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LG1 NOI PAU

Mon hoc k¥ thuat sé (con duge goi 1a ky thuat dién tlr s6) dugc chon
lam mén co s& trong chuong trinh dao tao cla khoa Dién tir Vién thong -
trudng Pai hoc Cong nghé, Pai hoc Quéc gia Ha Noi.

Thai luong moén hoc nay chiém 4 don vi hoc trinh 1y thuyét, hai don vi
hoc trinh thuc tap (méi don vi hoc trinh 1y thuyét 1a 15 ti€t hoc, méi don vi
hoc trinh thuc tap 1a 30 tiét sinh vién thuc tap ¢ phong thi nghiém).

Phén 1y thuyét gido trinh cung cép cho sinh vién nhiing kién thic co s&
vé k¥ thuat dién tir s6, hi€u rd nguyén 1y hoat dong, chiic ning cta cédc vi
mach logic, biét dugc cdc phuong phdp thiét k& logic dé tao dugc cdc modun
t hop 16n. Mén hoc k¥ thuat dién tlr s6 ¢6 thé dugc xem la mon hoc bo trg
cho moén Cdu tric mdy tinh, do ludng diéu khién ghép néi vi tinh. N6 cung
cép cho sinh vién nhing kién thic co s& dé sinh vién c6 thé dé dang hi€u sau
hon cac khéi chitc nang trong ciu tric phin cing clia may tinh.

P6i v6i sinh vien thudc chuyén nganh ky thuat dién tir va vién théng
cén phai hiéu 16 yéu cdu clla moén hoc nay la: hiéu 13 chiic ning cla cic
mach logic, biét phuong phép thiét ké logic va slir dung duoc cdc vi mach
logic c6 mitc d6 t6 hop nhd va vira (SSI, MSI) dé thiét k&€ dugc cdc khdi chic
ning dung trong k¥ thuat dién ti, do ludng s6, xtr 1§ s6 va diéu khién s6.

Phdn bai tap thyc hanh cé trong cuéi cdc chuong muc, dé sinh vién tu
on luyén trau déi kién thitc co s& tap 1am quen st dung vi mach dé thiét k&
cdc modun chie nang ding trong k¥ thuat s6. Day ciling 12 nhiing bai tap bat
budc néu sinh vién trong qud trinh hoc khong lam dugc cdc bai tap nay thi
khong thé nao qua duoc k¥ kiém tra tién quyét dé dat duge diéu kién thi.

Phén thuc tap & phong thi nghiém, gidp sinh vién hiéu 16 chic nang cba
cdc vi mach logic, ]am quen véi phuong phép dodn nhédn ki€m tra chitc nang
logic ctia vi mach c¢6 mic d¢ t6 hgp vira (MSI) ghép ndi thanh céc modun
chuyén dung trong k¥ thuat dién tir so.

L sinh vién khoa dién tir vién thong sinh vién cdn phai bi€t van dung
cdc thanh tuu mdi cta céong nghé théng tin, phai bi€t sit dung cdc chuong
trinh phan mém chuyén dung trong linh vuc dién tir dé phuc vu cho viéc
nang cao hiéu biét cia minh trong linh vuc k¥ thuét dién tir tuong tu va ky
thuat dién tir s&, biét thiét k€ so dé nguyén ly, thiét k€ mach in, nghién citu
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thiét k€ mo6 phong cdc mach dién tir s6 trén mdy vi tinh. Trong thoi gian thuc
tap k¥ thuat s6 & phong thi nghiém, thuc tdp lam dé 4n hoc k¥, dé 4n tét
nghiép, sinh vién cdn tranh thu hoc cdc chuong trinh phidn mém Protel,
CircuitMaker dé thiét k€ mach dién tir, thi€t k&€ mo6 phoéng cdc vi mach dién
tr s6. Trong chuong cudi cua gido trinh ¢é gidi thiéu chuong trinh phin
mém CircuitMaker, huéng din cho sinh vién biét cach dung chuong trinh
phdn mém CircuitMaker dé thiét k€ vé& cdc so dd nguyén ly cidc mach dién
tr, thi€t k& cdc thi nghiém mo phoéng cdc mach dién tir s6.

DE phédt huy th€ manh va dac thd cha trudng Pai hoc Céng nghé -
DHQGHN, chd trong nghién citu phdt trién cdc dng dung céng nghé théng
tin trong dao tao, khuyén khich sinh vién hoc tin hoc va dwng dung tin hoc
trong linh vuc dién tir vién théng, sinh vién da coi vi tinh 12 céng cu hoc tap,
cong cu hanh nghé cta minh khi ra trudng, cdc bai tap va thi nghiém thuc
hanh néu trong gido trinh nay da duoc thi€t k€ mé phong dé cé thé tién hanh
cic thi nghiém thuc hanh ngay trén mdy vi tinh. Sinh vién cé thé tim hiéu
chiic ning ciia ciia cdc vi mach s6, hoat dong cha chiing théng qua céc thi
nghiém mo phong nay.

Chiing t6i hi vong cuén sdch nay s€ la ngudi ban déng hanh, giip ich
cho sinh vién trong qua trinh hoc tap 1y thuyét ciing nhu thuc hanh k¥ thuat
dién tir s6 va vi mach s6. Mac du da c6 gang bién soan song chic chin gido
trinh khéong tranh khoéi nhitng thi€u sét. Chiing t6i mong muén nhan duoc
nhi€u y kién nhéan xét, phé binh clia ban doc va cdc ban déng nghiép dé gido
trinh duoc sira chita, b8 sung hoan thién hon cho 14n xu4t ban sau.

Xin chén thanh cam on nhiing ¥ ki€n déng gép cnia ban doc.

Tac gia
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Chuong |
CAC HE THONG PEM VA MA sO

1.1. CAC HE THONG DEM

Dé bidu dién cdc dai lugng, ngudi ta diing cdc con s6 va mot hé théng
dém nao d6. He théng d€m 13 phuong phdp biéu dién céc s6 do bing tap hop
cdc ky hiéu goi 1 cdc chit s§ (Digits). S6 luong cac chit s6 diing trong mét
hé théng dé€m goi 14 co s6 cita hé dém d6.

Vi du : Trong hé théng dém thip phin nguoi ta dung 10 chit sé lam co
s& dé xay dung nén hé théng d€mnay la: 0, 1,2, 3,4, 5, 6, 7, 8, 9. H¢ dém
thap phan cé co sd la 10.

Hé d€m nhi phan chi ding 2 chit $6 0 vi 1. Co s& clia hé d€m nay 1a 2

Hé théng dém duge phin ra 1am hai loai ; dinh vi va khéng dinh vi

Hé théng dém dinh vi: gid tri clia cdc chif so trong hé thong dé€m nay
duge xdc dinh theo vi tri ¢ha né trong céch viét con s6, & ciac hé théng nay,
gid trl vé 56 lugng ctia méi chit s§ khong nhimg phu thudc vao ki hiéu cila nd
ma cdn phu thudc vao vi tri cha né ném trong hang ndo ciia con s6. Cdc hé
thong dém vira ké trén thuéc loai nay. Vi du trong hé dém thép phan chif s6
1 &con 56 201 ¢6 gid tri 12 1 don vi, con s6 1 & 102 c6 gid tri 1A 100 don vi.

Heé théng dém khéng dinh vi: & hé théng d€m nay, gid tri vé s6 lugng
chia méi chit s& khong phu thude vao vi tri clta né nim trong con 6. Vi du
nhir hé d&€m chit s6 La Ma: XXIII 1a s6 23, XXXIX 1a s6 39. Chit 56 X ndm &
vi tri nao ciing c6 gia tri 1a 10.

Trong gido trinh nay ta chi quan tim dén cdc hé théng dém dinh vi.

Hé théng dém thdp phdn

He thong dé€m thip phan dugc lodi ngudi quen dung trong disi song
hing ngay tir trudc dén nay, théi quen nay ¢6 ngudn gde tir Xa Xua con ngudi
di ding 10 ngén tay dé dém. Trong hé thdng dém nay ding 10 chi s&: 0, 1,
2,3,4,5,6,7,8,9. Cos6 cha ht¢ dém i 10, ta goi 1a hé thip phan hoic hé
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10 (Decimal). Hé d€m thap phan ¢6 wu diém la né duge dung lau doi va pho
bién, né c6 mét co sd hé théng todn hoc rat hoan chinh dugc con ngudi qua
cdc th€ hé khong ngimg bé sung phat trién hoan thién. Con s6 dugc viét
trong hé thap phan moi ngudi déu ¢6 thé hiéu duoc

Hé thong dém nhi phdn

Heé dém nhi phan chi ding c6 hai chit s6: 0 va 1, co s6 hé d€m la 2, ta
con goi 12 hé dém 2 (Binary). Hé dém nay duoc dung trong k¥ thuat s6 va
mdy tinh. C6 m6t méi quan hé tuong déng giita h¢ dém nhi phan, dai s6
logic, cac trang thai vat li clia cdc mach dién:

Hé théng dém nhi phan 1 0
Logic Piing ( TRUE) Sai (FALSE)
bién 4p Cao (HIGH) . Thap (LOW)
Coéng tac ' Déng (ON) Ngat (OFF)

Hé dém nhi phan cé nhitng uu diém sau day:

Hai & 1 va O trong hé d&€m nhi phan cé thé duoc dung dé dac trung cho
hai trang théi vat I cha mach dién: role, céng tic dién déng hodc ngét, cé
hoac khéng cé dong dién chay trong mach dién, dién 4p cao hoidc dién ap
thap ... Cic thong tin vat 1i mot khi dd duge s6 hod biu dién dudi dang nhi
phan c6 thé luu trit va xir I nhd mdy tinh dién tir.

Viéc stir dung hé dém nhi phan trong k¥ thuat s6, k§ thudt may tinh cho
phép ta 4p dung dugc dai s6 logic (dai s6 Boole) - mot cong cu todn hoc rat
sac bén dé thi€t k&€ cac vi mach s& cdc khéi chic nang, dung trong k¥ thuit
do ludng s6, k¥ thuat may tinh va diéu khién tu dong. o

May tinh chi lam viéc véi cdc thong tin biéu dién duéi dang nhi phan.
- P& dua s6 liéu vao mdy tinh ta phai chuyén déi céc s6 liéu tir thap phan ra
nhi phian dé m4y tinh c6 thé 1am viéc dugc. Két qua thu dugce trong qua trinh
tinh todn x{ li thong tin nh& may tinh lai phai chuyén ddi tir nhi phan ra thap
phan dé con ngudi dé dang nhan biét.

Céc con s6 biéu dién trong hé d€m nhi phan bao gi& ciing dai hon nhiéu
so véi cdc con s6 biéu dién trong hé thap phan. Biu dién mot s6 16n trong hé
d€m nhi phan cdn phai ding t6i nhiéu hang, cdc hang lai chi toan cdc con s6
0 hodc 1 nén rat d&€ bi nhdm 14n khi doc hoic viét cdc con s6 nay. PéE khac
phuc nhuoc diém nay trong k¥ thuat s6 ngudi ta con diung cdc hé théng dé€m
cé co s6 1a 8 va 16, cd s6 cua cic hé dém nay déu 1a 2 luy thira: 8=2°, 16=2*
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nén céc con s6 nhi phan chuyén sang céc h¢ nay sé duoc it gon, it bi nham
14n hon.

Hé thong dém bat phdn

- Hé dém bat phan ngudi ta ding 8 chit s6: 0,1, 2, 3,4, 5,6, 7. Co s
cta hé théng d€m la 8=23, con goi 1a hé dém 8 (Octal). Ma&i chit s6 cua hé
bat phan c6 thé biéu dién bang mot nhém ba bit nhi phan.

Hé théng dém thdp luc phdn

Heé thap luc phan dung 16 chit s6, h¢ c¢6 co s6 dé€m la 16=2%, con goi la
hé dém 16 hoac hé 16 (Hexadecimal). Céc chit s6 dung trong hé d€m nay la:
0.1,2,3,4,5,6,7,8,9 A, B, C, D, E, F. Méi chi s trong hé dém nay c6
thé duoc biéu dién bing mot nhém 4 bit nhi phan.

Cdch biéu dién con s6 trong cdc hé thong dém

Trong cac hé d€ém, mot s6 duoc Vi€t ra thudng cé ¥y nghia vé s6 luong
nhu sau :

(1997),,= 1.10° + 9.10* + 9.10" + 7.10°
(1101), = 1.2° + 1.2 + 0.2 + 1.2°
(46),= 4.8' + 6.8°

(2AE),, = 2.16% + 10.16' + 14.16°

Tir d6 ta it ra phuong phép téng quat dé bi€u dién mot s6 A bat ky
trong hé d€m co s6 B nao d6 c6 dang sau :

(A)s=AB" + A B+ A B+ .+ AB +AB +A B T, (LD

trong d6: A,, A,,,... 12 chit §6 clia cic hang; B", B™',... 1a trong s6 clia cac
hang.

Trong cich biéu dién con s6 ¢ dang s6 nhi phan méi mot hang ngudi ta
con goi 1a mot bit, hang ngoai cung bén trai 1a bit lon nhdt, hang tan cung
bén phai 1a bit nho nhdt.

Bangl-1 cho ta 21 s6 ddu tién ctia cac h¢ thong dé€m thong dung.

Bang 1-1 : 21 s8 diu tién cta cac hé dém thong dung

Thap phan Nhi phan Bat phan Thap luc phan
0 0 0 0

1 1 1 1

2 10 2 2
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3 11

4 100
5 101
6 110
7 111
8 1000
9 1001
10 1010
11 1011
12 1100
13 1101
14 1110
15 1111
16 10000
17 10001
18 10010
19 10011
20 10100
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1.2. CHUYEN BOI MOT SO TUHE DEM NAY SANG HE DEM KHAC

1.2.1. Chuyén tir cdc hé dém khac sang hé dém thap phan

Dé chuyén mot con s6 viét & hée dém bat ky sang hé dém thap phan ta
vi€t ching dudi dang téng quat (1.1) véi cac chit s6 va trong s6.

Vidu:

(1101), = 1.2° + 1.22 + 0.2 + 1.2° = (13),,
(123); = 1.82 + 2.8' + 3.8° = (83),,
(3FF);6 = 3.16% + 15.16' + 15.16° = (1023),,

1.2.2. Chuyén tix hé thap phan sang cac hé khic

Muén chuyén mot s6 nguyén & he 10 sang hé khac ta hay 1am phép chia
lién ti€p s6 & hé 10 d6 cho co s6 ciia hé dém can chuyén sang cho dén khi
két qua chia biang 0 (14n chia cuéi ciing thit n). S6 du cta cdc 14n chia chinh
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12 cdc chit s6 clia cdc hang va chiing dugc viét theo chiéu ngugc lai, nghia 1a
cdc s6 du cuia céc 14an chia thit 1, 2, 3, ... n chinh 1a cdc chif s& ciia cdc hang
thi 1, 2, 3, ... n cha két qua cin tim. Chd ¥ rang s6 du cua ldn chia ddu tién
nim & hang c6 trong s6 nhd nhat, s6 du cia 1an chia cudi cing n ndm & hang
¢6 trong s 16n nhat.

Vidu:

Chuyén s6 (35),, sang hé 2 ta 1am nhu sau :

3502

Bit nho nhat — 1 17 2

182

042

022

012

Bit 16n nhat - 1 0

Lay cac s6 du clia cdc phép chia trén ta duge két qua :
(35),, = (100011),

- Chuyén s6 (35),, sang h¢ 8 ta lam tuong tu :

35 |8

Hang c6 trong s6 nhd nhat — 3 4|8

Hang c6 trong s6 16n nhat — 4 0

Vay: (35),0 = (43);

- Chuyén sé (35),, sang hé 16 ta ciing 1am nhu sau :
35 |16

Hang cé trong s6 nho nhat — 3 2 |16

Hang c6 trong s6 16n nhit > 20

Keét qua : (35),, = (23)6

D6i phdn 1€ sau ddu phdy:

Trén day ta lam phép chuyén mot s6 nguyén & hé 10 sang hé khac.
Trong thuc t&€ nhiéu khi s6 & hé 10 cdn ¢6 phén 1€ sau ddu phdy. Trong cong
thic tdng quat (1.1) phan 1é sau ddu phdy la cdc s6 hang c6 trong s6 mang
didu mi am.

Pé chuyén phén 1é clia mét con s§ tir hé dém thap phan sang hé dém
khdc ta dung thuat todn nhdn lién tiép phdn 1€ voi co s6 ciia hé thong dém
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cin chuyén sang. Vi du, muén chuyén phan 1é & hé dém thap phan sang hé
dém nhi phan ta chuyén theo quy tic nhu sau :

Lay phan 1¢é cia s6 & hé 10 nhan véi 2, néu két qua nho hon 1 ta duge
mot s6 0 dit sau dau phdy clia s6 d hé 2, néu két qua 16n hon 1 ta cé s6 1 sau
dau phdy & hé dém 2. Ti€p theo ta lai ldy phan 1& cha két qua nhan dugc
trong phép nhan lan thit nhat nhan tiép véi 2. Néu két qua 1én hon 1 ta ghi
thém s6 1 vao két qua & hé 2 va lai 18y phan 1é nhan dugc sau lan nhan thu
hai nay nhén ti€p véi 2. Qua trinh s& chdm dut khi phan 1€ bang 0 hoac da
dat dugc s6 s6 1& sau ddu phdy theo yéu cau. Vi du : Déi (0,375),, sang hé 2
ta lam nhu sau :

0,375 x2=0,75 —

0,75x2=1,5
08 x2=1,0 ,
T
0,375),, = 0,0 1 1),
o4l
L1
Céc trong s6 ctia phan lé: 27 22
Dai (0,625),, sang hé 2, ta 1am nhur sau:
0625x2=125 —
0250 %2 =05
0,5x2=1,0 l
A4 4
(0,625),,= O, 1 0 1),

Déi (15,625),, sang hé 2 ta duoc:

(15,625),, = (1111,101),

Chiy:

Céc s6 16n & hé 10 khi chuyén sang hé 2 phai chia cho 2 nhiéu 14n, phép
tinh dai va d&€ nhdm 1an. C6 mot cich 1am nhanh gon hon 1a ta hiay chuyén s&
hé 10 d6 sang hé 16 trudc, sau d6 chuyén timg chif s6 clia hé 16 thanh s6 nhi
phan 4 bit va ha tuong tng xudng hang dudi, ta s& duoc s6 hé 2 biéu dién s&
hé 10 ban dau. Vidu :
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(144),, = (9 Ol
L
(144),, = (1001 0000),
(4091),,= (FFB),, = (1111 1111 1011),

1.3. CAC PHEP TiNH SO HOC TRONG HE DEM NHI PHAN

1.3.1. Phép cong

Phép tinh cong trong hé thong d€m nhi phan ciing dugce thuc hién theo
4c quy tac gidng nhu phép cong trong hé théng dém thap phan, chi khéc 1a
s6 nhd chuyén 1én hang trén khi tdng cédc bit cé cing trong s& biang 2

Quy téc chung :

0+0=0
0+ 1 =1
1 +0 =1
1 +1 =10

Vi du: 6 cghe2: 110
+4 +100_
10 1010

1.3.2. Phép trix

Phép tinh trir hai s6 trong hé dém nhi phan thuc hién giéng nhu trir hai
s6 0 hé dém thap phan.

Vidu:
13 & he2: 1101
-3 - 0011
10 1010

Vé nguyén tac, chiing ta ¢6 thé thuc hién phép tinh trir trong hé théng
dém nhi phan nhu phép trit trong hé théng d€m thip phan. Tuy nhién cidc nha
ché€ tao mdy tinh khéng hay lam nhu vay. Dé thuc hién phép tinh tri: A-B
nguoi ta thuc hién bang phép tinh cong: A+(—B ) va sir dung ngay bo tong
trong may tinh dé Iam phép tinh trir. Vin dé con lai 1a 1am céch nao dé biéu
dién moét s6 Am dudi dang nhi phan. Trong mdy tinh, ngudi ta ding sé b nhi
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phan d€ bi€u dién s6 &m va do d6 dé dang thuc hién phép tinh trir bing phép
cdng vGi s6 bu nhi phan cha sé trir.

Pé tim dugc s6 bu nhi phan, ngudi ta 1am theo cic budc sau:
- Viét s6 d6 duéi dang nhi phan.
- Dao cac bit cua tir nhi phan.
- Cong thém 1 vao hang c6 trong so bé nhat.
Vi du:
12-7=5 (7 )= 0111
dao cdc bit: 1000
cong thém 1: (-7 ),, = 1001

Dé thuc hién phép tinh trir 12—7=5, ta thuc hién 12+(—7) = 5, bang s6
nhi phan ta cé:

12 1100
(=7 #1001
5 bitnhé— 10101
Bit nhé né€u 1a 1 thi d6 1a phép trir, bit nhd bang 0 dé 1a phép cong.

1.3.3. Phép nhan

Phép nhan trong hé d€ém nhi phan hoan toan tuong tu nhu phép nhan
thuc hién trong hé dém thap phan.

Quy téc chung :

0.0=0
0.1=0
1.0=0
1.1=1
Vidu:
11 &heé2: 1011 2,5 6he2: 10,1
x3 x 0011 x6 x 110
33 1011 15,0 1010
1011 101
10001 1111,0
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1.3.4. Phép chia

Phép tinh chia trong hé dém nhi phén ciing giéng nhu trong hé thip

phan, d4p dung quy tic nhan va trr nhi phan ta c6 thé thuc hién phép

chia nhi phéan.

Vidu
33|11 &he 2: 100001 L1011
03 -1011 11
01011
- 1011
0000

N&u khi chia con du ta s& ha thém s6 0 xuéng va nhd danh dau
a chi 14y dén mot s6

pndy & két qua réi ti€p tuc chia. Néu con du mai t
6 1é cén thiét.
Vidu:
95 L4 &he2: 10011 L100
15 2375 000110 10,011
30 100
20 0100
0 0
Trudng hop sé bi chia nhd hon 56 chia.
Vidu:
7110 &he2: 111 L1010
0 07 1110 0,1010
- 1010
010000
- 1010
dur 00110

Tém lai : Céc phép tinh s6 hoc cong, trit, nhan, chia & hé 2 dugc thuc

hién tuong tu nhu & hé 10 nhu ta vin thudng 1am tir trudc dén nay.
13



| 4 MA HOA SO CUA HE THAP PHAN

Trong k§ thuat s6 dé chuyén déi cdc con s6 gitta 2 hé dém co 6 2 va cd
s& 10 mot cach tu dong ngudi ta dung phuong phép biéu dién nhi thap phan,
Ngudi ta ding mot nhém 4 bit nhi phan dé biéu dién mudi con s& cta hé
dém thap phan. Phuong phéap bidu dién nay duge goi 1a phuong phdp ma hoa
céc con s6 trong hé dém 10 bing cic nhém ma he nhi phan (Binary- coded
decimal BCD). Thuc ra dé la s6 thap phan duge viét kiéu nhi phan. Céc chu
s6 ctia hé 10 tix 0, 1, ... 9 déu duoc biéu dién bing 1 s& nhi phan c6 4 chir s6.
SG nhi phan c6 4 chit s& c6 trong 56 8 - 4 -2 - 1 duge goi la ma BCD 8421
(hoiic ma BCD trong s6 tu nhién).

Vidu: S6 hé thdp phdn - Biéu dién bdng md BCD 8421
16 : (0001 0110)p # (10000),
32 2 (0011 0010)gep # (100000},
2578 : (0010 0101 0111 1000)4ep

M3 BCD 8421 duge dung dé chuyén céc con s6 tir he 10 sang he 2 va
nguoc lai. Nhin mot con s& 16n vi€t & he nhi phan ta khé hinh dung d6 16n
chia né & he 10. Nhung viét & md BCD ta d& hinh dung ra do 16n ciia no.

Bang 1-2: Cac loai ma BCD cé trong s& khac nhau

| s Mi BCD
he 10 | Trong s6 Trong s6 Trong s6 Trong s8
8421 7421 2421 5121
0 0000 0000 0000 0000
| 0001 0001 0001 0001
2 0010 0010 0010 0010
3 0011 0011 0011 0011
4 0100 0100 0100 0111
5 0101 0101 0101 1000
6 0110 0110 1100 1001
7 0111 1000 1101 1010
8 1000 1001, 1110 1011
9 [1001 1010 1111 1111




Trong thuc t&€, do6i khi ma BCD 8421 dung khéng thuan loi. lic do
ngudi ta con dung cidc ma BCD cé cdc trong s6 2421, 5121, 7421. Cac loai
ma BCD cé trong s6 khac d6 biéu dién céac s6 hé 10 tir O dén 9 cho trong
bang 1.2.

Ngoai ma BCD néi trén 1a nhitng ma cé trong s6 ra, ta con giap mot so
mai thong dung nira khong c¢6 trong s6 duge néu ra trong bang 1-3.

Bang 1-3: cac loai ma khéng cé trong sé

S6 S6 hé 2 Ma du 3 Ma Gray M3 2 trén 5 MiaJohnson
hé ]'0 B3B2BIBD AB AZ AIAO G3 G?. Gl GO D4D3 D'Z DIDU Jljz Jf“ J4J5
[0 0000 0011 0000 00011 00000
1 0001 0100 0001 00101 10000
2 0010 0101 0011 00110 11000
3 0011 0110 0010 01001 11100
4 0100 0111 0110 01010 11110
5 0101 1000 0111 01100 11111
6 0110 1001 0101 10001 01111
7 0111 1010 0100 10010 00111
8 1000 1011 1100 10100 00011
9 1001 1100 1101 11000 00001

Ma dur 3: (thira 3) dugc tao nén bang cach cong thém 3 vao ma BCD
8421. Ma nay dung trong cac thiét bi tinh todn s6 hoc va xir 1y tin hiéu s6.

Mda Gray: Pac diém cta ma nay 1a hai s6 k€ ti€p nhau chi khdc nhau cé
mot bit. Vi vay t6¢c do dém cua ma Gray trong may tinh nhanh hon so véi
ma nhi phan. M3 Gray c6 thé dugc suy tixr ma BCD, hoac ma nhi phan bang
cach mébi chir s6 ding & bén phai s6 1 & ma BCD hoidc ma nhi phan khi
chuyén sang ma Gray phai déi thanh chit s6 nguge vdi n6. Vi du:

BCD O 01 O hoac Nhi phan 1 0111
N\ N N A A 4 N N
Gray 0O 01 1 Gray 11100

Md 2 trén 5: mi nay st dung 5 chit s6 hé 2 dé biéu dién cdc chit s6 hé
10. Méi t6 hgp ma bao gi¥ ciing c6 hai chix s6 "1" va ba chir s6 "0".

Mad Johnson: ciing sit dung 5 chit s6 hé 2 dé biéu dién cac s& hé 10. Pac
diém 1a khi chuyén sang s6 ti€p theo ma sé& thay chit s6¢ "0" bang chix sd "1"
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bt d4u tir phai sang trai cho dén khi dat dén 11111 tng véi s6 5 he 10 thi lai
thay thé dén chit s6 "1" bing chir s6 "0" va ciing theo chiéu tir phai sang tril.

Ngoai cdch mi hod dung 1 14 hop ¢6 4 hoidc 5 chif s6 hé 2 nhu noi trén,
ngudi ta con dung céc loai ma ¢o t6 hop 8 hoac 10 chit s6. Nhuge diém cia
ma nay 1a tit ma dai chi€ém nhiéu thai gian trong kénh thong tin. Nhung uu
diém 1a ma nay c6 thé sit dung nhiing bit thira dé phét hién sai trong nhiév
trudmg hop c6 thé sira dugc.

1.5 MA CAC CHUCAIL CHUSO

Trong mdy tinh, ngoai cic tin tic s&, cin ghi cac thoéng tin khong s6
nhir cdc chit cdi, ddu phép tinh, cdc ky tu khac. C6 khoang 26 chir céi, 10 chit
5§ 0 ... 9, cdc loai dau khic nhau, ky tu dé hoa, k¥ tu diéu khién truyén tin...
tdng s6 khoadng 87 ma. Nhu vay cdn it nhat 1a 7 bit ghi theo ma nhi phan.
Thuc t&€ ngudi ta dung 1 byte = 8 bit dé biéu dién 1 ky tu.

Cé 2 loai ma phd bi€n nhat hién nay la : ASCI (American Standart Code
for Information Interchange): mi trao d6i thong tin tiéu chuin My : ducc ding
cho mdy tinh cd nhan va trong h¢ thong truyén tin diing trong vigc dich cac chi
c4i tren mat phim mdy chi, phim dan... thanh ngén nglt may.

Mai thi hai 1a EBCDIC (Extended Binary Decimal Interchange Code):
mi trao déi nhi phan thap phan mo rong. Ma nay ciing quan trong vi né duge
phét trién b&i hang IBM la hang ch€ tao mdy tinh 16n chia Hoa K, ¢6 san
phdm rat phé cap trén thé gidi. Day 1a mot ma & bit ¢6 nhiéu biéu tuong va
dic trung hon ma ASCII va né dugc dung trong cdc hé thong s cé kich
thudc 16n. Trong bangl.4 gidi thiéu hai loai ma nay.

Bang 1-4: M3 ASCIl va ma EBCDIC

16

Diu, chif s& ASCII EBCDIC Ki ASCII EBCDIC
space 010 0000 | 0100 0000 A 100 0001 1100 0001

! 010 0001 | 0101 1010 B 100 0010 1100 0010

/f 0100010 | O111 1111 C 100 0011 1100 0011

# 0100011 | 0111 1011 D 100 0100 1100 0100

$ 010 0100 | 0101 1011 E 100 0101 1100 0101

%o 010 0101 | 0110 1100 ¥ 100 0110 11000110

& 0100110 | 0101 0000 G 1000111 11000111




| Dau,chits6 | ASCII EBCDIC Ki tu ASCII EBCDIC
/ 0100111 | 01111101 H 100 1000 1100 1000
( 010 1000 | 0100 1101 I 100 1001 1100 1001
) 010 1001 | 0101 1101 J 100 1010 1101 0001
i 010 1010 | 0101 1100 K 100 1011 1101 0010
e 010 1011 | 0100 1110 L 100 1100 1101 0011
' 0101100 | 01101011 M 100 1101 1101 0100
- 0101101 | 0110 0000 N 100 1110 1101 0101
. 0101110 | 0100 1011 O 100 1111 1101 0110
/ 0101111 | 01100001 P 101 0000 1101 0111
0 011 0000 | 1111 0000 Q 101 0001 1101 10C0
1 011 0001 | 1111 0001 R 101 0010 1101 1001
2 0110010 | 11110010 S 101 0011 11100010
3 0110011 | 11110011 P 101 0100 1110 0011
4 0110100 | 1111 0100 U 101 0101 1110 0100
5 011 0101 | 1111 0101 \% 101 0110 11100101
6 0110110 | 11110110 W 101 0111 11100110
7 C110111 [ 11110111 X 101 1000 11100111
8 011 1000 | 1111 1000 ¥ 101 1001 1110 1000
9 011 1001 | 1111 1001 Z 101 1010 1110 1001

1.6. KHAI NIEM VE SO BU

Trong hé nhi phan nguoi ta st dung s6 bu 1 va s6 bu 2. Vi du cho
mot s6 (0011),, ta hdy lay phdn b 1 cia timg chit s6 duoc (1100),. Pay
chinh 1a s6 bl 1 ctia s6 di cho. Goi 1a bu 1 vi tdng 2 chit s6 ¢6 trong so
twong tng trong 2 s ndi trén luén 1a 1. Ta ¢é thé tim s6 bl 1 clia s6 nhi
phan bang cdch dado ngugc cdc bit clia s6 nhi phan dé. Con tim s6 bu 2
thi ta 14y s bt 1 cong them 1. 3 day s6 b 2 cfia (0011), 1a (1101),.
Trong k¥ thuat s, s6 b 2 chia mot s& dung dé biéu dién s6 am cua s&
nhi phan dé. Trong vi du trén ta cé:

(0011),=(3),,.S6 b1 2 12 :
(1101), = (=3, .
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Cich biéu dién s6 am trong hé nhi phan nhu vay dugc dung trong may
tinh dé bi€n cdc phép trir thanh phép cong v6i s6 am. Vi du mudn tinh A-B,
maéy tinh s& thuc hién A+(-B).

Vi cdc s6 cia hé 10 biéu dién bing ma BCD 2421 ngudi ta cling su
dung s6 bu 9 va s6 bu 10. Vidu :

S6 (134),, = (0001 0011 0100)5cp 2421 S6 bt 9 cilia né 1a

(865),, = (1110 1100 1011)5ep 2601 -

Goi 12 bu® vi & day ta ciing c6 tng 2 chit s6 c6 cung trong s6 luén ludn
bang 9: ’

1+8=9:3+6=9:4+5=9.Con so b 10 & day ciing bang s6 bu 9
cong 1.

Vay s6 bu 10 ciia s6 (134), 12 (1110 1100 1100)5cp 242 Nhin s6 bu 9
ctia mi BCD 2421 ta thay ching 1a s6 b 1 & dang nhi phan. Pac diém nay
duoc sir dung khi xay dung cac mach s6 hoc.

Trong hé 16 ngudi ta ciing c6 s6 b 15 va s6 bt 15 cong 1 goi la s6
bu 16.

Vi du cho mét s6 : (4A), = (0100 1010),.

S6 bl 15 cua né la: (B‘S)16 = (1011 0101),. Pay chinh la s& bi1 1 cua
nhau & dang nhi phan. Goi 12 bu 15 vi téng hai chif s6 c¢6 cling trong s6 luén
bang 15, & day ta cé:

(4 + B), = 15 va (A + 5),s = 15.

Con s6 bu 16 bang s6 bu 15 cong 1, d6 1a (B6), = (1011 0110),. Day
chinh 12 s& b 2 clia dang nhi phan. Nhu vay s6 bl 16 trong hé 16 giup ta
viét s6 am & hé nhi phan ctia mot s& ¢6 gia tri 16n mot cich dé dang.

Vi du muén chuyén s6 (— 4091),, sang hé nhi phén ta lam nhu sau :

(4091),, = (FFB),,, bit 15 clia n6 la (004),s, bix 16 12 (005),,. Viét s& bi
16 nay dudi dang nhi phan ta s& dugc s6 nhi phan bi€u dién s6

(— 4091),, = (005),, = (0000 0000 0101),.

1.7. BIEU DIEN SO AM TRONG HE NHI PHAN

Trong hé thap phan ta ding ddu + va — cho 58 duong va s6 am. Trong
hé nhi phan ngudi ta quy udc : tan ciing bén trdi ctia 1 s6 néu ghi s6 1 1a bi€u
thi d#a am, néu ghi s6 0 1a biéu thi ddu duong. Vi du : — 5 & hé nhi phéan
biéu dién: 1 0101.
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+9 & hé nhi phan biéu dién : 0 1001

Diy Ia kiéu biéu dién "Dau" va "Tri s& that" (s6 1 va s6 0 ddu tién bidu
dién ddu am va ddu duong, 4 bit con lai bidu dién tri s6 that clia s6 5 va s6
9). Céch bi€u dién s6 am nhu vay khong thuan tién khi lam cdc phép trir. Vi
du: 12 - 5 . Trong mdy tinh s& thuc hién theo cdch 12 + (— 5). Muén viy ta
phdi bi€u dién s6 (- 5) dudi dang s6 am & hé nhi phan, d6 13 s6 bil 2 cia s6 5
¢ dang nhi phan. Vay ta s& lam phép tinh trén nhu sau

(12),0= (1100),
(3)=(0101),. L&y b1 2 bang cdch ddo cdc bit réi +1 ta duoc
(=5)o = (1011),. Thay 12 + (- 5) & dang nhi phan vio ta dugc :
1100
+1011
10111

0 xét qua xudt hién bit thit 51286 1, s6 1 d6 khong ¢6 gid tri trong két
qud, n6 chi chiing t6 ring ta vira thuc hién phép trir nhi phan.

Két qua ciita phép tinh chi 12 4 bit cdn lai (0111), = (7),, . Diéu nay Ia
hop 1y vi khi 2 s6 nhi phan 4 bit trir di nhau khong thé c6 két qua 1a s6 nhi
phin 5 bit. Vi tdt ca cdc phép trit thuc hién theo cich trén & két qua déu

14t hién thém s6 1 vao trude bit 16n nhat cia két qua.

Vidu: 61— 12 thyc hién & dang nhi phan 1a :

(61),0 = (3D),s = (0011 1101),
(12),, = (0000 1100),. Ly bix 2 dé duoc :
(=12)),= (1111 0100),. Thay vao phép cong :

61 — 0011 1101
+(=12) —»  + 11110100
49 10011 0001

\: >’

Thé hién phép trir  Két qua = (0011 0001), = (49),,

1.8. BAI TAP

1. Chuyén déi céc con s& thap phan sau day sang hé dém nhi phén, bét
phan va thdp luc phan: 92,, 144,, 409,, 254,, 256, 64522,,,
2000, .

19



2. Chuyén déi cic s6 nhi phén sau day thanh s6 bl nhi phén 8 bit: -1,
5,0, -17 10 -6415 -127 4, =128, +25,.
Thuc hién phép tinh s6 hoc: 61, - 17,,=7 trong hé d€m nhi phan.

4. Biéu dién con s6 thap phén sau diy bang ma nhi phan va mi
BCD (8421): 16,,, 1999,,.

5. Thiét k€ thi nghiém mé phong cdc hé théng d€m sau day:

Reset

Hé dém 10 ma BCD. (Hinh 1.1).
Hé dém nhi phan, thap luc phén. (Hinh 1.2)

Céc hé thong dém 10, nhi phan, bit phén, thap luc phin
(Hinh 1.3).
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Hinh 1.2. Thiét k& m& phéng heoat déng clia bé dém nhi phan, thap luc phin.

Hé dém thdp plign Hé dém nhi phdn bat phdn thapluc phén
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Hinh 1.3. Thi nghiém mé phdng hoat déng cac hé théng dém, minh hoa cach chuyén
ddi cac con sé giira cac hé théng dém khac nhau, kiém chimg bang 1.1
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Chuong Il
PAI SO LOGIC

Dai s6 logic con duoc goi la Dai s6 Boole. Li thuyét nay do nha todn
hoc ngudi Anh George Boole dua ra nim 1847. Dai s6 logic la cong cu toédn
hoc duge ding cho hé théng dém nhi phén. Khic véi hé thong dém thap
phén chiing ta quen diing hang ngay phai diing t6i mudi chit s6 dé biéu dién
cdc con s6, hé thong dém nhi phén chi ding ¢6 hai chif s6 12 0 va 1 ciing di
dé biéu dién cdc con s6.

Mot dic diém clia dai s6 logic 12 cdc ham va bién chi nhidn m6t trong
hai gi4 tri 0 hodc 1. Hai gi4 tri nay biéu thi hai trang théi logic khic nhau
diing hoic sai, d6i véi mach dién tir hai gia tri 1 hodc 0 duge ding dé biéu
thi hai mifc dién 4p: dién ap cao ( Vi) hodc thap (V,), cong tic déng hodc
ngat, c6 hoic khong c6 dong dién chay trong mach.

2.1. BA PHEP TINH CG BAN TRONG DPAI SO LOGIC

Phép cong logic: Yy =X,+X,
Phép nhén logic: y=% .%
Phép phi dinh: y=%

2.2. CAC DINH LUAT CO BAN CUA PAI SO BOOLE

2.2.1. Cac ménh dé co s&

x+X =1
x.Xx =0
x+1=1
x.1 =x
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2.2.2. Pinh luat hip thu
X+xXx=X

X.X =X

2.2.3. Dinh luat phi dinh coa phua dinh

=l

=X
2.2.4. Pinh luat két hop
X+ (X + X3) = (X, + X5) + X5
(X, - X3) X3 =X; (X;. X3)
2.2.5. Pinh luat giao hoan
X+ X=X+ X,
Xi- X=X, X,
2.2.6. Pinh luit phan phéi

X (x5 + X3) = XKy + XXy
(X, + X,) (X, + X3) = X, X, T X, X3 + XX, + XX,
= X, (1+X,+X;) + X, X;

= X, + X;X;

2.2.7. Pinh Iy DE MORGAN

XX, =X, +X,

X, +X, =X X,

Dinh i nay gidp ta chuyén phép cong logic thanh phép nhén logic va
nguoc lai. Van dung dinh 1§ De Morgan chiing ta c6 thé giai cdc bai todn
thiét k& mach logic t8 hop theo cédc cira logic co ban cho san. Cac phép tinh
co ban va cédc dinh 1i néu trén déu cé thé mé réng pham vi dp dung cho sam
nhiéu bién. Cic dinh luat giao hodn, phén phéi, két hop tuong tu nhu dai s&
théng thudng. Riéng cdc ménh dé co s, dinh 1y hédp thy, dinh 1y phi dinh
hai 14n, dinh 1y De Morgan mang tinh dic thii ctia dai $6 Boole. Cac dinh
luat néu trén ching ta cé thé chimg minh bang cach lap bang chan ly (bang
su that) trén dé ghi cdc gid tri té hop bién va gid tri tuong ting clia ham.
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2.3. PHUONG PHAP BIEU DIEN HAM LOGIC

2.3.1. Khai niém vé minterm (s6 hang toi thiéu) va maxterm (st
hang toi da)

Mot ham logic ¢ n bién, méi bi€n c6 thé nhan mot trong hai gid il
hoac 1. nhu vay ta s& c6 2" t6 hop bién. Mi t& hop bién ta c6 thé tao thank
mot s6 hang 1a tich tdt cd cdc bién ¢ trong ciing mot 16 hop bién. Céc s
hang nay dugc goi la minterm ( s6 hang 161 thiéu). Goi la s6 hang 161 thidu vi
minterm 13 tich céc bi€n cé trong moét t& hop bién, tich nay chi bing mot chi
khi tat ca cdc bién déu bing 1. Nhu vy, tmg véi moi mot minterm ta chi tim
dugc mot té hop gid tri bién tuong ing véi né dé né bang 1 va chi c6 mot td
hop bién ma thol.

M&bi té hop bién ta ciing c6 thé tao thanh mot s6 hang la téng 14t ed cde
bién cé trong ciing mot 16 hgp bién céc s6 hang nay dugc goi la maxterm (s6
hang t6i da). Maxterm 1a téng it ca cdc bién c6 trong té hop bién nén chi
cidn mot trong cdc bién bang 1 thi maxterm bang 1, maxterm béing O chi
trong mot trudng hop duy nhat Gng voi tit ca cic bién trong té hop bién déu
bing 0. Nhu vay cdc trudng hop maxterm bing 1 la t6i da, trudng hop
minterm bing 1 1a t&i thiéu. Mot ham c6 n bién ta c6 2" minterm va 2
maxterm.

