';

-- N6i chan céng vao ra céia DUT véi cac tin hiéu caa Test_bench
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A<= 'l' after 1lOmns;
B<= 'l' after 20ns;

END PROCESS;

-—- *** End Test Bench - User Defined Section ***

END;

Trong céc phan mém thiét ké sau khi hoan thanh cic mé ta cho Test bench, nguoi thiét ké
s& chay cong cu md phong, cac tin hiéu dau ra cia DUT s& duge mic tinh doc ra va cho phép
ngudi thiét ké quan sat d& dang dudi dang gian do thoi gian, hay céc file s lidu...

Nguoi thiét ké c6 thé dé dang viét cac mo ta kich thich dé tao ra cac yéu cau kiém tra tiy ¥
cho ban thiét ké cua minh. Nhiéu chuc nang mo phong, kiém tra dugc hd tro rat manh béi cac
phan mém thiét ké.

9.2.7 Cac céu triic 1énh song song

Nhu d3 trinh bay trong phan cau trac chung cia chuong trinh mé ta VHDL, trong mé ta mot
kién triic (Architecture) c6 chtra nhiéu cdu trac 1énh song song. Mdi cu trac 1énh song song s&
turong tng véi mot thanh phan phan cing nao d6 khi thyc hién téng hgp mach, mdi cau trac song
song co6 thé viét & bat ky vi tri ndo trong doan md ta Architecture ma chirc ning hoat dong ctia
thue thé khong thay doi. Cac cdu trac 1énh song song c6 trong VHDL gdm:

+ CAu tric process.

+ Lénh gan tin hi¢u song song.

+ Lénh géan c6 diéu kién.

+ Lénh gan tin hi¢u co6 lya chon.

+ Khéi.

+ Phép goi chuong trinh con song song.
a. Ciu triic Process:

Céu truc Process duoc tao thanh tir mot tap hop ciu tric 1énh tuan ty (dwoc trinh bay chi tiét
& phﬁn sau). N¢ la khdi co ban cua viéc mo ta hoat dong cua thuc thé. TAt ca céc

[Nhdn] Process [ (Danh sach tin hiéu kich thich) ]
[ Khai bdo:kiéu dit 1liéu, cac déi tuong bién constant, variable ]
Begin
{ Viét cac mé ta dung cdu tric lénh tudn tu }

End process;

Process trong mot thiét ké dugc thuc hién song song. Tuy nhién, tai mét thoi diém xac dinh
chi ¢6 mot cau 1énh tuan tu duge thuc hién trong mdi ciu trac Process. CAu triic téng quat:

Trong d6 cac phan dit trong dau [ ] ¢ thé co hodc khong.
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- Nhan_lénh: Tuy thudc ngudi thiét ké dat tén.
- Danh séch tin hiéu kich thich: Danh sach céac yéu t6 kich thich hoat dong

Néu Process chua (danh sach tin hi¢u kich thich) thi luc doé Process s€ dugc thuc hién khi co
bat ky su thay doi nao cta bat ky tin hiéu ndo trong danh sach tin hiéu kich thich. Diéu nay tuong
duong voi Process khong chira danh sach tin hi€u kich thich nhung lai chira 1énh wait & vi tri cau
1énh cudi ciing trong qua trinh:

Wait on <danh sé&ch tin hiéu kich thich>

Khi tong hgp mach thi mdi Process s& twong g voi mot khdi mach chirc ning nao d6. Con
khi thyc hién mo phong, viéc thuc hién mot Process bao gém viéc thyc hién lap lai cac cAu tric
1énh tuan tu chira bén trong than ctua Process. Giéng nhu mot vong lap vo han va mdi bude lip
dugc thuc hién mdi khi co su thay ddi cua bat ky tin hi¢u nao trong danh Séch tin hi€¢u kich thich.

Vi du Process mo ta mach logic AND nhu sau:

entity Logic AND is
Port ( A,B : in std logic;

C : out std logic); A
end Logic AND; - C
architecture Behavioral of Logic AND is B
begin

Process (A, B)
begin

C<= A and B;
end Process;

end Behavioral;

Mot Process lién két véi phan con lai cua thiét ké thong qua cac thao tac doc cac gia tri tir
cac tin hiéu vao, cac cong dugc khai bao ngoai Process va ghi gia tri vao cac tin hiéu ra, cong ra.
Chu y khi thiét ké 1a mot tin hiéu co thé vao (duoc doc ra) boi nhiéu Process nhung chi nén dugc
ghi ra b1 mot Process.

Su hoat dong déng thoi cia mdi Process va mo hinh két ndi cua chung dugc mo ta nhu hinh
v& 9-3, trong d6 tin hiéu sé truyén gia tri giira nhitng Process hoat dong dong thoi.:
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Process 2

Process 1

A
s | a1 C G2 C<=A and B
Process 3
G3 process (C,..)
begin

Process nl Sig1

Process n

Process n3

C<=A and B

Process n2

Process n4

process (C,..)
begin

Hinh 9-3. Mo hinh két ndi cua cac Process.

b. Cdac 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 nhat ctia phép gan tin hidu song song c¢6 ¢l phap nhu sau:
<tin_hiéu_dich> <= <biéu_thirc> [after <biéu_thuc thoi gian>];

Trong d6 <tin_hiéu_dich> nhan gi4 tri ciia <biéu_thtc>, cha y 1a 1énh after chi dung cho

mod phong con khi tdng hop mach nd s& duoc bd qua. Phép gan song song tuong duong mot
phong g hop me 0 q P g g g g g m¢

Process chira 1 phép gan tin hi¢u.
Vi du mé td mach AND va OR ¢6 cung 4 dau vao nhu sau:

architecture Behavioral of logicl is
signal I1, I2, I3, I4, AND out, OR out: std logic;
begin
AND out<= Il and I2 and I3 and I4;

OR_out<= Il or I2 or I3 or I4;

end Behavioral;
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Poan chuong trinh trén twong duong véi doan chuong trinh VHDL véi cac Process chura
céc phép gan tin hiéu tuan tu sau:

architecture Behavioral of logicl is
signal I1, I2, I3, I4, AND out, OR out: std logic;
begin

process(I1l, I2, I3, I4)
begin
AND out<= Il and I2 and I3 and I4;
end process;
process(I1l, I2, I3, I4)
begin
OR _out<= Il or I2 or I3 or I4;

end process;

end Behavioral;

c. Phép gadn tin hiéu cé diéu kién

Phép gan tin hiéu co diéu kién 13 ciu tric 1éch song song thuc hién phép gan gia tri ciia cac
biéu thire cho mét tin hiéu dich tiy theo cac diéu kién dat ra. Ca phap chung:
<tin hiéu dich> <= <biéu thuc>[after <biéu thuc thdoi gian>] when <diéu kién> else

<biéu thuc>[after <biéu thic thdi gian>] when <diéu kién> else

<biéu_ thuc>[after <biéu thuc thoi gian>];
Cau truc phép gan tin hiéu c6 dicu kién c6 thé coi la cau tric song song cua 1énh tuan tu If

dugc thay thé twong duong v6i Process chira 1énh tuan tu if.

Vi du mo ta cau tric chon kénh nhu sau:

architecture ... architecture
begin begin
Z <= A when Sel=%“00" else process (A,B,C, SEL )
B when Sel="10" else |e=m begin
C when Sel=“11" else case (SEL) is
X when “00” =>7Z <= A;
end architecture; when “10” =>7Z <= B;

when “11” =>7 <= C;
when others =>7Z<= ‘X';
end case;
end process;

d. Phép gan tin hiéu theo lwa chon
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Phép gan tin hi€u theo lya chon thyc hié€n gan cho mot tin hi€u dich véi biéu thirc with.
CAu trac nay c6 thé coi nhu 1a cdu tric song song cta 1énh tuan tu case, nd c6 thé thay thé twong
duong véi Process chira 1énh tudn ty case. Ct phap chung ctia 1énh with nhu sau:
With <biéu thic lua chon> select
<tin hiéu dich> <= <biéu thuc> [after <biéu thuc thdi gian>]
when <giad tri lwa chon>,

<biéu thuc> [after <biéu thuc thoi gian>]
when <gia tri luwa chon>,

<biéu thuc> [after <biéu thuc thoi gian>]
when others;

Vi du m6 ta cau tric chon kénh nhu sau:

architecture... architecture
with SEL select begin
72<= A when “00”, hnd process (A,B,C, SEL)
B when “10”, begin
C when “11”7 , case SEL is
‘X’ when others ; when “00” => 7 <= A ;
end architecture; when “10” => 7Z <= B ;

when “11” => 7 <= C ;
when others => 7 <= X’;
end case;
end process;
end architecture;

e. Khoi (Block)

Block bao gém tap hop cac cau truc 1énh song song. Mot kién tric c6 thé phéan tach thanh
mot s6 ca ciu tric logic. Moi khéi biéu dién mot thanh phan ctia mé hinh va thuong duge st dung
dé t6 chirc mot tap hop cac ciu tric song song phan cip. Cu phap chung:

<nhén>: Block

{<phan_khai bao>}
begin

{<cdu lénh song song>} - cé trinh tu bit ky
end block;

<ph§n_khai_béo> : x4c dinh cac d6i tuong tdn tai cuc bd trong khdi va co thé 1a cac khai
bao sau:

- Khai bao hang, kiéu dit liéu, tin hiéu.
- Than chuong trinh con.