Bang 2.1: Cac minterm va maxterm cGa ham logic 3 bign

Bién _

Minterm Maxterm
A |B C
A |B C ABC =m, A+B+C =M,
A |B C ABC =m, A+B+C =M,
A |B ¢ ABC =m, A+B+ C =M;
A |B C ABC =m, A+B+C =M,
A | B C ABC =m, A+B+C =M,
A B C ABC =m, A+B+C =M,
A |B C ABC =mq A+B+C =M,
A |B C ABC =my | A+B+C =M,

Vi du mot ham F(A, B, C) ¢é 3 bien 1a A, B, C ta c6 8 t6 hop bién dugc
sip x€p mot cach trinh ty theo s6 nhi phan la: 000, 001, 010, 011, 100, 101,
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110, 111. Tuong iing véi 8 13 hop bién nay ta cé 8 s6 hang t6i thiéu minterm,
ki hiéu la my, m,, m,, ..., m;, va 8 s6 hang t6i da maxterm M,, M,, M,, ...,
M,. Trén bang 2.1 trinh bay cdc minterm va maxlerm ctia him nay.

Trong mét minterm va maxterm cé mat tit cd cac bién s§ c6 trong 3
hop bi€n ctia ham, cdc bi€n s6 nay chi xuat hién mét 14n dudi dang dio hoac
khéng ddo. Ham logic ¢6 thé duge biéu dién duéi dang la téng cdc minterm
hoic tich ciac maxterm.

2.3.2. Cac tinh chit cua maxterm va minterm

M, =m,
M, =m,
M, =m,
M, =m,
M, =m,
M, =m,
M, =m,
M, =m,

Hai maxterm va minterm ctia s6 hang ¢6 ciing chi s (vi du M, vi m, ,
M, va m;, M, va m, ...) 14 phit dinh cila nhau.

Téng logic clia tat ca cdc minterm = 1.

Tich logic cua tit ca cdc maxterm = 0.

Tich hai minterm khdc nhau bat ky = 0.

Téng hai maxterm khdc nhau bat ky = 1.

2.3.3. Phuong phap biéu dién ham logic

Co6 bon phuong phdp duge ding dé biéu dién ham logic d6 1a: bang
han ly, bing Karnaugh, phuong trinh logic, ky hiéu logic. Trong k¥ thuat
dién tir s6 ngudi ta cdn ding cdc ki hiéu logic va so dé logic d€ bidu dién céc
ham logic va phuong trinh logic. Trong cdc ti€t sau ching ta s& lam quen cdc
ki hi¢u logic nay va cdch xay dung cdc so dé logic tuong vng vdi tirng
phuong trinh logic. Chiing ta c¢dn nam viing timg phuong phdp biéu dién
ham, bi€t van dung nhitng wu viét cha timg phuong phédp, chuyén déi tir
phuong phip nay sang phuong phép kia.
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2.3.3.1. Bang chdn ly

Béng chan 1y 12 bang miéu t4 quan hé gilia cdc gid tri cia ham s6 tuon;
tng v6i moi gid tri ¢6 thé clia bién s6. Trong dé cé cdc cot ghi céc gid tri i
céc bién ddu vio va cot ghi céc gid tri clia ham ddu ra tuong tng véi timg tf
hop bién. Bang chan 1y biéu thi ham logic dudi dang bang s6 mot cach 1
rang tudng minh. Sau khi xac dinh gia tri cac t6 hop bién diu vio ta c6 thé
diing bang chan 1y d€ x4c dinh gi4 tri tuong ing clia ham dau ra.

Trong céc s6 tay tra clu cac vi mach s déu c6 bang chan 1y kém theo ki
hiéu logic hoic so dé logic dé gidi thiéu chic nang cha vi mach. Ngudi ta thudng
dung céc chit A, B, C.... hoic X, X,, X, ... dé ki hiéu cdc bi¢n logic, va ding cix
chit F, Y, Z, W dé ki hiéu cdc ham logic. Trong trudng hop diing cic chir dé ki
hiéu ham va bién logic chiing ta cdn phén biét rd dau la cic bién tuong ng vd
cdc 16i vao cta mach logic va dau 1a ham twong ing véi 16i ra cia mach logic
Mbi bién ddu vao c6 thé nhan hai gia tri 0 va 1, néu ham cé n bién ddu vao thi s
c6 2" 16 hop cdc gia tri khdc nhau ctia ching.

Pé nhan duoc bang chéan 1y ching ta cdn phai liét ké tdt ca cac gif
tri cia ham & ddu ra tuong Ung véi cdc té hop bién 16i vao. D€ khdi b
s6t hodc triing lap ta nén sip xép céc t8 hgp bién 16i vao tudn tu theo sf
dé€m nhi phéan.

Vi du ta c6 ham logic: F= AB+AB.

Bang chan 1y cia ham nay dugc trinh bay trén bang 2.2.

Bang 2.2: Bang chan ly cia ham F = AB+AB

Thit tu sap xép Loi vao L&i ra
céac 16 hop bién i A B F.
0 0 0 0 '
1 0 1 1
2 1 0 1
3 1 | 0 |

Dung bang chan 1y dé biéu dién ham tuy c6 uu diém 14 13 rang truc
quan, nhung cé nhuge diém la cdch biéu dién nay s€ trd nén réi ram khi ham
¢6 nhiéu bién.
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2.3.3.2. Phuong trinh logic

Bi€u dién ham logic bang cdc phuong trinh logic cho thdy ré méi quan
h¢ gitta ham va bién thong qua cdc phép toan cong logic, nhan logic va pha
dinh la phuong phdp bi¢u dién thich hop trong moi trudng hop, ké ca cidc
quan hé logic phitc tap, ham c6é nhiéu bién. Dung phuong trinh logic bidu
di€n ham s& don gian, gon ghé hon 1a ding bang chéan Iy va rat tién dé thuc
hién cic phép todn logic va t6i thi€u hod cac ham bing phuong phap dai s6.

Phuong trinh logic ¢6 thé duge x4c lap theo céc cich sau:

Cdch 1: L&y téng cla cdc tich tic 12 14y tdng cdc minterm:

F=% fm

Nhu vay, ta chi ldy téng cdc minterm nio ¢ gi4 tri twong Ung cta ham
f;= 1. Day la phuong phédp hay dung trong gido trinh K§ thuat s6 nay .

Cdch 2: Ldy tich ctia cdc téng tic 1a 14y tich clia cdc maxterm:

Nhu vay, chi 18y tich cdc maxterm tuong g ¢6 f, =0 .

Vidu : M6t ham 3 bi€n c6 biang chan Iy dugc trinh bay trén bang 2.3

Bang 2.3: Bang chan Iy clia 1 ham 3 bién

I A B & f m M

0 0 0 0 1 m, M,
1 0 0 1 0 m, M,
2 0 1 0 0 m, M,
3 0 1 1 1 m, M,
4 1 0 0 1 m, M,
5 1 0 1 0 ms M,
6 1 1 0 0 Mg M,
7 1 1 1 0 MM M,

Ta c6 thé xdc dinh ham logic theo hai cich néi trén:

Cdch I: Lay t6ng chudn cdc minterm tng véi f, = 1 ta dugc:
F=my+ m, +m,
F= ABC+ABC+ ABC

Cdch 2: Ldy tich chuin cdc maxterm tng véi f,= 0 dé la:

&



F=M,.M,.M,.M, .M, .
F=(A + B+C)A +B+C)YA+B+C(A+B+C)XA+B+0Q)
Ham logic F xdc dinh theo 2 cdch trén la nhu nhau.

2.3.3.3. Bang Karnaugh

Khi mot ham logic cé s6 luogng bién tuong d6i nho (k = 6) ngudi b
thudng biéu dién chiing dudi dang mot bang goi 1a bing Kamaugh. Theo
phuong phdp niay, mét ham n bién dugc biéu dién trén mot bang gém 2" ¢
vuéng. Mbi 6 vudng tuong ung vSi 1 minterm ctia ham cén biéu dién. Luu §
rang cdc 16 hgp bién & day dugc x&€p theo thd tu ciia ma Gray, hai 6 lién ké
cac minterm chi khac nhau cé mot bit.

Trén bang 2.4 1a bang Karnaugh cia mot s6 ham logic ¢é 2, 3, 4 bién, d
dudi mébi bang la phuong trinh logic tuong ting clia cdc ham nay.

Bang 2.4: Bang Karnaugh clia mét s& ham cé 2, 3, 4 bién

B BC
A (] 1 A oo o1 11 10
B W =]
0 1 Bk 1
I S S e
al b/ : :
1 1 1) 1 1
F=AB+AB F=ABC+ABC+ABC+ABC
A
CD CD
AR oo o1 11 10 AD co o1 11 10
oo | 1 00 L1 1|
o1 1 01
cf == df =
i 4 r 3
11 S 1z | i
1 ! ! 1
T L : 4
1 I o s e 1 o — e
10 P 10] 11 i
Mg oo —_— S T

F=ABCD+ABCD+ABCD+ABCD

P=ABCD+ABCD+ABCD+ABCD +ABCD
Trong cdc 6 ctia bang Karnaugh, néu tng véi té hop bién nao ma ham

c6 gid tri 1a 1 thi 6 vudng dé dugc ghi gid tri 1. Con céc 16 hop bién ham cb
gid tri O thi bé tréng (hoidc ghi 0). Bang Karnaugh 2.4a duge xac lap tir bang
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chin 1y 2.2. Bang Karnaugh cé thé dugce thiét lap tir bang chan 1V hoic
phuong trinh logic, ngugce lai tir bang Karnaugh ta ciing ¢6 thé tim duoc
phuong trinh logic don gian, rit gon ham logic. Dua vao bang Karnaugh ta
xdc dinh ham F bing t6ng cdc minterm tng v6i ham f, = 1 (6 vuong chua 1).

2.3.4. Phuong phap tdi giian ham logic

Trong viéc thi€t k&€ cdc khéi chic nang logic, tim ra duge mot s dé
logic don gian dép ting ddy da cdc yéu cdu cua khéi chifc nang cédn thiét ké,
thi yéu cdu hang dau ctia cong tdc thiét ké cdc mach dién tir 1a tinh kinh t& va
mach phdi ¢6 tinh 6n dinh, d6 tin cay cao. P& dam bdao cic yéu ciu nay thi
su d6 logic phai bao gém s6 cédc phdn tir logic co ban it nhat, cdc so d6 cang
don gian cang cé do tin cay va 6n dinh cao. DE xay dung duoc mot so dé
nhu vay chiing ta phai tim ra dugc moét phuong trinh logic t6i gian mé ta
ding chitc nang logic clia mach dién tir can thiét k€. Cdc ham logic ma ta
thuong gap thuong khéng phai la dang téi gian, néu ta xay dung mach dua
trén phuong trinh nay thi s€ t6n kém vi phai diing nhiéu phén tir linh kién
logic, so d6 cang phitc tap, do 6n dinh, dé tin cay cang kém, xdc xuit hu
héng cang tang. Vi thé, trude khi xay dung mach bao gid ciing phii tim cdch
rit gon ham, dua phuong trinh biéu dién ham vé dang t6i gidn. C6 hai
phuong phép rit gon ham logic: Rit gon theo phuong phdp dai 58 thong
thuong va rit gon theo phuong phidp hinh hoc ding bing Karnaugh. Ta sé&
di€ém qua nhimg nét co ban clia cdc phuong phap nay

al Riit gon ham logic theo phwcong phdp dai sé

Tir cac phuong trinh logic bi€u dién ham logic duéi dang téng cic
minterm, ta dp dung cédc dinh luit ciia dai s& logic dé don gidn ham logic sao
cho ham cudi cing la t6i gian, thuc hién ham cdn it phin tir logic co ban
nhét. Vi trong thyc t€ cic bi€u thirc logic rat da dang, tir mot ham logic ciing
c6 thé bi€u dién bing nhiéu cdch khdc nhau nén khé cé thé tim ra mot quy
trinh 161 wu dé€ tim ra dugc biéu thidc logic t6i gian mot cach nhanh nhat. Con
dudong dan dén két qua nhanh nhat, 16i gidi dep nhat tuy thudc vao s nam
chic cdc dinh luidt cha dai s6 Boole va kinh nghiém ctia méi ngudi rit ra
dugc trong qué trinh chiu khé lam céc bai tap.

Nhin chung phuong phdp t6i gian ham logic theo phuong phdp dai s&
cling tuvong tu nhu phuong phdp rit gon cdc biéu thic dai s6 théng thudng,
ciing khai trién biéu thitc, nhém thira s§ chung, don gian rit gon ham s8 nhu
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ta da quen lam trong chuong trinh hoc phd thong trudc day nhung néu biét
khai thiac cdc ménh dé co sd, cdc dinh luit dac thi cha dai s6 logic nhu dinh
luat phii dinh hai l4n, dinh luat De Morgan, nhi€u khi chiing ta dugc céc biéu
thitc logic don gidn hét sic bat ngd thi vi. Chiing ta hdy thir lam mot bai tap
vi du sau day:

Pon gian biéu thic logic:

F= ABCD+A BCD+ABCD +ABCD+ABCD +ABCD

Trong biéu thic trén c6é s6 hang AB C D. Cong thém vao v€ phai ciia
biéu thifc s& hang nay réi nhém thira sé chung ta cé6:

F=ABC(OD+D)+ACD (B+B)+ABD (C+ C)

F=ABC+ACD +ABD

Trong cich 1am nay ta di van dung dinh 1i hap thu X + x = X va ménh dé
co s& cua dai s6 Boole: x + X =1

bl Riit gon ham logic theo phuong phdp diing bdng Karnaugh:

Ta hiy ghép cdc minterm tmg v&i f; = 1 (cdc 6 ¢6 6 1) & cdc O ké nhau
theo hang ngang hodc hang doc v ghép cdc 6 bing 1 nam d6i dién nhau
trong biang nhu cdc dudng khoanh vdng cdc s6 1 vdi nhau trong bang 2.4

Cac minterm dugc ghép nhu vay nhit dinh s& c¢d thira s6 chung va s& don
gian dugc 1 bién bl nhau.

Vi du nhu truong hop ham logic tuong Ung véi bang 2.4b, theo phuong
phdp nay ta cé thé don gian ham logic nhu sau:
F= A BC+ABC +AB C+ ABC ghép 2 minterm ké nhau:
F=AC(B+B)+ABC +ABCvi B + B=1 nén tacé:
F=AC+ABC +ABC
Pé don gian 2 6 d6i dién, & day ta viét thém s6 hang A B C vao ham F
vén khong thay di vi ABC+ ABC = ABC).Tacé
F= A C+ABC+ABC+ A BC ghép 2 s8 hang cuéi:
F= A C+ ABC+B C (A+A) cuéi cing:
F=AC+ABC+BC
Lam tuong tur vai bang 2.4c¢ ta dugc:
F = ABCD + ABCD + ABCD + ABCD
F = ABCD + ABCD + ACD



Véi bang 2.4d : Dya vao bang Karnaugh ta c6 thé rit gon ham F bing
cich ghép cac 6 lién ke c6 gid tri bang 1, nhém thira s6 chung dé rat gon:

F= A BCD+A BCD + AB

CD+ABCD+ABCD+ABCD

F=ABC(D+D)+ACD (B+ B)+ABD (C+C)

F=ABC+ACD+ABD

Cac phuong phdp t6i gidn ham logic néi trén la rdt quan trong, gidp ta
thi€t k€ cdc so d6 logic t8 hop mét cach tdi u, tiét kiém t6i da s6 cira logic
co ban cdn dung.

Qua moét s6 vi du cu thé rit gon ham Boole bang bang Karnaugh néu
wén, ta c6 thé tém tit phuong phép nit gon ham Boole bing bang Karnaugh
cdn tién hanh theo céc budc sau:

Dua ham Boole vé dang téng cdc minterm cé gid tri bang 1.

Xac lap chinh xdc bang Karnaugh cdc minterm duoc sip xé&p theo trinh
ty cua md Gray hai 6 lién ké theo hang va cét chi khdc nhau ¢6 mét bien, su
khdc nhau d6 la & hai gia tri nghich dao nhau cia bién nay. Chi dién 1 vio
céc 6 ing v4i minterm cé mit trong phuong tiinh, cdc 6 tng véi cdc minterm
khéng c6 mat trong phuong trinh thi dé tréng.

V& cdc dudng hinh chir nhat hoac hinh vuéng bao quanh cic 6 lién ké
c6 gid tri bang 1. Khi v& can tuan theo quy tic sau:

Cac dudng bao quanh phai 14 hinh chit nhat hay hinh vuéng va trong dé
chi chifa 6 c6 gia tri bing 1.

S6 6 chita trong dudng bao phai 1a 2" (v6i n=1,2,3,...) tic la bing
2.4.8,...

Céac hang trén cing va céc héng cudi cling ciing duge xem la cdc hiang
k& can. Cdc cot tan cing bén trdi va cdc ¢t tan cling bén phai ciing dugc
xem la cdc cot ké can.

Méi duding bao khép kin phai chita 16i da s6 6 bang 1. Diéu nay ciing c6
nghia 1a téng cdc dudng bao quanh ndy cang nhd cang t6t. S6 hang t6i gian
bang s6 dudng bao khép kin cdc 6. S6 dudng nay cang it ham Boole cing
duoc mt gon.
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Sau khi da thuc hién phép ghép din cic 6 k& can d€ tim dugc cdc phén
tir t6i gidn, dang rit gon ciia ham Boole chinh la téng céc phéin tir t&i gidné
trong dudng bao va cdc phdn tir & ngoai cac dudng bao khong thé ghép dun
véi mot 6 ndo khac nira.

BAI TAP
1. Ruat gon ham bing phuong phap dai s6 va bing phuong phadp bang
Karnaugh cdc ham img vdi bang Karnaugh 2.4.b
2. Rat gon ham bing phuong phdp dai s& va bang phuong phap bang
Karnaugh cdc ham tng véi bang Karnaugh 2.4.4.

3. Viét phuong trinh logic va nit gon ham bing phuong phép dai s6 vi
phuong phép diing bing Kamaugh cdc ham tuan theo bang chan 1y sau :

A B (G S G
O 0 o 0 0
0O o0 1 1 0
0O 1 0 1 0
0O 1 1 0 1
I 0 o0 1 0
1 0 1 0 1
I 1 o 0 1
11 1 1 1

Trong d6 A, B, C, la cdc bién 16i vao. S, C, la cdc ham & 16i ra.
2.4. CAC HAM LOGIC CO BAN
2.4.1. Ham Hoac (OR) - Phép cong logic
Ham logic: y = x, + x,
Bang chan 1y cia hAm OR duoc trinh bay trong bang 2.5. K¥ hiéu logic:
cho trén Hinh 2.1:
a) Theo tiéu chudn quan luc My
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b) Thee Uy ban Ky thuit quéc té; X,

a/ v Y
¢) Hinh dnh mach dién minh hoa. :L>_
Bing 72.5: Bing chan Iy cia ham OR X,

X,
X Xo Y | - SR Y
0 0 0 el f—
1 0 1

XZ
0 1 1
1 1 1

M& rong cho trudng hgp téng qudt ¢é n bién: of

Y=X,+ X, + .. + X,

Tav » mach hodc n 16i vao ki hiéu nhu Hinh 2.2
Hinh 2.1: Cac ki hiéu mach OR
2.4.2. Ham Va (AND) - Phép nhan logic

Ham logic: y =x, . x,
Bang chan ly cho trong bang 2.6.
Kihi¢u va hinh 4oh minh hoa cho trén hinh 2.3, 3 ::)—

e, = :'_‘;’i_>_lr
af __>— N

n

X ] v ]
b/ & Hinh 2.2: Mach OR nhiéu 18i vao

xz

Bang 2.6: Bang chan Iy clia ham AND
X X v
Tl " a % X, Y

c/

|1

— D = O
L e B
L T s Y o TR i

Hinh 2.3: Cac ki hiéu mach AND
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Truémg hop tdng quét ¢6 n bién : T v
Y =Xy Xs %.. '—‘—‘-_D_

Ta ¢6 mach va n 16i vao ki hiéu ==
nhu hinh 2.4.

2.4.3. Ham Pao (Inverter) - Phép Hinh 2.4: Ki higu mach
Phu dinh (NOT) AND c¢é n I8 vao

Ham logic: y= X

Trén hinh 2.5 trinh bay ki hiéu logic ciia mach dao

Bang chan 1y cho trong bang 2.7. < pes
Bang 2.7: Bang chan Iy ham Dao NOT >°
X y=Xx w | v
0 1 — 1 jo—
1 0

Hinh 2.5: ky hiéu logic mach Pao

Dé biéu dién truc quan cdc phép todn trong dai s6 logic ngudi ta ding
gian d6 Venn trinh bay trong hinh 2.6.

X+ % Xi. X5

b |

Hinh 2.6: Gian dé Venn

2.4.4. Ham Khong Hoac (NOR)

Ham logic : y = X, +X,
Ki hiéu logic nhu hinh 2.7.
Bang chén ly cho trong bang 2.8.
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Bing 2.8 : Bang chan ly cia ham Khéng Hodc
- ) >
X, X3 y=X, +x X

2 2z
0 0 1
X Y
1 0 0 1 >1
0 1 0 X
] 1 0

Hinh 2.7: Ki hiéu logic ctta ham NOR
Trong trudng hop téng quit néu cé n bién ta ciing cé:

Yy=X +X, +..+X,

2.4.5. Ham Khoéng Va (NAND)

Ham logic: y = Xx,.X,
Ki hiéu nhu hinh 2.8,

Bang 2.9: Bang chén ly ham Khéng Va

X, R ¥ = X,.X, X, L v

0 0 1 af __DD_

1 0 1 R

0 1 1 X; v

1 1 0 b & ©b——
XE

Téng quat néu cé n bién ta ciing cé:
V=X, KX Hinh 2.8: Ki hiéu mach NAND

2.4.6. Ham Hoac Tuyét Poi con goi l1a ham Hoice Loai Trir XOR
(Exclusive OR)

Ki hiéu ham XOR dugc trinh bay trén hinh 2.9.
Bang chan ly: bang 2.10.
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Bang 2.10: Bang chan Iy ham Ho#c tuyét déi

0 0 0 Xz
1 0 1

X—— v
0 1 1 =] |——
1 1 0 X3

Hinh 2.9: Ki hiéu XOR
Ham logic : y =X, X, +X,X,
Dugc viétla y=x, ®x,

So dd logic ciia mach tuong iing v4i phuong trinh trén dugc trinh bay
trén hinh 2.10.

C6 nhiéu céch xay dung _>;,_ }

mach XOR : :DJ

Ta c6 thé thiét k& so do
mach XOR biang NOT va NOR.

Muén viy ta dp dung dinh
luat phii dinh ctia phit dinh, phi Hinh 2.10: So dé logic cua mach XOR
dinh hai 14n hai v€ ctia phuong trinh trén réi dang dinh i De Morgan ta c6:

1
2

X
X

Yy =X X, +X,X, =X, XXX, =(X, +X,).(X, +X,) =

Y=XX, +X,X, =X, X, +X,X, =X, +X, +X, +X,

So d6 logic cua mach

tuong (mg v&i phuong trinh D_‘

nay duoc trinh bay trén hinh

2.11 D—Y-
A1, | %
) =

Hinh 2.11: So dé mach XOR
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Bing 2.11: Bang chéan ly mach XOR 3 158i vao

Xy Xs X3 h 4 X,

0 0 0 0 X, Eyf
0 0 1 1 X

0 1 0 1 X; Y
0 1 1 0 X3 =l —
1 0 0 1 s

1 0 1 0 _ S
L1 o o et g
1 1 1 1

+ Nhin xét bang chan 1y :

- Néu s6 muic logic 1 &16i vao la 1& — 18i ra 1a miic logic 1

- Néu s8 miic logic & 161 vao 1a chan — 16i ra 1a mic logic 0

+ Nguyén tic nay ap dung cho cic mach XOR nhiéu 16i vao (n 161 vao).

+ Ta c6é thé xay dung cita XOR 3 16i vao hoic 4 181 vao tir cdc clra XOR
2 16i vao nhu hinh 2.13, hinh 2.14.

Hinh 2.13: Mach XOR 3 15i vao Hinh 2.14: Mach XOR 4 15i vao

2.4.7. Ham Khong Hoac Tuyét Doi (XNOR)

Cira XINOR duoc tao thanh khi ta méc néi ti€p clira XOR véi cira NOT.
Vi du cira XNOR 2 16i vao :

Ham logic: y = x, @ X,

Ki hiéu logic cta cira XNOR dugc trinh bay trén hinh 2.15.

Bang 2.12 la bang chan ly ctia cira XNOR 2 16i vao.

Tir bang chan 1y nay ta ¢é nhén xét: L&i ra cha XNOR 1a ddo cia XOR.
K&t ludn nay dung cho cac cira XNOR n 16i vao.
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Ta ciing cé thé xay dung dugc cdc clra XNOR nhiéu 16i vao bang cicl
tuong tu nhu xay dung XOR nhiéu 16i vao.

Bang 2.12: Bang chan ly ctia mach XNOR

S ) >
i 2 ¥ , X
0 0 1
X; ¥
0 1 0 < =1 p—
1 0 =
i | 1 1 Hinh 2.15: Ki hiéu mach XNOR

Tir cdc phdn tir logic co ban AND, OR, NOT hoic NAND va NOT hay
NOR va NOT ta c6 thé tao duogc cédc cira XNOR.

Trén hinh 2.16a giéi thiéu so dé logic mach XNOR hai 16i vao dugc xay
dung tir cac phan tir 16gic co ban NOT, AND, OR.

Trén hinh 2.16b 1a so d6 logic mach XNOR hai 16i vao dugc xay dung
tir cdc phan tir 16gic co ban NOT, NOR.

[
[

3 ¥ X
s

1

X =

Xz‘

X2 ]

Hinh 2.16a: Sd do logic mach Hinh 2.16b: So dé logic mach
XNOR dung AND, OR va NOT XNOR ding NOR va NOT

Ta ciing c6 thé thiét k€ mach XNOR bing cic clira NOT va NAND,
hoac chi bang cira NOR. Trén hinh 2.17a vé so d6 logic ciia mach XNOR
dugc tao nén tir cira NOT va NAND. So dé logic mach XNOR chi dung céic
cira NOR dugc trinh bay trén hinh 2.17b.

- | i ")
o

Hinh 2.17a ) Hinh 2.17b
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Chuong Il

CAC HO VI MACH LOGIC CO BAN

3.1. PAC PIEM CHUNG CUA CAC VI MACH LOGIC

Khéc v6i cdc vi mach tuong tu, cic mach logic c6 cic dac diém sau:

- L6i vao va 16i ra ctia cdc vi mach logic chi ¢6 hai miic dién dp V| va
Vy tuong img v6i mifc logic 0 va 1 (c6 thé viét tat 1a mic L va H).

- Cdc mach logic phdi dugc nuéi bang ngudn nuéi cé mot dién 4p chudn
da dugc quy dinh.

- Cing moét chic nang logic nhung k¥ thuat dién tir c6 thé thuc hién
theo nhitng so dé nguyén 1y khac nhau.

- Nhitng vi mach dugc xay dung trén ciing mét kiéu so dé nguyeén ly
duge xEp vao mot ho logic. Cic vi mach logic trong ciing mét ho logic phai
dwge nubi bang ngudn dién c6 dién dp bang dién dp nu6i chusn cho ho logic
d6. Cac mic logic cia cic vi mach ndy phai nhu nhau. Céc vi mach logic ¢6
mifc logic phit hop c6 thé ghép néi truc ti€p véi nhau.

Céc thong s6 co ban cta vi mach logic:

1. Trd khdng ra (output impedance): thay déi theo trang thai dau ra cao
hay thdp. Néu mach ra ding mot transistor véi trd tai & colector thuong cé
tré khdng ra Z ,, ~ 20002 cao hon mach diing 2 transistor (Z o = 70€2).

2. Hé 56 mdc tdi (Fan out): cho biét 16i 1a c6 thé diéu khién dong thoi
dugc bao nhiéu 16i vao song song clia cic mach khéc.

3. Hé 56 hop 16i vao (Fan in): cho biét ¢6 thé mic song song bao nhiéu
161 vao van dam bao hop théng sé.

4. Thoi gian tré: (Propagation delay per gate): Thoi gian tré trén mot
ctra Tp, 1a thai gian tir ldc 16i vio nhan duoc tin hiéu dén ldc 16i ra bt ddu
thay déi trang thai. Thai gian tré T, duoc x4c dinh nhu vi du hinh 3.0.

T, cang nho tdc d6 lam viéc cang cao.
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Hinh 3.0: Cira ddo va thdi gian tré qua cira dao.

5. Nguoi nuéi (Power Supply): Ngudén nuoéi cho cdc mach 16gic phaili
nguén 6n dp c6 dién 4p ra diing v6i dién dp nuéi quy dinh riéng cho timg by
mach logic. Khi 16i vao, 16i ra thay déi trang thdi 1am cho cuong do dong
dién trong toan mach thay déi dot ngot, su thay déi nay cé thé 1am r6i loan
hoat dong cia cdc mach khdc. BE khic phuc hién tuong nay, giita chi
ngudn va dat cla cdc vi mach ngudi ta thudng méc thém tu loc dé loai bé
nhiéu, cdc tu nay phai diing tu gém c6 dién dung c& chimg 0,1 dén 1pF.

6. Cong sudt tiéu thu déi véi mét cita logic (Power dissipated per gate),
Cong sudt cang 1dn khi mach cé nhiéu dién tré c6 gid tri nhd va transistor
lam viéc & ché€ dé bdo hoa. Trong cling mét ho logic cdc sé-ri khdc nhau
cong suat tiéu thy trén mét clra ciing khac nhau. Vi du ho logic TTL sé-ri 74
c6 cong suat tieu thu trén moét cilra la 10mW, 74L cong sudt tiéu thu trén mot
clra la ImW; 74H cong suit tiéu thu trén mot cira 14 22mW

Ho PMOS, NMOS va CMOS tiéu thu cong suét rat nho so vdi cdc ho
logic khéc.

7. Mitc d6 chong tap dm (Noise immunity level): 14 bién d6 tap Am 16n
nhét c6 thé vao mach ma khéng Iam thay déi trang th4i 16i ra.

8. Tdn s6 xung nhip cuc dai (Maximum clock rate): Khi cic cira logic
dung lam trigger thi loai cira nao c6 Tynhé s& 1am viéc dugc véi nhilng xung
nhip tdn s6 cao, téc d6 chuyén mach nhanh.

3.2. HO LOGIC RTL (RESISTOR - TRANSISTOR - LOGIC)

3.2.1. Mach dao (NOT)

Céc IC ho RTL duoc nuoi bing nguén V. = +3,6V, dién dp VAo va ra
ctia mach chi cé hai mic. Vi ho logic RTL gi4 tri dién 4p ciia cdc miic légic
nhur sau :
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L=FIDIP=GV

H="l":'-"'1,5v
Trén hinh 3.1 trinh bay so dé

nguvén ly clia mach dao ho RTL .

Dién dp ra cta mach phu thuodc

viv dién d4p vao tuan theo ham légic :

y=X .

Sau day ta s€ khao sit nguyén li

hoat dong cia mach.

Tir so 46 nguyén li hinh 3.1 ching
ta thay: dién ap ra cia mach la dién thé

trén collector ciia transistor (V).

Thé 161 ra :

V.=V_.-1R,

Khix=L=0:I,=0—>1=0

¥=Ne= Ve =H="17

Khix=H=11;T > 17T
}’-:vn‘:vcc'lgRg:LI "o

Hoat dong ctia mach diing nhu phuong trinh logic ctia mach dao.

3.2.2. Mach Khong Hoac (NOR)

Ham logic: y = x, +x

1 2

Bang chéan 1y cho trén Bang 3.1.

So d6é mach trén hinh 3.2.

Bang 3.1: Bang chéan ly ctia mach NOR

X1 X2 M= x)+ Xy
L L H
H L L
L H L
H H L

Hinh 3.1: Mach ddo ho RTL

Hinh 3.2: Mach NOR ho RTL
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Hai 161 vao x,= x, = L thi T,, T, cdm , 16i ra & mic H.

Mot trong 2 161 vao & mitc cao H — 161 ra & miic L.

Hai 16i vao & mirc cao H — 2 transistor théng bao hoa — 16i ra & miic L
Mach hoat déong diing nhu bang chan 1y (3.1).

3.2.3. Mach va AND

Ham logic: y = X,.X,
Bang chan 1y cho trén Bang 3.2.

Bang 3.2: Biang chan Iy ciia mach AND

% X5 V=%
L L L
H L L
L H L
H H H
So dé mach cho trén hinh 3.3.
«Vce
+3,6V
640C3 | [R, 640Q2|[R, 6400 [R5
.,—-Y'
Y J Y.
R Ty 2 2 1T. R
:::1—1':1|—K Ty | Ta .>|2—|:lb—?52
45002 45002

Hinh 3.3: So dd nguyén ly cda mach AND ho RTL

Hinh 3.4: Sd dé logic clia mach VA
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T so dé nguyén li ta thay T,, T, la hai phan tir dao; T,, T, tao thanh
mach NOR, vi vay mach ¢6 so d6 logic tuong ting duoc vE trén hinh 3.4,

Tir hinh 3.4 ta thdy: y = x, +X,
Ap dung dinh li De-Morgan ta cé:
Y=X, X, =X;.X;
Vay day chinh 1a mach Va, 1am viéc diing nhu bang chéin 1y 1a bang 3.2.

Ho logic RTL hién nay khéng con dugc san xudt nira, tuy nhién nd van
dugc diing trong cac mach diéu khién.

3.3. MACH LOGIC HO DTL (DIODE - TRANSISTOR - LOGIC)

3.3.1. Mach dao (NOT)

Ham logic: y = x

So d6 mach nhu trén hinh 3.5.

Giai thich nguyén 1y hoat dong cia mach:

- Binh thuéng néu 16i vao dé hd mach Vg, luén & mic cao (H) lam cho
T, thong, T, thong va

y=L.
By Yer
1,75k€2 +5V
el Al
2k(i T 6k
X : Y
- H t—=
T,
Ry

Hinh 3.5: Mach NOT ho DTL
-Néux=H (> 2,2V) diot khoéng dan va
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Vg =H, T,,T, thong vay = L.
~-Néux=L(=0V)> V, =L, T,cdm, T,cdm vay = H.
Nhu vay y ludn ludn la dao cha x.

3.3.2. Mach Khong Va (NAND)

Ham logic: y = x,. x,

Bang chan 1y cho trén bang 3.3

So d6 mach nhu trén hinh 3.6. R,
2k(1
Bang 3.3: Bang chan ly cia mach NAND X
—H
Y= Xk

X X, 1" "2 K;_K_
H H L
L H H
H L H 1
L L H '

Hinh 3.6: Mach NAND ho DTL

So d6 mach dao trén hinh 3.5 néu ta mic song song 2 diot véi 2 16i vio
X;, X, nhu hinh 3.6 ta s& dugc mach NAND hai 16i vao. Phén tich tuong tu
nhu v6i mach dao ta thdy hoat dong clia so dé nay theo diing bang chan ly
mach NAND cho trén bang 3.3.

- Néu ¢ 161 vao ta mac song song n didt ta s€ duge mach NAND n 16
vao theo ham logic:

Y= X, Xy X,

- Diac diém cia ho logic DTL 14 téc do Iam viéc cham (f < 1 MHz)
duoc dung trong dién tu cong nghiép, dién tlr y t€. Ngiy nay ho DTL khéng
duoc san xudt nita. Trong céc thiét bi dién t c6 ding loai vi mach thuoc ho
logic nay néu vi mach bi hong cén phai thay thé ta ¢ thé diing cdc vi mach
logic ho TTL c6 chifc néng tuong tu .

3.4. HO LOGIC TTL (TRANSISTOR - TRANSISTOR - LOGIC)



Vour,=0.2V - 0,4V :
Via <08V, V.22V

3.4.1. Mach Pao (NOT)

Ham logic: y= X

So d6 mach trén hinh 3.7.

Tir so d6 ta thady:

- Néu 16i vio x & miic H
(hoac hd mach): dién ap bado
«ia T}, T, déu & mitc cao: Vi,
Vi cao, T, théng bio hod, V,
thip, T; cam khéng c6 dong
chay qua. Dién dp bado T, ducc
xdc dinh theo dong emito cila
.. Tir so dé nguyén 1y ta cé:

V=V =1 . R,

X
-

5477404

Hinh 3.7: Sd d& nguyén li cda mach NOT h

o TTL

Khi T, théng bao hoa Vg, & miic cao T, thong mach va y & mdec thap (L).

Nhu vay, khi: x=H—> y=L

Neéu 16i vao x & muc L: T, cdm, T, cAm, T, thong va y & mic cao (H).

Tacé:x=H—>y=L
Hoat déng clia mach dién
ra ding nhu ham NOT.

3.4.2. Mach Khong Va
(NAND)

Ham logic: y = X1+ Xy

Bang chan Iy cho trén
bang 3.4.

So d6 mach duge vé trén
hinh 3.8.

CC
=

Ry |1k
5447400 |

Hinh 3.8: Mach NAND 54/7400 ho TTL
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Bang 3.4: Bing chan Iy cia mach NAND

X X3 Y= xl..xz
H H L
H L H
| H H
| oF L H

Cing phan tich nguyén
dao ndi trén ta co:

1y hoat doéng cia mach tuong tu nhu v&i mach

a/ Néu x, = x, = H —» T,, T, thong, T; cdm y = L.
b/ Néu x, hodc x, hodc ca hai 16i vao déu ¢ mic L thi T, T, cam, T,

théong y = H.

Ta thay so dé hoat dong theo ding bang chan 1y bang 3.4.

3.4.3. Mach Khong Hoac (NOR)

Ham logic: y = X, +X,

Bang chan 1y cia mach NOR cho trén bang 3.5.
So d6 mach duoc trinh bay trén hinh 3.9.

Bang 3.5: Bang chan ly ctia mach NOR

X
=
X2 b
Rx| |1k
5447402

X1 X2 Y= X +X
H H L
H L L
L H L
L L H

Nhin so d6 ta thdy mach hai

= 16i vao X, va X, cé cidu truc

Hinh 3.9: Mach NOR 54/7402

qua cap transistor T; va T,

giong nhau (giéng mach NOT)
dugc ghép song song vdoi nhau
chi khi ca hai 161 vao & mic dién ap thdp (L =

ho TTL

OV) ca hai transistor T, va T, déu bi cdm, T thong T cidm, l6ira Y ¢

mic cao H (H > 2,2V).
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- Phan tich hoat doéng ctia so do6 trén, ta cing thdy rang hoat déng cha
mgch min theo bang chén 1y: bang 3.5.

- Ho logic TTL c6 thé ghép n6i véi ho DTL duge vi cling gid tri nguén
musi V, va cing mifc logic H va L. Ho TTL hién nay vin con dugc san xuat.

K¥ hiéu mach logic ho TTL: SN 7400, SN 5400, DM7400, DM 7402,

Céc chix cdi ddu chi ki hiéu riéng clia timg h@ng sdn xuat.

SN: Hiang san xuit: TEXAS IN TRUMENTS.

Hai s ddu chi dai nhiét do lam viéc: vi du: SN 5402, SN 7402

74: 0°C = 70°C, 54: — 55°C + 125°C

Yai hoac ba sd sau chi chitc nang logic: 02: mach NOR (cé 4 NOR 2 161
vio V. = +5v).

SN 7400: 00: Mach NAND 2 16i vao (4 NAND, V_ =+ 5v).

SN 7401: 01: Mach NAND 2 16i vao cé 16i ra la transistor dé hd mach
eollector.

SN 7402: 02: Mach NOR hai 161 vao.

SN 74L.00: Chir L chen giita chi cong sudt ti€u thu thip (low Power).

SN 74HO00: Chit H: High speed: t6c d¢ cao thoi gian tré nhd Ty, =6 nS,
tdn s6 lam viéc cao f = 50 MHz. Con SN 7400: T, =10 nS f = 20 MHz.

SN 74800: Chit S chi rd trong mach cé ding diét Shottky va transistor
Shottky, chinh vi vAy ma t6c d6 chuyén mach cha loai nay cé t6c dé nhanh
nhét va tdn s6 lam viéc ctia mach cao nhu loai ¢6 ky hiéu chir H.

SN 74L.8S00: Ch& LS: cong suit tiéu thu nhd cé diSt Shottky va
transistor Shottky.

Quy luat chung 142 mudén cé tdn sd f cao thi cong sudt tiéu thu phai
I6n. Trong ho TTL thi loai vi mach ¢6 them k¥ hiéu chitr H va chir S tiéu
thu cong sudt 1én nhit nhung ciing ¢é téc d6 chuyén mach nhanh nhét
(thoi gian tré nho nhat). Vi du nhu vi mach NAND cé ki hiéu SN 74L.S00
céng sudt tiéu thu nho hon SN 74H00 va SN 74S00 nhung téc d6 chuyén
mach lai cham hon.

D6 thi hinh 3.10 & dudi cho chiing ta thdy méi tuong quan giita thoi
gian tré vai cong sudt tiéu thu nang luong dién cho mot cira logic clia cidc ho
logic khdc nhau. Tir d6 thi chiing ta thdy rang: thoi gian tré ty 1& nghich véi

cong sudt.
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Thoi gian tré (nS)

CMOS (guiescent dissipation)
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Hinh 3.10. Cong sudt tidéu thu ning lugng dién cho mét cira logic
(mWi/ctra logic)

3.4.4. Hai loai mach ¢6 téc do nhanh 74H va 748 thuoc ho TTL

Tir d6 thi dac trung thoi gian tré — cong sudt clia cdc ho mach logic §
trén chiing ta thay ring: tiéu chuin dé phan dinh vi mach c6é t6c dé nhanh I
thdi gian tré T, < 6 nS (tdn s6 lam viéc > 50 MHz). Trong ho logic TTL cé
hai loai 54H/74H va 545/74S 1a hai loai vi mach cé téc do cao. Sau day
ching ta s& khdo sdt vi mach SN 74HOO 12 mach NAND Chit "H": High
speed. Day la vi mach c6 téc dd lam viéc cao. Tan s6 lam viéc c& 50 MHz,
c6 uu di€m nay 12 vi so dé mach dugc cdi ti€n hon. So dé nguyén I ciia
mach SN 74HOO dugc vé trén hinh 3.11.

So sanh v&i so dé mach 7400 ta thay & day cic dién trd nhd di 1am cho
cong sudt tiéu thu tang. Hon nita trong so dé c6 thém 2 di6t dé bao vé 16i
vao: 161 vao khoéng duge 4m qud so vai dat (chi dugc phép < - 0,6V), khi
mach lam viéc & tdn s6 cao do qud trinh qud do xuat hién cic dao dong
Rolac, cdc dao dong nay duoc 2 didt nay cit di. M6t cai ti€én quan trong nita
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@ & 161 ra clla mach c6 cédc transistor T; va T, dugc mac theo kiéu té hop
Barlington, theo cdch méc nay mach cho dong ra rit 16n. Cép transistor T, va
14 ¢6 thé coi nhu 1a mot transistor ¢6 Emito chinh 12 Emito clia T,, dong
Emuto ciia T, ral 16n. That vay, n€u xét riéng cap transistor T, va T, ta thdy:
Iy = (14 B3) Ip;=Ig,
dpe=(1+PB) (1 + Py, va
I =Tes + Los = Bsla + (1 + B3) Bulps

x =X Ry
4703

S4Hf74HOQO0 =

Hinh 3.11: so d& vi mach NAND SN 74H09

Nhu vay 1a hé s6 khuéch dai dong ~ B,f, la rat 16n. Dién trd 16i vao cla
s¢ dé Darlington ciing rat 16n hon cla transistor thudng. Transistor thudng
cé dién trd vaor, = ry + (1 + B)re.