- Khai bao bi danh.

- Khai bao component.

- Luat use.
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f- Goi chwong trinh con song song

Phép goi chuong trinh con song song twong dwong vdi cac process bao gdm cac phép goi
chuong trinh con tuan ty twong tmg. Mdi phép goi chuong trinh con tuong dwong véi mot process
khong chtra ddy danh sach cac tin hiéu kich thich, phan khai bao rdng va phan than chtra mot phép
goi chuong trinh con, tiép theo 1a mot cau 1énh wait.

9.2.8 Cau triic 1énh tuin tu

Trong ngdn ngit VHDL mét cau triic dong thdi quan trong 14 Process. Cau triic nay dugc sir
dung dé mo ta hanh vi hoat dong ctia mach $6. Trong kién truc, tAt ca cac Process s& duoc téng
hop thanh mot khéi mach chirc nang va thyc hién déng thoi khi mo phong. Mot Process n dugc
xady dyng tir cac cAu trac 1énh tuan tu. Khi mo phong céac Iénh tuan tu duoc thuc hién lan luot
trong mdt chu trinh vo han bit dau tir 1énh tha nhat dén 1énh cudi va duoc kich hoat trd lai thuc
hién 1énh ddu mdi khi c6 bét ky su thay d6i nao trong danh sach tin hiéu kich thich hay trong danh
sach tin hi¢u trong cau 1énh wait.

Céc cAu triic 1énh tuan ty co ban trong VHDL gom:
- Cau lénh gan cho bién.
- Cau Iénh gén cho tin hi¢u.
- Cau énh if.
- Cau lénh case.
- Cau lénh rong Null.
- Cac I¢nh lap.

a. Phép gin bién
Ci phap ctia phép gan bién nhu sau:
bién := biéu_thirc

Phép gan bién dugc thuc hién véi thoi gian m6 phong bang 0, va gia trj bién s& dugc cap
nhat ngay gia tri cua biéu thirc. P6i tuong <bién> chi duoc khai bao va sir dung trong Process va
chuong trinh con, n6 duoc sir dung dé luu trir cac két qua trung gian. Vi du:

process( Clk )

variable B, C, D : bit := ‘1’ ;
begin A — | D
If (Clk’"event and Clk ='17") then
B := A ;
C :=B ;
D :=C ; Ckk—p

end if ;
end process ;...
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process( Clk )

variable B, C, D : Dbit := ‘1";
begin
If ( Clk’event and Clk =‘1" ) then
D := C;
C := B; AL B C ll
B := A;
end if;
end process ; il
ov L [T

Chu ¥ trong 2 vi du trén, gia tri cac bién dugc cap nhap tic thi, vi du thir nhat khi tong hop
mach chi tao ra moét triger D. Con véi vi du thtr 2 thtr ty gan bién thay déi, két qua tao ra 3 triger
D. Trong vi du 1, néu B,C,D 1a tin hiéu thi két qua hoan toan khac. Xem vi du & phan phép gan tin
hiéu.

b. Phép gan tin hiéu

Cu phap cua phép gan tin hi¢u nhu sau:

Tin_hiéu_dich<=biéu_thirc [after gid tri thdi gian];

Khac v6i phép gan bién, phép gan tin hiéu trong Process khong dugc cap nhap ngay tic thi
ma phép gan do chi dugc dat ké hoach thuc hién va két qua chi dugc cap nhap sau khi két thuc
Process.

Vidu:

Architecture Behavior of Triger is
signal Clk, A, B, C, D : Dbit := ‘17;
Begin

process( Clk )

begin

If (Clk’event and Clk =‘1") th
B <= A ; A B c D
C <= B ;
D <f c > Clk

end if ; D> D> D>

end process ; -|_ I_ I_
c. Lénh if

Lénh nay cho phép cac phép toan dugc thuc hién trén mot diéu kién nao d6. Co ba dang co
ban la:
+ Dang 1:
if (Piéu kién) then
<Cac_cau lénh tudn tu>;
end if;

+ Dang 2:
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if (Piéu kién) then
<Cac_cau lénh tuan tu>;

else
<Cac_cau_lénh tudn tu>;

end if;

+ Dang 3:

if (Piéu kién 1) then
<Cac_cau lénh tudn tu>;

elsif (Piéu kién 2) then
<Cac_cau_lénh tudn tu>;

elsif (Piéu kién 3) then
<Cac_cau lénh tudn tu>;

else
<Cac cau lénh tuan tu>;

end if;

Trong lénh if/else, ta phai cht y mot sb diéu sau:
+) Piéu kién dung dau tién dugc tim thay s& dugc thuc hién.
+) Céac diéu kién co thé chong lap 1én nhau.

+) Diéu kién dau tién trong 1énh if/else dugc uu tién.

Vi du:
process (A, B, C, D, Sel)
begin A—]
If (Sel = “00”) then B — 7
Z <= A ; C_
elsif (Sel = “01”) then
D D
7 <= ;
elsif (Sel = “10”) then C
Sel
Z <= C ;
elsif (Sel = “117) then B
7z <= D ;
end process ; A z

d. Lénh case:

Lénh case duoc sir dung trong truong hop c6 mot biéu thirc dé kiém soat nhiéu ré nhanh
trong chuong trinh VHDL. Céc 1énh tuong tng véi mdt trong cac lua chon sé dugc thuc hiéu néu
biéu thire kiém soat co gia tri bang gid tri twong (mg cta lwa chon d6. Co hai dang co ban:

Dang 1:
Case (biéu thuc kiém soat) is
When <gia tri lua chon> =>
<Cac_cau_lénh tudn tu>;

When <gid tri lwa chon> =>
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end case;

Dang 2:

Case

Céc chu y khi dung 1énh case:

<Cac_cau lénh tudn tu>;

(selector expression)

is

When <gia tri lua chon> =>

<Cac_cau_lénh tuan tu>;

When <gia tri lwa chon> =>

When others =>

<Cac_cau lénh tuan tu>;

<Cac_cau lénh tudn tu>;

end case;

+) Tét ca cac gia tri cua biéu thirc lya chon phai dugc chi ro.

+) Khong c6 céc gia tri lya chon bi chéng lép lén nhau.

Vi du:

process (A, B, C, D, Sel ) \\\\

begin A—

case Sel 1is B —
when “00” => 7 <= A —— 7
when “01” => Z <= B C—
when “10”7 => 7z <= C D
when “11” => Z <= D

end case ;
end process ;

e. Cau Iénh rong Null

Cau lénh rong c6 cu phap nhu sau:

Null;

Trong VDHL khi chuong trinh m6 phdng gép cau 1énh Null n6 s€ bé qua 1€nh nay va thuc
hién Iénh tiép theo sau. Thong thuong 1énh Null dung dé chi truong hop khong thuc hién cua 1énh
mot cach tuong minh khi ¢6 cac diéu kién tra lai gia tri true. Do d6 1énh Null thuong dugc dung
trong cac cau lénh case ddi véi nhiing gia tri lya chon khong can thao tac. Vi du:
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process (A, B, C, D, Sel ) \\\\
begin A —
case Sel 1is
when “00”7 => 7 <= A ; B— —Z
when “01”7 => Z <= B ;
when “10” => 7 <= C ; C—
when others => Null;
end case ; Sel

end process ;

f- Cac lénh lap

Lénh 1ap loop chira than vong lap bao gém day cac cau 1énh s€ dugc thuc hién khong hoac
nhiéu lan. Ct phap ctia 1énh l3p nhu sau:
[<nh&n>:] [<so db 1&p>] loop
{<lénh tudn tu>}|
{next [<nhan>] [when <diéu kién>];}|
{exit [<nh&n>] [when <diéu kién>];}
end loop [nhé&n];
- <nhan>: nhin cia vong lip va thudng duoc dung dé xay dung nhimg vong lap 1ong nhau,
trong d6 mdi vong lip duoc két thuc boi tir khoa end loop.
- <so_dd lap>: vong lap voi so dd lap for hodc vong lip while, va vong lip khong chira
cac so do lap.

V61 nhitng vong lap khong chira [<so_d$_lef1p>], cac 1énh trong diy 1énh tuan tu s& duoc
thyuc hién cho t6i khi duoc ngit bai cau 1énh exit. Trong d6 cau 1énh next ciing duoc ding dé thay
ddi trinh tu thyuc hién than cua vong lap.

Vi du vong lap khong chira so do lp:

Count_down: Process
Variable Min,Sec: integer range 0 to 60;
Begin
Ll: loop
L2: loop
exit L2 when (Sec=0);
wait until CLK’event and CLK='1’;
Sec:=Sec-1;
End loop LZ2;
Exit L1 when (Min=0) ;
Min:=Min-1;
Sec:=60;
End loop L1;

End process Count_down;
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Vi du vong lip chia <so dd_liap> dang for:

process ( A, B bus ) A ___::::>__
i C _bus (7
begin B_bus (7) — ~bus (7)

for 1 in 7 downto 0 loop

C bus (i) <= A and B bus (1i); A—] C_bus (6)
end 1loop ; B_bus (6) — a

end process; .
hodc: |
A } C_bus (0)
B_bus (0) —
process (A, B bus )
begin

for 1 in 0 to 7 1loop
C bus (i) <= A and B bus (i);
end 1loop ;

end process;

Vi du vong lap chira <so_dd_lap> dang while nhur sau:

process ( A, B bus ) A —]
variable i:integer:=0; B_bus (7) | C_bus (7)

begin A —
while (i<8) loop ::::>——'C_bus(6)
: N .. . B_bus (6) —

C bus (1) <= and B bus (1);

i:=i+1; .
end loop ; )

end process; A } C_bus (0)
B_bus (0) —

9.3. CAC MUC PO TRUU TUQNG VA PHUONG PHAP MO TA HE THONG PHAN
CUNG SO

St dung VHDL cho phép md ta hé théng phan ctng sb theo cac mirc do triru tugng khac
nhau. Hinh v& 9-4 m6 ta cac mirc d6 mé ta triru twgng giam dan khi st dung VHDL.

+ Mtrc md ta theo mé hinh hanh vi (Behavioral): mirc d6 mé ta triru twong cao nhét, kiéu
mo ta nay thuong dung cho mo hinh phﬁn cung va moé phong.

+ Mirc md ta theo m6 hinh ludng dir liéu RTL (Register Tranfer Level): Kiéu mo ta nay kha
t61 wu va c6 cho kha nang tong hop cao, doc lap véi cong nghé.

+ Mirc m ta theo mé hinh céu truc logic: Kiéu mé ta nay thuong sir dung cac ciu trac logic
dd duoc xdy dung sin, hodc chon trong thu vién ciia nha cung cip phu hop véi loai cong nghé st
dung.

+ Mtrc mo ta theo céu tric layout. Mirc do mo ta chi tiét nhat, mo ta chi tiét t&i ciu trac bén
trong nhiing tai nguyén di sin co trong ciu kién, cach nay tdi wu cho viéc tong hop trén loai cdu

kién, cong nghé da st dung.
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Vi hé thdng s6 thong thuong dugc mé ta theo 3 mirc: hanh vi, RTL va céu trac logic.
Trong mot thiét ké c6 thé chi str dung theo mot cach mé ta, hodc ciing c6 thé phai dung két hop ca
3 cach tuy theo do phuc tap cua thiét ké, yéu cau vé thoi gian thiét ké, yéu cu vé sy t6i uu phan
cung...

- it chi tiét hon, triru

trong hon. 4 | Behavioral — —
- Nhap thiét ké va mo

phong nhanh hon. O B
RTL [ 4

AND_OR?

DFF

Logic

L

- Mo ta chi tiét hon va
toi wu véi cong nghé.

- Nhap thiét ké va mo = 1l &
phong cham hon \ LaYOUt R5C5 R506 [

Hinh 9-4. Cac mirc dd mé ta hé thong phén cirng so.

9.3.1. Phwong phap mé ta theo md hinh céu tric logic

Mb hinh cdu trac cia mot phan tir (hodc hé thdng) co thé bao gdm nhiéu cip ciu trac bét
dau tir mot cong logic don gian dén xay dung mé ta cho mot hé théng hoan thién. Thuc chit cua
viéc mo ta theo mé hinh cu triic 14 mé ta cac phan tir con bén trong hé théng va su két ndi cua
cac phan tir con d6. Cach thirc mé ta cdu triic ciia thanh phan con ciing twrong tu nhu cach thirc mé
ta thuc thé. Trudc hét dé mo ta ciu tric cua thanh phan con, ching ta phai xac dinh 5 cac giao
dién cua thanh phan con. Céc giao dién nay chinh 1a cac duong tin hiéu vao va ra tir thanh phan
con.

Trude khi duoc sir dung trong kién trac cia ca hé thong, cic thanh phan phai dugc khai bao
mot cach tuong minh theo ¢l phép sau:

Component <tén thanh phan>
Port (<khai bado danh sach cac cdng cuc bd;>)
-- Tuong tu nhu khai bdo trong thuc thé

End component;
Chu ¥: Cac cong vao ra ciia mdi thanh phan con khong duge két ndi truc tiép voi nhau ma
phai két n6i thong qua tin hiéu ndi bd co cung kiéu, cting d6 16n véi cac cong vao ra do.
C phap mo ta moc ndi gitta cac thanh phan con nhu sau:
<nh&n khoi tao>:<tén thanh phén>
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port map ([<tén cdng cuc bd> =>] <biéu thuc>
{[<tén cdng cuc bd>=>]<biéu thuac>});

CAu tric port map 4nh xa cac cong cta phan tir vao céac tin hiéu. Anh xa nay c6 thé hiéu
nhu viée két ndi céng twong tng ctia phan tir vao duong tin hiéu. CAu trac port map dit trong ing
mdi céng thuc ctia phién ban véi mot céng cuc bd thanh phﬁn. Thuc hién ndi cac céng vao ra cua
cac thanh ph?m con va4i cac chan vao ra cia hé théng hodc ndi véi tin hiéu ndi bd trong h¢ théng
dé két ndi toi cac céng vao ra cua cac thanh phﬁn con khac. Anh xa duoc thuc hién theo vi tri theo
tén:

+ Khi str dung anh xa theo vi tri, chung ta dua ra danh sach cac tin hi¢u tuan theo dung trat
tu ma céng duoc khai bao.

+ Pbi v6i truong hop anh xa theo tén, ching ta sit dung ciu triic anh xa tudng minh dit
tuong (mg voi mdi cong véi cac tin hiéu thyc:

<tén_codng cuc bo>=><tén tin hi¢u thuc>

Vi du mo ta mé hinh cau trac mot thanh ghi 4 bit dugc xay dung tir 4 triger D. C6 thé mo ta
triger D sau d6 sau d6 mo ta so dd moc ndi cac phén tir triger D tao thanh thanh ghi.

- Mo ta triger D nhu sau:

entity DFF is

port ( D, Clock : in std logic ;
Reset : in std logic ;
— g D ()
Q : out std logic) ; S I

end entity DFF ;
architecture RTL of DFF is

begin >
iroc.:ess (Clock, Reset) C|OCk|_

=37n |Reset
If (Reset = ‘1’ ) then
Q <= 10’

elsif (Clock’event and Clock = '1’) then

Q <=D

end if;

end process ;
end architecture RTL;
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- Vi dy M6 ta cau trac cta thanh ghi:

entity REG 4 is
port (D in: in std logic vector (3 downto 0);
Clk, Rst: in std logic;

Q out: out std logic vector (3 downto 0)); REG 4
- - - [—1
end REG74,’ D_ir(3) OFF Q_Out(3)
U3
architecture Structural of REG 4 is o
- 1
component DFF D.in(2) — Q out(2)
port ( D,Clock : in std logic; W
Reset : in std logic; N
Q : out std logic);
end component; D_in(1) DFF Q_out(1)
begin U
-- Anh xa theo vi tri: —
I
U3:DFF port map (D_il’l (3), Clk, Rst, Q out (3)); D_in(0) oOF Q_out(0)
U2:DFF port map(D in(2), Clk, Rst, Q out(2)); - 0 -
Ul:DFF port map(D in(l), Clk, Rst, Q out(l)); Clk >
-- Anh xa theo tén: Rt

U0:DFF port map(Clock =>Clk, D =>D in(0),
Reset =>Rst,Q =>Q out(0));

9.3.2. Phuong phap mé ta theo mo6 hinh hanh vi (Behavioral):

Pay 1a mirc d6 m6 ta triru twong nhét, chi yéu 1a mo ta theo chirc ning cua hé thong sb theo
yéu cau dau vao va dap ung ra sir dung céc cdu triic 1énh nhu ctia ngdn ngir l4p trinh bac cao nhu
PROCESS , WAIT, IF, CASE, FOR-LOOP... Mo ta theo cach nay tinh ngt nghia tw nhién va giai
thuat rat cao, nhap thiét ké rat nhanh, nhung c4u tric ciia phan cimg thuong khong 1. Tuy nhién
v6i nhitng hé thong phrc tap, yéu cau can thiét ké nhanh, ma khong can yéu cau vé mic do tdi uu
phan cimg cao thuong dung cich mé ta nay. Nguoi thiét ké chi mé ta chirc ning, hanh vi dugc
mong doi cta thiét ké bang cach sir dung mo ta dang vin ban va cac phan tir d6 thi. Phuong phap
mo ta nay thuong dung cho mo phdong.

Vi du mé ta hé théng canh bao theo mé hinh hanh vi. Hé théng gom c6 dau vao tir cac
sensor (Front_Door, Rear Door, Window), dau vio tir ban phim bim Keypad, tin hiéu CIK,
Reset va dau ra diéu khién coi bao dong Alarm_Siren .