So d6 Darlington trén c6é:

R, =1g; + (1 + Ba)(rg; + 1) + (1 + Ba)(1 + Brey: rat 16n

Nhu vay & SN 74HOO0 c¢6 tdng khuéch dai & 16i ra ¢6 hé s6 khuéch dai rit
cao ¢6 trd vao lai rat 16n. Py 1a uu diém 16n nhét cha vi mach.

Vi mach diung diét Shottky va transistor Shottky. Ki hiéu cta dist
Shottky va transistor Shottky dugce trinh bay trén hinh 3.12.

Céc vi mach logic diing di6t Shottky va transistor Shottky dugce ki hiéu
bang chit S sau hai chit s§ ddu chi nhiét d6 vi du nhu 1a: 74Sxx hoic 54Sxx.
bic di€ém cao ban clia so dé 1a diing dist Shottky va transistor Shottky.
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—DF—

E E, E, E B

Didt Shotky Transistor Shotky

Hinh 3.12

Transistor Shottkylam viéc & ch€ do khong bao hoa. Chuyén dong ch
hat tai qua chuyén ti€p khéng c¢6 hién tugng tich tu dién tich khéng gian né
dong dich chuyén cé tic dong rat nhanh, 1am cho tdn s6 lam viéc cao ha
hian cdc vi mach thuéc ho TTL khéng diung diSt Shottky va transista
Shottky.

Diot Shottky va transistor Shottky.

Trong di6t Shottky cé 16p ti€p gidp giita kim loai va ban dan loai n (16p
ti€p gidp Shottky). Gian d6 nang lugng cta 16p tiép gidp kim loai va ban din
loai n nay dugc trinh bay trén hinh 3.13.

Kim loai c6 cong thoat nhiét dién tir I6n hon ban dan A, > A..

kimloai ~  bédndinloain
. E—IA: viing din We
vl W E‘ ““““““““““ Wc.hn
----------- Wi
; Wy
g ving hod4 tri
Hinh 3.13

Dién tlr trong ban din n d& dang chuyén sang kim loai tai chb ti€p giap
kim loai bdn din, kim loai tich dién 4m (-), ban dan tich dién duong (+).
Dién th€ ti€p gidp giita kim loai va ban dan.

U, =(Ay- AS)/ e
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Dién thé nay nho nén dién dp md cha dict Shottky ¢& 0,1+0,3V . Dién 4p
mguge cue dai cua di6t Shottky ciing thap so véi dist tach song thong thudng

Ehi phén cuc thuan chiéu ciia dién trudng ngoai nguoc véi chiéu dién
mitng cia dién dp ti€p giap U, dién tir tir ban dén d& dang chuyén sang kim
Toar. Dong dién chay mot chiéu tir kim loai sang ban din loai n. Khi miéc
dist phan cuc nguoc dién trudng ngoai cing chi€u véi dién trudng cia dién
&y ti€p gidp U, dién tir tir ban dén loai n khéng khuéch tin sang kim loai
dugc nifa, dong dién khong qua duge dist. Tuy dong dién qua diét Shottky
chi theo mot chiéu nhung vi do c4u tric clia didt Shottky véi hang rao thé
ning Shottky trén hinh 3.13 nén trong dict Shottky khong c¢6 hién tuong tén
zhi dién tich, khong dua thém thoi gian tré vao mach, dién 4p nguoc dit vao
di6t Shottky chi cdn vuot quéd U, . di6t Shottky da théng mach.

Transistor Shottky cé cdu tric gém mot transistor ludng cuc théng
mwong c6 thém mét dist Shottky néi giita cuc B va cuc C cla transistor
think 3.12) Nho mac thém dist Shottky song song véi 16p ti€p gidp BC nhu
vay ma chénh léch dién dp gita cuc Base va cuc C ciia transistor khéng bao
gi¢ vugt qua 0,5V, chinh vi the€ Transistor Shottky luén hoat déng & ché€ do
knoug bi thong bao hoa nhu céc transistor théng thudng khdc.

Dong dién trong di6t Shottky la dong céc phan tir tai dién co ban la
di¢n tir. Ding di6t Shottky gidm hé s& 6n déng ké.

Didt Shottky dugc tng dung rdt rong rii trong cdc so dé tach song va
ron séng & dii tdn s§ siéu cao tin, di6t Shottky dugc diing trong céc so dé
xung t6c do chuyén mach nhanh tdn s6 1am viéc cé thé tdi 500 MHz. Trong
cdc vi mach s6 ¢6 téc do chuyén mach nhanh déu phai diing di6t Shottky.

545774500

Hinh 3.14: S0 d& Vi mach SN74S00
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S¢ d6 vi mach SN 74500 thuéc hg TTL trong d6 c6 diing dist Shottly
va cac Transistor Shottky cho trén hinh 3.14.

So d6 nay vé co ban giong SN 74HOO nhumg cac di6t va cac Transism
T, T, Ty, Ts d@ duge thay bing cdc di6t Shottky va Transistor Shottky. G4
dién tr¢ ding trong 74S00 ciing ¢6 gia tri nhd nha 74HO0 nén coHng sudt tid
thu cia mach ndy ciing I6n nhu mach 74H00. Trong thuc t&, khi sir dun
ngudi ta thudng chon loai SN 74L.S00 vi loai ndy vira ¢6 cong suit tiéu my
nhd (L) vira ¢é tdn s6 cao (S).

3.5. CAC VI MACH LOGIC DUNG TRANSISTOR TRUUNG

3.5.1. Khii quat vé Transistor trudng

Transistor truong 1a mét loai dung cy ban din ma hoat dong clia né du
trén hi¢u ing trudng. Dong qua Transistor trudmg 14 déng cdc phin ti i
dién co ban chay qua kénh dén, kénh nay duge diéu khién bai dién truomg,

Ngudi ta dd ché€ tao 2 loai Transistor trudng cé cira diéu khién hat t
dién qua kénh din cdu tao khdc nhau.

1. Transistor truong loai JFET (Junction Fiecld Effect Transistor):
Transistor trudng didu khi€n hat tai dién qua kénh din bing 16p ti€p gidp pa
hoac bing hang rio Shottky.

2. MOSFET (Metal Oxide Semiconductor Field Effect Transistor) 14 loa
Transistor trudng di€u khi€n hat tai dién qua kénh din bing cita cich dién.

Transistor trudng cé nhitng dac diém dac biet sau:

Transistor trudmg cé dién trd 16i vao rédt 16n ry = eo (1, = 10*€2), khic véi
Transistor ludng cuc, dong dién qua Transistor trudng duge didu khién bing
dién dp chir khéng phéi bing dong dién nhu Transistor ludng cuc, dong viy
chaTransistor trudng vé citng nhé I, =~ 0 (I, ~ 10pA).

Transistor trudng c6 tap am noi rdt nhd. Tap am ndi trong Transistor
trudng nhd hon rdt nhiéu so vdi Transistor ludng cuc.

Coéng suét tiéu tdn trén Transistor trudng rat bé,
3.5.2. Cdu tao va nguyén tdc hoat dong cia JFET
3.5.2.1. Cdu tao cia JFET

Hinh 3.15 a,b,c trinh bay cdu tric, k¥ hiéu va cich mic ngudn dién
cung cdp cho Transistor truémg JFET kénh n. Transistor trutng don gian

52



nhdt c6 thé tao tir mot t&m bdn dan loai n, c6 16p ti€p gidp p-n. Tai phén
trung tdm ciia tdm ban din, ngudi ta tao mot I6p ti€p gidp p-n tao thanh cira
diéu khi€n. Ngudi ta dat vao cira diéu khién mot dién dp phan cuc nguoc.
Dién th€ dat vao cuc cira ting s& Iam thay ddi bé day cia viing dién tich
khéng gian 16p tiép gidp.

D
G ﬁ[:e‘ JFET-N
5
b)
D
—{l
+ D
— Vb Rp
g +
= A
- il % Voo
c)

Hinh 3.15. a) C4u tric ctia JFET kénh n;
b) Ky hiéu ctia JFET kénh n; c) Cach mic ngudn dién

Tiét dién ctia kénh din hep di, di¢n trd cia kénh dén ting, dong dién qua
kénh dan giam béi vi phan tir ti dién co bén ciia bén dan loai n & cuc S di vao
mién dién tich khéng gian ciia 16p ti€p gidp p-n s& trung hoa véi 16 tréng.

Thay ddi dién dp dat vao G c6 thé thay déi dong qua kénh dn, dién
dp dat vao cyc clra déng vai trd di¢n dp diéu khién dong dien qua
transistor trudng. Dong mang phu thudc vao dién 4p gitta cuc mang va
cuc ngudn Upg va phu thudce vao dién ap gilta cyc cilta diéu khién vifi cuc

nguén: Iy = f(Ugs,Upy)
3.5.2.2. Cdc ddc trung ctiia JFET

Ddc trung I, = f(U,,): Pudng dic trung dong mang phu thuéc vao dién
dp gilla cyc cira va cuc ngudn khi Ups = const duge trinh bay trén hinh 3.16.
Pudng dic trung trén duoge xac lap tir thuc nghiém.
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T Ip (mA) Ip = F(Upg, Ugs )

-3 n
U,
Ip = Ip, [1— GE]
4 UGD
=15+ 25
3 n
R D0 dfc cla dudng dic tnmg
2 d
mMA Ip
S ()" au
1 Y S5 |7,
Us, ps = Cconst
>Usgs 'p = 'EldLj'ri
-3 -2 -1 g A% ID UDS =Cconst

p ti€p gxip
p-n
] R-n RJ-'I
+ [+
Ven = T Ve

af V{;; =0¥

Hinh 3.17

Trén hinh 3.17 trinh bay cdc hinh idnh minh hoa su thay ddi d¢ réng
kénh dan theo dién 4p phan cic ngurge dat vao didt: do rﬁng kénh dan hep di
khi dién dp phén cuc nguge dat vio cyc clra tang 1én.

Bdc trung Ip = f (Ups)

Ho cic duding dac trung dong médng phu thudc vao dién dp gitta cuc clie
va cuc ngudn ing v&i cdc gid tri dién dp khdc nhau cia Uy = const duge
trinh bay trén hinh 3.18.
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Ip T mA) -
Ugs =0V ;
4 -Q,5v
9 -1V _
-—'1.251"__;
1 2] —~
—_ e
e T_]'I:,s
0 = >
0 10 20 30 (V)

Hinh .18
Ddc trung I;= fiU_.)
Ic(pa)

D L] D

R G R
5 ’ l s R A
Vos + + +

Hinh 3,19, Bic trumg & 15§ vao eda JEET kanh n
a) Bién ap Vg phan cure thuén: b) Bién ap V;; phin cuc nguge

Hinh 3.19 biéu dién dac trung dong vao I ciia JFET. Khi dién dp Vg
méc theo chiéu phan cyuc thuan (hinh 3.19a) ddc trung cé dang gidng nhu
dac trung cha didt chinh luu.

55



T hinh 3.19b ching ta thdy dong I; tng vdi dién dp Vs phén
nguoc cuc Ky nhoé, di€u nay ciing ¢6 nghia I dién tr& 16i vao cla JFET
ky 16n. BE JFET c¢6 thé khuéch dai duoc tin hiéu thi trong cdc so do ki
dai dung JFET phdi ddm bao cho cuc cira c6 dién ip phén cuc nguge.

3.5.3. Ciu triic va nguyén tic hoat dong cira Transistor loai MOSFE]
3.5.3.1. Cdu tritc cvia MOSFET

Diém khéc biét vé ciu triic gita Transistor truong loai JFET
MOSFET la cyc ctta G ciia MOSFET bing kim loai khéng ti€p gidp truc Gl
véi bidn dén, né duoc cich dién hoan toan véi chat ban din nhd mot 16p dig
moi la IGp 6xit bdn dan. Tuy theo cau triic chia MOSFET chiing lai duoc chi
thanh hai loai:

1- loai ¢6 kénh cam g

2- loai ¢6 kénh tao sin

L. Transistor truong MOSFET loai ¢6 kénh cam ing
al Cdu triic ctia Transistor triong ¢é kénh cdm tng:

Céu tric va ki hiéu Transistor trudng MOSFET kénh -n cam Ung dug
trinh bay trén hinh 3.20.

Hinh 3.20. a) C&u tric cia MOSFET kénh n; b) Ky hiégu MOSFET - n

Trén mot d€ ban din Si loai p ¢6 dién trd sust rdt cao, ngudi ta tao mot
16p di¢n moi SiO, cdch dién bing céch nung néng & nhist do 1000°C trong
mo1 trudng 6Xy.
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Bing phuong phap quang khic, ngudi ta tao 2 clra sO dé€ réi qua do bang
mtomg phdp khuéch tan tao ra hai viing ban dan loai n pha tap manh (n").
Eai-mién nay cé dién trd suft nho tao thank cuc méng va cuc nguon.

D€ tao cuc clra, ngudi ta phl 16p kim loai 1én 16p oxit ndm gira 2 mién
8vD.
L&i ra ldy trén dién cuc kim loai nay goi 1a cuc cira G.
Nhu vay ta thdy giilta cuc clta va d€ bdan din c¢d mot 16p dién moi rat
mbng 13 510, .
Hinh 3.21 14 hinh anh minh hea sir tao thanh kénh cam immg khi cé dién
#p phan cuc dit vao cuc cita G.
bl Nguyén tdc hoat dong ciia Transistor triwing MOSFET kénh
cdm ting:
3¢ d8 mac nguén dién phan cuc cho Transistor trudng MOSFET kénh
cdm iing dugc trinh bay trén hinh 3.21. Khi chwa c6 dién ap dat vao cuc cua,
cuc d€ va cuc ngudn thi kénh dan gita S va D chua dugc hinh thanh. Khi ta
ndi cuc cira véi cuc duong va ndi d€ va cuc S véi cuc Am cha ngudn dién V.
D~ ~4¢ch cdu tao nhu trén ma gita cuc cira va cuc d€ hinh thanh mét tu dién
v6i khoang cach gitra hai ban ty la chiéu day 16p dién moi Si0O,.

o [[*°
i_
g lex
51+
+| s =
A= Vos = Yoo

Hinh 3.21. Sy hinh thanh kénh cam (g khi cé dién ap phan cure
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Do d6 phdn bén wrong dé&, ngay sat b€ mat cuc cita s&€ hinh thanh mot 167
dién tich 4m trdi ddu. Lép dién tich am nay s& tao thanh mot kénh dan loair
néi lién hai cuc ngudn S va cuc méng D. Bién trudng giira hai cyc cua va &
cang ldn thi i€t dién cia kénh cdm Gng cang 1én, do dé ddong dién giita cuc§
va D cang 16n. Vi vay, thay déi dién dp diéu khi€n tdc dung lén cuc cilra ta cf
thé diéu khién dong dién qua Transistor.

Trén hinh 3.22 trinh bay dac trung Von — Ampe biéu dién sy phy thu
clia ddong mang vao dién thé gilta cuc mdéng va cuc ngudn cla Transisto
trudng MOSFET kénh cam ang .

In(mA)
& /—F‘__P_‘_'_.___,_.f Vea =3V
s — 4N
4 —
R
e 3y
2V
2
v
o >
5 10 13 20 Vpe(VY)

Hinh 3.22

Transistor trudng MOSFET kénh cdm tng dugc ding rit phd bién trong
cdc mach vi dién tir logic. Phén sau chiing ta s& khao sit cac mach vi dién 1
s& ho CMOS trong d6 ngudi ta d3 st dung phdéi hgp hai loai transistor trudne
MOSFET kénh n va kénh p.

Bai tdap:

1/ Trén hinh 3.23 a,b trinh bay cfu triic clia Transistor truimg
MOSFET kénh -p cam ifng va k¥ hiéu cla Transistor truong MOSFE]
kénh -p cdm 1ing.

Hiy gidi thich cdu tao va nguyén tic hoat dong ciia trasistor niy dfa
vao hinh dnh minh hoa sy tao thanh kénh din cho trén hinh 3.23 c khi
dién dp phan cyc mic theo so dd hinh 3.23d.
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=1

o biki hidu
DE Si-n | MOSFET kénk

al Céu tric clia MOSFET kénh p

Hinh 3.23a,b

2/ X4c dinh dié¢n 4p & 16i ra Y cha s¢ d6 mach hinh 3.23¢ trong hai
trudmg hop: Dién dp 161 vao X=0, X = V.

(4]

a

olfo_dl]»

VDD

=1 ef

Hinh 3.23¢,d,e

2. Transistor truong MOSFET loai ¢6 kénh tao sin

Quy trinh ch€ tac MOSFET c¢6 kénh duge tao san ciing trai qua céc
budc tuong tu nhu ch€ tac MOSFET cé kénh cam itng. Trén hinh 3.24 trinh
bay cu triic cita MOSFET kénh -n duoc tao sin.

Kénh dan di¢n loai n n6i lién gifta cuc ngudn S va cuc méng D ciing
dugc tao ra bing phuong phdp khuéch tian nhu cuc ngudn va cue miéng
nhung vai nong do tap chit it hon.
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b) Ki hiéu MOSFET-n
P& Sip

a) Cau trizc cda MOSFET kénh n dudc tao s3n

Hinh 3.24

Sau khi hoan thanh céng doan tao dugc kénh din n & cuc cira ngudi ta
lai nung ndng & nhiét d6 cao trong moi trudng 6xy dé tao dugc mot 1&p céach
dién moéng Si0,, va ngudi ta ding phuong phdp phun kim loai trong chan
khong dé phit mét 16p lim loai & trén I16p 6xit ndm trén kénh din n dé tao
thanh cuc clra G

Nguyén tdc hoat dong cia Transistor MOSFET cé kénh tao sén.

Hinh 3.25 1a so d6 méic ngudn nudi cho Transistor MOSFET c6 kénh
tao san.

Vop
alll

bt

Hinh 3.25
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Khi né1 cyc clra vG6i ngudn dién thé am (hinh 3.25b), trong kénh n sé
hinh thanh 16p nghto phédn tir tai dién. Do d6, né lam giam ti& dién cha
kenh, lam ting di¢n trd cha kénh din va lam cho dong I, giam.

Ip(ma)

25“ +1,5¥
20 Vos =+1V
/,’/,l:’,—/_‘ +053V
15 o oV
- - =03V
e -1V
5 —-1.3V
-2V
— =23V

; ° > 10 15 20 Vns':v):

Hinh 3.26

Dat di¢n the duong vao cyc cira (hinh 3.25 a), tiét dién kénh din ting
lén, dién trd kénh dan gidm [Am cho dong Iy ting. Nhu vay, thay déi the
phan cuc dat vao cuc cita ta s€ thay ddi duoc i€t dién ciia kénh din, va do dé
thay d6i dugc dong dién giita D va S. Pac trung Von - Ampe I, = f(Vp) clia
MOSFET kénh tao san duogc trinh bay trén hinh 3.26.

Hinh 3.27 14 dac vung I, = f(Vg) dng vdi céc gid tri dién dp khdc nhau
giffa cyc d€ va cuc nguén V. Dua vio cdc dudng dac trung nay ta ¢é thé
xic dinh di€m lam viéc ban ddu cho céc tdng khuéch dai ding MOSFET
kénh tac san. '

Dac trung hinh 3.27 cho ching ta thay khi d€ va cyc ngudn ndi tit vai
nhau (V= 0), dudng dac trung cé dang tuyén tinh va dé déc t6t nhat nén
rong thuc t€ ngudi ta hay néi cuc d€ véi cuc ngudn S.
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Iy (mMA)

15

2V —1V 0 Vos (V)

Hinh 3.27

Vi mach logic ho MOS
Transistor trutmg MOSFET dugc diing dé tao cic mach logic, Céc mad

ogic thudc hg MOS c6 cong suiit tieu thu nhd, ngdy nay cdc mach vi diénd
-& 16n LSI thudng duing MOSFET.

Cidc ki hiéu khic nhau cia Transistor truéng MOSFET thuong gy
lrong céc tai lidéu nudc ngoai duge néu trén hinh 3.28.

D . D I» D Gl D o ! D—]% G,Ei
[ ) o e e W o o [ ]
slEg el o sy 2y Sl elyr =i

MOSFBET kdnh p MOSFET knh n

Hinh 3.28: Ki hiéu Transistor trudng MOSFET

Cita NOT ho NMOS

Trén hinh 3.29 gidi thiéu so d8 cac cdng NOT ho NMOS. Hinh 3.2% b
so 46 nguyén li mach NOT dung Transistor trudng MOSFET kénh n cim
fmg ¢6 dien trd tdi Rp. Nhu & trén ta dd khdo sdt hoat dong cla lod
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Transistor nay, néu dién 4p dat vao cuc clta Vg = 0 V thi kénh dan khong
fugc hinh thanh, Transistor truomg MOSFET kénh n & trang thai cdm. Diéu
d6 ciing cd nghia 13 khi 181 vae X cha mach & mibc thap:

X = L. = OV thi khong cé dong qua Transistor, dién dp ra Y sé 0 miic
cao: Y =H = V..

Khi X = H = V kénh din duge hinh thanh trong Transistor trudng
MOSFET kénh n cam ung, Transistor trudng thong mach cho dong di qua,
~diendploira: Y =L =0V,

Nhu vdy hoat déng clia mach dién ra ding nhu mach dio NOT.

So d6 nguyén 1¥ mach dio hinh 3.29b ciling tuong tr nhu hinh 3.29a, T,
13 MOS FET kénh n cam ing tuong ity nhu T hinh 3.29a, con T 1a Transistor
ndng MOSFET kénh n duge tao sin duge ding lam wrd tai thay thé cho
dien tr& R, Hoat déng clia mach twong ty nhu mach hinh 3.2%a.

* Voo * Voo
| e
N4 Y
l—
T
Xe Ty ® X Ly
af bf

Hinh 3.29: Sd d8 nguyén li cac clra NOT dung NMOS

Hinh 3.30a la cita NAND ho NMOS. Mach duoc tao tir hai Transistor
twéng MOSFET kénh n cam vng T, va T,, T, 12 Transistor trudng MOSFET
kénh n duoc tao sin. Hoat dong cha mach duge gidi thich nhu sau:

Khi X, = X, = H, ca hai I6i vao X, X, d6ng th&i & miic cao trong ca hai
Transistor déu hinh thanh kénh din T,, T,, déu thong mach 16i ra Y & mujc
thip: Y = L.

Khi mot trong hai 16i vio & thé thdp hoac ca hai 16i vac & thé thap,
khong cé dong qua T, T, 16i ra Y & th€ cao: Y = H. Nhu vay trang thai
logic & 18i ra cha mach phu thugc vio cdc t6 hop bign 16i vao ding nhu ban
chan 1y cta ham NAND.
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Trén hinh 3.30b trinh bay so dé nguyén li mach NOR ho NMOS,
mach dugc tao tir hai Transistor trudong MOSFET kénh n cam tng T, va
T, dugc méac song song v6i nhau, T, la Transistor trudng MOSFET kénh
n dugc tao sin déng vai trd tré tai cia mach. Khi ca hai 16i vao X,, X,
ctia mach déu & muc logic thdp T,, T, déu cam 16i ra Y = H. LoiraY =L
khi mot trong hai 18i vao & mitc thap hoéc ca hai 161 vao o muc thiap hoat
dong tuan theo ham NOR.

1 Voo

-

s
__[ N
-

P

L L
TAL T4

24

|H

3]
~—

Hinh 3.30: Sd d8 nguyén li mach NAND (a) va Mach NOR (b) ho NMOS

3.6. HO CMOS (COMPLEMENTARY - METAL - OXYDE

SEMICONDUCTOR).
T
§' DD
Ho vi mach nay st dung phéi hop 2 loai
transistor truong MOSFET kénh n va P
MOSFET kenh p. T, 7
X Y
3.6.1. Mach Pao (Phii dinh NOT) ho ™|  E——
CMOS —
T2|H'r W
. . = i
+ Ham logic: y= X
+ So d6 mach nhu trén hinh 3.31. —
Mach hoat dong nhu sau: Khi 16i vao X
& muc dién ap cao (H), & day mirc H bang it 305

dien 4p nguén Vg, = 3BV + 15V)
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ransistor trudng kénh p T, c4m, transistor trudng kénh n T, théng, 16i ra
Ydmic L. Khi X =L (mic L = Ov) T, cim T, théng mach Y = H.

Nhu vay dién dp ra ludn la dao cha dién dp vao. hoat dong ciua mach
dién ra ding nhu phuong trinh logic ctia mach NOT di néu & trén

3.6.2. Mach Khong Hodc (NOR)

S0 d6 nguyén 1y mach NOR ho CMOS dugc trinh bay trén hinh 3.32.
Bang chan ly 1a bang 3.6.

Vi Bang 3.6: Bang chan ly ciia mach NOR

Y=x,.4+x

TS5t e X2 1 2

, .j H
TZl’_)P
3

L
L
L

W B gl T
@i ol ol o

Hinh 3.32: Mach NOR ho CMOS

Giai thich hoat déngcuia mach:
a/ Khi 2 16i vao x, = x, = L: T, T, théng va T, T, cAm din dén y = H.

b/ Khi: x, = H, x, = L: Tlr so d6 mach ta thdy khi x, = H — T, cdm, T,
thong nén y nfi dity =L

X, =L — T; cdm, T, thong nhung T, cdm nén 16i ra y van duoc ndi
xuéng dat qua T,lam choy = L.

¢/ Khi: x,=L,x,=H — T,, T,cdm; T,, T, théng — y = L.
d/Khix,=x,=Hca T, T,cAm T, T, théng y = L.,

Mach hoat dong diing nhu bang chan 1y 3.6.

3.6.3. Mach Khong Va (NAND)

8o d6 mach NAND ho CMOS dugc trinh bay trén hinh 3.33. Bang chan
ly cho & bang 3.7.
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Bang 3.7: Bing chan [y clia

IVDD mach NAND
X, X3 Y= X,.X
WEP ?z‘!j » 172
1 Y L | L H
. Tyl = H | L H
" j L H H
o Talled v H H L
2
1 Giai thich hoat dong cls
- mach:
a/ Khi x, = x, = Li T, |

Hinh 3.23: Mach NAND he CMOS

b/ Khi x, = H; x, = L: T, c8m T, théng; T, thong T, cAm.

L&i ra y duge ndi véi nguodn Vi, y = H.

thong, 15, T, cAm — y = H.

c¢/Khi x,=H; x,=L: T, cdm, T, théng T, cam, T, théng —» y = H.

d/Khix,=x,=H: T,, T, c8m , T;, T, théng —» y=L.

* Uu diém ctia ho CMOS: C6 dién trd 18i vao rét 16n.

- Vi mach chi tiéu thu dong dién khi chuyén mach (lic chuyén mach
mdi ¢d dong qua). Vi vay cong suit tiéu thu cuc ky nhod (c& nW).

- CMOS c6 he s6 mic tii & 16i ra (FAN OUT) rat 16n. (S& cdng lngu
cliing loai ¢é thé méc vio 16i ra clia né 1a 50, gdp 10 <+ 20 14n ho TTL).

* Nhitoe diém:

- T6c do chuyén mach thap nén tin sd
lam viéc khong cao va phu thudc vao
nguén nudi. Khi Vpp, =5V —» =1 MHz,
V=10V —o>f=16MHz, V; =15V >
f=2 MHz.

3.6. 4, Bao vé CMOS khéi bi hong

- Vi diéu khién bang dién trudmg, 16p
dién méi cuc clira rdt moéng nén 161 vao dé
bi héong khi dién 4p dat vao 1én. Pé bao ve
161 vao IC ho CMOS ngudi ta méic thém cac
mach bao vé cuc cira khéi bi qua dp nhu
hinh 3.34,
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Mach bao vé gom 4 diot.

- Néu xung duong vao x 16n hon Vpy thi Dy, D, din théng mach 161 vao
x dugc ndi 1én ngudn Vpp,.

- N&u xung vao X am so vdi dét thi D,D, théng mach, 181 vao x dugc
adi xuéng dat. Nhos cac diot bao vé ma dién ap dua vao cuc cira cac cac
wansistor T,, T, khong vugt qud miic légic Vy va V cta ho logic CMOS.
Nhv vay, c4c transistor truong MOS dd dugc bao vé khi ciac xung 16i vao
qué 16n. ’

Mac di d3 cé6 mach bao vé 16i vao nhung khi diing hoac bao quan vi
mach ta vin phai cé bién phip phong ngilra cac dién dp tinh dién c6 dién ap
cao hodc ngudn cao dp xoay chiéu cdm ung tham nhap vio phd hong cira
ech dién ciia vi mach CMOS. Khi han céc panel trén dé cé vi mach thuéc
hg CMOS mo han, tay ngudi han phai dugc néi dét that tot dé trinh nhitng
hu hong ding ti€c khong ngd tdi xay ra trong khi han mach.

Khi diing ngudn nudi 5V ta c6 thé ghép CMOS véi TTL va DTL. Ho
CMOS dugc nuoi bing nguén Vpy = + 3V + + 15V, c6 ki hieu CD40 xx
hodc 40xxx cdc chit ¢ ddu dung dé chi hang san xudt; hai hodc 3 chir s6
ding sau s& 40 dé chi chiic ning cia mach, vi du:

CD4001: CD la ky hiéu cha hing RCA cha Hoa KY; 40 chi 5 1a vi
mach thuoc ho CMOS; hai s6 sau cing 01 chi chiic ning cia mach la mach
c6 4 cira NOR hai 16i vao.

4011: 4 cira NAND hai 16i vao ho CMOS, 4049: 6 clra NOT, 4050: 6
ctra dém.

Ky hiéu vi mach CMOS cua hang Motorola: MC 14001 la mach 4 mach
MOR hai 16i vio ho CMOS ta thdy 4 s6 sau trong ky hi¢u cta hing Motorola
déu gidng ky hiéu cha cdc hang khac.

Cic vi mach CMOS c6 ki hiéu giéng nhu ¢ ho TTL cé chiic ning va bo
tri chan giéng nhu vi mach TTL c6 thé thay thé cho vi mach TTL 74L xx,
74LS xx c6 k¥ hiéu dic tnmg bang chit C dé chi ho CMOS, vidu:

74C00; NAND giong nhu 7400 nhung la CMOS ¢6 thé dung thay thé
cho 74L.00.

74C02: NOR - CMOS cé thé thay thé cho 74L.02.

74HC00: NAND ho CMOS c¢6 t6c do cao c6 thé thay cho 74L.S00.

Khi dung vi mach ho CMOS ghép néi v6i ho TTL thi CMOS phai nudi
bing nguén +5V cling chung nguén nuéi véi di¢n 4p nuoi vi mach ho TTL.

67



3.7. HO ECL (EMITTER COUPLED LOGIC):

Ho logic ECL la ho IC logic ¢6 t6c d6 nhanh nhit trong cidc ho IC logic
hién cé. S& di nhu vay 1a do ho ECL ¢6 céc dac diém sau day:

- Céc Transistor lam viéc & ch&€ do6 khong bao hoa (ché do tuyén tinh),
do dé6 c6 thé giam nho thoi gian tré rit nhiéu. Thoi gian tré lién quan dén qua
trinh giai phéng céc dién tich du thira trong 16p ti€p gidp cua Transistor khi
hoat déng & ché do bao hoa (ch€ do khoa).

- Do so dé ding khuéch dai vi sai ¢é cdu tric d&i xing nén khi so do lat
trang thai (chuyén mitc logic tir O dén 1 hoac ngugc lai) thi khong lam thay
déi dong tiéu thu cua toan mach.

- So dé ¢6 mic tap am nhod cho phép gidm dién dp tuong Ung giita hai
miic logic nén gidm thdi gian qud do gy ra boi cdc di¢n dung ky sinh.

3.7.1. Cira OR/NOR 2 16i vao ho ECL

Trén hinh 3.35 trinh bay so dé nguyén 1y cia cira NOR, OR 2 16i vao.

Tir so d6 nguyén i cia mach chiing ta thdy mach gém 3 ting:

Tang 1: tdng khuéch dai vi sai & 16i vao c6 cdc transistor T,, T; hai dién
tr& ganh 12 R,, R,, dién trd R; mic & mach emito clia cdc transistor nay dong
vai trd ngudn dong khong ddi. Trong cdc gido trinh K1 thuat dién tir ching fa
da khao sat k§ vé khuéch dai vi sai, & day ta ching ta chi nhic lai mét dic
diém ctia khuéch dai vi sai 12 né ¢6 kha nang triét nhiéu ciing pha, chinh vi
thé chénh léch mic dién 4p gita hai mic logic chi ¢6 0,8V. Mic logic 1.
Vy=-0,75V; mic logic 0: V; =—-1,6V

Tang 2 gém T, cdc Diode va céc dién trd R, Ry, R, 12 ting dn 4p, chic
nang cia né la tao dién d4p phan cuc Bado Vy, cho cdc transistor cua tdng
khuéch dai vi sai 0 161 vao.

Vi 2 mic logic chénh léch it nén th€ Bado ctia cdc transistor cta ting
khuéch dai vi sai & 16i vao phai dé & gia tri trung binh nam gitta hai mifc dién
ap V., Vu

V. = —1,6v+(—0,75v) _

- > ~1,175v
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Hinh 3.35: Cira OR/NOR 2 13i vao ho ECL

Ting 3 la tdng khuéch dai cong suit, & 16i ra né duge mic theo so dé
colécto chung hay con goi 1a so dé lap Emitter, dién dp 14y ra & Emitter
giong nhu dién 4p dua vao Bado, tuy khong duge khuéch dai dién 4p nhung
ting nay c6 hé s6 khuéch dai dong rat 16n, né cé dién trd 16i vao rat 16n, dién
tr¢ 16i ra nho, dong vao nhd, dong ra rdt 16n nén hé s6 méc tai cha né 16n
nhat trong cic ho logic diung transistor ludng cuc (Fanout = 25). Phan tich so
d4 hinh 3.35 ta thdy: cdc transistor hoat dong & ché€ do tuyén tinh, khong cé
ché dé6 cam thong bao hoa cho nén luén luon cé dong qua transistor, chi 1
16n hodac nho tuy theo mitc dién dp & 16i vao.

Khuéch dai vi sai c¢é cdu tao d6i ximg: Emittter 12 nguén dong khong
d6i. Néu 2 18i vao dién 4p ciing tang hoic cling giam thi dong Colecto 2 bén
khong ddi, tic 1a n6 khong khuéch dai tin hiéu ciing pha. N6 chi khuéch dai
tin hiéu vi sai & 2 16i vao. Trong so dé trén Bado ctia T, dugc duy tri & midc
dién 4p Vy, khong déi.

a/ Néu ca hai 16i vao & mifc dién ap thdp: x, = x, = L, dong dién qua T,
T, giam th€ trén colecto cla ching ting; dong qua T, ting thé V., & mic
thap, trang thdi 16i ra cia mach: y, =H, y, = L.
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b/ N&u mét trong hai 16i vao ¢6 mic dién ap cao:

x, hoac x, = Vi > Vy, I, hodc I tang dién dp trén colecto clia ci
transistor nay giam, I, giam, Vg dmiccaoy, =L, ¥, = H.

¢/ Khi x, = X, = H: thi I, I, tang nén Ve, Vo gidm, Ve, = Vg, =L Vi
ngudn dong qua dién tr& Ry mac ¢ mach emitter cha céc transistor T, T, T,
1a khong ddi nén khi: 1, I, tang thi I, gidm, V; tang LétraVea=H:

" Trang thdi ciamach &16ira:y, =L; y,=H.
Qua sur phan tich hoat dong ctia mach néu g trén ta thdy mach nod

dong ding nhu bang chén 1y cho trén bang 3.8. Ki hiéu logic ca mach
nhu hinh 3.35.

Bang 3.8: Bang chan Iy cia mach OR/NOR

X X, V1= Xt %y Y2 = X1 +Xs
L L H L
H L L H
L H L H
H H 1, H

3.7.2. Cua NOR

Trén hinh 3.36 trinh bay so dé nguyén ly vi mach MCIOI0,
MC1210. Trong vi mach cé 4 cira NOR 2 16i vao, hinh vé trén la so dé
nguyén li v& cho mot cira, ba cira con lai c6 so dé ciing tuong tu. Mach
tao dién dp phan cuc Vg cho tang khuéch dai vi sai & 161 vao duge ding
chung cho ¢a 4 cira NOR.

Ciu triic ctia mach ciing gém 3 tdng: khuéch dai vi sai 16i vao, ting lap
Emitter & 16i ra va tdng tao dién 4p phan cuc Vg, tuong tu nhu mach trén

inh 3.35.

Vi mach MC1010, MC1210 thudc séri MECL II ctia hing Motorola

mach c6 thoi gian tré T, = 4,5 nS, hé s6 tai 161 ra Fan out = 25.
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Hinh 3.36: So dd nguyén Iy mach MC 1010, MC 1020

dai tap

1/ Ding chuong trinh phéan mém CircuitMaker thi€t k€ mo phong cac vi
mach 16gic NOT, NOR 2 16i vio, AND 2 16i vao thudc ho RTL.

Tién hanh thi nghiém mo6 phong do kiém tra dién 4p & 16i vao va 16i
m trén so dé dién tir cha cdc mach thi€t k& dé nghiém lai bang chan ly
ciia vi mach.

2/ Ding chuong trinh phan mém CircuitMaker thiét k&€ mo phong céc i
mach logic NOT, NAND 2 161 vao thuoc ho DTL.

Ti€n hanh thi nghiém mé phéng do kiém tra dién 4p & 16i vao va
1& ra trén so d6 dién tir ctia cdc mach thiét k& dé nghiém lai bang chan
Iy cha vi mach.

3/ Ding chuong trinh phan mém CircuitMaker thiét k&€ mo phong céc vi
mach logic NOT, NOR 2 161 vio . NAND 2 16i vao thuge ho TTL.

Ti€n hanh thi nghiém mo phong do kiém tra dién 4p & 16i vao va
16i ra trén so dé dién tir ciia cidc mach thi&t k& dé nghiém lai bang chén
If ctia vi mach.

4/ Ding chuong trinh phin mém CircuitMaker thiét k€ mé phong cdc vi
mach logic NOT, NOR 2 16i vio , NAND 2 16i vao thudc ho CMOS.

Tién hinh thi nghiém mo phong do kiém tra dién 4p & 161 vao va 16i ra trén so
d6 dién tir clia cdc mach thi€t k& dé nghiém lai bang chan 1y cha vi mach.
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Chuong IV

MACH LOGIC TO HOP

Cin ct vao dic diém va chifc nang logic, ta phan loai cic mach logic t6
hop thanh hai loai chinh:

1. Mach t6 hop (Combinational Circuits) duoc tao thanh tir cic phdn ti
logic co ban. Trang théi 16i ra clia mach tai mot thoi diém bat ky chi phu
thuoc vao t6 hop cdc trang théi logic & 16i vao tai thoi di€ém d6, né khong
phu thudc vao trang thdi 16i ra & thoi diém trude d6 (trang théi qua khit). Céc
loai mach sau day thudc loai nay: cdc bo s6 hoc, hop kénh, phan kénh, bién
déi ma, giai ma,...

2. Mach day (Sequential Circuits) ciing dugc tao thanh tir cdc mach
logic co ban nhung trang théi 16i ra ciia mach dugc xdc 1ap khéong chi phu
thudc vao t6 hop cdc trang théi 16i vao & thoi diém hién tai ma con phu thudc
vao trang thdi logic ¢ 16i ra clia né tai thoi di€m trudc dé. Mach day gém cé:
cac phan tir nhd, céc trigger cdc bo d€m, ghi dich..., cic mach nay s& duoc
trinh bay trong chuong sau.

4.1. PHUONG PHAP THIET KE CAC MACH LOGIC TO HGP

Véi mot mach logic t6 hop bat ky, néu cho truée chiic ning ta déu cé
thé thi€t k& va thuc hién dugc. Cic budc ti€n hanh nhu sau:

1. Tir yéu cau chic nang ta lap bang chan 1y ctia ham.

2. Tt bang chan ly suy ra phuong trinh logic.

3. T6i gian hod ham logic.

4. Tir ham logic thi€t k&€ mach thyc hién bang cédc phén tit co ban.
Vidu: Xay dung mach so sdnh 2 s6 A va B ¢6 chitc nang nhu sau:
Néu A=BthiléiraC=1;

A#BthilgiraC=0
+ Ta lap bang chan ly nhu bang 4.1.
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Bang 4.1: Bang chan Iy ctia mach so sanh 2sé6 Ava B

A B B
0 0 1
1 0 0
0 1 0
E 1 1

+ Tim phuong trinh logic:

O day ta dung phuong phédp giai tich: Léi ra C 1a téng céc tich céc 16i
vio ¢6 gid tri bang 1 (14y téng cdc minterm tng véi C = 1) ta duoc phuong
frinh logic : - |

C= AB+AB (4.1)

+ Phuong trinh (4.1) d& dugce viét & dang t6i gian réi ta khong cin phai
rit gon nita. Tir phuong trinh logic 4.1 c6 thé suy ra so doé logic cta bd so
sdnh dugc trinh bay trén hinh 4.1.

-
P
Sl

Hinh 4.1: Mach so sanh 2s6 AvaB

;
:

w b

D6i chi€u bang chan 1y 4.1 véi bang chan 1y 2.12 ta thdy hai bang chan 1y
nay hoan toan nhu nhau. Phuong trinh 4.1 ciing la phuong trinh mo6 ta ham
Khéng Hoic tuyét d6i XNOR, dp dung dai s6 Boole ta ¢é thé chitng minh dugc:

C=AB+AB=AB+AB=A®B

Cic bai tap thudng cho dudi dang: tir cac mach logic co ban di cho, hay
xdy dung 1 so dé chic ning nao dé. Nhu vay, ham logic cdn tim phai bién
d6i sao cho sir dung dugc phén tlr da cho.

Vi du: Cho mach SN 7451 va mach NAND 7400 hinh 4.2.
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1
. 1

] SN 7451 SN 7400

Hinh 4.2: So db logic va ki hiéu logic cua vi mach SN 7451 va cira NAND 7400

Hiy ding 2 loai vi mach nay thiét k&€ bo ban téng thuc hién phép
ong 2 s6 A va B hoat dong theo bang chan ly 4.2

Bing 4.2: Bang chan |y bd ban téng

A B S C
0 0 0 0
1 0 1 0
0 1 1 0
1 1 0 1

Tir bang chan 1¥ ta xic dinh dugc ham logic ciia bo ban tong:

Téng S= AB+AB

Nhé C = AB . Tir day van dung cdc dinh luat cha dai s6 logic bién déi §
va C thanh cic phuong trinh tuong dng véi s dé hinh 4.3.