Chtric nang hoat dong cua hé théng nhu sau: Néu mdi khi c6 mdt sensor nao d6 duge kich
hoat, thi hé thong kiém tra ma ban phim. Néu sau 20 gidy ma khong c6 mi ban phim nhap dung
nhap vao thi coi bdo dong sé dugc bat 1én.
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Keypad
Front_Door
Rear_Door

Window

Clk
Reset

Security 1

Alarm_Siren

—>

entity Security 1 is

port (Clk, Reset : in std logic ;
Keypad : in std logic _vector (3 downto 0) ;
Front Door, Rear Door, Window: in Dboolean ;
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;

9.3.3 Phuong phap mé ta theo mé hinh ludng dir liéu RTL

Hé théng duge biéu dién theo mé hinh RTL bao gom tap cac thanh ghi va cac phép toan
duoc thuc hién trén dir li€u ) nhi phan dugc luu trong cac thanh ghi. Luéng dir liéu va viée xur ly
dit liéu thuc hién trén s liéu duoc chira trong cac thanh ghi dugc coi nhu 1a hoat dong chuyén ddi
giita cac thanh ghi. Vi du mo6 hinh RTL nay duoc sir dung dé biéu dién cau trac b vi xir Iy. Hé
thdng s6 dugc biéu dién theo md hinh RTL khi chung dugc xac dinh boi 3 thanh phan nhu sau:

- Tap céc thanh ghi trong hé thong.
- Céc phép toan dugc thyuc hién trén dir liéu dugc luu trong cac thanh ghi.

- Nhimg diéu khién dé giam sat chudi tudn ty cac phép toan trong hé thong.
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Thanh ghi gdm nhém céac Trigo chira dit liéu nhi phan va c6 kha ning thuc hién mot hodc
nhiéu phép toan co ban. Mot thanh ghi c6 thé nap thong tin méi, dich thong tin... Mot bd dém
dugc coi nhu 13 mot thanh ghi ¢6 kha nang ting, giam gié tri tuan ty. Mot Trigo ¢6 thé coi nhu 1a
thanh ghi 1 bit. Phan mach gdm c6 cac Trigo va cac cong lién quan trong bat cir mach tuan ty nio
c¢6 thé duge goi 1a nhiing thanh ghi.

Céc phép toan dugc thuc hién trén dir liu chua trong cac thanh ghi 1a nhitng phép todn co
ban c6 thé dugc thyc hién song song trén chudi bit trong mot chu ky clock. Két qua cua phép toan
c6 thé thay thé dir liéu truéc d6 cua thanh ghi, hodc két qua c6 thé duoc chuyén dén thanh ghi
khac. C6 4 kiéu phép toan nhu sau:

+ Phép chuyén doi: truyén dit liéu tir thanh ghi nay sang thanh ghi khéc.

+ Phép toan sb hoc.

+ Phép toan logic.

+ Phép dich.

Diéu khién khéi tao chudi cac phép toan bao gdm tin hiéu dinh thoi cho phép thyc hién tuan
tir cac phép toan theo cach da dwoc moé ta trude. C6 thé coi mé hinh RTL 1a mé hinh mé ta hanh
vi theo ting xung clock ctia hé thong sd.

Heé thdng sé duge mo ta bing VHDL theo m6 hinh RTL c¢6 kha ning tong hop rat cao va rat
dé dang trong viéc trao ddi gitra cac cong cu tong hop, thiét ké, va co thé tong hop trén cac cong
nghé PLD khéc nhau. _o_

Theo mé hinh RTL, hé thdng sb duoc mo ta bang cac tién . .
. . i i N, . R Combinatorial process
trinh t6 hop (combinatorial process) va cac tién hoat dong theo

clock (clocked process) O

9.3.3.1. M6 td mach té hop B

Mach logic t6 hop c6 thé mé ta bang cac cau truc 1énh song, Clocked process
tuy nhién thudng ding cac process to hop. Trong cac process to hop #it cd cdc tin hiéu vio cia
mach t6 hop phai dugc dwa vao danh sach tin hiéu kich thich.

Vi du tién trinh t6 hop nhu sau:

process (D, En)

Q
pro?ess(A,B) A 7 begin
begin R
7 <= A or B ,B -- gan mac dinh dau ra

’

end process; Q <= 0;
if En = ‘1’ then Q <= D ;

end if ;

end process ;

Chii y trong cac process to hop nén co phép gan gia tri mic dinh cho dau ra dé tranh truong
hop mach bi bién thanh mach chdt theo muc.
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D — — Q
process (D, En)
begin |:>
if En = ‘1’ then Q <= D ;
end if ;
end process En r

Khi mé ta mach logic t6 hop cac bién va tin hiéu trong mot process khong dugc nhéan gia tri
khoi tao trude boi vi mach t6 hop khong chira cac phan tir nhd. Khi trong mé hinh mach céc bién
hodc tin hi¢u dugc khéi tao gia tri trudc, chuong trinh téng hop s€ tao ra cac phén tir nhé dé luu
trit cac gia tri khoi tao, mach tré thanh mach c6 nhé.

Moi cau lénh tudn tu trir cac 1énh wait, loop, if v&i nhitng tin hi¢u diéu khién theo suon déu
¢6 thé ding dé mo ta cac mach t6 hop. Céac phép toan sd hoc, logic, quan hé déu c6 thé duoc sir
dung trong biéu thirc.

9.3.3.2. M6 tid mach tuan tu:

Tién trinh hoat dong theo clock co thé dugc mo ta thanh tién trinh déng bd (danh sach tin
hiéu kich thich chi c6 duy nhét tin hiéu clock, moi bién ddi ciia mach dugc ddng bo theo sudn
clock) hodc thanh tién trinh khong dong bo.

Vi du mé ta hoat dong cta Triger D lam vi€c theo swon duong véi céac tin hi¢u Reset khong
d6ng bod nhu sau:

process ( Clk, reset )
begin D L Q
if reset = ‘1’ then
Q <= ‘0’ ;
elsif (Clk'event and Clk = '1’) then
Q <=D ;

end if ; Clkl_ :
end process ; IReset

Vi du mo ta hoat dong ctia Triger D lam viéc theo sudn duong véi cac tin hi€u Reset déng
b nhu sau:

process ( Clk )

begin D — L Q
if (Clk event and Clk = ‘1’) then
if reset = ‘1’ then Q <= ‘0" ;
elsif then <= D ; D>
0 cik I

end if ;
end if ;
end process ;

| Reset
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Tom lai biéu dién hé thong sé theo moé hinh RTL can st dung cic cau trac thanh ghi
(Registers) va mach t6 hop (combinational logic), vi du ta datapath theo mé hinh RTL nhu hinh

Registers

P | —

v€ 9-5 sau:

e ! e

y0 Hog x1 @ y1 og x2@ y2 e X3

= » ’—‘I>
‘ Combinational Logic (Storage-free ) ‘

“—|

Clk

#

Hinh 9-5. M6t m6 hinh RTL

M6 ta VHDL cho md hinh trén c6 thé thuc hién theo 2 cach nhu sau:

architecture SPLIT of DATAPATH is
signal X1, Y1, X2, Y2

begin

REG : process (CLK)

begin

if (CLK'event and CLK = '1l') then
X1 <= YO0;
X2 <= ¥l; Registe
X3 <= Y2; re

end if;

end process;

LOGIC : process (X1, X2)
begin

Y1 <= F(X1);

Y2 <= G(X2);
end process;

end SPLIT;
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architecture COMBINED of DATAPATH is
signal X1, X2 :
begin

process (CLK) -- Registers

begin

if (CLK'event and CLK = 'l') then

Combinational Logic

X2 <= F(X1);

X3 <= G(X2);

X1 <= YO0;
end if;

end process;

9.3.4 Phwong phap mé ti theo mé hinh dé hinh trang thai (may trang thai State Machine)

Hoat dong cia mdt hé théng s6 tuan tu c6 thé duge mé ta dudi dang dd hinh trang thai
Moore hodc Mealy. Dung VHDL c6 thé mé ta dwoc dd hinh chuyén ddi trang thai d6. Bang sau
cho biét kha ning mo ta do hinh trang thai ding VHDL:

STT Yéu ciu mb ta Sir dung ciu tric trong VHDL
1 - Trang thai logic hié¢n tai - Process hoat dong theo clock
2 | - Xac dinh trang thai logic tiép theo - Process t6 hop
3 | - Xé4c dinh dau ra - Process to hop
4 | - bat tén cho cac trang thai - Kiéu dit liéu liét ké
5 | - Panh gia mdi trang thai - Lénh Case
6 | - Danh gia cac diéu kién dau vao - Lénh if/else

Téng két lai cac kiéu d6 hinh trang thai nhu sau:

- M6 hinh Moore: Két qua dau ra chi phu thudc vao trang thai hién tai.

Inputs _Next State Current Output Qutputs
y - Register - _a

T
Clock
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- M6 hinh Mealy: Paura phu thude vao ca trang thai hi¢n tai va tin hi€u vao.

Inputs _Next State Current Output -, Qutputs

Logic # State
Register

>
Clock ey
Trong thuc té hé thong s6 thuong duge mé ta bang viée két hop ca mé hinh Moore va
Mealy:

» Output Reg Moore
Reg Outputs

" OIt t M
. W e—— i
Next State Current Mealy

Inputs Logic State =
Reg feefp- Output Reg Mealy
Clock > P Reg Outputs

- Cach su dung kiéu dit 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

- Cach sir dung hang dé ma héa cac trang theo nhu mong mudn:

subtype My State is std logic vector( 0 to 5 ) ;

constant Init : My State := “111000" ;
constant Load : My State := “101010" ;
constant Init : My State := “000011” ;

signal Curr State, Next State : My State ;

begin --architecture
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- P& m6 ta qua trinh chuyén d6i trang thai va cap nhat két qua dau ra img voi mdi trang thai
thong thudng st dung cach mé ta bang nhiéu tién trinh

+ Tién trinh cap nhap trang thai méi ctia hé thong (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, In2.)
begin

end process Comb ;

+ Tién trinh cap két qua dau ra ing v6i mdi trang thai (tién trinh Outputs).

Outputs: process ( Curr_ State, Inl, In2.)
begin

end process Outputs ;

- Vidu bd &m thap phan thuan nghich déng bd c6 dd dd hinh trang thai nhu sau:
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RESET S0
if UP='0' then
z=1
else Z='0'

S9
if UP='0' then
z="0'
else Z='1"

- Mb 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 O0);
SIGNAL next_sreg : std_logic_vector (3 DOWNTO O0) ;

CONSTANT SO : 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;
BEGIN
Sync: PROCESS (CLK)
BEGIN
IF CLK='1l' AND CLK'event THEN
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if RESET='1l' then
sreg<= SO;
else
sreg <= next_sreg;
end if;
END IF;
END PROCESS;

Comb: PROCESS (sreg,UP)

BEGIN
CASE sreg IS
WHEN SO =>
IF ( UP='0' ) THEN next sreg<=S9;
ELSE next sreg<=Sl;
END IF;
WHEN S1 =>
IF ( UP='0' ) THEN next sreg<=S0;
ELSE next sreg<=S2;
END IF;
WHEN S2 =>
IF ( UP='0' ) THEN next sreg<=Sl;
ELSE next sreg<=S3;
END IF;
WHEN S3 =>
IF ( UP='0"' ) THEN next sreg<=S2;
ELSE next sreg<=S4;
END IF;
WHEN S4 =>
IF ( UP='0' ) THEN next sreg<=S3;
ELSE next sreg<=S5;
END IF;
WHEN S5 =>
IF ( UP='0' ) THEN next_sreg<=S4;
ELSE next sreg<=S6;
END IF;
WHEN S6 =>
IF ( UP='0' ) THEN next_sreg<=S5;
ELSE next_sreg<=S7;
END IF;
WHEN S7 =>
IF ( UP='0' ) THEN next sreg<=S6;

ELSE next sreg<=S8;
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END IF;

WHEN S8 =>
IF ( UP='0' ) THEN next sreg<=s7;
ELSE next sreg<=S9;
END IF;

WHEN S9 =>
IF ( UP='0' ) THEN next sreg<=S8;
ELSE next sreg<=s0;
END IF;

WHEN OTHERS => next_sreg<=S0;

END CASE;

END PROCESS;
Outputs: PROCESS (sreg,UP)
BEGIN
IF UP='1l' THEN
if sreg=S9 then Z<= '1';

else Zz<= '0';
end if;

ELSE
if sreg=sS0 then Z<= '1';
else Z<= '0';
end if;

END IF;

END PROCESS;

END BEHAVIOR;

TOM TAT

Thiét ké voi sy tro gilip cia may tinh cua cac h¢ théng k¥ thuéat s6 duoc dung rdng rai trong
cong nghiép. Do do, ta can phai hiéu cac khai niém khac nhau trong qua trinh thiét ké. Ngon ngit
mo ta phan ctng phd bién VHDL 12 loai ngdn ngit dugc trinh bay trong chwong nay. Pay 1a mot
chil @& rat rong nén chiing t6i khong thé trinh bay chi tiét cia VHDL. Tuy nhién cac khai niém co
ban doc trinh bay & day s& gitp cho chiing ta hoc nhing chi tiét vé& ngdn ngir tir nhitng quyén sach

viét v&é VHDL
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CAU HOI ON TAP CHUONG 8 VA CHUONG 9

1. Dic diém nao dudi day 1a nhugc diém cua phuwong phap thiét ké mach dung IC ¢c6 chire
nang ¢ dinh?

A.

B.
C.
D.

Chi phi thiét ké thap

Van hanh nhanh xung quanh ban thiét ké

Kho khan khi trién khai cac thiét ké phirc tap

Tuong d6i dé dang khi thir nghiém cac mach thiét ké

2. Pic diém nao dudi day 1a uu diém cia phuong phap thiét ké mach dung IC c6 chirc
nang ¢ dinh?

A.

B.
C.
D.

Yéu cau cong suét dién tiéu thu 16m
Kho khin khi sira chita, nang céap thiét ké
Thiéu tinh bio mat

Tuong d6i d& dang khi thir nghiém mach thiét ké

3. Trong s6 céc loai cau kién logic sau, loai nao khong thudc ho PLD

A.

B.
C.
D

CPLD
FPGA
Vi xir Iy
SPLD

4.  Pic diém nao dudi day khong phai 1a vu diém cua PLD

>

o naw

Mat do tich hop cao.
Bao dam tinh bao mat cua thiét ké
Thoi gian thiét ké ngan

Chi phi san xuat so luong lon cao

5. Trong cau triic cua SPLD khong c6 phan tir nao

A.

B.
C.
D.

Mang céc cong logic AND,OR.
Ma tran két ndi

B9 nhd RAM

Triger

6. Khbi nao sau day khong cé trong ciu triac cia CPLD

A.
B.

Khdi logic gdm ma tran hang tich AND, OR

Khéi Microcell chira tai nguyén vé cac Triger, thanh ghi
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10.

11.

12.

214

C.
D.

Ma tran két ndi trung tAm

Vixu ly

Pé thye hién ham logic t& hop trong FPGA sir dung

S0 w

Ma tran hang tich AND, OR.
CAu tric bang tra LUT dya vio SDRAM .
Céc cau trac thanh ghi

Cau trac vao/ra.

Xac dinh phat biéu sai trong s6 cac phét biéu sau

A.

B.
C.
D.

FPGA c¢6 ciu truc khong dong nhat

CPLD c6 ciu trac dong nhét

CAu hinh ctia CPLD duoc luu lai khi mét dién

Céu hinh trong FPGA dua vao cong nghé SRAM dugc luu lai khi mat dién

Trinh ty thuc hién trong luu db thiét ké cho CPLD/FPGA la:

A.

B.

Nhép thiét ké, kiém tra thiét ké, tong hop thiét ké,mo phong dinh thoi, thuc hién
thiét ké, cau hinh.

Nhap thiét ké, kiém tra thiét ké, thuc hién thiét ké, tong hop thiét ké, mé phong
dinh thoi, cAu hinh.

Nhap thiét ké, tong hop thiét ké, kiém tra thiét ké, thuc hién thiét ké, mé phong
dinh thoi, cAu hinh.

Nhap thiét ké, kiém tra thiét ké, tong hop thiét ké, thuc hién thiét ké, mé phong
dinh thoi, cAu hinh.

Két qua ctia budc tong hop thiét ké trong luu do thiét ké cho CPLD/FPGA la:

>

O nQw

File md ta VHDL
File cAu hinh
File netlist

File so dd mach

Két qua cua bude thyc hién thiét ké trong luu do thiét ké cho CPLD/FPGA la:

A.

B.
C.
D

File mo t& VADL
File cAu hinh
File netlist

File so @0 mach

Trong budc thyc hién thiét ké cta luu do thiét ké cho CPLD/FPGA gdm cic chiic
nang:
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13.

14.

15.

16.

17.

A. Mb phong chiic niang, tong hop thiét ké.

B. Bién dich, map, Pinh vi tri va dinh tuyén ké ndi.

C. Mo phong dinh thoi, tao cAu hinh, bién dich.

D. Tao file mb ta HDL, tong hop thiét ké, Pinh vi tri va dinh tuyén ké nbi.
VHDL la ngdn ngit:

A. Lap trinh hop ngt
B. Lép trinh bac cao
C. Lap trinh mang

D. M0 ta phan cling

Trinh ty sip xép theo mirc 46 mé ta triru tuong ting dan dung VHDL 1a:
A. Muc hanh vi, mirc ludng dir liéu RTL, mtic logic, mirc layout.
B. Mic hanh vi, muc logic, mirc ludng dit liéu RTL, mirc layout.
C. Mic layout, muc logic, mtc hanh vi, mic ludng dit liéu RTL.
D

Miic layout, mirc logic, muc ludng dit liéu RTL, mirc hanh vi.