'
%J

Hinh 4.3: S0 d8 machcéng 2sd AvaB
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42 MACH TINH TOAN sO HOC

4.2.1. Bo téng ban phan (Half Adder: HA)

Mach ban téng c6 2 161 vao A vi B. ¢6 2 16i ra 1a téng S (Sum) va 16i ra
ahé chuyén sang hang sau C, (Carry - out). Hoat déng ctia bo ban tong duge

dién 13 bdi bang chéan ly 4.3.

Bang 4.3: Bang chan ly bd béan tdng

A B S Go
0 0 0 0
0 1 1 0
1 0 1 0
1 ) 0 1
Vi s6 nhi phan 1 bit ta co:
- Ham logic HA:
S =A®B

Sg d6 khéi va so d6 mach logic tdng bén phin dugc néu tren hinh 4.4.

A -
HA

B __Cgr;rr

a I>°_:)— S

T

i 0 =

Hinh 4.4: So dé khéi va sd dd logic HA

75



Ta goi 1a bo ban tdng vi rieng né chua thuc hién dugc phép cong. Ta

phai dung 2 bé ban téng méi tao ra mot mach tinh cong.

4.2.2. B0 tong toan phan (Full Adder: FA)
Bo tdng toan phan c¢é ba 16i vao A, B, C, (Carry - in), hai 16i ra 1a tdng§
va 16i ra nhé chuyén sang hang sau C, (Carry - out).

- Ham logic cua FA:
S =A®@B&@C
C,=AB+AC +BC,

Cm S

-— FA

" .éq

E

Ej
;

Tm

alis
’

Hinh 4.5: So d mach Téng toan phian
- So d6 kh6i va mach logic: cho trén hinh 4.5.
- Bang chan ly: trén bang 4.4
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Bang 4.4: Bang chan Iy bo FA

ABC, S G,
000 | 00
001 10
010 10
011 01
100 10
101 01
110 01
i1 11

Tirbang chan 1y ta mit ra phuong trinh logic:
C, = C,(A.B)+C,(AB+AB+A.B)
= (C, +C,)(AB)+C,(AB+A.B)
— AB+C,(A®B)
S =C,(AB+AB+C,(AB+AB)
=C,(AB+ AB)+C,(AB+ AB)
=A®B®DC,

Ta c6 thé x4y dung mach téng toan phén FA tir hai bo bidn téng HA. So
dé logic ciia mach duoc vé trén hinh 4.6.

Hinh 4.6: So d& mach FA
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Ghép néi bé tdng toan phan thanh mach cong nhi phdn 4 bit.

Ay By Cpg B3 Ba Cig A2 B2 Gz &1 B1 G

|| || | [ | |

FA FA FA FA

Co1 IS1

e

—~«—1Co, |54 «—Co3 *53 —Co2 |52

Hinh 4.7: Mach cdng hai s& nhi phan 4 bit
Mudn xay dung bo cong nhi phan 4 bit ta thyc hién méc song song 4 bl
téng toan phdn mot bit, chi can chi ¥ rang 161 ra nhé clia bo téng toan phis
chia bit trudc phai dugc néi vao 16i vao nhé ciia bo 16ng toan phén ting véi bi
ti€p theo. So d6 mac bd téng cla hai s6 nhi phan 4 bit ding 4 FA dugc né
trén hinh 4.7.
So dé trén thuc hién téng 2 s& nhi phan 4 bit:
AA A A,
+B,B; B, B,

Kétqua: C, S, S, S, §,

. T
M 2 —73 7| Al 52
7
VI N g 1~ O i3
R E N 5 A %
¢ 1
2 E MLED 7 ﬁ ML
13 7
n B T Rt
Bt B
20 e |9 N c L1t

Hinh 4.8: Ki hidu logic cta IC céng nhi phan 4 bit 74LS283, 74LS83
Trong thuc t&€ ta thudng gap cdc vi mach 7483, 74L.5283 la vi mach 16

chan gém 4 bo FA duoc mic thanh mach cong nhi phan hai s6 nhi phan 4
bit. Hinh 4.8 1a ki hiéu logic ciia cdc mach nay.
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Bai tap thuc hanh:

1/ Trén mot panel thi nghiém c6 2 loai IC: 74L.S283 va 7486. Vi mach
741586 c6 4 mach hodc tuyét d6i hai 16i vao, hdy diing mach nay tao thanh
b§ dao tir nhi phan 4 bit va két hgp véi mach coéng nhi phan 4 bit 741.5283
tao thanh bd tinh s& hoc vé&i ca phép codng va trir nhi phan 4 bit. Kiém tra
hoat dong clia mach 741.S283 hinh 4.8 trén panel thi nghiém, hoac ding
phdn mém thiét ké moé phong Circuit Maker. _

2/ Dung 7486 (4 mach hodc tuyét doi 2 16i vao) va mach 7400 (4 mach
NAND 2 16i vao) tao bo téng toan phdan.

3/ Dung hai mach 7486 va hai mach céng nhi phian 4 bit 74L.S283 mic
thanh bo cong trir 8 bit. Hay trinh bay so d6 méc mach. Thuc hién cédc phép
tinh céng, tinh trir hai s6 nhi phéan 8 bit (hai s6 nhi phan 8 bit A va B chon
trong pham vi tir 1+255).

4.2.3. Mach hiéu ban phan (Half Subtractor: HS)

Mach hiéu ban phan la mét mach logic thuc hién phép trir 2 s nhi phan
1 bit. Pau vao la A, B, 16i ra la hiéu D (Difference) va 16i ra mugn B,
(Borrow out).

- Ham logic HS:

D=A®B

B, =AB
- So d6 khdi va mach logic: cho trén hinh 4.9.
- Bang chin 1y: trén bang 4.5.

A > : g e
s— Half Subtractor 2 Béng 4.5: Bang chén ly b HS
HS Pau vao Piura
B Higy b - B
-— ieu ban phan (o] AB D B,
00 00

sy >2 | e | 0
|D 10 10
)—13" 11 00

Hinh 4.9: So d6 khéi va mach logic bd HS

nid
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So v6i mach HA, mach HS chi khdc & chd c6 thém cilra déo & 161 vao A
cua clra Va. '
4.2.4. Mach Hiéu toan phan (Full Subtractor: FS)

Mach Hiéu toan phan cé 3 16i vao A, B, B, (Borrow in: 16i vao muon)
Hai 16i ra 1a hiéu D va 16i ra mugn By,
- Bang chan ly: bang 4.6.

Bang 4.6: Bang chan ly mach FS

Pédu vao Piu ra
A B B | D B
0 0 0 0 0
0 0 1 ;| 1
0 1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1
B; D
& Full Subtractor "
BS
B Hiéu toan phan __].30

%
Y
\/

I, I

I ]

| - [

[] Fi ¥

i HS | Bo
BI |
-— |

Hinh 4.9: So d8 kh&i va mach logic clia FS
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- Ham logic FS:
D=A®B®B,
B,=AB+AB, +BB,
- So d6 khéi va so dé logic cia mach cho trén hinh 4.9.

Ta ¢6 thé xay dung mach FS tir 2 mach HS va thém 1 cira hoidc & 16i ra
B, nhir so d6 logic cia mach trén hinh 4.9.

4.2.5. Mach téng hoic hiéu hai sé nhi phan n bit
4.2.5.1. Mach tong hai sé nhi phdan n bit
Giasirc62s6nhiphan 4 bit A=A, A, A, A,

B= B,B; B, B,
egng v&i nhau thi cdn ding 4 mach FA mac nhiwr hinh 4.7. Luu ¥ ring FA thit
nhit ¢6 C, = 0 (miic thap) lam nhiém vu nhu HA. Mach téng mic theo kiéu
ndy goi 1a mach téng song song n bit. Céc 16i ra C, ctia FA duoc néi véi C,
oiia FA ti€p sau. C, clia FA cudi cung 1a C, & 16i ra.

4.2.5.2. Mach hiéu hai sé nhi phdn n bit

Ta c6 thé ding cdc mach FA thay cho cdc mach FS. Ham logic cuia FS:
D =A®B®B ()
{BD =AB+AB, +BB. (b)

Bién déi (b) :
B, = AB.AB,.BB, =(A+B)(A+B )B+B)
B, =(A+B)[ B, +(AB) | = AB, + BB, + AB
B, =AB+AB, + BB,

0
Con (a) ¢ gia tri tuong tu :
D=A®B®B, =A®B®B,
Ham logic viét cho FS sé la:
D =A®B®B,
{E; - AB+AB, +BB
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So sanh véi ham logic cia FA ta thdy c6 thé xay dung mach FS tir mach
FA dé diang: Muén chuyén FA thanh FS ta chi cAn mic thém céc cira dio

vao cdc diu B, B, va By nhu hinh 4.11.

_._—__..—__-_--_.—.—-_-_.—_-..-.—_-—__-

Full Adder
FA

Full Adder

l
-
Ef..
L

|
|
- RA G | Téng toan phan 1I
J . g ur 1
B Tong toan phan ?:—DJ_ S —D&!—%ﬂ
| I
| I
FA ! LD ’l
Téng toan phén e | Higu todn pren '

Hinh 4.11: Cach chuyén mach FA thanh mach FS

4.2.5.3. Mach Téng/Hiéu hai so nhi phdn 4 bit

Sg dé khéi ciia mach téng song song va hi¢u song song hai s6 nhi phis
n bit gdn nhu nhau. Muén ding cdc mach FA dé thuc hién ca hai phép tinh
téng hiéu ta cdn thém déau diéu khién SUB/ADD nhu so dé téng hieu 4 i

trén hinh 4.12.

Ay By A3 fa {I!;z B2 Ay By
T , : T , T = SUB/ADD
Crea C‘J:Nj Cwl 2 6 c‘m1
FA PA FA FA

L ¢ e 1

S2 51

lc““ L"‘ L—(—_ICDB‘L3 —Q%zl.

) Hinh 4.12: S¢ 48 mach t8ng/hiéu hai s& nhj phan 4 bit
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Khi SUB/ADD = 0 (phép tdng): Cac s& liéu B,...B, qua cic cira XOR
khéng ddi va dugc dua vio FA dé 1am phép cong hai s A va B két qua
§=GosS4S5,S,S,.

Khi SUB/ADD = 1 (phép hiéu): Cdc sé lieu B,.....B, sé bi dao khi di
| qua céc clra XOR tirc 1a B,B, B, B, — B,B,B,B, .

Piu C, duoc ndi véi SUB/ADD = 1 tic 1a C, = 1. Nhu vay s6 bu mot
B,B,B,B, dugc cong véi C, = 1 tr& thanh s6 bii hai, nghia 1a mach thuc hién
phép tinh: A + (-B). Vay két qua cua phép trirla: D =B, D, D; D, D,.

Trong két qua B, 1a 16i ra mugn ta khong cdn quan tam (giong nhu s6
"1" biéu dién phép trir) . Két qua phép trir1a D = D, D, D, D,.

Trong thuc t€ ta cé thé ding vi mach cong nhi phan 4 bit 7415283 hoac

741583 ghép v6i vi mach 741886 (c6 4 cira XOR) s& dugc 1 bo tdng/ higu 4
bit nhur so d6 hinh 4.12.

4.2.6. Mach so sanh
4.2.6.1. Mach so sanh bang nhau 1 bit
C6 2 s6 A va B1a 2 s6 nhi phan 1 bit
. |[A=B—loiraC=1
Néu .
A =B —16ira C=0
ta 1ap dugc bang chan 1y 4.7.

Bang 4.7: Bang chan |y cia XNOR

A B C
0 1
1 0 0
0 1 0
1 1 1

Tir bang chan 1y ta suy ra ham logic: C=AB+ AB, theo dinh 1i De
Morgan ta bi&n déi :

C=A+B+A+B=(A+B)(A+B)=AB+AB
Day chinh Ia ham Khong Hodac tuyét d6i (XNOR) ki hi¢u nhu hinh 4.13.
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Hinh 4.13: Mach XNOR mach so sanh2s6 AvaB

C6 thé c6 nhiéu cich thiét k€ mach nay :
- Néu muon dung ctra NOT va NAND:
Ta hay bién ddi ham logic C=AB+ AB

C=AB+AB=AB.AB
Tir day ta suy ra so dé mach nhur hinh 4.14.

An— }
H >
_|>,_,—}

Hinh 4.14: Mach so sanh 2 s& A va B dung NOT va NAND

D

Be—

_ Né&u ding NOT va NOR: ciing tir C = AB+ AB ; Ta bién déi:
C=K§+X§

C=A+B+A+B
Tiur d6 suy ra so dé6 mach hinh 4.15.




Hinh 4.15: Mach XNOR so sanh 2 s& A va B ding NOT va NOR

Badi tdp
So d6 hinh 4.15 chua t6i uu, vin dung dai s6 logic chitng minh ring ta
c6 thé thiét k€ mach theo so dé hinh 4.16.

N DJDMD—‘E
) -

Be

Hinh 4.16

4.2.6.2. Mach so sdnh bdng nhau 2 sé nhi phdn 4 bit
So d6 mach cho trén hinh 4.17.

[

Ai
Bl
Ay
B,
A‘!
BS

Ay
By

ooy

Hinh 4.17: Mach so sanh 2 sd nhi phan 4 bit
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Ta cé 2 s6 nhi phan 4 bit: A, A; A, A, va B, B; B, B,

Khi 2 s6 bang nhau 16iraQ = 1.

Khi 2 s6 khdc nhau 16i ra Q = 0.

(Khi A = B: 16i ra ctia cac XNOR déu biang 1 ca, 4 16i vao mach AND
déulal,vayléiraQ=1.

Khi cé 1 bit tuong tng clia A va B khac nhau s&€ c6 mic O dua vao mach
AND va [6i ra Q =0).

4.2.6.3. B6 so sanh I bit

B0 so sanh 12 mach dién thuc hién chiic nang logic xdc dinh trong 2 sd

s6 nao lén hon s6 nao.

-C62bitAvaBnéu A>BlsiraY,=1,Y,=Y=0
A<BlsiraY, =1,Y,=Y=0
A=BloiraY=1,Y,=Y,=0.

Tir day ta lap duoc bang chéan 1y nhu bang 4.8.

Bang 4.8: Bang chan 1y ciia bd so sanh 1 bit

Al B| Y, Y, | Y |kétluan
olo|lo| o] 1] A=B
ol 1|/0| 1] 0| A<B
ilo|l 1| 0| 0| A>B
1| 1] 0] o| 1| A=B

Tir bang chan 1y ta ¢6 ham logic:
Y,= AB,Y,= AB
Y =AB+AB = 4B+ 4B

- Céac ham logic trén tuong iing v4i so d6 hinh 4.18.
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[ A<B 3.-’1
Am >3___,./’, =
Y
A=B
Ba—dr] o 1>—‘£’z
/  A>B

Hinh 4.18: So do logic mach so sanh 1 bit

Bai tdp dp dung

Cho vi mach 7402 1a mach NOR hai 18i vao, hdy thiét k€ mach so sdnh
hai 56 nhi phan 1 bit c6 cic 16i vao 16i ra nhu sg d6 logic hinh 4.18.

4.3. HOP KENH MUX (MULTIPLEXER)

Chiic ndng cua bo hop kénh (Multiplexer):

Bo hop kénh hay con goi l1a bo don kénh 12 mét mach logic t8 hop lam
chic ning chon loc, truyén dit liéu tir nhiéu dudng vao dén vé mot dudng ra.
Céc dudng vao cua bd hop kénh gém hai loai: cac dudng vao dif liéu va cédc
dudng vao diéu khi€n chon kénh. Néu sé 16i vao dif liéu 1a n thi s& 161 vio
didu khién S t6i thiéu S = log,n.

Tuy theo t6 hop cdc gié tri ¢ 16i vao diéu khién chon kénh ma 16i ra
dige néi v6i mot 16i vao dit liéu tuong img. DE ngudi dung khong bi nhim
lan trong viéc xdc dinh dia chi kénh, cdc nha san xuit vi mach da dung cic
chi s6 kénh 0,1,2,... tring véi s6 nhi phan cia t6 hop 16i vao diéu khién. Vi
ay ahu trudng hop boé hop kénh c¢é 4 duong vao dir liéu ki hiéu 1a D,, D,, D.,
D;; hai dudng vao diéu khién 1a A, B. Léi ra dugc ki hiéu 12 Y.

So do khéi mé ta chic nang hoat dong cia bé hop kénh 4 16i vao di
liéu, mét dudng ra dir liéu dugc trinh bay trén hinh18a.

Béng chén 1y ctia bd hop kénh 4 dudng dugc trinh bay trén bang 4.11.

Tir bang chéan ly ta c6 thé tim dugc phuong trinh logic ctia bo hop
kénh nay.
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Bang 4.11: Bang chan ly ctia hdp kénh 4 18i vao va 1 18i ra dir ligu

L6i vao dix liéu B A Y
D, 0 0 D,
D, 0 1 D,
D, 1 0 D,
D, 1 1 D

Phuong trinh logic ctia bo hop kénh:

Y=ABD,+ABD, +ABD,+ABD,

So d6 logic bé hop kénh trinh bay trén hinh 4.19b

D, —
D
L L. o '__-'}
D1
DI o
0 - Y
D, /——' e
0 -
20 E 5
™ o E = 3 ——-L“
; |
B A L >D—
A A
al - >‘: bt

Hinh 4.19: a/ So d5 kh3i; b/ So d8 logic clia bd hgp kénh 4 dudng vao dif lidu

Trong thuc t&, ngudi ta dd ché tao cdc bo hop kénh cé 4, 8 hoac 1t
dudng vao dit liéu. Trén hinh 4.20 giéi thiéu ki hieu cfa IC74153 v
IC74150. So d6 logic cia vi mach 741.S153 duoc vE trén hinh 4.21. Trong vi
mach nay c6 hai bo hop kénh cé 4 dudng vao dit liéu ki higu 1a C,,C,, C, &
va mot dudng ra Y, ca hai b6 hop kénh déu cé chung hai 16i vao diéu khié
chon kénh A,B. Cdu triic clia bo hop kénh nay giéng nhu so dé logic clia bd
hop kénh 4 dudng ta da khao sit trén hinh 4.19b.
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Hinh 4.20: Ki hiéu c(a IC 74LS153 va IC 74150
Mot diém khdc biét 12 so d6 logic clia mach 7415153 ¢6 thém mot 161
vao diéu khién cho phép ra ki hiéu 1a G.
Céc chir s6 viét trong ngoac don 14 ki hiéu chan cia vi mach. Mach
thuoc ho logic TTL chan 16 1a nguén nuéi mach Vet +5V, chan 8 1a dat
(GND): OV.
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Hinh 4.21: So dé logic mach hop kénh 4 duding 74LS153

Vi mach 74150 c6 ki hiéu logic che
trén hinh 4.20 la bd hop kénh c6 16 dudng
AN vao dit lieu (E,..., E,; E,5), 4 dudng vao dié
khién chon kénh A,B,C,D, mot 16i vao dié
x — khién cho phép ra GZ. Léi ra dit liéu cis
mach duogc ki hiéu 1a W,

Mach IC 7451 1a hop kénh 8 dudng ct
hai 16i ra Y va W la dao clia Y chan 7 (G
diéu khién ra. Mach c6 8 dudng vio dit liés
1a D, ..., D,, 3 16i vao diéu khién A, B, C. &
dd khéi ciaa hop kénh 8 16i vao 1 16i ra 7451

J:

11
10

qUEYHRER &> @

13
1%
13
17

Hinh 4.22: Ki hiéu IC 74151
dugc trinh bay trén hinh 4.22 .
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Bang chan 1y clia bd hop kénh nay cho trén bang 4.12, ¢ day ki hiéu X la
cdc thong tin logic & 161 vao D; tng véi céc gid tri bat ky c6 thé 1a L hoic H.

Bang 4.12: Bang chan |y ctia hop kénh 7451

L&i vao diéu khién | Chophép | Léira Lé6i ra
C B A G Y wW=Y
L L L L D, D,
L L H i, D, Dy
L | H L L D, D,
L H H L D, D,
H L L L D, D,
H L H L D, D,
H | H T L D, Dy
H H H L D, D,
3 X X i H

Pé tim phuong trinh logic ta chi ¥ dén cot céc 16i vao diéu khién va cot
16 ra.

Tir bang chan 1y ta viét dugc ham logic:

Y = ABCGD + ABCGD + ABCGD + ABCGD + ABCGD

+ ABCGG + ABCGD + ABCGD

wW=Y

Tir phuong trinh logic ta thdy dé thi€t k&€ bo hop kénh nay can dung: 8
mach AND 5 16i vao, 1 mach OR 8 16i vao va 4 cta ddo. So dé logic thuc t€
olia mach 7451 v& & hinh 4.23.

B6 hop kénh 1am nhiém vu chon loc s6 liéu D; nao dugc dua ra 161 ra, vi
vdy né cdn dugc goi 1a bo chon (Selector).
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Hinh 4.23: So dé logic cla vi mach hgp kénh 8 dudng 7451

4.4. BO PHAN KENH DEMUX (DEMULTIPLEXER)

4.4.1. B6 phan kénh logic
Chirc ndng ciia bé phdan kénh (Demultiplexer):

Bo6 phan kénh 12 mot mach logic t6 hop ¢é6 mét dudng vao va nhiéu dutm
ra dir liéu. Khac véi bd hop kénh, bd phan kénh lam chitc nang chon loc, truyl
dit liéu tir mét dudng vao dir liéu va dua dén cdc dudng ra riéng biét. Cling gifn
b6 hop kénh, bo phan kénh ciing c6 cdc dudng vao diéu khién dé chon 16i ra. 1d
vao dugce néi véi 16i ra nao 1a tuy theo té hop céc gid tri clia 161 vao diéu khién,

So d6 khéi mé ta chic nang hoat dong ctia boé phan kénh 4 16i ra dup
trinh bay trén hinh 4.24a.
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Hinh 4.24; S dé khdi (a) va so dd logic (b) clia bd phan kénh 118i vao, 4 15 ra.

Tir so d6 khoi trén ta thidy bo phan kénh nay cé 2 ddu vao diéu khién la
A_B, mot 16i vao dit lieu D va 4 16i ra dit liéu duge ki higu la Y, Y, Y,, Y.
Ta cé thé 1ap bang chéan 1y biéu dién su hoat dong clia bd phan kénh dugc
uéu rén bang 4.13.

Tir bang chan 1y 4.13 ta ¢6 thé thiét 1ap cic phuong trinh logic cua b
phiu kénh. Ta cé phuong trinh logic cha bd phéan kénh:

Bing 4.13: Bang chan ly ciia bd phan kénh 1 dudng vao 4 dudng ra dir liéu

(B A [ Y[ Y. | Y, | Y, Y, = A.B.D
0| o D 0 0 0 =
Y, = A.B.D
Bt o3 0 D 0 0 ¢ s
1| 0 0 0 D | O Y, =A.B.D
] 1 0 0 0 D Y, =A.B.D

Tir céc phuong trinh logic trén ta xay dung duoc so d6 logic clia bo
phign kénh, né duge trinh trén hinh 4.24b. Hinh 4.25 1a céc ki hiéu cha cdc vi
mach phan kénh thudng gap trong thuc t€, IC74155 cé 2 boé phan kénh 1
dubng vio 4 dudng ra dir liéu. Hai 16i vao diéu khién chon kénh A,B dugc
diing chung cho ca hai bé phéan kénh. Mach 74138 1a b phan kénh 8 dudng;
74154 1a mach phén kénh tir 1 ra 16 dudng. Cdc mach phan kénh con duge
fiing lam mach giai ma, trong trudng hop nay dit liéu duge dua vao 16i vao
diéu khién, vi du nhu mach 74154 néu dir liéu dua vao céc 16i vae A,B,C,D
[emi nhi phan né s& trd thanh mach giai mi 4 ra 16.
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Hinh 4.26: So d& logic ctia mach gidi ma, phan kénh 74L.S1 38
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Trén hinh 4.26 trinh so dé logic clia vi mach 74L.S138.

Mach c6 thé ding nhu bo phan kénh mot dudng vao dua ra 8 dudng
¥ Y, Yy, ...Y,. Céc chi 86 0,1,2,...,6,7 clia cédc kénh ra tuong tng vdi t6 hop
edebit nhi phan & 181 vao diéu khién chon kénh A ,B,C.

Khi ding IC 74L.S138 lam bd phan kénh thi céc 18i vio cho phép
B,G;:4.G,p duoc dung 1am 16i vao dir liéu (data).

Neéu dung mach 74L.S138 lam mach giai m4, chi cdn méic thém mét cita
diovio 161 vio cho phép 1a ta c6 thé cé thé c6 duoc bo gidi ma dén 32.

442 Hop kénh va phan kénh tuwong tr ho CMOS (Analog
Multiplexer / demultiplexer)

BO hop kénh va phan kénh tuong tu ¢6 chiic nang twong tu nhu bo hop
kenh va phan kénh s6 ta di khéao sat & trén. Tuy nhién giita chung ciing ¢o
mhifing diém khdc biét nhu sau:

Pién dp vao va ra ctia hgp kénh tuong tu 1a tin hiéu tuong tu, né cé thé
Bi€n thién lién tuc theo thoi gian tin hiéu ra giéng hét nhu tin hiéu vao. Bo
hgpkénh s6 va phan kénh s6 c¢6 tin hiéu vao va ra déu tuong ing véi s6 nhi
pnan, n6 chi c6 hai mifc gia tri dién ap.

Trén ciing mét mach hop kénh tuong tu ta c6 thé 1am mach phan kénh
miong ty bang cdch hodn déi ddu vao thanh diu ra va ddu ra thanh diu vio.

Doi v6i hop kénh s6 ta khong thé 1am nhw vay. Hop kénh s6 va phan
kenh s6 ¢ cdu tric riéng biét. Trén hinh 4.27 trinh cu tric so dé khéi ciia
b hop kénh tuong ty cé 4 dudng vao dit lieu. N6 gém cdc chuyén mach
wong tu duge ghép noéi véi nhau c6 cic ddu vio riéng biét con ddu ra ciing
hop nhit vé mot dudng.

Viéc diéu khién déng ngét cic chuyén mach tuong tu nhd cic tin hiéu
ldy tr bo gidi ma dia chi kénh. D€ hi€u rd hoat déng cia bo hop kénh tuong
1, trudc tién ta cén khao sét cdu tnic va nguyeén Ii hoat dong clia bo chuyén
mach tuong tu hay con goi la bo khod tuong tu.
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Hinh 4.27 cdu tric cua bd hop kénh tuong tif

4.4.3. Bo kho4 tuong tu diéu khién bang logic

Trén hinh 4.28a trinh cau tric, so dé nguyén li cia mot chuyén mach
twong tu thuéc ho logic CMOS. Chuyén mach tuong tu la mot khoa dién ti
6 hai 16i vao A, C va 16i ra B. C 12 16i vao diéu khién. Khi dién ép & 16i vio
diéu khién:

V.= Hthi T,, T, thong mach: A duge ndi véi B.
V=L thi T, T, bi cdm: A dugc ngit khoi B.

Bo khod tuong tu & day khdc véi bo khod logic. 3 bo khoa logic, il
hiéu vio va ra déu la tin hiéu nhi phéan chi ¢é hai muc dién ap c6 dinh. Trong
bd khod tuong tu thi tin hiéu 16i vao va ra déu 1a tin hiéu tuong tu va tin hig
ra phai bao dam hoan toan giong hét nhu tin hiéu & 16i vao ca vé bien do, tin
s@, pha va dang cuia tin hiéu.
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N6i cach khac, bd khoa EI.ID‘ng tu phai ¢6 tinh chat nhu bo khod co hoc
mele. va phai c6 téc do déng ngat nhanh ma cic bd khod co hoc do quan
tiiin:16n khong thé iam viéc dugce véi tdn s6 déng ngit cao.

Chirc nang cia khoa twong tu gidng nhu cong tic dién co khi, ta ¢é thé
hodn vi hai ddu vao ra dir lieu A,B nhu la cong tic co khi.
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Hinh 4.28a: Khoa dién tdr

Cdc théng s co bdn ciia bé khod tuong tu

Bg khoa tuong tu ¢6 cdc thong s6 co ban la:

- Téc d6 chuyén mach hay tdn s& lam viéc. Tdn s6 truyén cao c6é thé lén
dén 10 MHz.

- Dién tro thong mach Rgy nho, dién trd ngit mach R 16n.

Dé dim bdo yéu cdu trén, ngudi ta thudng thiét k& bo khoa tuong tir dua
wén co s& Transistor trudng JFET hodc Transistor MOSFET.

So d6 nguyén ly va ky hiéu cia chuyén mach tuong tu ho CMOS

I'rén hinh 4.28b trinh so d6 nguyén 1y va ky hiéu cta vi mach chuyén
mach twong tu CD4016 thuéc ho CMOS. Vi mach nay ¢6 14 chian ¢6 4 bo
khod twong tu, chan 7 la dat (GND), chan 14 14 chan nguén nuéi V. Vi
mach thuéc ho CMOS nén ¢6 thé nuoéi mrach tir 3 dén 12V. Chi ¥: D& mach
i viéc duge binh thudng thi dién dp dua vao cdc chan khéng duge 16n hon
dién 4p nguén. Mach c6 cédc théng s6 nhu sau: dién trd 16i vao cuc cira vo
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cung 16n: 10'2€2, tin hiéu dicu khién hoan toan cach li v6i tin hig¢u truyé

R 30002, Ry VO cling 16n, dong qua cong tic khi ngat mach: 10pA.
Mach c6 thé truyén céc tin hiéu tuong tu va tin hiéu s6 cé bién do dinh

cuc dai Vg, 100 Vg = +7,5V khi nguén nuéi mach Vpp Vs = 15V.

T Von

|
b

=t _IL—J_“ _J;ﬁj S

Hinh 4.28b: So dé nguyén Iy va ky hidu chuyén mach tuong ty CD4016

4.4.4. Cira dém ba trang thai ho CMOS

DE c6 thé so sanh su khdc biét gifta chuyén mach tuong ty voi chuyé
mach logic, trén hinh 4.29 trinh so dé nguyén 1y cha clra dém ba trang thi
¢6 chic nang nhu mot khoa chuyén mach logic (khod dién tir ding che
mach logic). Tir so dé hinh 4.29 ta thdy khi dat muc dién dp cao vao chin
cho phép:

EN (Enable) =H

Hai transistor T, T, déu théng mach, cuc S cha T, dugc néi l&
nguén con cuc S cua T; duge néi xubng dat, hai transistor T, va T, &
thanh cita ddo. Mach gém hai cira ddo mac noi ti€p twong duong nhu ci
dem ta c6: Y = X diéu nay tuong duong nhu chuyén mach dién tir & trang
thai déng mach. Khi chan EN dat & mitc dién dp thip: EN =L. Ca hai T\¥
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T,cdm, T,, T, ngat khoi nguén va dat, 16i ra cé trd khang cao, diéu nay tuong
duong nhu chuyén mach dién tir & trang thdi ngit mach.

VDD
‘{>3—‘|ffj » X ta
EN
P
X [
b |
-

— 07 Ot

T,
T3]
LTs)
Tyl

2 x4

%IJ
Hinh 4.29: Cira dém 3 trang thai ho loegic CMOS

Nhitng éing dung cia chuyén mach tuong tu:

Chuyén mach tuong tr ngoai vi¢c diing 1am cdc bo hop kenh, phan kénh
tin hi¢u s6 va tin hieu tuong tu, né con duge ding trong cic mach diéu ché,
@ai di€u ché, bién ddi A/D, D/A.

Chuyén mach tuong tu con dugc ding trong cdc mach diéu khién s&:
di€uknién tin s6, pha, dién tr& va hé s6 khuéch dai ctia tin hiéu tuong tur.

44.5. Cac vi mach hop kénh tuong twr c6 trong thuc té&

e R S
X1 - ) 13 1
i: %2 33— X1 X = 2 15
P e T o T
X X3 Y1
% 1 s “
| X6 —{ T 5 53— 2 z
x7 = Y1 Y Z1
=8 INH S E 5 InH
5 B E ] o F I i
lﬁ 10 10
s 12 4051 T 1% 4052 5 |2 4053
! lvm z VER 7 {vms

Hinh 4.30: Ki higu cac IC hgp kénh tuong ty CD4051, CD4052, CD4053
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Hinh 4.30 gi&i thigu cdc ki hiéu mot s6 mach hgp kénh, phan kénh
wong tu thudong gap trong thyc (€.

Céac vi mach nay déu thuoc ho CMOS, vira 12 hop kénh vira la phin
kénh. Cdc dudng vao ra déu cé thé thyc hién theo hai chiéu.

IC CD4051 14 bo hop kénh, c6 8 dudng vao dir lieu 1a: X, Xi.-oh B¢
X,, mot dudng ra chung 1a X. Ba dudng dicu khién chon kénh la: A, B,C
Pudng diéu khién cdm INH (inhibit) ngan chin khong cho dit lieu ra, Mach
CD4051 c¢6 thé 1am bo phan kénh khi d6 ddu ra chung X trd thanh ddu vio
chung con céc diu vao X,,.., X; trd thanh céc d4u ra cia bo phin kénbh.

IC CD4052 c6 hai bé hop kénh 4 dudng. Bo thit nhét cé cac dudng vio
dit lieu 1a X,....,X,, dudng ra chung la X. B¢ thit hai c6 cdc 16i vao la Y.
Y., 16i ra chung 13 Y. Ca hai bo hop kénh nay déu c6 chung 2 dudng diér
khién chon kénh A, B va dudng diéu khién INH.

IC CD4053 ¢cé 3 bo hop kénh hai dudng vao mot dudng ra va mot idi
vao diéu khién chon kénh riéng cho timg bo. Bo 1 c6 16i vao dicu khién chen
kénh 1a A hai 16i vao dif lieu 1a X, X,, 16i ra chung 1a X. B6 2 c6 16i vao di&
khién chon kénh 12 B hai 16i vao dir liéu la Y, Y, 161 ra chung 1aY.Bo3d
16i vao diéu khién chon kénh 1a C hai 16i vao dit ligu 1a Z,, Z,, 16i ra chun
la Z.

Ca ba bo hop kénh chi cé chung nhau 181 vao INH.

Cdu tric ctia cdc bo hop kénh tuong tu:

C#u triic ciia cdc bo hop kénh néu trén trén hinh 4.30 déu gidng nhas
né cé cac chuyén mach tuong ty ghép song song ddu ra chung duoc néi hg
nhat lai véi nhau thanh mot dudng. Viéc diéu khién chon kénh dugc &
thanh tir hai khéi: chuyén déi muc logic va giai ma dia chi kénh tao ra it
xung diéu khién déng ngét chuyén mach tuong tu.

Trén hinh 4.31 trinh so dé khéi mé ta cdu tric cha vi mach 4051 i
hop kénh tuong tu 8 dudng vao mot dudng ra da dugc gidi thiéu & trén. Nbi
khdi chuyén miic 1ogic ma tin hiéu & cdc 16i vao diu khién chon kénh vkl
vio INH c6 thé 1a cdc tin hiéu tuong tu bit ky cé bién dé V,, nam tron
pham vi dién dp nguén Vg Vpp: —Vee< Vi, < Vi

Vi du: néu ta nudi mach bing nguén Vp, = +5V, Vg = 0V, Ve = -5
thi céc tin hiéu tuong tu ¢ gid tri tr —5V dén +5V déu c6 thé dicu khiénch
16i vao s6. Nguén nudi Vpp — Vi hoan toan déc lap véi ngudn nudi mah
logic CMOS Vi, V.

100



Néu ta diing nguén Viop = +5V; Vg = Ve = 0V thi cée tin hiéu tuong
dua vao cdc 16i vao diéu khién c6 gi4 tri nam trong pham vi OV< Vi, < +f
déu c6 thé diéu khién chon kénh.

Vbp Xy Xg X5 X, XaXa X, X
(16] Ty Tz s Tor Tozihs) Toa o3
e
O"":'.r_l
1
A ol I —a=T O
01 = — ] %
P Chuyén Giaim3 I—a-"f"u — =
o) — [ S (31
mite 18gic dia chi kénh [
c = 3 o-T o
&l L___i__i
NH il =T o
(&) | | .
e
o T—— 15
Vg V;;a CD40518M/ CD40S18C
Hinh 4.31: Sg d8 khai cia bé hop kénh tuong tur 4051
4.4.6. Nhitng trng dung cuia hop kénh va phan kénh
}":1 \ r’///" Y1
L 2
Ngudn = BUS T Mdinhan
o ligu MU = ——— DEMUX o7 lidu
e \[\1 lfN
Bigu khifn kénh Bidu khifn kénh
truyEn d7 ligu nhén di ligu

Hinh 4.32: So d6 mé hinh chon va truyén s6 ligu
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C4c ha phan kénh con duoce ding d€ gidi md, ta sé€ gdp ¢ phén sau. L
day ta néu ra mot ting dung cu thé clia bo hop kénh va phan kénh trong sc dé
chon va truyén sé liéu theo md hinh néu trong hinh 4.32.

So dé hinh 4.32 cho chiing ta thdy tir nguén s6 liéu X, X, .... X, bd hgp
kénh s& chon 1 trong cic s6 liéu dua 1én BUS dé truyén di. 3 didu kia clis
BUS, noi nhan s6 liéu bo phan kénh s& diéu khién s6 liéu dén 1 noi nhan xd
dinh Y, nao dé.

Bai tdap thuc hanh:
1/ IC 7450 142 mach hgp kénh 16 dudng. Hay thiét lap bang chén 1y cia
b6 hop kénh nay.

2/ Khao sit hoat dong lap bang chan 1y cta vi mach hgp kénh tuong i
8 dudng ho CMOS 4051.

3/ Dung chuyén mach tuong tur 4016 (so d6 logic hinh 4.28b) va 402
12 mach khéng hoac 3 161 vao ¢é ki hiéu logic dugc trinh & hinh 4.33 ta
thanh bo hgp kénh tuong tu 4 dudng vao dix ligu.

4/ Dung vi mach 4025 tao thanh:

- hop kénh 4 dudng vao dit liéu;

- phan kénh 4 duong ra dit liéu.

5/ Néu nhimg ttng dung ciia hop kénh, phan kénh trong k¥ thuat diént
va vién thong.

IClA IC1B IC1C
4025 4025 4025

Hinh 4.33: Ki hiéu logic IC4025

4.5. CAC MACH MA HOA VA GIAI MA

4.5.1. Mach ma hoa (Encoder)

Mady tinh dién tir chi ti€p nhan théng tin duéi dang nhi phin (dng vd
mot trong hai trang thdi O, 1), vi vay cdc s6 liéu, cdc 1énh cho mady tinh thue
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hign déu phdi dugc ma hod dudi dang nhi phan, méi chit s6 thap phan déu
duge bidu dién bang mot tr ma nhi phan 4 bit.

Mot diéu rd rang la déi véi con ngudi thi ding he dém thap phan van la
thugn lgi nhat. Chinh vi thé€ ma trong ky thuat s6 va mdy tinh, nguoi ta
fdmg hay skt dung cdc bo bién ddi ma dé trao déi va xir 1y thong tin gilta
son ngudi va méy tinh, gitta céc khoi chifc ning trong mdy tinh. Chéng han,
48 dua 36 licu vao mdy tinh, ta can bién ddi ma thap phan sang ma nhi phan.
Ké qua tinh todn tir may tinh dua ra phai dugc gidi ma tir nhi phén sang thap
phan,

Trong mdy tinh va k¥ thuat 6, ngudi ta da ding rat nhiéu cac loal ma
¥hdc uhau. Trong gido trinh nay ta chi khao sat mot s6 cdc mach chuyén doi
md co ban nhat nhu mach chuyén déi ma tir thap phan sang ma BCD, tir ma
ghi phan sang ma bl nhi phan, ma Gray V.V...

{. So d6 bién déi ma nhi phan sang ma bl nhi phan.

Trong méy tinh dién tt ngudi ta dung s6 bi nhi phan dé biéu dién s6
wun. nhd vy ma ngudi ta cé thé dé dang thuc hién phép tinh trir bang cach
gbng s6 bi trix v6i s6 bu clua so tru.

Theo dinh nghia, s6 bl nhi phan B ctia s6 nhi phan A nao dé la mot sO
ma khi cong v6i s6 nhi phan A thi cho ta mot s6 ma tat ca cac bit bang O va
mot s6 nhé bang 1 & bit cao nhat. Quy tic tim s& bl nhi phan nhu sau:

- Viét s6 d6 dudi dang nhi phan.

- Pao cic bit cha tir nhi phan.

- Cong thém 1 vao hang cd trong s6 bé nhit.

Dua vao quy téc trén ta c6 thé 14p dugc bang chén 1y cha bd bién ddi ma
¢6 chc ddu vio 1a Ay, A, A,, A, 12 ma nhi phan 4 bit, bén diu ra 1a 4 bit ma
b nhi phan By, By, By, B

Ta cé bang chan 1y trén bang 4.14. Tir bang chéan 1y ta tim dugc cic
phuong trinh logic bicu dién phép bién déi ma nhi phan 4 bit sang ma bi nhi
phan 4 bit. Hinh 4.34 1a so d6 logic bo bién déi ma nhi phan 4 bit sang ma
bi nhi phan 4 bit.
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Bang 4.14: Bang chan Iy bd bién déi ma nhi phan sang ma b nhi phan

So6 Ma nhi phén Ma bu nhi phan
tha
phﬁ?’l As A, Ay Ag B, B, B,

el el L BB i Tl el e [l e ) (o) (o) [e] [ ) [al fe]

Y g ] el =g =0 R BN N (VY NN I ST o)
bt | et | | et | (DN DD | D |t [t [t e | S| DO |
Pt | | DD [t | et | DD 1t ot [ D D= = | D | D
b | D bt | |t | D et | D [t [ [t [ D [0 |2 = [ D
(ol fevl lan] [an] [on ] Fan ) Fan QT [SSA) PUFY PR FUSFY FIFY FIRY FIIRS Fo
OO || = = | | D2 DD [ [ | = [ D
Q== IQIQ |~ |—|O|C|=|— |0 |O|~|~|T
e (=l =10 (=1 =] (=1 (=1 T = P = R o F W i o=

Phuong trinh logic b6 bién ddi ma :

B, = A,
B, =A,®A,

B, =(A,+A)®A,

B, =(A, +A, +A,)®A,

Hinh 4.34: so d5 logic bd bi&n d&i ma nhi phan sang ma bi nhj phan
Tur bang chan 1y van dung dai s6 Boole ta cé thé tim duoc cic phuong
trinh logic bi€u dién phép bién déi ma nhi phan sang ma b nhi phan.
Tir hé phuong trinh nay ta xay dung dugc so dé 16gic cia ham bién déi
ding cdc phan tir hoic tuyét déi va hoic.