Dbi tugng tin hiéu (signal) trong ngon ngtt VHDL dé:

A. Luu cic két qua trung gian

B. Biéu dién duong két ndi trong hé thdng phan cimg sd
C. Luu nhiing gia tri ¢4 dinh

D. Biéudién céng vao hodc ra cua thuc thé

Déi tugng bién (variable) trong ngdn ngit VHDL dé :

A. Luu cac két qua trung gian

A. Biéudién duong két nbi trong h¢ théng phﬁn cung )
C. Luu nhiing gia tri ¢6 dinh

D. Biéu dién cong vao hoic ra cia thuc thé

Cho khai bao cua cac dbi tuong nhu sau:

signal A : in std_logic;

Phép gan nao ding:
A A=1;

B. A<=l;

C. A<=17

D. A<=true;
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18.

19.

216

Cho khai bao cua cac doi tugng nhu sau:

Variable A : in std_logic;

Phép gan nao ding:
A.  A<=true;

B. A:==l;

C. A<=17

D. A=1’;

M6 hinh phan cimg nao tong hop dugc tng voi doan mé ta nhu sau:

library ieee;
use leee.std logic 1164.all;
entity flop is
port(C, D : in std logic;
Q : out std logic);

end flop;
architecture archi of flop is
begin
process (C)
begin
if (C'event and C='1l") then
Q <= D;

end if;

end process;
end archi;

B.

D Q C.cp

D Q D

lo

C | C

o
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20. Mo hinh phan ctng nao tong hop duoc tng véi doan mé ta nhu sau:
entity flop is
port(C, D, CLR : in std logic;

) : out std logic);
end flop;
architecture archi of flop is
begin
process (C, CLR)
begin
if (CLR = '1'")then
Q <= "'0";
elsif (C'event and C='0")then
Q <= Dy
end 1f;

end process;
end archi;

A P9 B D——Q ¢ P——Q p P—Q
C C C C
—> —p —P —>
CLR o CLR CLR 5 CLR

21.  Mb hinh phin cimg nao tong hop dugc tng voi doan mé ta nhu sau:
entity flop is
port(C, D, S : in std logic;
Q : out gEd Wegit) ;
end flop;
architecture archi of flop is
begin
process (C)
begin
if (C'event and C='1l"') then
if (S='l') then
O =8,
else
Q &0/
cnEl
=ile¥ L
end process;
end archi;

A. b S Q B. S| C. S D. S|

o
| o
o
| o
o

C C

\Y
V
éc
V
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22.

23.

218

M6 hinh phan ctng nao tong hop duoc tng voi doan mo ta nhu sau:

entity flop is

port(C, D, CE : in std logic;
Q : out std logic);
end flop;
architecture archi of flop is
begin
process (C)
begin
if (C'event and C='1l'"') then
if (CE='0") then
Q <= D;
end if;
end if;
end process;
end archi;
A. B. C. | D& /
—C — —C
> — —_>

Poan mé ta VHDL niao md ta cho mé hinh mach chét cong duong va xéa khong ddng bod

nhu sau:
D Data Input
D LDC Q
I —— G Positive Gate
G CLR Asynchronous Clear (active High)
Q Data Output
CLR
X4070
A. B.
entity latch is entity latch is
port (G, D, CLR : in std logic; port (G, D, CLR : in std logic;

Q : out std logic);
end latch;
architecture archi of latch is
begin
process
begin
if (CLR='1l")
Q <= "'1";
elsif (G='1")
Q <= D;
end 1if;
end process;
end archi;

(CLR, D, G)

then

then

Q : out std logic);
end latch;
architecture archi of latch is
begin
process
begin
if (CLR='0")
Q <= "'0";
elsif (G='1")
Q <=D;
end 1if;
end process;
end archi;

(CLR, D, G)

then

then
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24.

C.
entity latch is
port (G, D, CLR in std logic;
Q : out std logic);
end latch;
architecture archi of latch is
begin
process (CLR, D, G)
begin
if (CLR='1l"') then
Q <= "'0";
elsif (G='l") then
Q <= D;
end if;

end process;

D.
entity latch is
port (G, D, CLR in std logic;
Q : out std logic);
end latch;
architecture archi of latch is
begin
process (CLR, D, G)
begin
if (CLR='1") then
G=<=/.0;
elsif (G='0') then
Q <= D;
end if;

end process;
end archi;

end archi;

Poan mo ta kién tric nao mo td cho mo h
dong bd nhu sau:

inh mach chdt cong dao va Preset khong

Data Input

Inverted Gate

Asynchronous Preset (active High)

PRE D[3:0]
G
p | LDP
| a PRE
G Q[3:0]
X&376

Trong d6 mé ta thyc thé nhu sau:

entity latch is

Data Output

downto 0);

port (D in std _logic vector (3
G, PRE 1N S dwl Jgic);
Q : out std logic vector (3 downto 0));
end latch;
A. B.
architecture archi of latch is architecture archi of latch is
begin begin
process (PRE, G) process (PRE, G)
begin begin
if (Q0='1') then if (PRE='1l') then
Q <= "1111"; Q <= "1111";
elsif (PRE='0') then elsif (G='0'"') then
Q <= D; Q <= D;
end 1if; end 1f;

end process;
end archi;

end process;
end archi;
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C.
architecture archi of latch is
begin
process (PRE)
begin

if (PRE='l"') then
Q <= "1111";
elsif (G='0"') then
Q <= D;
end 1if;
end process;
end archi;

D.
architecture archi of latch is
begin
process (PRE, G)
begin

if (PRE='1l"') then
Q <= "1111";
elsif (G='l') then
Q <= Dy
end 1f;
end process;
end archi;

25.  Poan mo ta kién triic nao mo ta cho cong 3 trang thai sau:

BUFT

i o

X93s0

Trong d6 mé ta thyc thé nhu sau:

entity three st is
port( T, I : in std logic;
O : out std logic);

end three st;

A. B.
architecture archi of three st architecture archi of three_ st
is is
begin begin
process (I, T) process (I, T)
begin begin
if (T='0"') then if (T='1l') then
O <= I; 0 <= I;
else else
0 <= '\l O <= "2";
end 1if; end 1if;
end process; end process;
end archi; end archi;
C. D.
architecture archi of three st architecture archi of three_ st
is is
begin begin
O <= I when T='1l’ else O <= I when T='0’ else
‘z'; Yz’
end archi; end archi;
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26.

Doan mo ta kién truc nao mo ta hoat dong cua by dém tién 4 bit c6 xd6a khong dong

bd ¢6 mo ta thyuc thé nhu sau:

entity counter is
port( Clk, CLR : in

std logic;

Q : out std logic vector (3 downto 0));

end counter;

A.

architecture archi of counter is
signal tmp: std logic vector (3

B.

architecture archi of counter is
signal tmp: std logic vector (3

downto 0); downto 0);
begin begin
process (Clk, CLR) process (Clk)
begin begin
if (CLR='1l'"') then if (Clk'event and Clk='1l')then
tmp <= "0000"; if (CLR='1'") then
elsif (Clk'event and Clk='1l") tmp <= "0000";
then else tmp <= tmp + 1;
<= + 1; ,
q if tmp tmp end 1f;
end 1t end if;
end process;
end process;
Q <= tmp;
g his Q <= tmp;
enc archt; end archi;
C. D.
architecture archi of counter is | architecture archi of counter is
begin signal tmp: std logic vector (3
process (Clk, CLR) downto 0);
begin begin
if (CLR='l") then process (Clk)
Q <= "0000"; begin
elsif(Clk'event and Clk='0') if (Clk'event and Clk:'O')then
then if (CLR='1l') then

Q<=0 +1;
end 1if;
end process;
end archi;

tmp <= "0000";
else tmp <= tmp - 1;
end if;
end if;
end process;
Q <= tmp;
end archi;
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27. M0 hinh mach s nao c6 mé ta VHDL nhu sau:

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)
begin
if (Clk'event and Clk='1l"') then
if (S='1l') then
tmp <= "1111";
else
tmp <= tmp - 1;
end 1f;
end 1if;
end process;
Q <= tmp;
end archi;

A. B dém Lui 4 bit ra Q[3:0], hoat dong B. Bo dém I 4 bit ra Q[3:0], hoat dong &

o suon am cua clock CLK, tin hiéu suon duong cua clock CLK, tin hi¢u
thiét 1ap S tich cuc duong va déng bd thiét 1ap S tich cuc duong va dong bo.
C. B6 dém tién 4 bit ra Q[3:0], hoat dong D. B6 dém Iui 4 bit ra Q[3:0], hoat dong &
o suon duong cua clock CLK, tin hi¢u suon duong cua clock CLK, tin hi¢u
thiét 1ap S tich cuc duong va dong bo thiét 1ap S tich cuc dwong va khéng
ddng bo.
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28.