2. So d6 bién déi ma nhi phan sang ma Gray
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Bang 4.15: Bang chan |y bién ddi ma nhj phan sang ma Gray

™ | A Ay A Ag G, G, G, Gy
0 0 0 0 0 0 0 0 0
1 0 0 0 1 0 0 0 1
2 0 0 1 1 0 0 1 1
3 0 0 1 1 0 0 1 0
4 0 1 0 0 0 1 1 0
5 0 1 0 1 0 1 1 1
6 0 1 1 0 0 1 0 1
7 0 1 1 1 0 1 0 0
8 1 0 0 0 1 1 0 0
9 1 0 0 1 1 1 0 1
10 1 0 1 0 1 1 1 1
11 1 0 1 1 1 1 1 0
12 1 1 0 0 1 0 1 0
13 1 1 0 1 1 0 1 1
14 1 1 1 0 1 0 0 1
15 1 1 1 1 1 0 0 0

Tir bang chén 1y ta ¢6 phuong trinh logic bi€n ddi tir ma nhi phan sang
ma Gray:
G,=A, DA,
G, =A, @A,
G,=A, @A,
Gomi
Tir phuong trinh logic ta c6 so dé logic bién déi tir ma nhi phan sang ma Gray:

A: | .
—) o—=a,
i —

Al. .G’:

Hinh 4.35: So d8 logic bé bi&n d&i ma nhj phan sang ma Gray
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Ma nhi phan rat thuén tién khi tién hanh tinh toan bing mdy tinh nhu
né ¢6 nhuge di€m 16n khi sir dung cho céc thiét bi do dac, trong dé cé si
dung cdc qud trinh qui do giira hai gia tri do k& ti€p nhau ciia ddu cim bién
Vidu nhu trong hé di¢u khién ty dong géc quay clia banh ring, hay hé thén
xdc dinh vi trf ca mét chuyén déng nao dé. Khi thong tin vé hai vi tri i
ti€p nhau dugc ghi nhin bdi ddu cim bién duge mi hoa dudi dang ma nlj
phan thi ¢6 thé gap trudng hop c6 cdc hang bit khdc nhau rat nhiéu, ching
han nhu hai vi tri 7 va 8 bi€u dién theo ma nhi phan tuong ting s& 1a 0111 v
1000. Trong trudng hop nay ta thdy cé su khdc nhau vé trang thai cia ca b
bit mic du hai vi tri cdn xdc dinh 12 k€ c4n nhau. Cic hé diéu khién tron
thoi gian thyc thudng c6 thdi gian tré khi chuyén trang théi tir vi trf ny san
vi tri khic trong khoang thdi gian qud d6 ngin ngii nay trang théi cla i
kKhong c6 ma s6 xdc dinh. Hé théng cé thé cho ra cic ma s6 1101, 1010
0110,..., cdc gid tri trung gian ndy khac xa gid tri ban ddu 0111 cling nliugii
tri cudi cung 1000. Diéu nay cé thé gy nén moét sai s6 trong phép do. Tau
thé khic phuc nhuge diém nay bing céch sir dung ma Gray.

Uu diém cllia md Gray so v6i ma nhi phan 1 hai s6 k& ti€p nhau, n&
bi€u dién bing ma Gray thi chi khdc nhau 1 bit c¢dn céc bit khic vin gi
nguyén. Vi vy, trong thai gian qud do tin hiéu ra cha he théng chi c6 thél
88 do cha vi tri ddu hodc vi tri ti€p theo ma théi, nghia 1a sir bat dinh di gidn
di rdt nhi€u so véi dung ma nhi phan.

3. So d6 bién ddi ma thap phan sang ma BCD

B& chuyén déi ma thap phan sang ma BCD cé 10 16i vao L, dén L, in
VGi cdc s6 tr 0 dén 9 cha hé 10 va 16ira A, B, C, D ttng véi 1 tix nhi phans
bit ma BCD.

Béng chan 1y ctia phép bién ddi thap phan sang BCD duoc cho trén bin
4.16:
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Bang 4.16.

B | s | Bl e | B | s | | B 13 | 8| B8 |8
olololojo|lo|lo|o|ofo]1 olo]o
1lolo|lo|lolo|o|lo|o|1|0o|0o]|O]|O]1
2/lo|lolojololo|lo|1|lo|o|lojo|1]|oO
slololololojo]1|o|o|lOo|O|O]|L]|1
4lolololo|lo|1|lo|lo|lo|lof{o]l1|{0O]foO
slolololol1|o|lolo]lo|lo|o]|1]|]0O]1
6lololol1]lolo|o|loflo]jo|lOo]L]|1]|O
7lo0lol1]lo|lolo|lo|lojo|lojO|1]1]]1
gslol1|o|lo|lojo|lojolo|oj1]|O0]|0O]|O
9|l1lo|lo|lo|olo|lo|o|lofjo|l1|O0|O]|1

Tir bang chén 1y ta c6 phuong trinh:
A=L +L;+L;+L,+L,
B=L,+L;+Ls+L,
C=L,+L.+L.+L,
D=L+ L

Tir hé phuong trinh trén, ta dé dang thiét k€ bd bién déi ma thap phéan

sang mi BCD bang cdc phén tir hoac c6 nhiéu 18i vao hinh 4.36. Tuy nhién,
frong thuc t€, ta thudng gap cac phén ti¥ logic co ban c6 hai 16i vao, do d6 O
day ta s& thi€t k€ bo bién ddi ma tir cdc phdn tir logic 2 16i vao.
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L&i vaao mé thép phéan L&i ra m&a BCD

lg LB Lz L3 L4 Ls Lg Ly Lg Lg 8 4 2 1
L DL CL BALA AL

e o "‘-lmf Tf' b 4 ki s e b

I__f'

VAVAY

|

Hinh 4.36: Sd dé logic bé bigén d&i ma thap phan ra ma BCD
D& tao mach hoic 4 16i vao, dua vao dinh luat De Morgan ta cé:

X +X, +X +X, =X, +X )+(X,+X,)=(X, + X, (X, +X,)

Tir d6 ta ¢6 so d6 logic ciia mach hodc 4 16i vao:
x‘:D‘L
— =
X4

4.5.2. Mach giai ma (Decoder)

Qua trinh nguge véi ma hod dugc goi 1a giai ma. Nghia 1a tir mét it
hop gid tri cia nhém ma n chif s6 hé 2 ta tim lai dugc 1 trong N ky hig
hoac s6 tuong tng vdi té6 hop dé. VE thuc chét, cdc bo giai ma ciingl
cdc bo bién déi ma, ching bién déi tir cic mi nhi phan, BCD sang mi
thap phan hay ma 7 doan. D€ xay dung cdc bo giai mai, chiing ta cé thl
ap dung phuong phap thi€t ké& logic chiing ta da 1am quen & céc tiét truly
dé tao thanh cdc bo gidi mi tir cdc phén tir logic co ban. Thuc t€ hién ny
ngudi ta khéng lam nhu vay, ma thudong ding cdc vi mach gidi ma cé sit
trén thi trudng. Trong muc nay chiing toéi s&€ gidi thiéu cdc vi mach nis
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dé ban doc c6 diéu kién ndm viing dugc nguyén tac hoat dong cia cic
mach ndy, dé dang dung dugc chiing.
4.5.2.1. Gidi mda BCD sang thdp phdn

Bo gidi md BCD sang thap phan cé céc 16i vao A, B, C, D; cdc 16i ra la
L,, L, ... L, biéu dién cdc s6 thap phén tir O, 1 ... 9. Bang chan 1y cho trén
biug 4.17. Mdi L, = 1 mot 14n & dudng chéo bang, con lai 12 bang 0 ca.

Bang 4.17: Bang chan ly Gidi ma BCD sang ma 10

g e B oA U s | des B | B | B | T | 8 Pl Bs
olololo|l1]lo]o|lolo|lo|o|lo|o]|o
olo|lol1]lo|l1|lo|lof|olo|lo|lo|o]|o
vlo|l1lololol1|lofjololo|lololo
olol1|1lo]lolo|l1]o|lojo|lo|oOo]|oO
ol1lo|lololoflolo|1|]ojo|lo|o]|oO
0ol1|0|l1]lo]lo|lo|o|lo|l1]|of|olo}o
ol1|1lolololo|lo]lo|lo]|]1|o|o]|oO
ol1 |1 |1]olo]lo]lolo]l]o|lo|1]|o]oO
1lolo|lolo]lo|lo|o|lo|lo|o|lo|l1]|oO
ilolo|l1|lolojolololo|lololo]f1

Tir bang chan 1y ta cé thé suy ra phuong trinh logic ctia bo giai ma: Tir
ham logic, ta c6 thé xay dung so d6 giai ma nay khi ding 4 mach NOT va 10
mach AND 4 161 vao.

L,=ABCD L, =ABCD
L, = ABCD L, = ABCD
L, =ABCD L, =ABCD
L,=ABCD L, = ABCD
L, =ABCD L, = ABCD

So dé bo tri mach nhu trén hinh 4.37.
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Léi vao mé BCD LBi ra mé thép phan

D C B A LnL1L2L3L4L5L5L;rLaL;

‘ alalalala’ala’s

Hinh 4.37: So d& mach giai ma BcD sang ma 10
Mach gidi ma nay c6 thé xay dung tir céc mach NOR. Muén vay, tali
lam phép ddo 2 14n céc ham logic L, r6i ding dinh 1y De Morgan chuyénd
phép nhan logic thanh phép cong logic ta duoc:

L,=ABCD=A+B+C+D
L,=ABCD=A+B+C+D
L,=ABCD=A+B+C+D
L,=ABCD=A+B+C+D
L,=ABCD=A+B+C+D
L,=ABCD=A+B+C+D
L, =ABCD=A+B+C+D
L,=ABCD=A+B+C+D
L,=ABCD=A+B+C+D

]

L,=ABCD=A+B+C+D

k]
Tir ham logic ta thdy dé€ lip mach gidi ma nay cdn ding 4 mu
NOT va 10 mach NOR 4 16i vio va sg d6 logic clla bo gidi ma dug
trinh trén hinh 4.38.
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Léi véo ma BCD L&i ra m# th&p phan
D C B A Lg Ly L Lla Ly Ls Lg Ly Ls La

AALARLLLL

|
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Hinh 4.38: Sd do logic cua bé giai ma tr ma BCD ra thap phan
ding cac mach logic ¢d ban NOR va NOT

Céc vi mach gidi md c6 trong thuc t&€ nhu 7442, 74142, 741.542, 7445,
74145 cdc vi mach nay c6 16 chan c6 4 16i vao A, B, C, D va 10 chan 16i ra
%c dong thdp O, 1, 2... 9. So d6 nguyén li va ki hiéu chan ciia cic IC nay
dwge trinh trén hinh 4.39. Céac IC nay tuy c6 ki hiéu khdc nhau nhung déu c¢é
eiing mot so d6 16gic va ki hiéu cdc chan gidng nhau, chit s& ghi trong ngoic
1d ki hiéu cdc chan cta IC.

Lbivao ma BCD L&i ra méthap phén
2 C B A L L L G s Tt b @ e
| | I ] |

et
-
=
>CL“DE

7442, 74L42, 741542, 7445, 74145

Hinh 4.39: So d& logic cua céc IC 7442, 74L42, T4LS42, 7445, 75145
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4.5.2.2. Gidi ma BCD sang ma 7 doan

Ma nhi phian BCD duge chuyén sang thap phan va hién thi cdc s8 thap
phan bing 7 doan sdng. 7 doan sdng niy ¢6 thé 1a LED (hoac tinh thé 14ng
tng vdi mébi t6 hop xédc dinh céc thanh sdng s& hién thi cho ta mot chit s6
he 10.

Hinh 4.40 mo6 té cau tric cla den hién thi s6 7 doan ding dist phil
quang, cdch ki hiéu cdc doan bang cic chit cdi a, b, ¢, d, e, f, g. Bdy doan
7 diot phat quang

a b G d e { =] - i . =
3 3 b ¥ b b b
e s i 3 3 . »
- = <] b [ d e t g
=1 o/

Hinh 4.40: C4u tric cua chi thj s& 7 dean ding dén LED

Cic LED mau dé s¢ phdt sdng khi dién dp giita an6t va cat6t 1al,6V
lwrong tng vGi dong qua diét ia SmA. Cdc deén chi thi s6 diung LED phat dnh
sang mau xanh can dién dp gilta anot va catét cao hon c& chimg 2,5V dén
3,5V. Ngoai 7 LED tao ra 7 doan sang diung dé biéu thi mudi chit s3, cdc dén
chi thi s6 con c6 thém mot dist phat quang niva dé tao ddu cham thap phan.

Khi ché tao dén chi thi s6 ngudi ta da néi chung cdc andt clia cic didt §
trong v6 va dén ra bing 2 16i ra chung hinh 4.40c. Bo giai ma 7 doan dung
vGi dén chi thi ndy cé céc 16i ra hoat déng & mitc thdp 16i ra clia bo giai mi
dugc néi véi catdt cia cdc didt qua dién trd han ché dong. Cuang c6 loai dén
chi thi 7 doan khi ché€ tao nguoi ta di noi catot chung vd&i nhau dé dung cho
cdc vi mach gidi ma cé cdc 16i ra hoat dong & mitc cao. Su hién thi mudi chi
s0 thap phan bang den LED 7 doan chi thi s6 dugc minh hoa trén hinh 4.41,

J I Y I 1 ey
l_lf| el

d
D

M a
sl s |1 Ib (| c.alh fl_lb
o N N R T R
d d d d
g 5 B F 8 g

a
g
—
r
2

1

Hinh 4.41: Sur hién thj cac chir s& thap phan & trén dén hién thi s& 7 doan

Tir hinh 4.41 chiing ta ¢6 thé thié€t lap duge bang chan ly chia bo gii mi
tr BCD ra ma 7 doan, bing chan 1y nay dugc néu trén bang 4.18, trong dé
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cdc gia tri 6 hop bién 16i vao A, B, C, D duge viét theo ma BCD va cdc gid
ri cia 16 hop cdc ham 7 thanh sdng a, b, ¢, d, e, f, g & 16i ra duoc thiét 1ap
heo sur hién thi 10 chit s6 thap phan néu trén hinh 4.41.

Bang 4.18: Bang chéan Iy ciia bé chuyén ma BCD sang ma 7 doan

D C B A a b c d e f g
0 0 0 0 1 1 1 1 1 1 0
0 0 0 1 0 1 1 0 0 0 0
0 0 1 0 1 1 0 1 1 0 1
0 0 1 1 1 1 1 1 0 0 1
0 1 0 0 0 1 1 0 0 1 1
0 1 0 1 1 0 1 1 0 1 1
0 1 1 0 0 0 1 1 1 1 1
0 1 1 1 1 1 1 0 0 0 0
1 0 0 0 1 1 1 1 1 1 1
1 0 0 1 1 1 1 0 0 1 1

Nhin bang chén ly 4.18 ta thdy rang gid tri cha 7 ham a, b,.... g ¢6 gi4 tri
lamuc 1 thi cdc thanh LED phét sdng, bang chan 1y ndy tuong tng véi cic vi
mach gidi mé c6 16i ra tic déng & mirc dién 4p cao. Tir bang chan 1y ta c6
thé vi€t dugc cdc ham logic va xay dung dugc so d6 logic cho mach giai ma
nay tir cdc cira logic co ban. D6 1a rén nguyén tac, con trong thuc t€ ngudi ta
da ché€ tao sdn cdc vi mach dé gidi ma nhi phan ra 7 doan. T6t hon hét 1a
chiing ta hay tim hiéu va sir dung chiing.

Cdc vi mach giai ma 7 doan

Cac vi mach 7448, 741548, 7449, 741.849 1a céic IC gidi ma 7 doan ¢é
16i ra tdc dong & mifc cao, ta ¢6 thé dung chiing dé gidi mi tir ma BCD ra
thip phan. Quy luat hién thi cdc chir s& thap phan clia cdc vi mach ndy vé co
bdn giéng nhu hinh 4.41, chi khédc déi chiit 12 s6 6 khong ding thanh a va s6
? khéng dung thanh d.

Cac mach giai ma 7 doan 7447A, 74147, 74847 14 c4c vi mach 16 chan,
36 6 va s6 9 chi c6 5 thanh sidng gidng nhu 7448,7449. Vi mach ¢6é 16i ra tic
1ong thap (muc 0) nén dén chi thi 7 doan c¢6 anét chung. Trén hinh 4.42 gidi
hiéu cdch méc cdc vi mach gidi ma véi den LED 7 doan
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Hinh 4.42: Sd dé mac IC giai ma 7 doan vdéi dén LED chi thj

Mach giai ma MC 14495 ciing la giai mi nhi phan ra 7 doan. Vi mach
16 chan, c6 16i ra tdc dong cao (muc 1) nén dén chi thi 7 doan cé caidl
chung. S6 6 va s6 9 c6 6 thanh sdng, cdc sd thap phan: 10,11,12,13,14,1
duogc hién thi gidng nhu cdc chit s6 trong hé thap luc phén .

Trén hinh 4.43 minh hoa su hién thi cia cdc dén chi thi s6 theo ma7
doan khi né dugc dung vdi mach giai ma MC14495

n u a . a ]i a a a a a
fllh lell slel slefflalelils il g _Ihf bl ] g o
EI IC lc e C c cile c I:: e c c
d d d d d d d
0 1 2 3 4 5 B 7 8 g

a a a a
f bl flg 1l_ g lb|lt} g ]l g
1= Clle - EI =] cCile B
d d d d
10 1 12 13 14 15

Hinh 4.43: Sy hién thi cac chir s& cia IC MC14495

4.5.2.3. Gidi md Johnson sang thdp phan

Bo giai ma Johnson c6 céc 18i vao 12 mot té hgp 5 bit ma Johnson, 16id
la L, L,, L,,....Ly, Ly tuong iing mudi chif sé tir 0 dé€n 9 cia hé thap phéan.

Bang chan 1y clia b giai ma nay duoc néu trén bang 4.19.
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Bang 4.19: Bang chan ly cla bd gidi ma tir ma Johnson ra thap phan

S5

;k;ﬂ.ﬂg It & | B 5 | T g | By | L | L | g | Ls | L | By | L | Ls
o |lolo|lo|lo|lo|l1]|]o]o|lOo|lOoO|lO]|]O|O O[O
1 |1L|lojo|lo|lo|lo|1]Oo|lOflO]|]O]JO|]O]|O|O
2 |1|{1|lojojolOojlOo|1|O0|O|O|O|O]|O]|O
s |1fl1]1lo|lolofofloOof1]jOjO]OjO]|O]|O
4 (1]l1]1|1lo]lOo|lO|O|O|1]O|J]O|O]|O|O
5 |1|1f1]1|1j0]J0o}jOjOfO|1]O]|O|O]O
6 !lol1l1]l1|l1l0o|lO]|O]J]O|O]|O|]1|[O]|0]|O
7 lolol1flt|{1j0o|lo|lofo|lOjO|lO]1]O]O
8 |olojoflyl1|lo]|Oo|lOo]O|O|O|O|O|1Ll]|O
9 |lojlolo|lo|1|lofo|ofO|jO]jO]O]O]|O]|1

T bang chan 1y 4.19 van dung dai s6 Boole ta c6 thé vié€t duoc cac
phuong trinh logic 18i ra cia bo giai ma. Ciing theo phuong phédp dd néu &
muc 4.1 ta vié€t phuong trinh 161 ra 1a tdng cdc tich cta cdc bién 15i vao cé
gid tri bang 1, nhung & day chiing ta cdn luu y mét di€ém dac biét d6i v6i ma
Johnson, ddng 1€ ta phai thuc hién phép nhan déi véi té hop 5 bién ta chi can
thue hién phép nhan déi vdéi té hgp 2 bién dac trung cho moi s6 thap phan.
Trén bang 4.16 cic con s6 ditgc gach chan 1a t6 hop bién dac trung cho timg
con sO.

Vidu: J, =0, J, = 0 1a 1 hop bién dac trung cho s6 "0", n6 khong xuat
hién & cac con s6 khdc. J, = 1, J5= 1 la t6 hop bién dac trung cho s6 "1", chi
¢6s6 "1" méi c6 18 hop bién niay. Nhu vay, néu ding cdc t6 hop bién dic
tnmg ta c¢6 thé viét phuong trinh 16i ra don gian hon nhi€u. Ta tim dugc céc
phuong trinh 161 ra cha bd giai ma.

Tit cdc phuong trinh 16i ra ta 6 thé xay dung so d6 logic ctia bd giai ma
hinh 4.44.
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Hinh 4.44: So dé logic bd giai m3 Johnson ra thap phan

Ta c6 thé tao duoc bd gidi mi tir cdc mach NOR hai 16i vao va NOT
Mu6n vay ta vigt ham logic cho cdc L, 16i ra, 1am phép dao 2 lan roi ding
dinh 1y De Morgan chuyén cdc phép nhan logic thanh cdc phép cong logic
Ta duoc:

L,=JJ1. =] +]J, = 0 (s
L =)) =7 +7, L, =31, =1+J
L,=1J1,=7+7, L =TJ,=1,+7,
L,=J,J,=7,+J, L,=7J,=1,+7,
L,=JJ =T,+J, L=J) =) 47,

Tir ham logic nay ta cé thé xay dung bo gidi ma Johnson ra thap phan
ding 10 mach NOR 2 16i vao va 5 mach NOT. So dé6 logic cha bd gidi ma
nay dugc trinh trén hinh 4.45.
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Hinh 4.45: So dé logic clia bd gidi ma Johnson ra thap phéan ding NOR va NOT

Trong trudng hop dung mach NAND va NOT 1am bd giai ma. Ta co
bing chan 1y cha bo giai mad dugc néu trén bang 4.20. BO giai ma nay c6 161
ra hoat dong & muc logic thap.

So dé logic ciia bo gidi ma dugc trinh trén hinh 4.46 .

S5 1] \ \_\___\_\_\_\_\_\_\_'1
thap | 7, | J, 13] L i | L | b | L | L |L|L|L|h|h L,
phan

clololololal ol 1t {1 1 1 1 1 1 1 1
1 |1|0]0jO0fO]1]|]O0]|1 1 1 1 1 1 1 1
2 11]1]0]10]0] 1 116 ] 1 1 1 1 1 1 1
3 (1]1}(1|]0(0]| 1 1 1 101 1 1 1 1 1
4 |11 |1{1]10]1 1 1 1 10} 1 1 1 1 1
S5 ({11111} 1 1 1 1 1|01 1 1 1
6 (0111|111 1 1 1 |1 11011 1 1
7100|111 1f1 1 1 1 1 1 1|10 |1 1
g |0(f0O|0Q|1|1]1 1 1 1 1 |1 1 1101
9 |lofo|lOojO|Ll]1 1 1 1 1 1 1 1 1[0

Bang 4.20: Bang chuyén ma Johnson sang ma 10 ding NAND
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Hinh 4.46: Sd d3 mach giai ma Johnson sang ma 10

4.6. CAC BAI TAP THUC HANH

1/ Nghién ctru hoat dong ciia bo bién déi ma nhi phan 4 bit sang mi
Gray 4 bit. Kiém tra bang chan 1y cha bo chuyén déi mi. So dé mic mad
ctia bd chuyén déi mi dung vi mach XOR hai 161 vao 74L.S86.

2/ Nghién ctiu hoat dong clia bo bi€n ddi ma nhi phan sang ma bi nli
phan. Ding mach NAND 74LS00 tao thanh bo bi€n d6i mé nhi phan 4 b

sang mi bl nhi phan 4 bit.

3/ Cho hai loai vi mach 74LS00 (NAND 2
161 vao) va 741.S02 (NOR 2 161 vao). Trinh so dé
mac mach chuyén déi ma thap phan sang md
BCD dung hai loai vi mach trén. So dé t6i uu
diing hét 2 mach 7402 va 1 mach 7400

4/ Xac lap bang su that cua vi mach 74141
¢6 ky hiéu nhu hinh 4.47 & bén.

Trén hinh 48a gi6i thiéu ki hiéu cla cac
mach logic t8 hop diing dé bién déi ma, giai ma.
Ciac IC dung dé tinh todn, so sdnh s6 hoc, ALU
dugc trinh bay trén hinh 4.48b. Can cif vao céc
ki hiéu chan chia cdc vi mach nay ta cé thé xdc

lap bang chan 1y, chiic nang clia cac vi mach nay.
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4 4
5 5
4543
0 o 3 al2
1 1 z »LLO
z Z 1 ol
3 ] 0 d,].z
LLD ed-':l
281 £1L5
SpH g4
Vee=16, GND=8 Veoe=16, GND=B

7445
gspll BL]
Q8pi0 Qa
a7p2 07
QspL 06 o
HE 33 ]
1 12a3 g3pa 14 Q3 s 2
1 130a2 gzpp2 14 Qz a
14 141 0l 13 Qiik4 - 3
1 130 ool 10 go ﬁ g
13lS
Vee=16, GND=B if g
194w 1opll
74148
74147 sole? 4 Esbla laggs  Toplo
OxT9 74155 74139 B
2018 417 HEa 3apd 3 03382 =
4417 a3pld 3dTe AZE 20Ea zap2 FAla 02a 2qta &
3adIe AZ 20T 5 Allo2 1apf LGAUB Ulaﬁ Zlaz 5
&dIs Al 114 Aop2 21 oap? Ka Q0apd 22y 4
idTa AD 13413 130 3bpiZ | o Q3bp? . 2340 3
3013 124tz 2ppll 13aib Qzbpld 3
2472 11471 b e o lbolUlSGAUb len-l-z 1
471 10410 EoklS l=cEb Dbjp2 Eb QObpl )
Vee=16, GND=8 Vcc=24 GND=13Z
Hinh 4.48a: Cac IC ding dé bién déi ma va giai ma
74283 74HCZ283
LZlag 1 1 Py
Léna 1 1 g
a2
1 10 110 4|10 5
LA 13 1 473 1IR: 33 3
laB3 2k 1 1l 1283 1 6
Znz 1jg 4 2 4 gl
&B1 1
AcinCout? nCoutl2 2 14 l3cinCout
Vece=16; GND=8 Vece=5; GND=12
lsAaqsss 1
74LS65 ]
Lolag TA<BZ 1 =
LAnz Ta=BH 1 =
Leal TA>Bi% 1 7 8
LQlx g 1 & 70
IB3 3 o
L4z A<B[Z 1 7
Limy =Bl& 1 5
S¥s0 A-B

‘Vee= 24; GND=12
4 bit ALU

Hinh 4.48b: Cac IC dung cho tinh toan, so sanh sé hoc
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Ta ciing c6 thé x4c 1ap bang chan 1y va kiém tra chic nang céc vi méch
nay bing thuc nghiém. Sau day xin gidi thi¢u moét s6 panen thi nghiém do
gian ban doc c6 the tu lam dé tim hiéu chic nang cta cic vi mach nay. Ch
panen thi nghiém nay duoc thiét k& dé c6 thé 1am thi nghiém mo phéng tita
mdy vi tinh véi su trg gitp cha chuong trinh phdn mém Circuit Maker.

5/ Trén hinh 4. 49 1a mét panen thi nghiém ding dé tim hiéu chic ning
cla vi mach 74147. Trong so d6 nay dén LEDI1 chi phat sang khi 161 ra cln
vi mach & mic thdp. Céc cong tdc nhdn duoc duoc néi véi céc 16i vao clia v
.mach, khi khong 4n cong tac thi cdc 16i vao dé hé ching dang & mic logic L
Khi an cong tic thi 16i vao duge néi dat, 16i vio & muc logic 0. Hay ding
panen thi nghiém nay dé x4c dinh bang chan 1y cfia vi mach va cho biét chis
nang ctia vi mach nay.

6/ Trén hinh 4.50 12 mét panen thi nghiém ding dé tim hiéu chiic nan
cua vi mach CD4028, BSW1, BSW2, BSW3, BSW4 1a cic cong tic bit,
ching dugc dung dé€ dat mic logic 1 hoic logic 0 & céc 16i vao A3, A2, Al
AO ctia vi mach,

A LED1 2 LED 1 .~ LED

l00 100 100

Hinh 4.49
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Hinh 4.50

Céc den LED dugc dung dé chi thi muc logic & 16i vao hoac 16i ra ciia
cic mach logic. Dén LED sidng ting véi mitc logic 1, trong trudng hop nay
khic v6i so d6 thi nghiém hinh 4.49 c4c dén LED chi sdng khi 18i ra cic vi
mach ¢ muc logic thap.

Dung panen thi nghi¢m hinh 4.50 xdc l4p bang chan 1y clia vi mach
4028 va cho bi€t chiic nang clia vi mach nay.

7/ Trén hinh 4.51 1a mét panen thi nghiém diing dé tim hiéu chic nang
cia vi mach, trong dé khéi c6 ki hieu CP1Q1,CP2Q2 12 mot médun tao xung
nhip. Khi chuyén mach SW chuyén vé vi tri n6i v6i moédun nay thi & TP1 ta
s€ quan st thdy cdc xung vuéng lién tuc dugc dua vao néi chung clia céc
ciia NAND. Hiy diing panen thi nghiém hinh 4.51 kho sét hoat déng cta so
d6 mach logic hinh 4.51. Hay cho biét mu6én ding mach lam b6 phéan kénh
tir mot dudng vao ra 4 dudng thi phdi 1am nhu th€ nio? Muén mach tr&
thanh bé gidi ma tir nhi phan ra thap phan thi lam nhu thé nio?
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Hinh 4.51

8/ Trén hinh 4.52 1a mét panen thi nghiém ding d€ tim hiéu chiic nang
ciia vi mach gidi mi 7 doan 74L.S47 va LS7448, hay ki€ém tra hoat dong cla

2 vi mach nay bang thuc nghiém.
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CHe
bl-e
[=1 2
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—0BI RBOl

Hinh 4.52

9/ Trén hinh 4.53 1a moét panen thi nghiém ding dé tim hi€u chic nang
cha vi mach giai ma 7 doan 4543 thudc ho logic CMOS. Hay ki€m tra sy
hién thi ctia b6 gidi ma nay bang thuc nghiém.
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Hinh 4.53

10/ Trén hinh 4.54 la mét panen thi nghiém duing dé tim hiéu chirc nang
clia vi mach 7486. Mach dugc ding 1am thanh b6 bién déi ma tir ma nhi
phan 4 bit ra ma Gray 4 bit. Hay ki€m tra hoat dong ctia bo gidi ma nay.

B3 B2 Bl BO G3 G2 G1 GO

440 2668

sv

5V

o e
J.:\T

o

Hinh 4.54

11/ Trén hinh 4.55 12 mot panen thi nghiém ding dé tim hiéu chic nang
cia vi mach cong nhi phan 4 bit. Hay kiém tra hoat donig cuia bo cdng nay.
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Hinh 4.55

11/ Trén hinh 4.56 1a mot panen thi nghiém dung dé thuc hién cic
phép tinh céng, trir nhi phéan 8 bit dung vi mach 74F283 va vi mach 7486.

Trong so d6 nay cdc cong tic bit: AO, Al, A2, A3,...., A6, A7 dugc
ding dé dat di liéu cho cdc bit clia s6 nhi phan A. Céc cong tic bit: Bl, B2,
B3,....., B6, B7 dugc ding dé dat dit liéu cho c4c bit nhi phan B.

Chuyén mach BSW dugc dung dé diéu khién chon phép tinh, khi
chuyén mach nay dat & mic logic 1 thi mach thuc hién phép tinh trir
A+(—B), khi chuyén mach dat & muc logic O thi mach thuc hién phép tinh
cong: A+B.

Hay kiém tra va giai thich hoat déng clia b6 cong nay.
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Chuong V
TRIGO

Trigo trong ti€ng Anh goi 1a Flip - Flop viét tit 1a FF. N6 1a mot phan
1hé ¢6 2 trang thai can bang on dinh tuong tdng véi 2 mitc logic 0 va 1. Dudi
tdc dung clia cdc tin hiéu diéu khién & 161 vao, trigg co thé chuyén vé mot
trong hai trang thdi can bang, va git nguycn trang thai dé chimg nao chua co
tfn hieu didu khién idm thay doi trang thdi cua no.

Trang thdi tiép theo cua trigo phu thude khong nhitng vao tin hiéu & loi
vao ma con phu thudc vao ca trang thai dang hién hanh cua no. Dang chay,
néu ngimg cédc tin hiéu diéu khién & 18i vio né vin c¢6 kha nang gitr trang
thai hien hanh ctia minh trong mot thoi gian dai, chimg nao ma nguon dién
nuoi mach trigo khong bi ngat thi thong tin dudi dang nhi phan luu git trong
trigo van dugc duy tri. Nhu vay né dugc str dung nhu mot phin tir nha.

Trigo duoc tao thanh tir cic phan tur logic co ban. C6 nhiéu loai trigg,
trong muc nay ching ta chi nghién ciru mot s loai trigo dién hinh dudc

diing nhiéu trong Ky thuat s6. d6 1a cdc trigo RS, trgo JK va trigo D.
5.1. TRIGO RS

Trigo RS 12 mot phan ta nhg co ban c6 hai trang thdi can béng ben
vitng, né ¢6 2 16i vio R, Sva 2 161 ra Q va Q. Hai 16i ra nay bao gid ciing 0

trong trang thdi ngugc nhau.

Ky hiéu logic ctia né duoc trinh bay trén hinh 5.1. Hoat dong cua trigd
tuan thco bang chan 1y cho wr¢n bang 5.1. Trong do 161 vio S (Set) 1a 161 vao
dat, R (Reset) 1a 161 vao xod.

Chi s& n chi trang thai khéi ddu, n+1 chi trang théi lic ket thuc.
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Bang 5.1: Bang chan ly cua trigo RS

Sa Ra Qon Vit hoatddng
—S Q— 0 0 Ou Nhé
- 1 0 1 Mac lap
—R i 0 1 0 Xos
1 1 Khong cho phép Cadm ding

Hinh 5.1: Ky hiéu trigg RS

Tir bang chan 1y ta c¢6 phuong trinh logic:

Qn+l = I_{nQn + Sn

Phuong trinh trén cho ta thdy: 16i ra khong nhiing 1a ham s6 ctia 16i vao
ma con phu thuédc vao trang théi trudc dé cta 16i ra.

Tir ham logic trén, ta xay dung so d6 logic cla trigo RS tir mach NOR,
16i vio téc dong & mitc cao. DE tranh trudng hop S=R=1, xung dua vio dé

dit va xod la cdc xung kim duong.

So dé logic va gian d6 xung biéu dién trang thai clia trigo theo cac xung

dat S va xung xo4 R duoc trinh bay trén hinh 5.2.

Ching ta sé khao sat hoat dong cfia trigo RS Ung véi céc t6 hgp bién

khic nhau néu trong bang 5.1.

Wy

Sh

S . Q '

—Ir ol—
R

5 I Q
Qt

Q

R

v

W

Hinh 5.2: Sd dé logic va gian d6 xung cua trigo RS

Tir so dé logic hinh 5.2 chiing ta thay:

a/Khi S=0 , R=0: La&i ra van giit trang thdi cti Q,: Trang thai nhg.
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Néu trang thdi ban ddu Q, = 0, ca hai 16i vao clia cira logic NOR I déu
bang O nén 16i ra ciia né 1a Q=1 va 16i ra clla NOR II 1a Q= O tring vdi
trang thdi ban ddu truéc dé. Thic la n6 da nhd trang thai Q = 0. Néu trang
théi ban ddu Q. = 1 thi 16i ra Q= 0 va 16i ra clia NOR II 12 Q= 1 tring véi
trang thdi ban ddu trudc d6. Tic 1a né da nhdé trang thai Q = 1.

b/ Khi S=1, R=0: Léira Q,,, =1 : Trang thdi xac lap.

Liic khoi dau S, =1, R, = 0 16i ra NOR I1a Q= 0, ca hai 16i vao cla
NOR II déu bing O nén 16i ra Q clia né & trang thai két thic Q,,, = 1: trang
thai xac lap.

¢/Khi $§=0, R=1 : LéiraQ,,, =0 : Trang thai xo4.

Néu ldc khédi ddu S, = 0, R, = 1, mach logic NOR II ¢c6 mét 16i vao R, =1
nén 16i ra ciia né Q = 0, cA hai 16i vao cia NOR I déu bing Onén 16ira Q = 1, viy
trang thai két thiic cla trigo Q,,, = 0 tng véi trang thai xod cla trigo.

d/ Trang thdi cdm khoéng dugc dung.

Ta hay khao sat trudng hgp cdm khong duge ding ddi véi trigg RS ing
v6i té hop bién 16i vio S va 16i vio R déu bang 1. Néu lic khdi ddu S, =1,
R, = 1, ca hai 16i ra cia trigo Q va 6 déu bing 0, mot tinh hudng nhu viy
khongdugce phép xdy ra vi trdi véi luat logic 1a Q va _Q phai cé gia tri ngug
nhau, chinh vi vay déi véi trigo RS tuyét déi khong duge dé xay ra trudng
hop ca 16i vito S, va R ddng thoi & mic 1, chiing ta phai tao hai xung dat S vi
xung xo4 R 12 xung kim duong cé do kéo dai nhd d€ chanh khoi trudng hop
xung S va xung R cling & mifc cao.

Bang 5.2: BAng chan Iy ciia trigd RS 18i vao tac déng thif

Sa R Qi M6t hoatddng
— Ql— 1 1 Qan Nhé
_ - 1 0 0 X&clap
—R Q+— 0 i 1 Xo4
0 0 Khéng cho phép | Cdm ding

Hinh 5.3: Ky hiéu legic

Ta ciing cé thé xay dyng trigo RS khong dong bo tic dong bang mi
logic thap tir hai phén tir logic NAND, ky hi¢u logic dugc néu trén hinh 5.3
Bang chan 1y 5.2 dién ti hoat dong cua trigo nay.
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Chi s6 n trong bang chan ly 5.2 chi trang théi khdi ddu, n+1 chi trang
thai lic két thic.

So d6 logic va gian d6é xung minh hoa hoat déng cla trigo duoc cho trén

hinh 5.4.
SA
I .
— I -
Rt I
- Q |
}“ | — L
_ Qh : :
Q
E —}—- t\

Hinh 5.4: So dé logic va gian d& xung
Hoat dong ctia so d6 hinh 5.4 ciing twong tu nhu so dé hinh 5.2.
diém khdc biét & day 1a so d6é hinh 5.4 hoat dong véi xung tac doéng lai
vio 0 mifc thap.

5.2. TRIGO DPONG BO RST

Trigo RS nhay cam véi tic dong cia ddu vao R va S, trang théi cta trigo
s€ khong 6n dinh khi 16i vaio chiu anh hudng ctia nhiéu. D& khic phuc nhuoc
diém trén ngudi ta ding trigo RST c6 thém mot dau vao xung nhip CLOCK
diéu khién chung cho ca hai 16i vao. Chi khi nio c6 tdc dong ciia xung nhip
ndy thi trigo méi chuyén trang thdi theo tdc dong ctia R hay S. Ki hiéu cia
trigg RST cho trén hinh 5.5. Bang 5.3 12 bang chan 1y cia trigo RST.

Trén bang chéan 1y cua trigo RST: t, chi I:h{“:ri diém truéc khi cé xung
thip tdc dung, t,,, 1 thdi diém sau khi c6 mét xung nhip tdc dung. Chi s6 n
thi trang théi truéce khi ¢ xung nhip tdc dung, n+1 chi trang thai sau khi cé
xung nhip tdc dung.
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Bang 5.3: Bang chan Iy cha trigo RST

4{) — 5 Q — tﬂ t':|L-|-‘1.
== —‘_—_—}gf.-l{ a . Sn R-!J. Q&I‘i
i L 0 0 Q.
1 e S () |—— 1 0 1
0L, &CLK 0 1 0
—R Ql— 1 1 Khong cho phép

Hinh 5.5: Ky hiéu logic cua trigo RST

L&i vao xung nhip (Clock Pulse dugc ky hié¢u la CLK) diéu khién chung
cho ca 2 16i vao S va R. Céc gid tri 16i vao R va S chi 1am cho trigo hoat
déng khi ¢6 xung nhip CLK tdc dung.

Su chuyén trang thdi cta trigo RST va tat ca céac loai trigo dong b khic
x4y ra c6 thé vao thoi diém sau khi xung nhip da chuyén tir mic logic 0 lén
mitc logic 1 hoac sau khi xung nhip da chuyén tir mifc logic 1 vé mic logic
0 (hinh 5.5). Tuy theo c4u tric cu thé cta ting loai trigo, khi dung ta cén chi
¥ dén ky hiéu cha trigd, néu trén d6 c6 ghi vong tron & 16i vao chan CLK
hodc trén chit CLK trén c6 gach ngang ddu higu cfia ham pht dinh (CLK)
thi trang théi 16i ra cta trigo duge xéc 1ap khi xung nhip chuyén tir mirc logic
1 vé miic logic 0. So dé logic cia trigg RST va gian d6 xung dién ta trang
thai hoat dong cla trigo dugc trinh bay trén hinh 5.6.

1 SE
bilie T ' :
_,Q_._ —pCLK _ L i N
— R Q EETE R I
| 1
- T | t
'| : -
S D:E__ Q CLKET | |
|
CLK ; >
- a o4 II |[
R }:—-—R t

Hinh 5.6: Sd d5 logic cha tri gd RST va gian do xung dién ta trang thai hoat déng cu:
trigo dudc xac lap sau khi xung nhip chuyén tir mic logic thap I1&n mifc logic cao
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53. TRI GO JK

Trigo RST c6 mot t6 hop bién cdm ding 1A S=R = 1, trang thdi cuta
wigd nay s& khéng duge xdc dinh né€u gap phai té hop niy. Ta cé thé khic
phuc tinh trang nay bang cach ding hai mach phdn héi tr Q vé R va Q vé S
s€ tao duoc trigo JK. Ky hiéu cia trigo JK cho trén hinh 5.7. Bang chan ly
clia n6 cho trén bang 5.4,

Trigo JK gidng trigo RS : J tuong ting v6i S, K tuong ing vdi R. Nhung
khic vdi trigo RS, trigo JK khéng ¢6 trang thdi cam ma khi J = K = 1 16i ra
d6i trang thai nguoc lai véi trang thai cii truéc d6 (TOGGLE), t, thdi diém
wude khi ¢6 xung nhip; t,,,, thoi diém sau khi c6 mét xung nhip téc dung vao
igor. Chi s6 n chi trang théi cia trigo trudc khi ¢é xung nhip tdc dung, n+1
trang théi sau khi c6 mét xung nhip tic dung vio trigo.

Bang 5.4: Bang chan ly cda trigo JK

1

— 17 Q ' ity
e I _u

1 I‘; 5 n o Q:H—l
1 0 0 Qu

—17 e 1 0 1
D}——»—mCLI{ . 0 1 0

— K Q 1 1 "5

I

Hinh 5.7: Ky hiéu cda triga JK
Phuong trinh logic cta trigo JK:
anl = JnQn + KnQn

So d6 logic ciia trigo JK cho trén hinh 5.7. Hinh 5.8 13 gian dé xung mé
ta cdc trang thdi hoat dong cla trigo nay

Nhu ta da thay trén so d6 logic cdu tric cia trigo JK so véi trigg RST
chi khdc nhau c6 hai dudng phin héi duge t6 dam, néu bd hai dudng nay di
tigo JK s trd thanh trigo RST 16i vao, J.K sé& trd thanh S.R. Trong cong
ngh¢ vi dién tlr ngudi ta da ché tao cdc mach trigog RST ¢6 hai 16i vao S va
hai 16i vao R. Ngudi diing muén diing nhu moét trigo JK thi chi viéc dau
thém hai dudng phan héi & mach ngoai néi tir Q vé R va Q vé S.
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Hinh 5.8: Gian dé thai gian md ta cac trang thai hoat déng cia trigo JK

Cic trigo JK trong thuc t€ ngoai cdc 161 vao J,K hoat dong déng bo vii
16i vao xung nhip CLK, trigo con cé 161 vao khéng déng b6 la 161 vio xod
CD (Clear Data) va 16i vao dat SD (Set Data). Hai I18i viio nay hoat dong dde
lap khéng phu thudc vio xung nhip va cédc 16i vao JK. Trang thdi ra ciia
trigo JK phu thuéc vao cdc mifc dién dp & 16i vao khong déng bd nay ciing
gidng nhurla trigo RS.

Pé trigo hoat dong dugc & ch€ do déng bo, hai 161 vao khong dong by
ddt, xod phdi dé€ ding nutc dién dp, néu trén ky hiéu cla trigo cédc 161 vao
khoéng déng b ¢6 vong tron nhd hoac trén chi¥ xo4, dat c¢6 gach ngang & trén
(SD,RD ) thi cidc chan nay phai dé & mic cao.

Khi J.K dé & mic cao, cift mdi ldn ¢é xung nhip tdc dung trigo la
chuyén trang thdi mot 14n, sau hai nhip tdc dung trigo lai chuyén vé trang
thdi cii (hinh 5.8), ngudi ta ding trudng hop nay dé€ tao thanh bd dém nhi
phan tir céc trigo JK.

Trong cdc mach logic 16 hgp c6 hién tugng chay dua vong quanh (Race
around) 1a sy xuat hién tin hiéu gia (xung nhiu) do qué trinh qué d6 khi?
16i vio chuyén trang thdi theo 2 huéng ngugc nhau nhung sy chuyén mach
dién ra & hai chan khéng cling mot lic & 16i ra clra logic xuat hién xung kim
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Su tao thanh xung nhiéu & cdc cira logic trong hién tugng chay dua duoc
minh hoa trén hinh 5.9.
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Hinh 5.9: Su hinh thanh xung nhiéu trong hién tudng chay dua

Do xung tdc déng vao B bi tr€ so v6i xung tdc dong viao A nén cé thoi
diém ca A va B déu & mifc cao cho nén 16i ra Y ¢6 xung kim nhiéu. Né&u tai
cia 16i ra l1a cdc phdn tit nhay nhu trigo, xung nhiéu nay cé thé lam cho né
chuyén trang thii khoéng theo diéu khién. Vi vay, cdn phai loai trir hién tuong
chay dua nay. Hién tugng nay con sinh ra do qua trinh qui d6 clia mét mach
16 hop néi ti€p nhiéu phdn ti logic 1am cho sur tré & 16i ra so véi 16i vio ting
1dn 1én. D€ khic phuc hién tuong chay dua ngudi ta dung trigo JK chil - td.

Trigo JK chu - t& (Master - Slave)

, |
sD
_ Q EH—
91»——:;:1_,[: _
S ok
cD

Ky hiéu clia trige JK

Hinh 5.10: So dé logic va ky hiéu cla trigd JK chi - td
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So dé logic va ky hiéu cia trigo JK Master-Slave cho trén hinh 5.10
N6 duge cdu tao tir 2 trigg RST méc néi ti€p nhau vdi hai mach phan hi
tir 161 ra Q vhﬁ tr& vé cac 16i vao xod va dit (dudng duoc t6 dam trén sa
doé hinh 5.10).

Trigo chii (Master) diéu khién trigo t& (Slave) chi nhiing thay déi
trang thdi cla trigo chit mdi 1a nguyén nhén thay déi trang thai 16i ra cia
trigo Slave.

Khi xung nhip chuyén tit muc logic 0 1én 1, thong tin & 161 vao JK dug
nap vao trigo chil, trang théi cua trigo chii dugc xéc lap theo tin hiéu diéu
khién & 16i vao JK trigo chi chi thay déi trang thdi mét lan duy nh4t trong
khoang thdi gian kéo dai ctia xung nhip.

Khi xung nhip CLK chuyén tir mic logic 1 vé 0 (CLK chuyén tir 0 lén
1) trigo chit & trong trang thdi nhd, trigo td (Slave) sao chép lai trang thdi clia
trigo chii. Bdi vi trong thoi gian trigo Siave xdc lap trang thédi thi trigo chid
trong trang théi nhé, nén cdc thay déi & bén ngoai khong hé anh huong dé
qué trinh x4c lap trang thdi & 16i ra cla trigo, chinh vi th&€ hoat dong cla
trigo JK Master-Slave mang tinh dit khodt va 6n dinh cao hon 1a trigo khic,

Gian dé thdi gian mo td cdc trang thai hoat dong cia trigo JK Master-
Slave dugc trinh bay trén hinh 5.11.

Chic ning cha trigog JK Master - Slave va bang chén 1y cuia nd gidng hét
nhu trigo JK, nhung hoat dong cta né diit khodt hon. Gian dé thoi gian hinn
5.11 twong tu nhu hinh 5.8, diém khéac nhau duy nhat 14 trang thdi cta trigo
trong trudng hop nay dugc xé4c 1ap sau khi xung nhip da chuyén tir 1 vé 0.

Diéu ra Q s& chuyén trang thai ¢tng véi sudn am cla xung nhip tdc dung.

Ciing gi6ng nhu trigo JK, d6i v6i trigo JK Master- Slave khi J va K
déng thoi & miic cao, qua gian d6 xung hinh 5.11 ta thay cit 2 chu ky CLK
tuong tng véi 1 chu ky ¢ 16i ra Q. Vi vay, ta ¢ thé dung trigo lam céc bd
dém nhi phén chia tin véi hé s6 chia 1a 2" (n 1a so trigo).
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Hinh 5.11: Gian d& xung ctatrigd JK chi - té
54. TRIGO D

Trigo D 1a loai trigo dugc dung nhiéu trong cic bd ghi luu trir cdc bit
thong tin nhi phan. Ky hiéu logic cta trigg D duge cho trén hinh 5.12. N6 ¢6
mot 16i vao dir liéu dugc Ky hiéu béng chit D hoat déng déng bo véi 161 vao
xung nhip CLK, trigo D hoat dong theo nguyén tic sau: so liéu & 16i vao D
& duge chuyén dén 16i ra Q cla trigo sau mot xung nhip, tdc 1a s6 liéu duge
chuyén dén 16i ra cham mat mot khoang thoi gian bang do rong chia xung
nhip. Chinh vi vy ma né c6 tén la trigo D, 1dy theo chit ddu cia thuat ngi
tiéng Anh Delay c6 nghia la tré. Ky hiéu va bang chan 1y cho trén hinh 5.12.
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Hinh 5.12: Ky hiéu trigd D va bang chan ly

Trigo D ¢6 thé xay dung tir trigo RS hodc trigo JK khi ta méac nhu hinb
5.12b va 5.12c.

4. Bai tdap thuc hanh

1- Khao sat hoat dong cna trigo JK 741L.S76 va trigo D 74L.574.

2- Diing trigo JK 7476 hoac trigo D 7474 mac thanh bé d€m nhi phin4
bit.

3-Tao trigo RS, RST, JK, D ¢6 cdc ky hiéu nhu hinh 5.13 tir mach
NAND 2 161 vao 7400, va NAND 3 16i vao 7410.
. . } )
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Chuong VI

CAC BO-DEM

6.1. CAC SO PO PEM NHI PHAN

Dém nhi phan dugc xdy dung tir cdc trigo déng bo ¢ 16 vio xung nhip
nhv trigo D va trigo JK, muén dung trigo RST dé 1am bo dém nhi phan thi
phdi mic thém phén tir ddo dé chuyén né thanh triga D (hinh 5.12 b). Cic bo
dém nhi phan la thanh phdn co ban clia cdc hé thong s6, né ding dé dém
xung, chia tdn tao xung thdi gian lam cdc xung déng hé diing trong méy tinh
va thiét bj thong tin.

B6 d€m nhi phan c6 nhiéu loai:

; Dua theo cdch diéu khién clia xung nhip dua vao dém ngudi ta phan
thinh: D&€m nhi phan déng bo (Synchronous), dém nhi phan khong déng bo
(Asynchronous).

- Dua theo huéng d€m ngudi ta di tao cdc bd dém tién (dém lén), hodc
dém .

- Trong ky thuat mdy tinh ngudi ta con diing cdc bo dém c6 kha ning
lap trinh d€ thay ddi c4u tric hé dém nhidm thay déi phuong thic dém, co s6
clia bo dém.

6.1.1. Pém nhi phan khong dong bo

Dém nhi phan khong dong bo con duge goi 1a dém néi tiép : céc trigo
méic ndi ti€p nhau, 16i ra cha trigo truée duge néi vao 16i vio xung nhip cia
frigo sau.

- Dic diém cha bo dém nay 12 xung nhip dém khong duoc dua déng
thoi vao céc trigo ma chi duge dua vao 16i vao xung nhip CLK clia trigo ddu
tién lam chuyén trang thdi trigo ddu tién, xung & 16i ra cla trigo nay lai I

xung nhip lam chuyén trang théi cla trigo ti€p theo...
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6.1.1.1. Pém tién

So d6 dém nhi phan khong déng bo 4 bit d€m ti€n dung trigo JK 7476
duoc trinh bay trén hinh 6.1, gian dé xung cta bd dém duoc trinh bay tren
hinh 6.2.

SD P&t QAT ) Qpt _ Qct _ Qo
"‘l Lk ""l bz s "‘l ""l
L] 1 E 0 13 9 1 ﬁ Q 11 ¥ 1 E q 13 p-) 1 E q 11 ;
SLE [ Jor A wn + CPCIX B B¢ * OhCIR C W L ohoIR D M
18 % g q 14+ 12 K E q o in it E E q o 14 11 E E Q Di
-CD Hha ""T "T MT nT
J=K=1[Dém ' ' |

Hinh 6.1: So d3 mach d&ém nhi phan khang ddng b d&m tidn ding trigd JK

Nhu ky hiéu trigo ghi trén so d, vi mach 7476 1a trigo JK Master-Slave
c6 hai 161 vao khong dong bo xoa va dat SD, CD déu tdc dong & miic thip.

Muén xod tadé SD=1,CD =0, muén diattadé CD =1, SD = 0. Dua
vao nguyén 1y hoat déong cuia trigo JK chiing ta giai thich hoat déng cua bb
dé€m nay.

D& bo dém lam viéc & ch€ d6 dém ta dé€ 16i vao diéu khién xo4, dit
¢b=1,8D=1,

Pau tién xo4 mach dém béang xung xoda CD = 0. Lic doé trang thai 16i ra
clia ca bén trigo déu chuyén vé 0:

QpQcQ:Q, = 0000

Sau dé dé 16i vao xod va dat & mirc cao: CD =SD = 1.

Pat 16i vao dém J = K = 1: Mach dém béat ddu hoat dong theo trang
thdi ctia cac 16i vao déng bo JK, va xung nhip nhu gian dé xung hinh 6.6.
Tat cd bon trigo déu ¢d6 J = K = 1 nén khi ¢é xung nhip tdc dung, cic trigo
déu chuyén trang théi.

Trigo A chuyén trang thdi véi moi xung nhip tic dung chuyén tir 1 vé 0.

Trigo B chuyén trang thai khi Q, chuyén tir 1 vé 0.

Trigo C chuyén trang thai khi Q, chuyén tir 1 vé 0.

Trigo D chuyén trang thai khi Q. chuyén tir 1 vé 0.
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Hinh 6.2: Gian d& xung ctia bd dém nhj phéan
Trang thdi ra clia bd d€m theo s6 xung nhip dua vao bd dém dugc trinh
bay trén bang 6.1.
Nhin gidn d6 xung ta thdy méi trigo chia tdn sé xung nhip lam 2. C6 4
trigo s& chia tdn s& xung nhip 2* = 16 ldn. Néu c6 n trigo s€ c¢6 bd chia 2°
l4n. Nhu vay bo dém ciing la bé chia tan.

Bing 6.1: Qua trinh dém clia bd dé&m ndi tiép

Xung nhip Qs Qe Qs Qa
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1
16 0 0 0 0
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Ta ciing ¢6 thé dung trigo D méc thanh bé dém nhi phan. Muén viy ta
phéai méc 16i ra Q cia trigo D véi 16i vao D ciia né. Khi d6 trang théi 16i ra

ctia trigo s€ duoc xac dinh theo phuong trinh sau:
Qn+1 = Du = Qn

Truong hop nay tuong tu nhu dé&i véi trigo JK khi cdc 16i vao J=K=I,
nghia Ia cif sau méi lan cé xung nhip tic dung trigo lai chuyén trang thé

mot 14n.

So d6 d€m nhi phan 4 bit dung trigg D 7474 cho trén hinh 6.3,

SD Pbat _ Qay _ Qs Qcy , Qo
‘l_" —l—E 1 12 —é J

bt

CLK o 8 o 2 —p & -2 ‘do 8 q D Q
- ) _Loix A W Y leoxB wn 2 _Leiw C #» B loaxD wn
(=] i o L] a L o] L]
6 0 Q Q Q
o o | T | o |
CD Xda g = E M

Hinh 6.3: Sd dé bé dém nhj phan 4 bit khéng ddng bd diing trigd D

So d6 d€m néi tiép modun 16 diing 4 trigo JK néu trén hinh 6.1 1a so dé
dém tién.

6.1.1.2. Dém lui

sD pat QA ) Qp} Qec? ) Qb
ni = ..l Seih r\l HJ'
L] ) a Q 13 2 1 E Q 11 4 1 a u 13 9 I E Q 11
LLE 11 dox A wn L cbeix B wn ) oherx C wx L+ bR D Ak
¥ Iz 8 gpt I_n x 8 gpt r:: x & gpX ’_u x 8 gpX

co | x6a - B | |

J=K=1| B&n

Hinh 6.4: Sg dé mach dém lui nhi phan khéng déng bé ding trigo JK

Ta c6 thé x4y dung mach dém 1ai nhi phan 4 bit dung trigo JK 7476,
méac mach theo so dé cho trén hinh 6.4
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Trang thdi ra cua cdc trigg trong bd dém thay déi theo xung nhip dug
trinh bay trén bang 6.2 dudi day:

Bang 6.2
Xung nhip Qp Qc Qs Qa

0 0 0 0 0
1 1 1 1 1
2 1 1 1 0
3 1 1 0 1
4 1 1 0 0
5 1 0 1 1
6 1 0 1 0
7 1 0 0 1
8 1 0 0 0
9 0 1 1 1
10 0 1 1 0
11 0 1 0 1
12 0 1 0 0
13 0 0 1 1
14 0 0 1 0
15 0 0 0 1
16 0 0 0 0

O mach dém 1ui ta thay 16i ra Q cia trigo trudc duoc néi vao CLK ciia
Ingo sau nén trigo sau s€ chuyén trang thai khi trigo ding truéc né chuyén
wolén 1.

Qua trinh d€m nhu sau: Pdu tién cho xung xod CD = 0 thi 16i ra:

QpQQsQ, = 0000.

Sau xung nhip thit nhat tic dung trigo A chuyén tir 0 lén 1, céc trigo
B,C.D lan luot theo nhau chuyén tir O 1én 1 nén trang thii & 16i ra ciia b
démla 1111.
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Sau xung nhip thit hai tdc dung céc 16i ra cia bd dé€m la: 1110

-----------------------------------------

Sau xung nhip thit 15 tic dung céc 16i ra ciia bd dé€m la: 0001

Sau xung nhip thi 16 tic dung cac 16i ra ciia bo dém la : 0000
nhu lic diu.

6.1.1.3. Dém tién lai

Dé c6 1 bo dém vira dém tién vira dém lui duroe ta thém 1 ddu vao dié
khién ti€n lai UP/DOWN sdg dé mach dém ti€n lui nhu hinh 6.5

Q.\T Q;T Qe QnJ

1 1 1 1
CLK ] AQ J]BQ Y C O I DQ
st {DCLK HCLK PCLK BCLK

K K K K
cp @ cp cp® cp ?F
T T
D 1 I I i

Hinh 6.5: So d5 bd d&m tién hodc lai 4 bit ma nhi phan

Pém tién: Khi cho 16i vao diéu khién tién lui U/D (UP/DOWN) = "I'
161 ra Q cna trigo trude ndi véi CLK cua trigo tiép theo, so dé tuong duong
nhu hinh 6.5, ta ¢6 mach dé€m tién.

Pém Iui : Khi cho 16i vao diéu khién tién i U/D (UP/DOWN) = "(
16i ra Q ciia trigo trudc ndi véi CLK cha trigo ti€p theo, so d6 tuong duong
nhu hinh 6.8, ta ¢6 mach dém lui .

Ba cum cira logic ctia mach UP/DOWN chen giiia c4c trigo ¢6 thé thay
bang mach NAND 7400 hodc mach NOR 7402, so d6 mac nhu hinh 6.6.

CLK

EIE_Dy_I.- ________ U/

Hinh 6.6: Cum cira logic ding cho mach UP/DOWN
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6.1.2. Pém nhi phan déng bo

Dém nhi phan déng bd cdn goi 1a dém song song. P€m khong déng bo
¢6 nhugc di€m la t6c d¢ cham vi ¢6 qu4 trinh tré khi di qua cic trigo. Dé
khic phuc nhuge di€ém dé ngudi ta ding mach dém song song, nghia la cdc
xung nhip déng thdi tdc dung vao tat ci cdc trigo. So dé d€ém nhi phan déng
bo 4 bit cho trén hinh 6.7.

Q3 Qay Qe ? Qp
|
I A Q ] B QR I Cc QY I D Q
PCLK meeCLK CCLK LK
— - 4 L o l— ol
CcD S cD Q = CD Q K CD Q

.CDXdaT T T T

Hinh 6.7: So d6 d&m nhi phan déng bd 4 bit

Tix so d6 trén ta thay: tuy xung nhip tdc dong déng thoi vao cdc trigo
nhung chi trigo nao c¢6 J = K = 1 thi né mdi chuyén trang thai. Tir so dé hinh
6.7 ta ¢6 dugc cdc diéu kién chuyén trang thdi clia cdc trigo trong bo dém
nhu sau:

Trigo A chuyén trang thai v6i moi xung nhip CLK.
Trigo Bchuyénkhi Q, = 1

Trigo Cchuyénkhi Q,= Qz = 1

Trigo Dchuyénkhi Q,= Qz = Q¢ = 1

Nhu vy céc trigo sau chi chuyén trang thai khi 4t ca 16i ra Q clia céc trigo &
tnréc né déng thdi bang 1. Qud trinh dém ciia so d6 c6 thé moé ta nhur sau:

Sau khi tdc dung xung x0d CD thi Q,Q.Q;Q, = 0000.

Khi c¢6 xung nhip ddu tién tdc dung chi trigo A chuyén trang thdi tir 0
Ién 1, céc trigo B, C, D khéng chuyén trang thai vi J K ctia chiing bing 0.
trang thai 16i ra cua bé dém sau khi két thic xung nhip thi nh4t 1a: 0001.

Khi c6 xung nhip thit hai tdc dung: J, K cta trigo Bla 1 nén B va A déu
chuyén trang thai, Q, tir 1 vé 0, Qg tir 0 lén 1; trigo C, D vin chua chuyén
trang thdi, trang thdi & 16i ra cua boé dém sau khi két thic xung nhip thit hai
1a 0010.
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Qud trinh hoat dong cha bé d€m nhi phan dong bo cing dién ra tiép tue
nhu bo d€m nhi phéin khéng déng bo, né ¢6 bang trang thdi va gian d6 xung
nhu bo dém nhi phan khong déng bo da duge néu trén hinh 6.2 va bang 6.1.

6.2. DEM 10 MA BCD (DECADE)

6.2.1. Bo dém 10 khong dong bé ma BCD

So dé bo dém 10 khéng déng bo ma BCD duoe cho trén hinh 6.8. Gian df
xung minh hoa qua trinh hoat dong cta bd dém duoc trinh bay trén hinh 6.9.

Qa Qa9 Q:T Qo
1 et
_ﬂ_ﬂ_cm 1 AR .2 RN 1 € Q 1 D Q
m pCLK <CLK CCLK —pCLK
" /= | M2 e 9 oo ]"_KCDQ—I
] [}

Hinh 6.8: Mach dém 10 ma BCD

Bang chan 1y ctia bo dém dugc trinh bay trén bang 6.3.

12345678901234567890123456789012

e ST
JUHIU UL

=

JUTULT U i

Hinh.6.9: Gian dé xung bé dém 10 ma BCD

So dé dém 10 ma BCD khong déng bo hinh 6.8 cho chiing ta thay:
Trigo A chuyén trang thdi v6i moi xung nhip tic dung.

144



biéu kién dé trigo B chuyén trang thai la:
Qy=0 (tc 12 Q,, = 1), Q,chuyéntir 1v&0.
Piéu kién dé rigo C chuyén trang thai 1a: Q, chuyéntir 1 vé0.
Piéu kién dé trigo D chuyén trang thadi 1la: Q; = Q.= 1, Q, chuyén tir 1
vé0. Khi Qg hodac Q. bang 0, Q,chuyéntir 1vé0 thi Q,=0
T su phén tich cdc diéu kién chuyén trang thdi cha cédc trigo trong
bd d€m ching ta thidy rang qua trinh d€m dién ra theo trinh tu néu
trong bang 6.3.
K&t thic xung thit tdm, trang thdi & 18i ra ctia bo dém la 1000, Q,, =0
trigo B va C khong con chuyén trang thii dugce nita.
Két thuc xung thi 9, trang thdi cia bdé dém la: 1001, lic nay J, = 0,
. Kp =1 nén khi c6 xung thit 10 tdc dung Q, = 0, Q, ciing chuyén tir 1 vé 0,
lic nay trang thai ¢ cac 161 ra cia bd dém la: 0000. Qua trinh dém lai ti€p tuc
theo mét chu trinh 1ap lai nhu trude.

6.2.2. Pém 10 ma BCD doéns bd

So d6 b6 dém 10 ma BCD déng bo cho trén hinh 6.14. Bang chan 1y va
gian d6 xung chia bo dém nay hoan toan nhu la bé d€m khong dong bo

Qa 1T Qn * Qe T Qo
1 D,
] A QL I B QM 31 L U1 D
rC'_L.K _| “D::-CLI{ | gﬁlﬁ < n>g:LK ?
KCDQ_ D—KCDQ# )_Kcna_‘ i )_KCDQ
D |x6a | 1 i 1 —‘
CLK |Dém

Hinh 6.10: B3 dém 10 déng b6 ma BCD
So dé dém 10 ma BCD déng bo dugc xay dung tir so dé dém nhi phéan
déng bo 4 bit. PE boé dé€m chi dé€m dén 10 tuong dng v6i 10 t6 hop trang thdi
@16i ra (1a 0000, 0001, 0010, 0011, 0100, 0101, 0111, 1000, 1001) ngudi ta
da bé sung dudng phan hdi néi tir Q_ vé 16i vao J K ctia trigo B. Chiing ta
hiy phan tich hoat déong clia bé dém nay. Trudc tién ching ta cdn néu cic
diéu kién chuyén trang thdi clia cdc trigo. Tu'so d6 mach hinh 6.10 ta thay:
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Triga A chuyén mach v6i moi xung nhip tic dung

Trigo B chuyén mach khi Q,=1vaQ,=0(uicla Q, = 1)
Trigo C chuyén mach khi Q,=Qyz =1

Trigo D chuyén mach khi Q, =Qz=Qc=1

Vi so db trén, qud trinh d€m dién ra nhu bang 6.3.

Bang 6.3: BAng chan Iy cha bd d&ém 10 ma BCD

CK QD QC QB QP\
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
3 1 0 0 0
9 1 0 0 1
10 0 0 0 0

Sau khi k€t thic xung nhip thit 9, J, =0, K= 1, khi c6 xung thit 10 té
dung Qp chuyén tir 1 vé 0. Q, ciing chuén tir 1 vé O trang thai 16i ra cta b
dém la: 0000. B6 dé€m lai biat ddu moét chu trinh méi giéng nhu trude.

Cdc vi mach dém nhi phdn va dém 10 ma BCD

Céc ti€t trudc chiing ta da khao sdt cau tric hoat dong clia cdc bo dém
nhi phan va dém 10 ma BCD. Cic b6 dém nay dugc tao thanh tir cic trigo rii
rac, cong nghé ché tao cdc vi mach logic hién nay da phat trién & trinh do6 it
cao. Pd c6 rdt nhiéu vi mach mic do t6 hgp ¢ trung binh va ¢ 16n (MS],
LSI) gia thanh cdc vi mach nay rat ré. Trén thi trudng hién nay cd rit nhiép
loai vi mach c¢@ trung binh MSI 12 cdc boé dém hoan chinh. Sau day gidi thiéu
1 s6 mach dém ho TTL va CMOS.
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Cdc vi mach dém ho TTL:

Cic vi mach dém nki phan 4 bit: 7493, 7418293, 74161, 74163, 74193,
14191.

Céc vi mach d€m 10 ma BCD: 7490, 7492, 74160, 74190.

7490 : machdém 10 khéng dong bo (phdn ddu chia 2, phdn sau chia 5)
7492 : mach d€ém 10 déng bé ma BCD cé ciac mode diéu khién
7493 : mach dém 16 khong déng boé ma nhi phan

74160 : maé:h dé€m 10 déng bo dat trudce, theo ma BCD

74161 : mach dém 16 déng boé ma nhi phan

74190 :  mach dém 10 déng bo, theo mi BCD

74191 :  mach d€m 16 déng bo ¢ cac mode diéu khién.

Cac vi mach dém thudc ho CMOS:

CD4029 : mach dém ti€n lii ma nhi phan va ma BCD

74C193 : mach dém nhi phan déng b6 4bit ti€n /lui

74C192 : mach d&m 10 déng bo tién /Idi

74C90  : mach dém 10 khong déng béo ma BCD.

Sau day s€ gidi thiéu mot s6 cdc so dé d€m nhi phan va dém 10 ma
BCD diing cac vi mach dém nay.

Trén hinh 6.11 la so d6 b6 dém nhi phan khéng déng bo 12 bit dung 3
vi mach 741.8293 méi vi mach 1a mot bo dém nhi phan khéng déng bo 4 bit
duge tach lam hai : mach d€m 2 ¢6 16i vao xung nhip ki hiéu 1a CPO, 16i ra
Q0 va bé d€m 8 c¢6 16i vao xung nhip 1a CP1, ba 18i ra ctia mach dém 8 la
Q1, Q2, Q3. B¢ mach dém duge 16 can phai ghép n6i tiép bo dém 2 véi bo
dém 8 bang cdch néi QO véi CP1.

Céng tac bit BSW dugc ndi cdc chan MR1, MR2 ctia vi mach ding dé
%04 bd d€m , khi cdc chan nay & miic logic 1 bo dém dugc xo4 cic 16i ra QO,
QL, Q2, Q3 cia bo dém déu & mic logic 0. D& bé dém & trang thdi dém cdc
chin nay phai dat & mitc logic 0.

Trén so d6 hinh 6.11: CP1Q1, CP2Q2 M khéi tao xung déng hé. Cic bo
hién thi chit s6 thap luc phan duge tao tir bo gidi ma tir ma nhi phan 4 bit ra
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ma 7 doan hién thi chit s6 trong hé thap luc phan két hop dén LED 7 doan
DE chi thi cdc bit theo ma nhi phan c¢é thé ding dén LED ndi tiép vdi dién
trd 1002 néi vao cyc dit clia vi mach. Cach miéc cdc dén LED va chi thi ]
doan ching ta di dé cip & chuong 4. So d6 trén ¢6 thé chay thlt mé phong
trén vi tinh ding phidn mém Circuit Maker.

o860 [ [E] [

T1 4321 4371 43zl
‘Ig' IC3 L1 1) Ld L
|74L5253
MLl Q3|e
B2 QZ2te
i —

ST s
B3U —e-OICPO Sé

|y | ? TP2 ) TP3)(TPa
74L52 g *rj
)

a0
=l
2 e
oo
=
|
o
5
b
M
2Oo0o00Ww
OFMNWW

::lm

rnn

helabol o

oM
S P O

¢

*

—e

Hinh 6.11: Sd dé d&m nhj phan khéng dong bé 12 bit diing IC 74LS293

Trén hinh 6.12 trinh bay so d6 b6 dém nhj phan déng bo 12 bit ding 3
vi mach 74161A, méi vi mach 12 mét b6 d&€m nhi phan déng bo 4 bit c6 cde
16i vao dat truée DO, D1, D2, D3. Mudn nap dit liéu dat trude vio bd dém thi
chan diéu khién cho phép nap dir liéu PE ctia cdc vi mach phai duoc dit &
mitc logic 0.
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Hinh 6.12: Sd dé bd d&m nhj phan déng bé 12 bit dung IC74161

Dé cédc vi mach & ch€ d6 d€m binh thudng thi cdc chan PE, MR (diéu
khi€n xod bo d€m) va cdc chan CEP, CET (diéu khién cho phép dém) tat ca
déu phai dat & mifc logic 1. Thuc hién viéc ghép néi 3 bo dém 4 bit dé tao
thanh b6 d€m nhi phan déng bd 12 bit trong trudng hop nay cé khdc véi bod
dém nhi phan khéng déng bé 12 bit hinh 6.11, & day cdc 161 vao xung nhip
cia cad 3 bo dém déu dugc ddu vdi nhau, xung nhip duge dua vio déng thoi
vao ca 3 bo dém.

Trén so d6é hinh 6.12 ta thdy chuyén mach SW1 néi véi cac chan CEP,
CET ctia IC 74161 d4u tién (tuong ting véi 4 bit ddu clia bd dé€m 12 bit) duoc
ding dé diéu khién dém. Khi chuyén mach & vi trf tmg véi mic logic 1 - bo
d&m bat ddu dém (Start), khi chuyén mach & vi tri iing véi mitc O - bé dém
ngimg dém (Stop).
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Chuyén mach SW2 n6i véi cic chan MR ciia céc IC 74161 duoc dung d
diéu khi€n xo0d bo dém. Muén xod phdi dé chuyén mach & vi tri sao cho MR ¢
mitc logic 0. D& bo dém tiép tuc lam viéc thi chan nay phai d€ & midc 1.

Hinh 6.13 trinh bay mot so dé bd tri thi nghiém dé khao sdt hoat dong
cua cdc chan diéu khién cia IC74161. Ta c6 thé nap trudc dir liéu vao b¢
dém, xo0d dif liéu, khdi phat bo d€m va dimg d€m. Chuyén mach SW1 dung
diéu khién xod (Reset), chuyén mach SW2 dung dé nap truéc dit liéu vao b
dém. Cac cong tac bit BSW1, BSW2 cho phép bo dém hoat dong. Cac cong
tac bit BSW3, BSW3,..., BSW6 diung dé dat 4 bit di liéu.
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e
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e o|CEF DE
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Hinh 6.13: Sd d& thi nghiém tim hiéu chic ning céc chan didu khién ctia 1C74161

Vi mach 74161 12 bé6 dém nhi phan déng bd, nhung néu mic thém céc
phén tir 16gic thuc hién mach phan héi diéu khién chan PE ta c6 thé dung nd
lam bd dém 10 ma BCD. Trén hinh 8.14 1 so d6 dém 10 ba chit s6 (digit)
ma BCD dang 3 IC 74161.

Tir so d6 hinh 6.14 ching ta thdy cdc phdn tir NAND c6 hai 161 vao ndi
vao chian Q3,Q0 ciia cdc bo6 dém, khi cdc bo d€ém d&m dén 9 (1001) 161 ra
cia cdc phdn tr NAND nay s& chuyén vé O tao thanh mét xung am diéu
khién chan PE cho phép bo dém nap dit liéu. Vi cdc 16i vao dit liéu déu §
mifc 0 nén ca 4 bit trong bé dém déu chuyén vé 0, mach lai bat ddu d€m tir0
dén 9. Xung am diéu khién dua cdc bé dé€m trudc vé khong qua phin tir din
tao thanh xung duong diéu khién cho phép bd d&€m sau bit ddu d€m khi xung
nay két thic bé dém sau cling ngimg dé€m. Chinh vi th€ tuy xung nhip tic
dung déng thdi vio ca 3 bo dém nhung cdc bd dém  sau chi dém trong
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khoang thoi gian khi trang thai 16i ra cia bd dém ditng trudc né chuyén tir
wang thai 1001 vé 0000.
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Hinh 6.14: B dém 10 déng bé ma BCD ding cac vi mach dém 74161 két hdp cac
mach gidi ma 7 doan 7447
Trén hinh 6.15 trinh bay so dé dém 10 khéng déng boé ma BC diung vi
mach 74L.8290. IC 741.8290 la bd dém 10 khoéng déng bd mia BCD, méi vi
mach tuong tmg mot con s6 thidp phan. Mach ¢é 16i vao x0d (MR1,MR2)
Khi xo4 hai chan nay dat & mirc 1. Khi & trong trang thii dém hai chan nay
phai dugc dat & trong trang thdi 0. Hai chan c¢é ki hiéu MS1, MS2 dugc diing
dé dat. Khi hai 16i vao nay & muic logic 1 thi trang thdi 18i ra cha bd dém la;
1001 (twong ung véi s6 9 thap phan). Khi d€m thi hai chan MS1, MS2 phai
dé & mic logic O.
151



{ 5w
ol !
vt v+ v+

et oda | ;
?_ L?[ crg fer. sbedefy. | |ghedet ‘
[ " LIIITTT ] L 1 !
BSw1 74LS5Z90 T4L8Zq l 1§
sl Q3 3

Reset
= ®
B5U2 >
® ]
S50
g3
gz
CP1Ql
CPz02 a1
1 Qo

Hinh 6.15: Sd d8 mach dém 10 ba digit ma BCD diing IC74LS290

M6i vi mach 7415290 1 mét bo dém 10 ma BCD khong déng bo 4 bit
dugc tach 1am hai : mach dém 2 ¢6 16i vio xung nhip ki hiéu 1a CPO, 16i
QO va bd dém 5 c6 161 vao xung nhip la CP1 ba 16i ra ctia mach dém 5 1a Q1
Q2, Q3. Bé mach dém duoc 10 cin phai ghép néi tiép bo dém 2 véi bo dém
bang cach néi QO vé6i CPI. Céc IC74L.5247 1a bé giai mi tir ma BCD ra mi
7doan ¢6 thé duge thay thé bing IC7447.

Trén hinh 6.16 12 so d6 mach dém 10 khong déng bo theo ma BCD vi
d€m 16 khong déng b6 theo ma nhi phan. Trong so dé niy ta dung vi mach
dém 4029 thuéc ho logic CMOS.
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Hinh 6.16: So d& bé d&m tién lui khdng déng b 12 bit theoma BCD va ma nhi phan

Cong tic bit BSW1 duoc ddu vao 16i vio cé ki hieu B/D dung dé diéu
khi€n bo d€m 16 theo ma nhi phan hoac d€m 10 theo ma BCD. Khi chuyén
mach dat chan B/D & muc logic 1, bd dém d€m theo ma nhi phan 4 bit. Khi
chuyén mach BSW1 dat chan B/D & miic logic 0, thi bo dém trd thanh bé
dém 10 theo ma BCD.

Cong tic bit BSW2 dugc dau vio 16i vio ¢6 ki hiéu U/D dung dé diéu
khién bo dém theo chiéu tién , hodc Iui. Khi chuyén mach dat chan U/D &
mifc logic 1, b6 d€ém dé€m theo chiéu tién. Khi chuyén mach dat chan U/D &
mifc logic 0, b6 dém tr& thanh bo dé€m 1ii.

Céng tic bit BSW3 dugce ddu vao 16i vao c6 ki hiéu CE chan diéu khién
cho phép d€m dung dé diéu khién bo dém. Khi chuyén mach dat chan CE &
mic logic 1 b dém s€ ngimg hoat dong. DE bé dém cé thé dém duge chan
cho phép dém phai dugc dat & mirc logic 0.

Cong tac bit BSW4 duoc ddu vao 16i vao cé ki hiéu PL chan diéu khién
cho phép nap di li¢u vao bé dém. IC 4029 cé 4 dudng vao dir liéu cé ki hiéu
la PO, P1, P2, P3. Khi chan PL dé & mic logic 1 thi dit liéu tir 4 16i vao dir
liéu nay duoc nap vao bo dém.

Trong so do hinh 6.16, cdc chan PO, P1, P2, P3 déu & muc O nén khi
chdn PL. & muidc 1 thi bd d€m dugc xod tat ca céc bit trong boé dém déu bing
0. D& bo dém hoat déng thi chan nay phai dit & miic 0.
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Cic vi tri chuyén mach trong so dé hinh 6.16 tuong tng véi trudng hop
b6 d€m dang dém 10 theo ma BCD, dém theo chiéu tién. Xung dugc dua vio
161 vao xung nhip (cé ki hiéu la CP) cia bdé dém dau tién dugce 1ay tir khéi tao
xung déng hé co ki hieu CP1Q1, CP1Q2, bd dém ddu tién tuong Ung vdi sé
c6 trong $6 nho nhit nam & tan cing bén phai. Xung 16i ra & chan TC cia b
dém diu tién chinh 12 xung nhip cho bd dé€m ti€p theo. Xung & 16i ra TC
duoc tao thanh khi bo d€m da tran, nghia la véi truong hop dém 10 thi xung
bit ddu duoc tao thanh giita hai trang théi 16i ra cia bo dém tir 1001 chuyén
sang 0000 (9 chuyén 1én 10), hodac dém theo ma nhi phan chuyén tir t6 hop
1111 vé 0000 (15 chuyén lén 16).

6.3. CAC SO PO PEM VONG THEO KIEU GHI DICH MA JOHNSON

Trén hinh 6.17 gidi thiéu so dé dém 8 theo ma Johnson diing 4 trigo JK.

Qn T Qﬂ' Qe? CQp |
17 A Q ] B Q I € Q9 ] D QH
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— K K K K
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Hinh 6.17: So dé dém 8 ma Johnson

Pay [a mét so dé dém déng bo. Xung dém duge dua dong thaoi vio cic
161 vio xung nhip clia cédc trigo , dudi su diéu khién clia xung nhip trang thi
16i ra cla cdc trigo dimg sau lai dugc xdc 1ap theo gid tri 16i ra cla trigo
ding trudc né. Hoat dong chia bd dém nay dugce giai thich dua trén nguyén
tac hoat dong cia trigo JK da duoc néu trén bang chan 1y cia né (bang 5.4):

Néu J = 1, K = 0 khi ¢6 xung nhip tidc dung 16i ra cua trigo nhan gia tri Q = 1.

Néu J =0, K = 1 khi ¢6 xung nhip tic dung trigo nhan gia tri Q = 0.

Khi ta cho xung xo4 tdc dong vao 16i vao xod ciia bo dé€m, 15i ra cla
ca 4 trigo déu bang 0, 16i vao Jca trigg A: J, =1, K, =0, Jg = J. =T, =,
Ky = K¢ = K = 1, nén khi ¢é xung nhip dau tién dugc dua vao bd d€m: Q,
chuyén 1én 1, Qg, Qc, Qp, vin & trang thdi 0.
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Két thic xung nhip 1 ta cé: J, =J, = 1; K, = Ke=0; Jo= =0,
Ec= Kp = 1, nén khi c6 xung nhip thit 2 dua vao boé dém Q. = Q; =1,
= Qp = 0. Nhu vay, ci sau méi 1dn ¢6 mot xung nhip dua vao bo dé€m,
rigd 1an lugt theo nhau chuyén 1én 1, sau khi ¢6 4 xung vao bo dém ca 4
fgo déu chuyén 1én 1. Trang thdi cdc 16i vao ciia cdc trigo sau khi ¢6 4
xmmg di vao bd dém:

LW=0,K,=1,)=J.=],= 1, Ky = K¢ = K = 0. Khi ¢6 xung thit 5
vio bd dém ta cé:

Qs=0, Qs = Qc=Qp = 1, khi ¢6 cdc xung ti€p theo cdc trigo lai 14n
lgt theo nhau chuyén vé 0. Ta ¢6 bang chan 1y clia bé dém dugc trinh bay
¥n bing 6.4. Giadn dé xung minh hoa cho hoat doéng cia bo dém ma
Johnson duge trinh bay trén hinh 6.18.
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Hinh 6.18: Gidn dé xung clia bé dém 8 theo ma Johnson

Bang 6.4: Bang chan Iy cla bé dé€m 8 theo ma Johnson

Xung Qa Qs Qc Qb
0 0 0 0 0
1 1 0 0 0
2 1 1 0 0
3 1 1 1 0
4 1 1 1 1
5 0 1 1 1
6 0 0 i 1
T 0 0 0 1
8 0 0 0 0
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Bo dém nay dém dén 8, sau 8 xung vio bd dé€m céc trigo lai trd vé trang
thai O ban ddu.

Pac diém cha bo dém Johnson nay la:

- Khi dém trigo sau dugc ghi lai két qua cha trigo trudc gidng nhu ghi
dich.

- P&m theo ma Johnson cdn nhiéu trigo hon dé€m theo ma nhi phén. N&
ta goi M 12 modun clia bo dé€m, s6 xung 16n nhat bo dém c6 thé dém dug
va n la s& trigo diing trong bd dém ta ¢6 h¢ thitc bi€u dién méi twong quan
gitta M va n sau day d6i voi hé dém nhi phén:

M=2"
Pai vai bo dém Johnson ta co:
M = 2n.

3 bo dém c¢é 4 trigo, dém dugc dén 8. Ciing véi s6 trigo 12 4 bo d€m i
phan cé thé dém duge 16.

Bo dém Johnson tuy phai ding nhiéu trigo nhung t6c do dém nhanh vi
4n dinh, dic biét 1a gidi ma cla né ra thap phan don gian hon nhiéu so vé
viéc giai ma tir bo d€m nhi phan ra thap phan.

Tuong tu nhu trén ta c6 thé xay dung bo dém 10 ma Johnson tir trigo
JK. So d6 cho trén hinh 6.19.