Poan mé ta kién triic ndo mé ta hoat dong cua bd dém tién 4 bit nap khong déng bo

tur tin hiéu dau vao, hoat dong ¢ sudn clock am va c6 mo ta thuc thé nhu sau:

library ieee;

use leee.std logic 1164.all;

use leee.std logic unsigned.all;
entity counter is

port ( Clk, ALOAD : in std logic; -- Clock va tin hiéu nap
D : in std logic vector (3 downto 0); -- DPau vao bd dém
Q : out std logic vector (3 downto 0)); -- Pau ra bd dém
end counter;
A. B.

architecture archi of counter is

signal tmp: std logic vector (3
downto 0);
begin
process (Clk,ALOAD, D)
begin
if (ALOAD='l') then
tmp <= D;
elsif (Clk'event and Clk='1l")

then tmp <= tmp + 1;
end if;

end process;
Q <= tmp;

end archi;

architecture archi of counter is
signal tmp: std logic vector (3

downto 0);
begin
process (Clk,D)
begin
if (ALOAD='1l') then
tmp <= D;
elsif (Clk'event and Clk='0")

then tmp <= tmp + 1;
end if;

end process;
Q <= tmp;

end archi;

C.

architecture archi of counter is
signal tmp: std logic vector (3

downto 0) ;
begin
process (Clk,ALOAD, D)
begin
if (ALOAD='1l"') then
tmp <= Dy
elsif (Clk'event and Clk='0")

then tmp <= tmp + 1;
end if;

end process;
Q <= tmp;

end archi;

D.

architecture archi of counter is
signal tmp: std logic vector (3

downto 0);
begin
process (Clk)
begin
if (ALOAD='1l') then
tmp <= D;
elsif (Clk'event and Clk='0")

then tmp <= tmp + 1;
end if;

end process;
Q <= tmp;

end archi;
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29.

library ieee;
use leee.std logic 1164.all;

use leee.std logic unsigned.all;

entity counter is
port( Clk, SLOAD : in

M hinh mach sé nao c6 mé ta VHDL nhu sau:

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;
end if;
end if;

end process;
Q <= tmp;

end archi;

A. Bo dém tién 4 bit ra Q[3:0], hoat
dong & suon am cua clock CLK, nap
dong bd hang sd “1010” (theo mic
tich cyc duong).

C. B dém tién 4 bit ra Q[3:0], hoat dong
¢ suon duong cua clock CLK, nap
ddng bd hang sé “1010” (theo muc
tich cyc duong).
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B. B6 dém tién 4 bit ra Q[3:0], hoat dong
o0 suon duong cua clock CLK, nap
khong ddng bo hing s6 “1010” (theo
muc tich cuc duong).

D. B dém 1ui 4 bit ra Q[3:0], hoat dong &
sudn dwong cua clock CLK, nap dong
bo héng $6 “1010” (theo mrc tich cuc
duong).
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30.

Poan md ta kién triic nao mo ta cho moé hinh thanh ghi 4 bit hoat dong suon duon cua

clock, c6 tin hiéu chdt clock va thiét 1ap khong dong bo,

PRE
D[3:0] || Pau vao dit liéu 4 bit
FDPE
D Qa |C Clock suon duong
CE
€ | PRE Tin hiéu thiét 1ap khong ddng bd muc tich cuc cao
xar21 ||CE Tin hiéu chdt Clock muc tich cuc cao
Q[3:0] || Dau ra dir liéu 4 bit

Mo ta thyc thé cua thanh ghi nhu sau:

library ieee;

use ieee.std logic 1164.all;

entity flop is

port( C, CE, PRE : in std logic;
D : in std logic vector (3 downto 0);
Q : out std logic vector (3 downto 0));

end flop;

A. B.

architecture archi of flop is architecture archi of flop is
begin begin
process (C) process (C, PRE)
begin begin

if (PRE='1') then
Q <= "1111";

elsif (C'event and C='l'")then elsif (C'event and C='1l'")then
if (CE='1l"') then if (CE='0") then
Q <= Dy Q <= D;
end 1f; end 1f;

end if;
end process;
end archi;

if (PRE='1') then
Q0 <= "1111";

end if;
end process;
end archi;

C.
architecture archi of flop is
begin

process (C, PRE)

begin

if (PRE='l') then
Q <= "1111";

elsif (C'event and C='l')then elsif (C'event and C='l"')then
if (CE='1') then if (CE='1') then
Q <= D; Q <= D;
end 1f; end 1f;

end 1if;
end process;
end archi;

D.

begin
process (C, PRE)
begin
if (PRE='1l"') then
Q <= "00o00";

end 1if;
end process;
end archi;

architecture archi of flop is
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31. M5 hinh mach s6 nao c6 doan mé ta VHDL nhu sau:

library ieee;
use leee.std logic 1164.all;
use leee.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;

end 1f;
end if;
end process;
Q0 <= tmp;

end archi;

A. B0 dém tién 4 bit dau ra Q [3:0] hoat
dong véi suon am clock, nap déng bo
gia tri ¢d dinh “1010” muc tich cuc
cao

C. B dém tién 4 bit dau ra Q [3:0] hoat
dong véi suon duong clock, nap
ddng bo gia tri ¢b dinh “1010” mirc
tich cuc thap
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. B6 dém tién 4 bit dau ra Q [3:0] hoat

dong vo1 suon duong clock, nap
déng bd gia tri ¢d dinh “1010” muc
tich cuc cao

. B dém tién 4 bit dau ra Q [3:0] hoat

dong voi suon duong clock, nap
khong dong b gia tri ¢6 dinh “1010”
muc tich cuc cao
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32.

DPoan mé ta kién triic nao mé ta cho mé hinh bo dém thuan/nghich 4 bit c6 x6a khong

dong bg, c6 mo ta thuc thé nhu sau
library ieee;

use ileee.std logic 1164.all;

use leee.std logic unsigned.all;
entity counter is

port( C, CLR, up_ down

in std logic; -- C - clock

Q : out std logic vector (3 downto 0));

end counter;

A. B.
architecture archi of counter is | jrchitecture archi of counter is
signal tmp: std_logic_vector (3 signal tmp: std logic vector (3
downto 0); downto 0);
begin begin
process (C, CLR) process (C)
begin begin
if (CLR='1l"') then if (CLR='1l") then
tmp <= "0000"; tmp <= "0000";
elsif (C'event and C='1l"') then elsif (C'event and C='1l') then
if (up_down='l") then if (up down='1') then
tmp <= tmp + 1; tmp <= tmp + 1;
else tmp <= tmp - 1; else tmp <= tmp - 1;
end 1f; end 1if;
end 1if; end 1if;
end process; end process;
Q <= tmp; Q <= tmp;
end archi; end archi;
C. D.
architecture archi of counter is | jrchitecture archi of counter is
begin signal tmp: std logic vector (3
process (C, CLR) downto 0);
begin ; ,
if (CLR='1') then pegin
i process (C, CLR)
Q <= "0000"; begin
elsif (C'event and C='1l') then if (CLR='1') then
if (up_dOWD='l') then tmp <= "17111":
< - T . '
. Q / Q<- X 3 elsif (C'event and C='1l"') then
e Ze‘fmp = tmp ’ if (up down='l") then
end & tmp <= tmp + 1;
end 1f;

end process;
end archi;

else tmp <= tmp - 1;
end if;
end 1f;
end process;
Q <= tmp;
end archi;
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33.

228

Doan mo ta nao mo ta cho triger JK sau:

Clk

A.
entity JKFF is
Port (J,K,Clk:in std logic;

Q, notQ:out std logic);

end JKFF;

architecture Behavioral of JKFF

is

signal Qtemp: std logic;

signal JK:std logic vector (0 to
1)

begin
JK<=(J,K) ;
process (Clk)

begin
if (Clk'event and Clk='1l")
then
case JK is
when "00" => Null;
when "01" => Qtemp<='0"';
when "10" => Qtemp<='l"';

when others=>Qtemp<=not
Qtemp;

end case;
end 1f;
end process;
O<=Qtemp;
notQ<=not Qtemp;

end Behavioral;

C.
entity JKFF 1is
Port (J,K,Clk:in std logic;
Q, notQ:out std logic);

end JKFF;
architecture Behavioral of JKFF
is
signal Qtemp: std logic;
signal JK:std logic vector (0 to
1)
begin

JK<=(J,K) ;

process (Clk)

begin
if (Clk'event and Clk='0")
then
case JK is
when "00" => Null;
when "01l" => Qtemp<='0"';
when "10" => Qtemp<='l"';

when others=>Qtemp<=not
Qtemp;

end case;
end 1f;
end process;
O<=Qtemp;
notQ<=not Qtemp;

end Behavioral;
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34.