QA » Qn ] ch Qn ™ QE'
] A Q ] B Q J [ E R ] D Q J E QN
—bCLK | ~pCLK_ | —pCLK | (pCLK _| rpCLK _
K K K .4 o
CD Q cD Q CcD Q CD Q CD Q
v v 7 i i
X ba [ [ [
Dém

Hinh 6.19: Sd dé dém 10 ma Johnson dung trigo JK
Qui trinh dém x4y ra nhu trong bang chén 1y cia bd d€m bang 6.5
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Bang 6.5: Bang chan Iy cGa bd dém 10 ma Johnson

Xung Qa Qs Q. Qp Qe
0 0 0 0 0 0
1 1 0 0 0 0
2. 1 1 0 0 0
3 1 1 1 0 0
4 1 1 1 1 0
5 1 ) 1 1 1
6 0 1 1 1 1
7 0 0 1 1 1
8 0 0 0 1 1
2 0 0 0 0 1
10 0 0 0 0 0

Ta ciing c6 thé xay dung b6 dém mi Johnson ¢c6 M = 2n (s6 chin) diing
tigg D va trigo RST. So d6é mic cdc bo dém mi Johnson diing trigo RS tuong
wwnhu 14 dung trigo JK vi ¢6 méi tuong déng gita J vai S va K véi R.

bé lap bo dém 10 ma Johnson dung trigo D ta ¢6 thé méc mach theo so
dénhu hinh 6.20.

_ bat Qar Qs Qe o Qo QB]
H o E q 3 iz D a Q b b4 D a q 4 17 o E q P 1T o E q 5
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Hinh 6.20: B dém 10 ma Johnson ding trigo D 7474

So d6 d€m 12 ma Johnson dung triga RST, cdch ddu gidng so dé ding
trigo JK. Bang ma dém 12 lap giéng bo d€m 10, chi cdn thém 1 cot Qp cho
trigo thit 6.

Bén cach cic so d6 dém chin ta ciing c6 thé xay dung duoc céc so dé
jém 1€ theo ma Johnson.
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Vi du: BO dém 5 ma Johnson dung trigo JK c¢é so d6 cho trén hih
6.21. Gian d6 xung ctia bd dé€m nay dugce trinh bay trén hinh 6.22.

Che y : DEm 5 thi mac K, v&i Qg (cing 1a J. ).

Hoat dong cla bo dém dién ra nhu bang chdn ly bang 6.6.

Ta cd thé giai thich qua trinh dém dién ra theo bang 6.6 nhur sau:
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Hinh 6.21: So dé mic bd d€m 5 ma Johnson diing trigd JK

D4u tién ta cho xung xo0d vio 16i vao xod ctia b dém:
Q:=0,0:=0,Q.=K, =0,

T s

Nhu vay, khi ¢6 xung nhip thit nhat dua vao bdé dém CLK, thi Q, =1
con Qg va Q. van bang 0. Trang thdi 161 vao cla cac trigd trong bé dém sau
khi c6 xung nhip thit nhdt dua vao bd dém:

Ju.=Js=1,K,=K;=0,
J-=0,K.=1

Khi ¢6 xung thit hai CLK, vao bé dém thi Q,=1 va
Qz=1con Q.=0.

Sau khi ¢6 xung thi hai vaobd démtacé: J,=1,J;=1valJ.=K, =1,
Kg=Kc=0.

Vil, = K, = 1 nén khi c6 xung CLK, vio b6 dém Q, chuyén trang th4
tir 1 vé 0, Qg = 1, Q. = 1. Trang thdi 16i vao clia céc trigo sau khi ¢6 xung
thit 3 vao bo dém:

Jh=th=0, =1 K, =K;= 1. EK:=0.
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Hinh 6.22: Gian d8 xung cla bd dém 5 ma Jonhson
Khi cé xung CLK, vao bd dém thi Q,=0, Q;=0,Q.=1.
Trang thai cdc 161 vao cua cac trigo sau khi ¢é xung thir tu vao b dém:
l.=2l=l=20, K20, K; =1, K.= 1.
Sau khi ¢6 xung thd nam CLK; vao boé dé€m thi Q. ciing chuyén vé 0

pét. Nhu vy, sau khi ¢é 5 xung vao bd dém ca ba trigo déu chuyén trd vé
trang thdi ban diau Q,= Qp=10, Q- =0.

Bang 6.6: Bang chan ly ciia bd dém 5 ma Johnson

Kung | Qa Qs Qc | Jo= Q. Ki=Qp Jp=0Q4 | J.=Qp
0 0 0 0 1 0 0 0
1 1 0 0 1 0 1 0
2 1 1 0 1 1 1 1
3 0 1 1 0 1 0 1
4 0 0 1 0 0 0 0
5 0 0 0 1 0 0 0

Vi cdc bd dém Johnson ¢é M la 1€ diing trige JK ta ¢é mdi tuong quan
gita M va n:
M=2n-1
Bing cdch mac c¢6 cdu tric tuong tu nhu so d6 hinh 6.21 ching ta c6 thé
méic cdc bd dém véi M 1a s& 1é tuy chon.
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Vi du: vé6i n = 4 ta c6 by dém M = 7. Bo6 dém 7 ma Johnson dung#

trigo JK.

So d6 bo dém nay cho trén hinh 6.23.
Qal QBT Qe Qn]
1 A Q ] B Q B Q c QJ
LK | [CLK | [POLK ~DCLK
— K K B L3
cp cp 2 cp 2 cp 2
=] q} [&]
x6s I
Dém

Hinh 6.23: So dé dém 7 ma Johnson

Mudn dé€m 7 phai n6i K, véi Q (cling la Jp).
Chit y: Cdc b dém 1€ nay khong dung duge trigo D va ciing khéng ding

dicoe trigo RS vi R =8 = 1 cdm ding.

0123 45 601 234 58601

CLE
—
Qa_ }
Qp |
o P

w ) L L

-

Hinh 6.24: Gian dé xung bé dém 7 ma Johnson
Bang chan 1y cia bo dém 7 ma Johnson cho trén bang 6.7 va gian db
xung ctia bo dém cho trén hinh 6.24.
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Bang 6.7: Bang chan ly cda bd dém 7 ma Johnson

Xung [ Qs | Qs [ Qc | Qp
0 0 0 0 0
1 1 0 0 0
. 1 1 0 0
3 1 1 1 0
4 0 1 1 1
5 0 0 1 1
6 0 0 0 1
7 0 0 0 0

4. CAC BO GHI DICH (SHIFT REGISTER)

Bo ghi dich (con goi la thanh ghi dich) 1a phédn tir khong thé thi€u dugc
mng CPU, trong cdc hé vi xir 1y... N6 ¢6 kha nang ghi gir va dich thong tin
(sang phai hoac trii).

Bo ghi dich cdu tao tir mot day phédn tir nhG don bit (trigo) duge mac
n ti€p voi nhau va 1 s6 cira logic co ban ho tro.

Muén ghi va truyén 1 tir nhi phian n bit ta cdn n phdn tir nhé (n trigo).
Trong cdc bd ghi dich thudong dung cédc trigo déng bd nhu trigo RST, trigo
K, trigo D ma chiing ta da khao sit chiing & chuong V.

Thong thudng ngudi ta hay dung cdc trigo D hodc cdc trigo khdac nhung
mic theo kiéu trigg D dé tao thanh cic b ghi.

C6 2 cach ghi:

+ Ghi song song: Céac bit cta tir nhi phan dugc ghi déng thoi ciing 1 lic
fo bo ghi.

+ Ghi ndi ti€p: Cdc bit cua tir nhi phan dugc dua vao bé ghi mét cach

win tu theo thi¥ tr chia tir nhi phéan.

6.4.1. B ghi song song

So dé bo ghi song song 4 bit cho trén hinh 6.25.
Trong so d6 trén ngudi ta thém 1 mach diéu khién ra ding 4 cira VA 2
16 vio.
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Hoat dong ciia so d6 nhu sau:

Trudc tién ding xung xoa CD = 0 d€ xo4, 16i ra Q,Q,Q,Q, = 0000.

Céc s6 liéu cin ghi dua vao 161 vao D,D,D,D.,.

Khi ¢6 xung diéu khién ghi dua vao 161 vao CLK, dif liéu dugc nap via
b6 nhé song song va cho 16i ra song song Q,Q.Q,Q, = D,D,D.D, .

Méi 16i ra Q duge dua vao 1 16i vao cha cic clira VA. Mudn cho dit lita

ra thiang 16i ra thi 16i vao "diéu khién ra" phai bang 1. N&u chua muén cho
dit liéu ra 16i ra thi d€ "diéu khién ra” Lang O.

" . [ ] [ ]
4 4 d &
—p & aq Hp & e YHop & g YHo 8 o
— bCLK |_n:m —hCLK —hCLE
8 qop 8 op 8 Qp 8 op
62 T T T T
‘Ghi
JPidu khi€n ra _ )
Ql QZ Qﬂ Q4

Hinh 6.25: Sd d& bd ghi song song 4 bit
6.4.2. Bo ghi dich ndi tiép
6.4.2.1. B ghi néi tiép dich phdi cé cdc 16i ra song song va ra néi tigp

B¢ ghi ndi ti€p c6 thé cé dich phai, dich trdi va cho ra song song hoic
ra noi ti€p. Trén hinh 6.26 gidi thiéu so d6 bd ghi néi ti€p dich phai ¢6 céc
161 ra song song va ra ndi tiép.
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e & d Y d -
Yaondi ti€p TR ——— R o o Ra n&i ti&p
—pELK —pCLE —pEIX —CLK
g ap B op 8 ap 8 gpb
-.‘{:&a T T T T
.Ghi
Diéu khi&n ra .
Q, Q2 Q3 Qs

Ra song song
Hinh 6.26: B& ghi n&i tiép dich phai

Bay 1a so d6 chi ¢6 16i vao néi tiép, con 16i ra ¢ ca ra song song va ra
ndi ti€p.

Khi cho mét xung kim am tdc déng vio I8i vio xo4, céc 16i ra Q cha ca
bén trigo trong bo ghi déu & trong trang théi 0.

Muén ghi ta phai dua cdc bit théng tin néi ti€p vé thai gian truyén lidn
gt vao 161 vao néi ti€p theo su diéu khién déng bo ciia cac xung nhip. C&
sau mbi xung nhip, trang thdi cia trigo lai duge xdc 1ap theo théng tin & 16i
vio D ctia né.

- Trong so d6 hinh 6.26, 16i ra ciia trigo trudc lai duogc néi vao 16i vao D
oha trigd sau nén sau mai 14n ¢6 xung nhip tic dong trigo sau lai nhan gia tri
ella trigo ding trudc no.

Trén bang 6.8 trinh bay trang théi 16i ra cla céc trigo trong bo ghi theo
i kung nhip diéu khién ghi. Ta thdy qua méi lin xung nhip diéu khién ghi
téc bit dir liéu lai dich sang phai m6t hang nén ngudi ta goi bo ghi hinh 6.26
[2bo ghi noi ti€p dich phai.

Bang 6.8
Ck Q, Q, Qs Q.
0 0 -0 0 0
1 D, 0 0 0
2 D, | D, 0 0
3 D, | D, | D, 0
4 D, Dy Dy D,
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Sau khi két thiic qué trinh ghi, mudn dua dir liéu ra & cdc 16i ra song
song ta dat mic 1 & 16i diéu khién ra, 16i ra cta cédc cira AND & 16i ra song
song s& dugc xdc lap theo trang thai Q1,Q2,Q3,Q4 cia céc trigo trong b
ghi. Trong cdch diéu khi€n dir liéu ra song song nay thong tin trong bg ghi
van dugce duy tri.

Pé diéu khién dir liéu ra néi ti€p, ta phai tdic dong mot nhém 4 xung
nhip ciing & 16i vao diéu khién ghi. Sau 4 xung nhip tic dong 4 bit dif li¢
14n lugt duoc dua ra khoi bo ghi.

Nhur vay, qud trinh diéu khién ghi néi ti€p 4 bit dir liéu mdéi ciing 1a qué
trinh dua 4 bit dit liéu cii ra khoi bo ghi qua 16i ra néi tiép.

6.4.2.2. Bé ghi néi tiép dich trdi cé cdc 16i ra song song va l6i ra noi tiép

T - -
Ra n&i ti€p YVao d‘ihc;htrﬁi
A 4 j_ A 1
— 0 82 gh- | 7 5—‘1_ Q1 O ﬂ Q 1 D 9 g
A | —hcix 2 10 . —sox 4
B Qb £ Qp 8 opb 8 oo
X 63 T T T T
- - & &
Ghi
|
JDifu khifnra .
Q]_ QZ Qﬂ Qa
Ra song song

Hinh 6.27: B& ghi ndi tiép dich trai, ra song song va ndi tiép

Bo6 ghi néi ti€p dich trai c6 cdc 16i ra song song va 16i ra noi ti€p duc
trinh bay trén hinh 6.27.

C4u trdc cha bo ghi nay ciing tuong ty nhu b ghi dich phai hinh 6.26,
no chi khac trat tu sap x€p céc trigo trong bd ghi.

Trigo 4 lai 1a trigo dau, trigo 4 13 trigo cudi.

Qua trinh diéu khién xod4, diéu khién ghi vao va dua dir liéu ra hoin
toan tuong tu nhu bd ghi dich phai hinh 6.26.
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Vidu: ta c6 mot chudi dir lieu D,D,D,D, duogc truyén dén 16i vao ciia bo
glitheo trinh tu bit D, dén trudc nhat. Qud trinh ghi dich bén bit dit lieu déi
mwh) dém nay dién ra nhu bang 6.9.

Bang 6.9: Qua trinh ghi dich trai

Ck Q, Q; Qs Q.
0 0 0 0 0
1 0 0 0 D,
) 0 0 D D,
3 0 D, D, D,
4 D, D, D, D,

6.4.3. Mach vira ghi néi ti€p dich phai, vira ghi song song

So d6 bo ghi vira ghi néi tiép dich phai, vira ghi song song cho trén hinh

6.28.

Vio song song

L Pidu khién ra . .
&Z 2 3 4

?

Q; Rasong song Q3 Qs

Hinh 6.28: B ghi ndi tiép dich phai va ghi seng song

165



So d6 c6 thém 16i vao M: mét diéu khién ghi song song hodc ghi dich
ndi tiép.

Khi M = 1: cdc 16i ra cla cdc cira AND B,, B,, B,, B, déu & miic 0, 18im
cia trigo trude duge ndi vao 161 vao D cia trigo sau, 161 vao ndi tiép duge néi
vao 16i vao D cia trigo 1. Théng tin tir cdc 16i vao song song khong duge
truyén vao trong mach. Nhu vay, khi M = 1 mach lic nay tré thanh bé ghi
ndi ti€p dich phai. Mudn ghi dd 4 bit vao thanh ghi ta phai ¢6 mot nhém 4
xung dua vao Cy diéu khién ghi. Khi qua trinh ghi két thiic, mudén dua rad
céc 16i ra song song ta chi cdn dat muc logic 1 & chan diéu khién cho phépn
clha ctra 3 trang thdi. Mudn 14y ra & 161 ra néi ti€p ta cdn phai tdc dong vio
181 vao xung nhip mét nhém gém 4 xung thi toan bé 4 bit duge ddy ra khoi
bé ghi dich 4 bit. Nhu vay, trong so dé mach hinh 6.28 16i vao xung nhip
dugc ding dé diéu khién ghi néi ti€p déng thdi ciing 1a diéu khién ra. Ct
mdi ldn ghi 4'bit méi viao bo ghi thi déng thoi cé 4 bit cii duoc dua ra khéi
thanh ghi.

Khi M = 0, cédc 16i ra cha cdc clra AND A, A,, A;, A, & miic 0. Thong
tin khong duoc truyén vao 161 vao D cha trigo 1, thong tin tir 16i ra Q cha
trigg truée khong duoc truyén vao 16i vao D cia trigo sau. Thong tin tir céc
16i vao song song dugc truyén truc ti€p vao cdc 16i vao D cuaa céc trige
Mach tr& thanh bd ghi song song ra song song. Muén ghi chi cdn 1 xung
nhip diéu khién ghi 12 dix liéu tir cdc 16i vao song song duoc nap vao bo ghi.
Muén dua s6 liéu ra 18i ra song song dat chan diéu khién cho phép ra ciiz
ctra 3 trang thdi bang 1.

6.4.5. Bo ghi néi ti€p vira dich phai vira dich trai

So d6 mach cho trén hinh 6.29

Khi M = 1: cdc 16i ra clia cdc cira AND B,, B,, B,, B, déu & miic 0,
dudng truyén théng tin tir 161 vao X, ra Y, bi ngit. Pudng truyén théng tin
theo chi€u tir X, ra Y, duoc thiét lap. Mach trd thanh bo ghi dich phai ndi
ti€p, qud trinh ghi, di€u khién dir liéu ra néi ti€p hodc ra song song dién ra
gidng nhu 1a qud trinh ghi dich phai trong cac bdé dém hinh 6.26, 6.28.

M = 0: Mach tr& thanh bo ghi dich trdi néi tié€p, cé dudng vao X, ra néi
ti€p Y, hoac ra song song.

Sau day xin gidi thiéu mét s6 vi bo ghi dich thudng gap :

54/ 74 195, 54/ 74 S195, 54/ 74 LS195A: 4 bit, vao song song hoic ndi
tié€p, ra song song, cé diu xoa4.
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Hinh 6.29: B& ghi ndi ti€p djch phai, dich trai
54/74 91A, 54/74 1L91, 54/ 74 1L.591: bod ghi dich phai 8 bit vao ra ndi 1iép.
54/774 96, 54/ 74 L596: bo ghi dich 5 bit vio song song hoic ndi tiép, ra
song song, ¢o diu xo4a.

54/ 74 164, 54/ 74 LS164: bo ghi dich 8 bit vao n6i ti€p ra song song,
b din xo4.

34/ 74 199: 8 bit, vao song song hoac noi 1iép, ra song song, co ddu xoa.
b5. CAC BO CHIA TAN

vdc bo chia tin duge sir dung rong rdi trong k¥ thuit s8, ching han nhu
# o duoc cdc xung ddng hd ¢ d6 dn dinh tin s8 cao ngudi ta thudmg thuc
fién bang cach: tir mach tao dao dong dung thach anh tao ra cdc xung cao
tin 26 d6 6n dinh tdn s& cao, réi diing cdc bd chia tdn v&i hé sé chia N xac
fimh d€ rao ra cdc xung dong ho cé tin s6 thip ¢é d6 6n dinh tdn s& cao
ding d& déng bo cdc khdi chiic nang khéac nhau ciia thigt bi.

Céc bo dém ta dd khao sit & cidc muc trude day thuc chat ciing 14 cdc bo
fiia tin. Goi hé s& chia 1a M. Trong trudng hgp hé s6 chia M = 10° ta ¢6 thé
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ding bo dém 10 m@ BCD, s6 trigo la n, néu ding bé dém nhi phén ta cd
quan hé N = 2". Hé s6 chia ding cdc mach dém nhi phan luén 1a mot s
chin. Nhu vay viéc chia tdn chidn thuc hién rat don gian. Sau day xin gifi
thiéu mot s& bd chia c6 h¢ s6 chia la 1 s61é(3,5.,7...).

6.5.1. Mach chia 3
So dé mach cho trén hinh 6.30. So d6 dung 2 trigo JK. Tin hiéu cén chia

tan f, dua vao cac Cy. Cac chan K dé d mic 1. L6ira cé tidn s6 f, =f—3‘ ldy ra

& Q,. Phan tich hoat dong clia so d6 ta cé bang chan 1y 6.10.

. T
y Bl G
M - 3
] A Q B Q|—
>CLK _ —CLK
1—H K ==t "
CD Q 1 CD Q
o}

|

Hinh 6.30: Sd dé mac mach b chia 3

Bang 6.10: Bang chan ly cta b chia 3

xung f. Qa Qs
0 0 0
1 1 0
2 0 1
3 0 0

duogc 1 xung c6 chu ky 3T.
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Tir bang chan 1y 6.10 ta vé dugc gidn d6 xung nhu trong hinh 6.31.0
day ta thiy cit 3 xung 16i vao (tin hiéu f.) xung c6 chu ky T, & 16i ra Q,



le aT =l

Hinh 6.31: Gian dé xung bd chia 3

oyt I .  §
Nhu vay 1a ¢ 161 ra Q, ta nhan dugc tin hiéu cé tdn s6 f, = ?

i ! cD : CD
fC [ =] : ] IE
E— : _21 ]I :
¥ 6a Lot ol e [
| .

Hinh 6.32: So d6 mic mach bd chia 5

Mackh chia 5 : Méc tuong tu nhu trén nhung cin 3 trigo. So d6 mach
cho trén hinh 6.32. Bang 6.11 1a bang chan 1y clia mach chia 5.

Bang 6.11: Bang chan ly cla mach chia 5

xung fc Qa QB Qc
0 0 0 0
1 1 1 0
2 0 1 1
3 0 1 0
4 1 0 1
& 0 0 0
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Cic 16i vao J, K bo tréng déu phai d€ & mic 1. Léira f =~gi 1dy ¢ Qg

Phan tich hoat dong cia mach theo xung cua tin hiéu f; ta dugc bang 6.1]1 v
v& dugc gian dé xung nhu trong hinh 6.33.

I

T

.|

e———— ST — >

Uy

Hinh 6.33: Gian dé xung bd chia 5

JUL

|

Nhin gidn d6 xung ta ta thdy cf 5 xung cta tin hi¢u f, vao thi c6 1 xung
& 161 ra Q4. Nhu vay tdn s6 tin hiéu & 16i ra Qgla:

f ==

f
5

Mot céch tdng quat ta c6 thé ding so dé mic theo kicu tuong tu nhu by
chia 5 dé tao céc bo chia cé hé s6 chia 1a M = 2N + 1. Bang cdch thay déi sd
trigo trong bo dém nhi phan N (nidm trong khung chi nhat dugc vé bang céc
dudng khong lién nét). Loi ra cia bo chia M dugc 1ay & 16i vao J cua trigo
cusi cing. Vi du nhu bd chia M v& trén hinh 6.28 trong b chia nay bo dém

nhi phan N cé 2 trigo: n = 2 hé s6 chia M cta b dém nay la:
| M=22>+1=9

So dé cho trén hinh 6.34 chinh 12 b chia 9.

N=2"

P o S N

_ M
E S | M = 2N +1
1 A Q111 B Q11 € Q . 37 D Q|—
bCLK J——#F-CLI‘: - —l——ﬁFCLE : CLK _
K % - el K K
cp i1 cp 9 1 cp ?[T cp @
9 T
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Chuong ViI

BO NHO BAN DAN

1.1.KHAI NIEM CO BAN

Chirc niing ciia bo nhé

Trong muc 6.3 khi khao st cdc bd ghi chiing ta d3 nhic dén kha ning
hnu tri¥ clia cdc b ghi. Cac bo ghi thuong duce dung dé luu trix thong tin vé
gng théi cua mdy hodc s6 liéu trung gian trong mot thoi gian ngan. DE luu
it dugc cdc chuong trinh diéu khién tinh todn va céc két qua tinh todn trong
héi gian dai cdn phdi cé cac bd nhd ¢6 dung lugng 16n. D6i véi céc thiét bi
s¢ va mdy tinh dién tit, kha nang nhé duoc dit liéu Ia mot yéu cdu quan
trong. Vi du trong mdy tinh, cdc chuong trinh tinh todn cdc con s6 cin thiét
cho phép todn phai dugc luu trit ngay trong mdy. Con trong cdc thiét bi diéu
khién sG thi cac lénh diéu khién ciing phai duoc luu tri d€ diéu khién qué
trinh van hanh theo maot trinh tr di duoc dinh trude do nguoi lap trinh vach
m. Vi vay cic bod nhé dam nhiém chic nang luu trit thong tin khong thé
thi€u dugc trong céc thiét bi sé.

Cac thong sé co ban cuia bo nhé

Thong tin dif liéu duoc tao thanh tir mét don vi co ban goi la tir (word).
Tuy theo timg loai mdy, 1 tir c6 thé 1a 8 bit, 16 bit, 32 bit ... C4c thiét bi chi
tuyén di hay nhan vao nguyén 1 tir hay nhiéu tir chit khong phai chi vai bit
cda tir. Tuy nhién don vi nhé co ban 12 bit.

Khi néi dé€n b nhé, ngudi ta quan tam ngay dén 2 thong s6 co ban :
1. Dung lugng nhé (Capacity): 1a lugng théng tin hay dit liéu luu trix
dwge trong bo nhé .
Céc don vi nhd 1a: bit, byte, KB, MB, GB.
1 byte = 8 bit
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1 KB =2 byte = 1024 byte = 2" bit
1 MB=2""KB =1024 KB
1 GB =2""MB = 1024 MB
2. Thai gian truy nhap (Access time - at): Thoi gian nay gém 2 phinfl
thai gian xdc dinh vi tri tir va thoi gian doc néi dung tir luu dit trong b nlif
at cang nho, toc do 1am viéc cia may cang cao.

Phan loai. bo nhd

Viéc phéan loai bd nhé c6 nhiéu cdch. Xét vé€ cdu tric clia may tinh#

thdy c6 2 loai bo nhé:
* B nhd trong : gom c6 ROM, RAM, dia ciing
* Bo nhé ngoai : gom cdc dia mém, cidc dia CD ROM...

Cic thiét bi nhé dia cing, dia mém vA CDROM ban doc c6 thé tham
khdo trong cdc siach néi vé cdu tric mday vi tinh. Trong pham vi gido trinh k§
thuat dién tir nay chiing ta chi dé cdp dén cdc bd nhd bin din, céc b nhd
nay ¢6 trong cdc mdy tinh dién tir va cédc thiét bi dién tir diéu khién 58,

Ciéc bo nhd ban din duge chia 1am hai loai:

— B6 nhd truy cap ngiu nhién RAM (Random Acces Memory), RAMI
b6 nhé béan din tdc déng nhanh, cé thé ghi s6 liéu vao va doc s6 licu ra ti
RAM & thoi diém nio ciing duoc.

— B6 nhdé chi doc ra ROM (Read Only Memory) trong dé cdc dit liéu di
duoc cic nha san xuat ghi vao va no chi duge doc ra khi diing.

7.2. BO NHG CHI BOC - ROM

ROM la bd nhé vinh vién, khac véi RAM thong tin chifa trong ROM
khoéng bi mat di khi khong con nguon dién. Cac dir liéu da dugc nap vao
ROM do nha ché tao thuc hién khi san xuit cé thé la cic hing s& vat li, todn
hoc nhu sé 7, s e, cdc cong thidc todn hoc, cac ham s6 luong gidc sin, cos,...
cdc bo bién ddi ma, giai mi cdc ki tu v.v... Dif liéu cling ¢6 thé 1a céc lénh
diéu khién khdi déng mady tinh, cdc chuong trinh con diéu khién su hoat
dong ciia mdy tinh hay cdc thiét bi diéu khién ty déng. N6 chi diing dé doc
ra trong qua trinh vin hanh cia thié€t bi. Trong ROM cén ¢6 céic loai:

PROM (Programmable ROM) la bé nhé duge chuong trinh hoa tai nhé
may san XuAt.
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Cic vi mach loai PROM: 54/74S188 (32x8bit), 54/74S287 (256x4bit),
54/745472 (512x8bit).
EPROM (Erasable Programmable ROM) 1a b6 nh& ¢6 thé lap trinh hod
o6 thé x04 va nap lai dugc. EPROM c6 hai loai:
UV-EPROM (Ultra -Violet). Bé nhd I4p trinh hod cd thé xod bdng tia
me tim, ta ¢6 thé dé dang nhén ra loai nay tit hinh dang bén ngoai clia nd
loai ndy dugc déng trong v nhua c6 cira s6 tron trong suét, qua clra so ta cd
ié nhin chip bén din & bén trong. Nho ¢6 cira s6 nay ta c§ thé xod noi dung
thong tin ghi trong EPROM bang cédch ding dén tu ngoai chiéu tia cuc tim
| vio chip. Bo nhd sau khi xo4 c6 thé lap trinh lai. Khi diing loai EPROM nay
ain che cira s& dé tranh anh sdéng mat trdi roi vao lam mat thong tin ghi trong
mach.
Céc vi mach UV Erasable PROM ciia hiang National Semiconductor:
M2708 (1028%8bit), MM2704 (512x8bit).

E - EPROM (Electically Programmable and Erasable ROM). B& nhé
lap trinh hod xod bing xung dién 20 V. Cic vi mach thudc loai nay ctia hang
| National Semiconductor c6 cdc ki hiéu sau:
MM4203/MM5203 2048bit (2568 hodc 512x4bit);
MM4204/MM5204 4096bit (512x8bit).
Trén hinh 7.1 néu ki hiéu cia moét s6 vi mach nhé chi doc PROM.

1 1 1 i 3 12 ) T
A a S @ A q —i - @
e al— S8 @ 2 L rog ) - o e
g =l (o 2 R e DIy B e L
7 P TN Q1 y—q " o D S X}
—— A Q—— TM o 3 7| M 5 M
3 Qi —y ' 2 Q¥ o s g M
b o T e D T il
i s v Maser Lo ¥
745188 15 TS o b 1" 745572
1l exw = 5
-

Hinh 7.1: Ki hiéu cac vi mach PROM

73. BO NHO TRUY CAP NGAU NHIEN - RAM
RAM la bo nhé vira doc ra vira ghi dugc dit liéu vao. Théng tin chira

trong RAM s& bi mat khi khéng con ngudn dién nudi né, né duge chia ra cac
loai:
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- RAM luu trit (Nonvolatile): Ding CMOS nudi bang pin lithium Jigg
tuc duge 10 nam.

- RAM khong luu trit (Volatile): Khi ngat ngudn nuoi cdc dit lieudi
nhé bi xod. Loai RAM nay lai c6 hai loai:

+ RAM tinh (Static): Cau tao tir cdc trigo ludng cuc, MOS hoic CMOS
Ta goi 124 RAM tinh vi céc dit liéu s& con nguyén ven khi nguodn nudi ch
duy tri.

+ RAM dong (Dynamic): Cau tao tit cdc fransistor MOS hodc CMU§
cé thém céc tu dién dé luu trit s6 liéu. Vi qua tu cé dong do nén theo thi
gian dién thé trén tu giam din nén sG liéu khong duy tri duge nguyén ven
mic du chua ngat nguén. DE duy tri duge dif liéu chia trong RAM dongta
phai thudong xuyén dua cdc xung dién kich nap dién cho tu, thao tic niy
duoc goi 12 "1am tuoi” dir liéu chita trong RAM. ‘

Cédc bo nhé néi trén duge xay dung tir cic 6 nhé (Memory Cell). Céed
nhé nay cé cdu tao khic nhau ¢ cidc bd nhé khic nhau.

Vidu:

* RAM tinh: Don vi nhd ]a 1 trigo. Trigo ¢6 thé c4du tao tir transistor
hedng cuc, c6 thé tir MOSFET.

* RAM dong: 6 nhé 12 MOSFET c6 sl dung dién dung clia cuc cira (co
nhu cé tu C) chi khong méc theo kiéu trigo.

* ROM: don vi nhd cau tao tir transistor ludng cyc va MOSFET (c6 thé
1a diode, tu dién). '

7.3.1. B6 nhé truy cap ngau nhién - RAM tinh

Ciu triic tong quat cia RAM tinh: RAM duoc t6 chitc dudi dang mét
ma trin cdc 6 nhé. M&i 6 nhé 12 mot trigo nhu RST hoic trigo D. D€ c6 thé
ghi luu trif va doc thong tin dugc dé dang, cic 6 nhd dugc sdp x€p va dinh vi
theo hang va cot. Viéc truy cap vao timg 6 nhé d€ doc hodc ghi thong tin
duoc giai quyét nhd khai gidi ma dia chi hang va gidi ma dia chi cot. Theo
nguyén tic té chifc néu trén, ngudi ta ché tao cdc RAM tinh ¢6 (2" x b) bit.

RAM cé cic 16i vao dia chi (Address), cdc 16i vao dit liéu (Data), céc
16i vao diéu khién (Control) va céc 16i ra dit liéu. Cic RAM finh diing trong
mady tinh cdc dudng dit liéu vao ra thudng ket hop lam mot nho ding céc cia
3 trang thai.

Trén hinh 7.2 giéi thiéu so d6 kh6i mo ta cdu tric cia RAM finh.
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Hinh 7.2: C3au tric ctia RAM

Nhu ta da thdy trén hink 7.2, cau triic cuia RAM g6m: ma trin cédc é
nh6, khéi gidi ma dia chi va diéu khién doc, viét, vio ra dir lieu.
Vimach RAM 6164, 6264 c6 ciu tric nhu hinh 7.3.
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Hinh 7.3. Ky hiéu cia RAM
6164, 6264

RAM 6164 c6 13 dudng dia chi la: A,
Ags o A, 4 dudng di€u khién va 8 dudng
di liéu vao va ra chung nhau 1a D,, D,,... D,.
Xem ky hiéu va cdc chan cu thé cha né trén
k¥ hiéu 16gic cia RAM hinh 7.3.
Dau vao diéu khién:
CS : Chip Selection : chon chip
OE : Out put Enable : Diu diéu
khién cho phép ra
WE : Write Enable : Diu diéu
khién cho phép ghi
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Hoat dong ciia no tudn theo bang chan 1y 7.1.

Biang 7.1: Bang chan ly ctia RAM tinh 6164, 6264

CS WE OE MOT VAN PAU VAO DAU RA
HANH

0 0 1 Ghi s6 liéu Pugc néi Tha néi

0 1 0 Poc s6 lieu Tha ndi Puogce néi

0 1 1 Khoéng lam gi Tha néi Tha néi

1 X X Ngimg Tha ndi Tha noi

X : bét k¥ hoac khong quan tam

Ciéc thi tuc ghi dit liéu vao RAM va doc két qua ra phai cin cif theo ban
chan 1y néu trén nhung cin luu y cdc diém sau day:

1/ Ghi dit liéu vao boé nhd RAM:

Trong khi tién hanh céc thao tac ghi 16i vao diéu khién chon chip phai
dat & mic 1: CS = 1. Cic dudng vao ra dit litu dé & trang thdi tha néi
OE =1 ,W—E = 1, sau khi di dit xong cdc dia chi cdn truy nhap va dit lidu
méi diéu khién ghi dé cic 16i vao OE=1,WE =0, CS = 0 dé ghi. Ghi
xong lai dé 16i vao diéu khién chon chip CS = 1.

2/ Doc két qua tir bd nhd ra :

pat WE =1, CS = 1, dat xong cdc dia chi cén truy cap méi diéu
khién doc dat OE =0, CS = 0.

Trén hinh 7.4 trinh bay so d6é khéi mo ta céu tric cia mét 6 nhé trong
RAM c6 chung dudng vao ra. Khéi giai ma dia chi xdc dinh vi tri 6 nhd cin
truy cap theo cdc thong tin dat vao cdc 16i vao dia chi, né tao ra tin hiéu cho
phép truy cdp vao 6 nh6. Gia thu ta mudn ghi dit liéu vao 6 nhd, trinh tu tién
hanh nhu sau: CS =1, OE =1, WE = 1, 16i ra hai clra AND 1 va AND?2,
& trang thdi O, cira ba trang thdi 1 va 2 tha ndi 6 nhé cach li hoan toan véi
dudng vao ra. Dua thong tin vao 16i vao dia chi, dat dia chi 6 nh& cin ghi,
Pua dit lieu vao 16i vao dit.liéu, chuyén cdc 161 vao chon chip vé khong vi
vén dé 16i vao OE =1, WE =0,CS = 0, 15i ra cira AND 1 chuyén lén |,
16i ra clra AND 2 chuyén vé O, clra 3 trang thai 1 théng mach, cira 3 trang
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thdi 2 tha ndi 1am h& mach 16i ra, dudng vao ra trd thanh 16i vao dit liéu qua
clfa 3 trang thdi 1 dugc nap vao 6 nhd.

Muén doc dit liéu tir 6 nhé ta ciing Iam theo trinh tu tuong tu nhu thao
tic ghi nhung budc cuéi ta dat:

WE =1,
OE =0,
CS =0

I6i ra clra AND 1 chuyén vé 0, 16i ra clra AND 2 chuyén lén 1 cira 3 trang
thdi 1 tha ndi lam h& mach 16i vao, cira 3 trang thai 2 théng mach dir liéu
dugc dua ra qua cira 3 trang thdi 2 .

A DECODE,
Giai m4 dia chi
AIE
L/'O DATA [~ vio CELL ra
-— . 1 = - 2
viio ra dir liéu L O nhé
]
CS =
gy J s 2 3
YWE = A

Hinh 7.4: Cdu tric 1 6 nhd ctia RAM tinh

7.3.2. Cac bo nh6 ciia RAM déng

MOSFET c6 tr& khdng vao rat 16n, ngudi ta thudng diing né dé ché tao
b6 nhé RAM dong.

Cau tao mot 6 nhd cia RAM déng ding MOSFET cho trén hinh 7.5.

Mach c6 3 MOSFET nhung khéng d4u kiéu trigo ma:

T,, T; : Hoat déng nhu céc kho4 dién tir

T, : Nhu 1 mach dao.
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Dir lieu Iuu trir duéi dang tich dién & tu dién C chinh la dién dungeg
ctra cia T,. Pon vi nhd cé 4 dudng:

- Pudng diéu khién doc va diéu khién viét thudc vé 1 tir (WORD)

- Pudng "Viét" dé ghi dit liéu vao dudng "Poc" dé 1ay dit liéu ra.

* Thao tac viét : (Gia sit MOS kénh P)

- Cho xung am vao "diéu khién viét", T, dan.

- Néu dudng "viét" & OV tu C khong tich dién : ghi bit " 0"

- Néu duong "viét" & (- U) tu C cé dién tich : ghi bit "1 "

* Thao tac doc :

- Cho xung am vao duong "diéu khién doc" va vao dudng "doc"

- Néu tu C khéng c6 dién tich (bit "0") thi T, cdm lam T, ciing cim
dudng doc khong c¢6 dong dién ra : doc "0"

- Néu tu C c6 dién tich (bit "1") thi T, din lam T; cling din dudng dge
c6 xung dong dién : doc "1"

Diéu khién doc

Pudng ghi

|
]

sl K.
7$]

Dutng doc

Diéu khién ghi

Hinh 7.5: Cdu tao 1 5 nhé ciia RAM doéng
Mach c6 thé don gian hon néu ding 1 dudng chung cho diéu khién viét
va doc - ldc d6 cén chon xung diéu khién vi€t nhd hon xung diéu khién doc
dé khi doc T, khong duogc din vi T, din s& lam thay déi dit liéu & C.
Vi mach luén mat dan dién tich trén tu dién C (do hién tuong do) nén
dif liéu khong luu trit dugc vinh vién. Do dé mach can duge "viét" lai lién tuc
goi [a lam tuoi (Refresh) bo nhé (chu ky viét lai ¢& 2 m sec).
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* Dic diém ctia RAM dong:

- Khi khéng "doc" khong "viét" hodc khoéng viét lai, mach hdu nhu
khéng tiéu thu cong suat do dé cong sudt tiéu thu cuc nho.

- Vi chi sit dung it transistor cho 1 6 nh& nén dé ché tao mach ¢6 dung
lrong 16n trén dién tich nho.

- Thoi gian thim nhip at nhdé hon RAM tinh.

- Nhuoc diém: Lu6n phai Refresh, khéng phtt hgp khi ghép véi ho TTL.

Vidu: RAM dong TMS 4116 c¢6 ki hiéu va gidn d6 thdi gian xdc lap
dia chi b$ nh& dugc trinh bay trén hinh 7.6.

1y T Vgsle GND RAS =1 CAS =1 RAS =1
2o CAS| X X

—iWE Dot Ny w0 AR Ay M

e 13 — o —
— |PAS  Asr= CAS =0 RAS =0 CAS =0
—= lAp A3 Bia chi héng Bia chi cat
—5 Ay Aglll dugc xac [8p duac xéc [ap
_?Az AEJP_._ WE =1
—Vop  Vecr>

o WE =0 Thdai gian chét dia chi

Hinh 7.6: Ky hiéu RAM déng TM4116 va gidn dé thdi gian chon dia chi khi doc, viét

TMS 4116 thudc loai MOSFET c6 cdu triic 16K x 1 bit.
16K tuong vng 16.384 6 nhé, vay cidn 14 dudng dia chi (vi 2'* = 16.384)
D€ giam s6 dudng dia chi tic 14 s6 chan IC ngudi ta ding dia chi kiéu
hop kénh (multiplex) tic 1a cdn 7 duong khi doc hay viét:
diu tién dung 7 dia chi chita théng tin hang,
sau d6 dung 7 dia chi chida théng tin cot
Vi vay 2 tin hieu RAS va CAS c6 biéu d6 thoi gian ngugc pha nhiu
nhy hinh v& trén gidn d6 xung hinh 7.6.
Khi RAS thap: Mach chét dia chi hang théng (A, .... A)
Khi CAS thdp: Mach chét dia chi cot thong (A, ....A s,
WE : dé€ dua tin hiéu cho phép "viét" viio mach.
Khi viet : WE : thap, thong tin qua Din dugc "viét" vao dia chi da chon

Khi doc : WE: cao, tir dia chi dia chon théng tin ra Dout.
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Chuong Vil

BO CHUYEN DOI SG - TUGNG TU VA TUGNG TU 6
(DIGITAL TO ANALOG & ANALOG
TO DIGITAL CONVERTER)

8.1. KHAI QUAT VE DAC

1. Chidc nang

Bo chuyeén déi s6 - tuong tu DAC ti€p nhan mot ma s& n bt song song
161 vao va bién doi né ra dong dién hoac dién 4p tuon g tu & 161 ra. Dong dign
hoidc di¢n dp & 16i ra DAC 1a ham so cua ma so 161 vao va phai bién thién
phi hgp véi su bién thién clia ma s6 nay.

2. Cau tric

So do khai clia bo bién d6i DAC hoan chinh bao gém 3 phan ti co ban;
mot dién dp chuén (referent voltage) én dinh bén ngoai, mot DAC co sd v
mot mach khuéch dai thuat toén (hinh 8.1).

Céc 161 vao 58

1]

11

. ID )
Dién 4p chufdn DAC co s& OA A
Vot =

Hinh 8.1: So d6 khéi b bién ddi DAC
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V6i mét ma s6 nhi phéan tu nhién & 16i vao clia DAC, ta cé dién 4p V, &
I6i ra la:

Vo=V (B2 +B,.27 + ... + B_2™) (1)
rong do:
B, : Ia bit thap nhat
B, : la bit cao nhat

Vegr : thé€ chuin

DAC co s& dugc tao thanh tir nhitng chuyén mach tuvong tu dugc diéu
Kii€n bdi ma s& & 16i vao va mot loat dién trd chinh xdc. Nhe 6 cic chuyén
mach twong tu di€u khién dong hodc dién 4p trich tir dién 4p chudn tao nén
dong dién hoac dién dp 161 ra tuong tu véi ma dé.

Mach khuéch dai thuat todn ding dé chuyén déi dong dién thanh dién
fpva dong th&i c6 chitc nang clia ting dém. Nhung do c¢6 mét khoang thoi
gian tré trong qua trinh thiét 1ap trang th4i & 16i ra theo su bi€n ddi dong dién
#16i vao clia bo khuéch dai thuat todn cho nén trong cdc Ung dung cin téc
dj cao, c6 thé diing mét dién trd thay thé cho khuéch dai thuat todn dé€ thuc
hién viéc chuyén ddi nay. Tuy nhién ciing vi thé ma pham vi bién déi s& -
wong tu bi giéi han.