B.
entity JKFF is
Port (J,K,Clk:in std logic;
Q, notQ:out std logic);
end JKFF;
architecture Behavioral of JKFF
is
begin
process (Clk)
begin
if (Clk'event and Clk='1l")
then
Q<=J; notQ<=K;
end if;
end process;

end Behavioral;

D.
entity JKFF is
Port (J,K,Clk:in std logic;
Q, notQ:out std logic);
end JKFF;
architecture Behavioral of JKFF
is
begin
process (Clk)
begin
if (Clk'event and Clk='0")
then
0<=J; notO<=K;
end if;
end process;

end Behavioral;

Poan mo td nao mo ta dung cho mach sau theo mo hinh RTL:

Jo Qo I Q L Q
> > >
’1' o —_— -
h— KO QO Kl Ql K2 Q2
Clk 1

nand notQ(2) ;

A.
architecture Behavioral of cau33 is
begin
notQ<=not Q;
J(0)<=Q (1) nand Q(2); K(0)<="'1";
J(1)<=Q(0); K(1)<= notQ(0)
J(2)<=Q(1) and Q(0); K(2)<=0(1);

end Behavioral;
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B.
architecture Behavioral of cau33 is
signal Clk: std logic;
signal J,K,Q,notQ: std logic vector(0 to 2);
signal JKO,JK1l,JK2: std logic_vector (0 to 1);
begin
JKO <=(J(0),K(0));JIKL <=(J(1),K(1));
JK2 <=(J(2),K(2));
notQ<=not Q;
J(0)<=Q (1) nand Q(2); K(0)<="'1";
J(1)<=0(0); K(1l)<= notQ(0) nand notQ(2);
J(2)<=0(1) and Q(0); K(2)<=Q(1);

end Behavioral;

C.
architecture Behavioral of cau33 is
begin
process (Clk)
begin
if (Clk'event and Clk='1l') then

case JKO is

when "00" => Null;
when "01" => Q(0)<='0";
when "10" => Q(0)<="'1";

when others => Q(0)<= not Q(0);
end case;
end if;
end process;

end Behavioral;
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D.
architecture Behavioral of cau33 1is

signal Clk: std logic;

signal J,K,Q,notQ: std logic vector (0 to 2);

signal JKO,JK1l,JK2: std logic_vector (0 to 1);
begin

JKO <=(J(0),K(0));JIKLl <=(J(1),K(1));

JK2 <=(J(2),K(2));

process (Clk)

begin
if (Clk'event and Clk='0"') then

case JKO is

when "00" => Null;
when "01" => Q(0)<='0";
when "10" => Q(0)<="1";

when others => Q(0)<= not Q(0);
end case;

case JK1 1is

when "00" => Null;
when "01" => Q(1)<="'0";
when "10" => Q(l)<="1";

when others => Q(1)<= not Q(1);
end case;

case JK2 1is

when "00" => Null;
when "O1" => Q(2)<='0";
when. "10" => Q(2)<="1";

when others => Q(2)<= not Q(2);
end case;

end if;
end process;
notQ<=not Qs
J(0)<=0Q (1) nand Q(2); K(0)<="'1";
J(1)<=0(0) ; K(1)<= notQ(0) nand notQ(2);
J(2)<=Q (1) and Q(0); K(2)<=0(1);

end Behavioral;
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35.

232

Doan mo ta nao mo ta dung cho mach giai ma BCD sang ma 7 segment.

A.
entity BCDto7seg is
Port ( BCD:in
std logic vector (3 downto
0):

Seg out

std logic vector (6 downto
0));
end BCDto7seg;

architecture Beh of BCDto7seqg is

begin
with BCD select
-—abcdefg"
Seg<= "1111110" when x"0",

"0110000" when x"1",
"1101101" when x"2",
"1111001" when x"3",
"0110011" when x"4",
"1011011" when x"5",
"1011111" when x"6",
"1110000" when x"7",
"1111111" when x"8",
"1111011" when x"9",
"0000000" when others;

end Beh;

C.

entity BCDto7seg is
Port ( BCD:in
std logic vector (3 downto
0);

Seg out

std logic vector (6 downto
0));
end BCDto7seg;

architecture Beh of BCDto7seg is

begin
with BCD select
-—abcdefg"
Seg<= "1111110" when x"O",

"0110000" when x"1",
"1101101" when x"2",
"1111001" when x"3",
"0110011"™ when x"4",
"1011011" when x"5",
"1011111" when x"6",
"1111111" when x"7",
"1111111" when x"8",
"1111111" when x"9",
"0000000" when others;

end Beh;
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B.
entity BCDto7seg is
Port ( BCD:in

std logic vector (3 downto
0);

Seg out

std logic vector (6 downto

0));

end BCDto7seg;

architecture Beh of BCDto7seg is

begin
with BCD select
-—abcdefg"
Seg<= "1111110" when x"0",

"0110000"™ when x"1",
"1101101" when x"2",
"1111001" when x"3",
"0000000" when others;

end Beh;

D.
entity BCDto7seg is
Port ( BCD:in

std logic vector (3 downto
0);

Seg out

std logic vector (6 downto

0));

end BCDto7seg;
architecture Beh of BCDto7seg is

begin
with BCD select
-—abcdefg”
Seg<= "1011111" when x"6",

"1110000"™ when x"7",
"1111111" when x"8",
"1111011" when x"9",
"0000000" when others;

end Beh;
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36.

234

Doan mo ta nao mo ta dung cho mach hop kénh 8 vao — 1 ra:

A.
entity Mux is
end Mux;

architecture Behavioral of Mux

is
signal I
std logic vector (8 downto
0) 7
signal SEL:
std logic vector (4 downto
0);
signal Y :std logic;
begin
with SEL select
—-—abcdefg"
Y <= I(0) when "0O0OOO",
I(1) when "0OO1",
I(2) when "0O010",
I(3) when "0011",
I(4) when "0100",
I(5) when "0101",
I(6) when others;

end Behavioral;

C.
architecture Behavioral of Mux
is
signal I
std logic vector (7 downto
0);
signal SEL:
std logic vector (2 downto
0);
signal Y :std logic;
begin
process
begin
case SEL is
when "000"™ =>
Y<=23(0) ;
when "001" =>
Y<=I(1);
when "010" =>
Y<=I(2);
when "011" =>
Y<=I(3);
when "100" =>
Y<=I(4);
when "101" =>
Y<=I(5);
when "110" =>
Y<=I(6);
when others =>
Y<=I(7);

end case;
end process;

end Behavioral;
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B.
entity Mux is
end Mux;
architecture Behavioral of Mux
is
signal I

std logic vector (7 downto
0);

signal SEL:

std logic vector (2 downto
0);

signal Y :std logic;
begin
with SEL select
-—abcdefg"

Y <= I(0) when "000",

I(1) when "001",
I(2) when "010",
I(3) when "O11",
I(4) when "100",
I(5) when "101",
I1(6) when "110",
I(7) when others;

end Behavioral;

D.
architecture Behavioral of Mux
is
signal T
std logic vector (7 downto
0)s
signal SEL:
std logic vector (2 downto
0)
signal Y std logic;
begin
process (I)
begin
case SEL is
when "000" =>
Y<=I(0);
when "001" =>
Y<=I(1);
when "010" =>
Y<=I(2);
when "011" =>
Y<=I(3);
when "100" =>
Y<=I (4);
when "101" =>
Y<=I(5);
when "110" =>
Y<=I(6);
when others =>
Y<=I(7);

end case;
end process;

end Behavioral;
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DAP AN VA HWONG DAN TRA LOI

CHUONG 1
1. Bit1a s6 nhi phan c6 mot chit sb. 1byte = 8 bit.
2. b
3. ¢
4. a
5. d
6. a
CHUONG 2
Bai 1.
1. a
2. b
Bai 2.2
1. ¢
2. b
Bai 2.3
d
Bai 2.4

d. Do déu bang A+AB
Bai 2.5
- Mtrc logic va phan tich
- Tré truyén lan va phén tich
- Cong suat tiéu thu va phén tich
- Hé s ghép tai va phan tich
- Do phong vé nhiéu va phan tich
- Mot sb tham s khéc
Bai 2.6
c
Bai 2.7
c
Bai 2.8
- Néu dugc khai niém veé tdi wu hoa mach dién cac ho céng
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- Cong cu to1 uu hoa

- Dua ra vi du va phan tich hi¢u qua k¥ thuat, kinh té cua viéc tdi vu hoa

Bai 2.10
a

Bai2.11
d

Bai 2.12

C

CHUONG 3

CHUONG 4

CHUONG 5

1.d
3d
S.c
7.b
9.d
11.a
13.d

l.a
3.c
S.c
7.b
9.a
11.a
13.c
15.b
17.a
19.c

1.a

2.a
4.b
6.a
8.c
10.b
12.d
14.a

2d
4.c
6.d
8.c
10.c
12.d
14.a
16.b
18.b
20.d

2.c
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3.c 4.b
5.d 6.2
7.c 8.d
9.d 10.c
11.a 12.b
13.d 14.c
15.c 16.a
17.d 18.b
19.a 20.a
21.b 22.d
23.b 24.a
25.b 26.c
27.¢c 28.d
29.c 30.a
31.b 32.d
33.c 34.a
35.c 36. Xem vi du phan
5.4.1.2
37. Xem vi du phén 38.d
5.4.1.2
39.b 40.a
CHUONG 6
l.c 2.a
3.b 4.d
5.b 6.b
7.c 8.c
9.a 10.d
CHUONG 7
l.a 2.¢
3.c 4.b
5.c 6.2
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7.b
9.¢c

CHUONG 8 VA CHUONG 9

1.C
3.C
5.C
7.B
9.D
11.B
13.D
15.B
17.C
19.A
21.D
23.C
25.D
27.B
29,6
31.B
33.C

35.A

8.a
10.c

2.D

4.D

6.D

8.D

10.C

12.B

14.D

16.A

18.D

20.D

22.A

24.B

26.A

28.C

30.C

32.A

34.D

36.B
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