D6 chinh xdc _

Ta thay rang dai lugng ra tuong tr khéng lién tuc ma nhian mot gia tri
16 rac tuong ding véi 1 trong 2° t8 hop clia cdc ma nhi phan n bit tai 16i vio
s0 clia mot bd DAC n bit.

Tir cong thitc (1) ta suy ra ring, gia tri cuc dai ctia 16i ra khong dat t6i
gid tri 16n nhat cda thang tri s6 ES (Full Scale) ma chi ¢6 thé dat t6i gid tri
FS.(1 - 2.

B¢ 16n clia méi don vi dién ap ra Umg véi bit c6 trong s6 nho nhat LSB
(Least Significant Bit), n6 cé gia tri 1a FS /2",

Mot DAC c6 s6 bit cang 16n thi s6 mtc dién dp ra cang 16n va gid tri
tla méi nac cang nhd, va nhu vay tap hop cic gid tri clia dai lugng tuong tu
cing lién tuc va bé DAC ¢6 d6 chinh x4c cang cao.

B¢ chinh xdc cia DAC = 1/ 2°
véin la sé bit.
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[;”ng dung

DAC dugc sir dung nhi€u trong viéc diéu khién nguén nuéi cho cic thigtH
ki€m tra tu dong, céc bo tao séng va cac bo phan diéu khién qua trinh.

8.2. CAC LOAI MA sO DUNG CHO DAC

Cac loai ma s6 diung cho DAC gém ¢6 ma nhi phan tu nhién, ma bi nhj
phén, ma BCD. Ma BCD ma hod méi chit s6 thap phan 4 bit. Nhu vay, o c
b6 DAC c¢6 clung s6 bit, bo6 DAC sir dung ma BCD s& c¢é dé chinh xdc kém
hon khi ding méa nhi phan ty nhién. D6 chinh xdc cha bo6 DAC ding mi
BCD duoc tinh bang 1/ 10 trong dé D 12 tdng cdc con s6 BCD.

Vidu: Vé6i bo DAC c6 12 bit

Diung ma BCD : D6 chinh xdc la:  1/10° = 0,001

Dung ma nhi phan tunhién: D6 chinh xéc 1a:  1/2'2 = 0,00024

Diing ma nhi phéan tu nhién ta cé dugec do chinh x4c 16n gap 4 lindy
chinh xdc ding ma BCD.

Do d6 nhimg DAC dang vi mach thudng sir dung ma nhi phan hoic mi
bix nhi phan.

8.3. CAC LOAI DAC

8.3.1. DAC diing mang dién tré trong s6
(DAC with weighted resitor network)

Trén hinh 8.2 trinh bay so d6é nguyeén 1f ctia b6 bién ddi s6 tuong tu 4 bi
dung mang dién trd trong s6. Trong phuong phap nay dé thuc hién bién ddi
$6 - tuong ty, ngudi ta tao ra mot dong dién I, la téng cac dong thanh phin
tuong ung Iy dugc chon tuong thich véi ma s6 & 16i vio nhd sur diéu khién
bai trang thai cac bit clia ma sé.

Déng T, ty 1& véi ma 6 16i vao duoc chuyén thanh dién 4p ra tf 1é vé
md s6 nhi phan & 16i vao nhd mach khuéch dai thuit todn mic theo k'
cong ddo pha. Dién 4p & 16i ra clia bé DAC chinh Ia dién ap & 16i ra cia
khuéch dai thuat toan.

Cac dong thanh phédn I, dugc x4c dinh theo cic gia tri cdc dién trd trong
s0 2R, 4R, R, 16R va c4c bit nhij phan By theo cdc hé thic sau day:

[ =B.V/2R: ©L=B,V,/4R;: L =B,.V./8R; 1,=B,V./I6R
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Vs Tir so dob ta cé:
T 2R
B | | V,=-L.R (2)
el | V B, B
51 L=<F-t #Buy B By
_ B8R 4 a 16
o R
— B, B, B B
—a#?’n_ﬁ To |N 2‘\\_‘ V Vrcf (— 4 3 ) (4)
By : Badtdo} |oOa Lo
=

Nhu vay dién 4p ra ty 1€ thuan
vGi mi s6 161 vao theo hé s6 ty 1€ la
dién 4p chuin. Nhuge diém cla mach
ndy 1a: s6 bit cang tang thi s6 dién trd khéc nhau vé gia tri cling ting, viéc chon
cdc dién tr& chinh xdc cang khoé khan hon. Pé khéc phuc nhuge diém nay ngudi
@a di dua ra loai DAC ding mang dién tr& R-2R loai nay chi ding ¢6 hai loai
dién tro.

Hinh 8.2

8.3.2. DAC dung mang dién tr6 R - 2R

Khic véi DAC diing dién tré trong s6, mach DAC sit dung mang dién
ity R-2R chi cdn dung 2 loai gid tri cha tro. Nhung so véi cdec DAC dung tré
trong 56 c6 clng s& bit thi s6 luong dién tré doi héoi phai nhiéu hon. So do
nguyén li b0 DAC diung mang dién tr&& R-2R dugc vé trén hinh 8.3.

D6i v6i DAC loai R - 2R, cic chuyén mach dién tir dit & vi tri ndo 1 hay
0 déu dugc ndi dat: hodc duge ndi dat thuc su (vi tri 0), hodc dugc ndi qua
diém dit ao & 16i vao N (V4= 0) ciia mach khuéch dai thuat todn (& vi tri 1).
Nhu vay dong qua cédc dién trd’ ndi vql céc chuyén mach cé gid tri c6 dinh
cho mdi trd, khong phu thude trang thdi cia chuyén mach.

Céc dién trd méc theo chudi Thevenin vG6i phéan b& dong trén cic trd qua
mdi niit clia mang dién trd dopg dién lai gidam di mot nira ding véi quy luat
¢ia m3 nhi phan nhu trong hinh vE. Chi bing mang dién tro R - 2R, cdng
thém mot bo khuéch dai thuat todn, ta c6 thé xay dung dugc mot bo chuyén
d3i DAC. Dién 1rd phan héi am clia mach khuéch dai thuat todn néu chon
ding bing R thi viing bi¢n thién cla di¢n ap ra sé phli hgp véi két qua tinh
todn cho DAC diing dién tr& trong s6. Dién 4p ra trong truong hop nay ciing
duoc xdc dinh theo hé thic (1). Tuy nhién tuy theo yéu cdu cu thé ta cé thé
chon né xung quanh gia tri R.

183



megﬁ !R . R l
il
R(|1 2r[]: 2r[]! 2Rr[]i2r
10 00 1o ©0 ip 00 ip o0 Pdtthat
= &
RN~
pdt 2o 1 OA Vo
ek

Hinh 8.3

8.3.3. DAC diing 2" dién tré bang nhau

DAC loai nay c6 thé dugc xay dung bang cdch sir dung 2" dién trd cb
ciing mot tri s6 R. Trong d6 n la s6 bit ciia bo DAC.

Ngoai s dién trd trén, DAC loai nay cln ddi hdi c6 (2" - 1) chuvén
mach dién tir. Trén hinh 8.4 trinh bay so dé nguyén 1i bo bién d6i DAC 4 bit
thudc loai nay.

Do phuong phdp nady ddi hoi phai sit dung mot s6 lugng dién trd v
chuyén mach khd 16n nén DAC loai nay dugc san xuit theo cong nghé
MOS-LSI (vi mach ¢& 16n MOS). Céc dién trd duge ghép néi ti€p v6i nha
dé tao thanh mach chia dién 4p. Mach nay tdch dién 4p chudn Vg thanh 2°
muc. Cic chuyén mach dugc ghép n6i theo hinh cay va dugc diéu khién
bang mi s6 & 16i vao. Mach khuéch dai thuat todn & day dugc mac theo so

dé lap lai dién 4p.
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Hinh 8.4
8.3.4. DAC hai bién sd
Cau triic DAC hai bién s6 dugc trinh bay trén hinh 10.5.
Tircong thitc 1 va2tacod:
VG == Io-R
Vo=— Vg (B;.2"' +B,.27 + ... + B,.2™) (1)

Khi gia tri cia dién 4p chufin Vg thay déi, gid tri ca dién 4p ra V,, cling
thay d6i. Néu & cdc 16i vao clia bo DAC gilt @ ma c6 dinh thi dién dp ra thay ddi
tuyén tinh véi su thay ddi ciia dién dp chuin Vgg.. DAC 1am viéc véi ca hai dai
luong vao 1a ma s6 va dién 4p chudn duogc goi 1a DAC hai bién sé.

Trong mat phing hai bién s6 : ma s& va dién 4p chudn. DAC hai bién s6
s€ ¢6 bon viing lam viéc, tuy theo méi bién s 1a don cuc hay ludng cuc.
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Hinh 8.5: C4u tric DAC hai bién s&
DAC hai bién s& diing trong nhimg hé vi xir 1y dé€ diéu khién do nhay
ctia bo khuéch dai bang phuong phap s6.
O day DAC hai bién s& déng vai trd diéu chinh mach phan héi am méc
cho mach khuéch dai thuat toan.
Goi F 12 hé s6 phan héi am duoe xac dinh theo ma s6 vao. Ta cé:
V,=F.V,
Vo=V /F (5)

8.4. DAC TINH CUA DAC

8.4.1. Piac tinh chuyén déi so tuong tu cia DAC

Piac trung chuyén déi s6 tuong tu cia DAC 12 mot d6 thi biéu dién su
phu thuéc dién ap 16i ra cia DAC vao cdc ma sé 16i vao. Trong trudng hop 1y
tudng nd l1a dudng thing qua diém 0 géc toa do (tuong ing véi ma sé 161 vao
DAC va dién 4p ra DAC déu bing 0) va diém tng véi dién dp ra cuc dai va
cac bit ctia 161 vao DAC déu biang 1. Hinh 8.6 1a dac trung chuyén déi s6
tuong tu caa DAC 4 bit.

Xi4c lap dugc dac trung chuyén déi sé tuong tu cho phép chiing ta dénh
gid dugc phdm chat cia DAC. Chat lugng ctia mot bo DAC c¢6 thé dugce danh
gia thong qua sai s6 clia né. Pai lugng bi€u dién sai s6 cia DAC la do léch
t5i da giita dién dp (dong dién) ra va dudng thang néi diém O véi diém (FS -
1LSB) trén dudng chuyén déi s tuong tu trong hinh8.6. Sai s6 clia mét DAC
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ciing ¢6 thé dinh nghia 12 dé léch giita dién 4p (hoac dong dién) ra trén thuc
t€ va tinh toan ly thuyét.

8.4.2. Nhitng sai s6 cua DAC

Sai s6 do6 léch (offset error), sai s6 khuéch dai (gain error), sai s6 tuyén
tinh (linearity), sai s6 phi tuyén tinh vi sai (differential nonlinearity). Cic sai
s6 nay dugc biéu dién theo don vi %FS hoic %LSB.

oy
LA

Lffi ra urong tr chuan theo FS
ok
r—

R e e Ll L T LT —

, Ma s8vao
L I

i J i | ! i '

0000 0001 0010 0011 0100 0101 0110 D111 1000 1001 1010 1011 1100 1101 1110 1111

I 3

Hinh B.6: Dic trung chuyén déi s& tudng tu Iy tudng

Sai 56’ d¢ léch 1a gid tri dién 4p ra ctia bo DAC khi 16i vao 1a ma ing
véi 0. Sai s& nay dugc tinh bang mV hoidc %LSB hoic %FS. Dé hiéu chinh
gidm nho sai s6 do léch, ta dua ma tng véi 0 vio 16i vao clia bo DAC va
diéu chinh chiét d4p d¢ léch sao cho dién dp 16i ra 1a OV. Day 1a qua trinh
chinh diém O ctia DAC.

Sai 56 khuéch dai 1a A0 léch gira dién 4p ra tinh theo 1y thuyét va gid
tri thuc t€ khi 161 vao & mé6t mi s6 nao do, thuong 1a ma sé ting vsi FS -
1LSB. Sai s6 khuéch dai duoc hiéu chinh sau khi da hiéu chinh sai s6 do léch
bing cach dua ma itng véi FS-1LSB vao 16i vao réi diéu chinh chiét dp do
nhay sao cho dién 4dp ra cé gid tri la (FS - 1LSB).
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Cic sai s6 do léch va do khuéch dai phu thudc vao su thay déi nhiét do
clia moi truong. Khi nhiét do moi trudng thay déi, cdc sai s6 nay lai xuit
hién. Gia tri nay thudng vao cd vai phan nghin cho 1°C. D6 1a su nhay cam
vé nhiét do6 ciia DAC.

Sai s6 tuyén tinh 1a loai sai s6 khong thé hiéu chinh dugc va 1a do thiét
k&€ cia bo DAC. Miic tuyén tinh ciia DAC cho bié€t do léch dién 4p ra so véi
mot dudng thang di qua nhitng diém nit cta dic tuyén chuyén ddi. Pudng
cong dac tuyén la don diéu néu su thay déi vé do léch trén khong ddi ddu,
hay do¢ léch nay phai 1én hon O cho méi nic thang.

Do vay mic dé tuyén tinh cia DAC phai nhd hon hoic bang 1/2 LSB.

Sai s6 phi tuyén vi sai 1a dai lugng cho biét do léch giita gia tri thuc té
va dac trung ly tudng ctia mét mach DAC tng v6i moi thay déi cia ma sé
vao. Dai lugng nay cho biét vé do nhan cua dudng cong dic tuyén chuyén
déi cia DAC.

8.4.3. Thoi gian thiét ldap

Thoi gian thi€t lap d6i v6i DAC 1a thoi gian can thiét dé dién 4p ra dat
tGi gid tri 6n dinh cudi cliing khi ¢6 su thay ddi ma s& 16i vao. Thoi gian thiét
1ap trude hét phu thude vao kiéu chuyén mach, kiéu dién tr& va kiéu khuéch
dai diing d¢€ xay dung DAC. Thoi gian thiét 1ap khong bao ham thoi gian tré
nhu da dugc dinh nghia trong phan trudc.

O DAC ciing nhu moi thiét bi dién tir luén c6 mat nhiéu kim. Trong
truong hgp cia DAC la nhiéu s6. D6 1a nhiéu cay trén dién dp ra cia mot bo
DAC gay nén béi trang thdi trung gian cia ma s6 vao médi khi chiing thay
d6i. Khi c6 nhiéu nay xuat hién, dién dp bi kich lén mot gid tri khac han véi
gia tri thuc ctia n6, do t6c do thay ddi trang thdi ctia ciac chuyén mach dién
tir 1a khong déng déu.

8.5. DIEN AP CHUAN CUA DAC

Nguén dién dp chudn la thanh phan hét sic quan trong cho hoat déng
cta DAC. C6 loai DAC dugce cay dién 4p chudn bén trong dugc trich tir dién
ap nuoi va trong mach da cdy diode 6n dp c¢6 6n nhiét. Nhung cdc dién 4p
chuén bén ngoai van dugc sir dung dé dat do chinh x4c cao.

Nhilng mach tao nguén dién dp chudn ngay nay da dugc ché tao dudi
dang vi mach. Trong mach dung diode zener 6n nhiét dugc kich thich bing
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nguén dong khong déi va ting cudng cong suit bing khuéch dai dién 4p
diing thuat 104n. Do chinh xac cha dién ap ra rit cao, dat téi 0,01 %.

Vi dte: maclt LAARTD vii LERTE Cene futnsy Nairoesdd oo s ap Clrnins bin
ot 12 10V ding cho DAC ma BCD va 10,24V ding cho DAC ma nhi phan.

So do6 clia mach duge vé trén hinh 8.7.

)
BR‘ 3
_:i_ IGI\\‘D

LHO0070 LHO0071

Hinh 8.7

8.6. BO BIEN POI TUONG TU SO ADC (ANALOG TO DIGITAL
CONVERTER)

B¢ bién déi tuong tr - s¢ (ADC) la mach bién déi tin hiéu twong tu
thanh tin hiéu s c6 ma s6 ty 1& véi gid tri bién do tin hiéu tuong tu & 16i vao.
Gid tri cia ma nhj phan & 16i ra clia DAC biéu dién do 16n cta tin hiéu tuong
tu tai thoi di€ém thuc hién phép bién déi.

8.6.1. Mach ldy mau va duy tri miu (sample and hold)

Mot vai loai ADC doi héi tin hiéu giif nguyén khong déi trong thoi gian
thuc hién qua trinh bién déi, con doi véi mot s6 khdc diéu kién trén khéng
cin thiét. D6i v6i loai DAC ddi hoi tin hiéu khéng ddi trong qud trinh bién
déi thi ¢6 thé ding mach 14y mau va duy tri miu (sample anh hold cirrcuit)
déat vao giira 16i vao clia bo DAC.

Mach 14y mau va duy tri méu ¢6 chic nang sau: ldy mau & nhimg thoi
di€ém xdc dinh va duy tri gi4 tri d6 cho dén thoi didm 1dy mau tiép theo.
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Hinh 8.8 trinh bay dang tin hiéu 16i vao va ra ciia mach "sample and
hold".

Mot mach "sample and hold" dugc sir dung phé bién cé so d6 nhu
hinh 8.9

Trong so dé (a), qua trinh tich mau va duy tri dugc thuc hién bdi hai
transistor loai JFET hoic MOSFET: T, va T,.

Khi ldy mau (sample) thi T, théng, T, ngat. So d6 tuong duong khi 14y
mau dugc trinh bay trong hinh (b), trong dé R, 1a dién trd théong mach cla
T1 (gi4 tri & 100€2). Chii ¥ ring cdc bo khuéch dai OA, va OA, méc theo so
dé trén déu cé hé s6 khuéch dai bing 1 nén mac di R, # 0, tu dién C vin
duge nap dén dién dp E,,, va E, ciing bang chinh gia tri d6. Hang s6 thdi
gian Ry C c6 thé dé dang chon du nho. Hé s&8 khuéch dai cua tdng hai bang 1
do d6 E,, s€ dat miic E,,, trudc khi tu dién C nap day.

S S
UL -

a) Tin hiédu twong tw
b) D&y xungdiéu khiédn hoatddng b I &y mdu

¢) Tin hiédu ra ciia bs ldy mdu

Hinh 8.8
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Trang thii duy tri duoc thuc hién khi T, ngat va T, théng. Mach tai cho
mdién C khi d6 1a dién trdy transistor T, khi ngat mach va tro khang 161 vao
ma A,. C4c gid tri nay vao khodng hang chuc, hang tram M nén dién tich
mia C dugc duy tri gifa hai ldn trich 14y mau.

R
'—
~ T_Z{':) : oA Vour
Yy OA i 2
T1—| i
_l;l_ Xung 14y mfu | =

Hinh 8.9a: Mach 18y miu giit mdu ding MOSFET

N6i chung do giam dién dp duy tri ¢ thé duogc tinh theo cong thic sau:

; S5R.. I
46 eiam dién ap duy tri = s
. g ) p y Rht II
R
T,

Ym R % e f 2 -
[ — / T, J_C
L

JJ_ Xung 19y miu =

Hinh 8.9b: Mach |dy mau va giir mau dang JFET
Trén hinh 8.9b trinh bay mach 14y miu va gilt miu dung JFET.

8.6.2. Cac loai bién doi ADC

C6 nhiéu loai ADC tuy theo két cdu cia né: ADC tic thdi (ADC kiéu
flash), ADC kiéu tich phan, ADC kiéu servo va ADC kiéu flash.

Mach ADC kiéu tich phan gém céc loai: bién déi the - tdn s6, bi€n d6i
tich phan hai sudn xung. Loai ADC nay dugc dung 1am von k& s6. ADC kiéu
flash sir dung 2" bo so sdnh (comparator) véi n bit 16i vao va bo 1ap ma wu
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tién dé€ s6 hoa tin hiéu twong tu. ADC kiéu servo 1a mach s6 trong dé ding
DAC dé phat ra mot thé analog réi dem so sdnh véi do 16n ctia tin hiéu cén
duoc s& hod. M3 161 vao duoc bi€n déi theo hudng sao cho hai thé€ analog dé
bing nhau. Lic d6 ma 16i vao ciia DAC s€ ting v6i d6 16n tin hiéu cén sd
ho4. O day ta chi xét ADC kiéu flash va servo.

8.6.2.1. ADC kiéu titc thoi (kiéu flash)

So d6 bo bién déi tuong tu s6 theo ki€u Flash dugc trinh bay trén hinh

8.10.
v,

ot Pay 1a loai bién déi A/D don eidn
R nhit va cé t6c d6 nhanh nhat. So d6 cla
” >_A? loai niy dugc trinh bay trong hinh bén.
- Ry | L Néu bd bién doi cé n bit & 16i ra thita

dung n mach so sdnh tuong tu & 16i vao
dé so sdnh tin hiéu V, v6i cdc mic dién
ap chudn: AV,, 2AV,, ..,n AV, =V, ..

>
] >—<A5 Vai V, ... l1a gigi han thang do cha b
RLE bién ddi A/D. Nhu vay, & day thang do
>

R4—

Vamax dugc chia lam n mic va khodng
cach gilta cac mic AV, =V ,_.. / n. Bién

Kﬂ'—

dé cua tin hiéu tuong tu V, dugce xdc dinh
bang gia tri nam giita hai mifc nao dé. Gid

>—‘
T sit néu V, nam giira hai gid tri 10AV, vi
F—R >—<A2 11AV, thi 10 bé so sanh tuong tu sé cho
>_‘

gia tri & miic thdp con cic bd khdc s& cho

A gid tri & mific cao. BO giai ma uu tién sé

R cho ta két qua la 10 va tao ra ma nhi phéin
__‘_L cua s6 10 & 16i ra.

' T6c do ciia bo bién déi A/D tic thdi

Hinh .10 rdt nhanh, né chi phu thuéc vao téc do

phan iing ctia cdc bo so sdnh tuong tu ma thoi.

Nhuoc diém cla loai nay 14 kich thudc rat céng kénh, néu 16i ra cn n
bit thi 16i vao cin 2"-1 bd so sanh tuong tu. Néu n=8 thi ta cdn c6 255 bo so
sanh tuong tu. Va b giai ma wu tién véi 255 16i vao ciling rat phiic tap.
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8.6.2.2. ADC kiéu bdc thang (kiéu servo)

Trén hinh 8.11 gi¢i thi¢u so dé khéi cia bo ADC kiéu bac thang.
Nguyén tadc hoat dong clia né nhu sau:

Chu trinh bién d6i bat ddu khi xung start xod bé dém nhi phan n bit (n
hit counter). Vi ring V, nhd hon V, nén 16i ra bo so sanh & muc 1, céng
AND m& cho cic xung Clock vao b dém. S6 dém ting déan cho téi khi V,
bit ddu vugt qua V,, 161 ra cia COMP. s& tr& vé 0 va khod cdng AND lai. M3
56 161 ra bo dé€m lic nay tuong tng véi do 16n the analog cdn bién ddi. Néu
do dang séng V, trong mot chu k¥ bién déi, ta sé thdy mot séng hinh bic
thang.

n-bit digital output

ZA

DAC 4

Vo
Comparator
T n-bit counter
v
et
Fnck =

Start (Reset)

Hinh 8.11: So d6 khéi bd bign ddi ADC kifu bac thang
ADC loai nay c6 két cdu don gidn nhung c6 nhugc diém la thdi gian
bién ddi phu thudc vao dé 16n thé cdn bién déi.
8.6.2.3. ADC bam sdt (tracking)

Trén hinh 8.12 v& so d6 kh6i cia ADC bdam sdt. Néu gia tri V, chi bién
d6i quanh mot gia tri nao dé thi loai ADC nay t6 ra tién logi hon. Nguyén tac
ciia né la dung bo dém 1én - xudng (up-down counter). Mach dugc thiét ké
sao cho néu V, < V, (th€ 16i ra cia COMP. bang 1), bd dé€m s& & trang thai
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dém lén, néu V, > V, (th€ ra cha COMP bing 0) thi bo dém s& & trang théi
dé€m xudng. Nhu vay, th€ 16i ra cia DAC luén cé xu huéng "bam sat" thé
vao cin bién déi.

n-bit digital output

N

n-bit
DAC <

n-pit
Up/down counter

Comparator

B —U/D
s ol —
Vin
Clock

Hinh 8.12; Sag d8 khdi cda ADC bam sat

8.6.2.4. ADC xdp xi lién tiép (successive approximation ADC)

Khéc v6i loai bac thang, loai nay chi bi€n déi va so sanh n nhip 15i vao
ADC. Do vay, théi gian bién d6i 1a ¢6 dinh, khong phu thuoc vao d6 16n ciia
tin hiéu cdn bién déi. So dé kh&i mo ta cau tric ADC xdp xi lién ti€p dudge
trinh bay trén hinh 8.13

Chu trinh bi€n déi bat ddu véi xung Start qua bo diéu khién logic (logic
programmer) dit hai thanh ghi dich va thanh ghi luu trit (shift register vi
store register) cé gid tri tGi nira thang (100..00) & nhip mét. Tic 1a né dit cho
bit nhi€u ¥ nghia nhat MSB ciia cdc thanh ghi bing 1, c4c bit con lai bang 0,
lam cho 16i ra cia DAC V,, = 1/2FS. Tuy thudc vao trang thai ra caa bd so
sanh COMP, titc 1a tuy thude vao tuong quan giita hai the Vo va V,, bo diéu
khién logic s& diéu khién nhu sau: néu V, < V,, trong nhip thi hai, gid trj 1
dé dugc giif lai va néu V, > V, gid tri d6 dugc xod vé 0, déng thdi thanh ghi
dich s€ dich s6 1 t&i bit ti€p theo bit MSB. Ma s& dugec DAC bién ddi tuong
ing thanh thé V, va lai duge so sdnh trong nhip thit hai nay. Qua trinh ci
ti€p dién véi timg bit nhu vay cho téi bit it ¥ nghia nhat LSB dugc dua 1én 1
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Sau n xung nhip, mot xung EOC (end of convert) dugc phat ra bdo ring mot
jui trinh bién déi da xong. Lic nay ma s6 & 16i ra thanh ghi luu trit (hay &
I6i vao cia DAC) chinh 1a tuong g véi the c4n bign déi.

n-bit digital output

N

n-bit
DAC 4

VYo
Comparstor n-hit
v — otorage Register
I Logic Programmer .
—— -}
Vin

1!

n-bit
Start EOC Clock > Shift Register

—

Hinh 8.13: So d& kh&i cia ADC xap xi lién tiep

8.6.3. Cac dac trung ky thuat ciia ADC

Hinh 8.14 cho ta thdy mot thi du vé dac tinh chuyén déi cia mot
ADC 3 bit. Ta thdy d6 16n chia méi don vi 1dy méu do phép lugng tir hod quy
dinh Q = FS/ 2°. Piém giita mdi mdu 1a gia tri dién 4p tuong tu dugc biéu
di€n bing mo6t ma tuong ung véi miu dé. Nhur vay, phép luong tir hod tu né
dd bao ham sai s6 1a + Q/2. O trudng hop Iy tudng, mot gid tri M & 16i ra
bi€u thi gid tri M + Q/2. Do dé, dé giam di sai s6 nay, cich duy nhat 13 tang
50 bit & 161 vao hay néi cich khic: dd phén giai cia ADC dugc nang cao khi
$6 bit chuyén déi cang 16m.
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Hinh 8.14: Bic trung chuyén ddi ctia ADC 3bit.

8.7. XAY DUNG HE GHEP NOI ADC, DAC VSI MAY TINH

Viéc thi€t k€ cac mach DAC, ADC s& don gian di nhiéu vé mach dién
tr n€u ta sir dung ky thuat ghép néi mdy vi tinh, vi lic d6 phin mém vdi cic
thanh ghi trong mdy tinh s€ lam nhiém vu thay th€ cho céc thanh ghi, bg
dém va bo diéu khién phic tap. Trong trudng hop dé, ta chi cdn lip mot
ADC, DAC véi phan ciing t6i thi€éu. Hinh 8.15 & duéi 1a mot so d6 khéi dién
hinh cia mét DAC, ADC ghép néi v6i may tinh.

O day, cdc thanh ghi, bo diéu khién logic va bs dém ngoai khong con
cdn thi€t nita. Chinh céc thanh ghi dém 16i ra (IN/OUT buffer register) ciia
cdc céng vao/ra s& lam thay nhiém vu ching. Ciing vay, céc thanh ghi vio
clia mdy tinh ciing s& 1Am nhiém wvu kiém tra trang thdi 161 ra cia bo so sann
COMP. d¢€ trén co s& d6 mdy tinh s& quyét dinh dit cdc tri s6 thich hop cho
cdc thanh ghi trong cac nhip so sanh.

Ta biét rang, bo vi xit Iy (CPU) cia mdy tinh lién lac vdi cdc thiét bi bén
ngoai théng qua mot s6 dia chi goi 12 cdc cdng vao/ra (IN/OUT port). Dé
tién cho viéc ghép néi, bao dam an toan cho mdy vi tinh khi phin citng, hoi
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phin mém diéu khién carde cé 18i, trong céc thi nghiém cho sinh vién thuc
i3p, chiing ta nén s& dung cdng mdy in dé lién lac giita mdy tinh va phan
oling t6i thi€u dugce ghép néi & bén ngoai

n-hit
v DAC <L

May vitinh

Compemtor

-

Hinh 8.15

Céng in song song LPT1 c6 mét dia chi thanh ghi dém s6 liéu 8 bit 1a
$378, mot thanh ghi doc trang th4i 1a $379, mot thanh ghi diéu khién 13
$37A. Viéc dua s6 liéu ra hodc doc s& liéu vao duge thuc hién dé dang bing
ngdén ngix Pascal nhu sau:

Doc gia tri clia céng vao bién x x:= PORT[dja chi céng];
Viét ra cong PORT]d1a chi cong):= gia un;

Viéc doc vao hoic viét ra gia tri tuy ¥ ctia mot vai bit trén cdc thanh ghi ma
khong dnh hudng t6i gid tri ciia cdc bit cdn lai (thuéc pham vi khdi niém goi 1a
xir Iy bit : manupulation of bit) ¢6 thé thuc hién nh& céc todn tir logic AND, OR,
SHL, SHR véi Iwu ¥ ring trong PASCAL, viéc thuc hién AND hoic OR giifa hai
s6 nhi phan phai dugce ti€én hanh v4i timg bit mét twong ting.

Do d6, ta dat bit thif n 1én mét bang cdc OR gia tri cla thanh ghi véi 2°,
dura bit thit n xudng 0 bang cach AND gi trj clia thanh ghi véi 255 - 2°. Viéc
kiém tra gid tri ca thanh ghi thir n cling dugc thuc hién bing phép AND
hoic OR. ;

Thidu: x:=PORT[$378] OR 32; {dua bit 5 1én 1}

x:=PORT[$378] AND (255-32) ({dua bit5 xuéng 0}
if (PORT[$379] AND 32 = 32) then writeln('bit 5 bang 1');
if (PORT([$379] AND 32 = 0) then writeln('bit 5 bang 0');
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Vé mat vat 1y, cdng LPT chudn c¢é ddu ra chudn 25 chin & sau mdy 1
v@i su bo tri cac chan nhu sau:

Chan 1: STROBE

Chan 2 dén 9: 8 bit s6 liéu tir DO-D7
Chan 10: -ACK

Chan 11: -BUSY

Chan 12: -PE

Chan 13: -SLCT

Chén 14: -AUTOFDX

Chan 15: -ERROR

Chén 16: -INIT

Chan 17: -SLCTIN

Chan 18 dén 25: dat GND

Thanh ghi $379 la thanh ghi doc trang thdi vao, véi cic bit nhu sau:

D7

D6

D5

D4

D3

D2

D1

DO

-BUSY

-ACK

-PE

-SLCT

ERROR

Trong thuc nghiém, 16i ra cia bd so sdanh Comparator dugc dua vao
chan 10 cta bo cdm 25 chan. Do d6 viéc kiém tra trang théi clia bo so sdnh

s& duoc thuc hién & bit D6 (ACK) ciia thanh ghi nay.

Thanh ghi $37A 14 thanh ghi diéu khién 16i ra, & day ta khong ding dén
nhung vin liét ké ra dé tham khao khi ghép néi mdy tinh véi may phit tin
hiéu diéu khién s6:

D7

D6

D5

D4

D3

D2

D1

DO

IRQ

SLCTIN

INIT

AUTOFXD

STROBE

Trén hinh 8.16 gidi thiéu so d6 nguyén li mét Carde DAC/ADC 8 bit
ghép néi véi mdy vi tinh qua céng mdy in LPT.
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Hinh 8.16

Diéu khién thiét bi ghép noi bang mdy tinh va chuong trinh diéu khién

1. Nguyén tdc chung cda diéu khién béng mady tinh

M6i thi€t bi khi ghép néi néi mdy tinh déu cé mét dia chi xdc dinh,
thuat ngit mdy tinh goi 1a "dia chi cong vao ra" (Port address 1/0). Théng
qua dia chi nay, mdy tinh (b6 vi xir 1y ctia CPU) c6 thé truy nhdp hay truy
xuit d€ doc hay ghi dit liéu lén thiét bi ngoai vi, tir 46 CPU ¢6 thé nhin hay
fi€u khién thiét bi ngoai vi.

Viéc doc ghi véi cong vao ra dugc thuc hién bing lénh ciia Pascal:

Doc: x:=PORT[Dia chi céng];

Ghi: PORT[Pia chi céng]:=Gid tri;

2. Chuong trinh diéu khién DAC va ADC

a/ Chuong trinh diéu khién DAC

Ta c6 thé truc ti€p dua ra gid tri s6 qua BUS dit liéu clia may tinh vao
cic 16i vao dir lieu cia DAC dé bién ddi thanh thé tuong ty bang lénh:
PORT[DAC-Addr]:= gid tri s6 (DAC-Addr la dia chi céng ghép néi ciia
DAC).
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Gi4 tri s6 nay c6 thé nhan dugc tir phdan mém di€u khi€n he ghép néi,
qua hé thdng nay & 16i ra cia DAC ta sé€ dugce dang tin hiéu Analog.

Néu tao duge phin mém tuong thich ta cé thé tao moét mdy phaét chie
nang (FUNCTION GENERATOR) don gidn, cé thé phit dugc céc dang
séng sin, vudng, rang cua, tam gidc; bién do va tdn s6 clia cdc dang séng ndy
¢6 thé diéu khién thay déi dugc nh& chuong trinh phin mém, mot thiét bj o
chiic nang nhu vay khong thé nao thi€u dugc trong cdc thi nghiém dién w.
diéu ché€ thong tin.

Dudi day gii thiéu mot s& thli tuc tao cdc dang séng clia mdy phat chiic
nang néu trén:

PROCEDURE RANGCUA (BD:BYTE;TS:INTEGER) ;
VAR I:INTEGER;
BEGIN

clrscr;

writeln ('TAO XUNG RANG CUA'");
REPEAT
FOR I:=0 TO BD DO

BEGIN
PORT[ $378] :=I1;
DELAY (TS) ;

END;

UNTIL KEYPRESSED;
END;

PROCEDURE TAMGIAC (BD:BYTE;TS:INTEGER) ;
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VAR T :INTEGER;
BEGIN

CLRSCR;
WRITELN ('TAO XUNG TAM
REPEAT
FOR I:=0 TO BD DO
BEGIN
PORT[ $378] :=I;
DELAY (TS) ;

END;

GIAC") ;

FOR I:=BD-1 DOWNTO 1 DOC

BEGIN
PORT[ $378] :=I;
DELAY (TS) ;
END;

UNTIL KEYPRESSED;

END;

PROCEDURE VUONG (BD:BYTE; TS:INTEGER) ;

BEGIN

CLRSCR;
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WRITELN (' TAO XUNG VUONG') ;
REPEAT

PORT[ $378] :=BD;

DELAY {(TS) ;

PORT[ $378] :=0;

DELAY (TS) ;

UNTIL KEYPRESSED;

END;

PROCEDURE SONGSIN(BD:BYTE; TS:INTEGER) ;
VAR A:ARRAY[ 0..359] OF BYTE:
I:INTEGER?;

BEGIN

CLRSCR;
WRITELN (' TAO SONG SIN') ;
FOR I:=0 TO 359 DO
A[ I] :=127+TRUNC (BD* SIN (TS* I*PI/180)) ;

REPEAT

FOR I:=1 TO 359 DO
PORT[ $378] :=A[ I] ;

UNTIL KEYPRESSED;
END.
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Dua trén cdc thi tuc néu trén ta c¢6 thé bi€n déi bién do6 hoac tdn sé cla
tin hiéu phat théng qua céc bién truyén gid tri BD, TS.
b/ Diéu khién ADC

Véi cau hinh phidn ciing néu trén hinh 8.15 ta ciing c6 thé diéu khién
Carde ghép néi lam chiic ning nhu mot ADC cé thé ghi nhan céc tin hiéu
tuong tu tir 16 vao ciia ADC bién déi thanh s6 dua vao luu trif trong mdy vi
tinh. D€ lam duoc diéu nay ta cdn phai tao duge phdn mém tuong thich diéu
khién thiét bi. Nhu trén dd gidi thiéu ba phuong phép bién ddi ADC theo
kiu servo, ta ciing c6 ba thuat toan diéu khién bién déi tuong tng ba
phuong phap néu trén:

Function ADC BACTHANG:byte;
Var 1i:Byte;

Begin

I:=0;

Repeat

Port[ $378] :=1;

I:=1I+1;
Until (Port] $379] AND 64 = 0):
ADC_BACTHANG:=I-1;
End;
Function ADC BAM:byte;
Var i:Bvte;
Begin
Port] 5378] 2=1;
IF (Port[ $37%] AND 64) = 1 THEN

REPEAT
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Port[ $378] :=I:;

UNTIL Port[ $372] AND 64 = 0
ELSE
REPEAT
Port[ $378] :=1I;
I:=I-1;
UNTIL Port[ $37%9] AND 64 = 1;

ADC BAM:=TI;
End:;

Function ADC XAPXI:byte;

VAR I1,J,K: INTEGER;
BEGIN

REPEAT
T:=128;K:=64;
FOR J:=1 TOC 8 DO
BEGIN

PORT[ $378] :=1;

IF (PORT[ $379]
I:=T+K

AND 64<>0)

THEN



ELSE I:=I-K:
K:= K DIV 2;
END;
ADC XAPXI:=I;

UNTIL KEYPRESSED;

END;

Bai tdp thuc hanh:

1/ Khao sdt hoat dong cia DAC 8bit- MC1408. Lap trinh diéu khién
DAC tao céc tin hiéu hinh sin, xung rang cua, xung tam gidc va xung vuong
goc.

2/ Khao sat hoat dong cua ADC xay dung trén co sd DAC 8 bit
MC1408 két hop mach so sdnh vi sai LM 311 ghép néi véi vi tinh qua céng
LPTI.

Viét chuong trinh phin mém cho ADC theo 3 phuong phdp: ADC bac
thang, ADC bam sat, ADC xap x1 lién tiép.
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Chuong IX

VONG BAM PHA

9.1. KHAI QUAT VE VONG BAM PHA

Hé théng tu dong di€u chinh tdn s6 theo pha hay con goi la vong bém
pha PLL (Phase Locked Loop) dugc sir dung rong rii trong viéc xir 1y tin
hiéu tuong tu va cac hé thong s6. Mot s6 ting dung quan trong ctia vong bam
pha la: di€u ch€ va giai diéu ché FM, giai diéu ché FSK (FSK
Demodulation), gidi 12& am, nhan tdn, déng bo hod xung déng hé, t hop tin
s6, mdy phét diéu tan. Trong chuong nay gidi thiéu nhitng diém rat co ban vé
vong bam pha vi mach ho CMOS CD4046 va mot s6 ting dung cita né. Cong
sudt ti¢u thu cda vi mach nay rdt nho (600 uW & tian s6 10 kHz). Do tiéu thu
rdt it nang luong dién nén vi mach dugc ding trong cdc thiét bi vién thong
xach tay dang pin. H¢ théng vong bdm pha co ban dugc trinh bay trong so
d6 khéi (hinh 9.1). N6 gém ba phdn: bo so sanh pha, bo loc tdn s& thap, mdy
phat xung tdn s6 dugc diéu khién bing dién dp VCO.

L&i vao tin hiéu ?_iﬁ}

& So s&nh pha B¢ Loc tin s6 thip

V(1)

V_(0) PHASE > LOW-PASS >

L&i vao so sénh f‘:‘ > COMPRATOR FILTER
Q
V 4t)
< VCO —

Dién #p didu khién VCO

Hinh 9.1: So dé khoi ctia vong bam pha
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Ba kh6i nay hop thanh mot hé théng phan héi vé tdn s6 khép kin (close
loop fregency feedback).

Khi khéng ¢6 tin hiéu vao PLL, su chénh léch dién dp V (1) & 161 ra clia
bo so sdanh pha biang khong. Pién dp V,(t) & 16i ra cha bo loc tidn thdp ciing
bing khong. M4y phat xung tin s6 diéu khién bang dién 4p VCO hoat déng &
tin s6 dinh sin f, goi 1a tdn s6 dao dong trung tam (center Frequency). Khi ¢6
tin hiéu dua vao hé théng PLL, bd so pha s€ so pha va tan s6 cuia tin hiéu 16i
vio vGi pha va tdn s6 clia VCO, tao ra mot dién dp sai V,(t) ty 1& véi su léch
pha va chénh léch tdn s6 cua tin hiéu 181 vao va VCO, tidc la phan dnh su khac
nhau vé pha va tdn s6 cuia hai tin hiéu. Dién dp sai nay dugc loc réi dua vao 16i
vao diéu khién chia VCO. Dién thé€ diéu khién V(1) thic ddy tdn sé chia VCO
thay déi theo huéng gidm bét sur khdc nhau vé tdn s6 giita f; va tin hiéu 16i vao.
Khi tdn s& cta tin hiéu vao f, ti€n ddn dén f,, do tinh chat héi ti€p cha PLL sé
thic ddy VCO déng bo hoac bit chip véi tin hiéu 18i vao. Sau khi chap, tdn sé
cia VCO s€& bang tin s6 cua tin hiéu 161 vao, tuy nhién s&€ van c6 mot do léch
pha nao d6. Su khéc biét vé pha nay la can thiét vi né s€ tao ra dién ap sai V(1)
dé chuyén tdn s6 dao dong tu do clia VCO thanh tdn s6 cta tin hiéu vao f,, nhu
vy s€ gilt cho PLL & trang thdi gi¥ chap tidn s6. Puong nhién, khéng phai tin
hiéu nao VCO ciing bét chap duogc tdn s6 ma chi c6 tdn s & trong mot dai hitu
han nio dé gan véi £, thi VCO méi ¢6 thé bit chap duge. Dai tan sé trén dé hé
duy tri tinh trang chép vdéi tin hiéu 16i vao duogc goi la ddi giit chdp hay ddi
bdm (lock range) ciia hé thong PLL.

Dai tdn s6 trén d6 he théng PLL c¢6 thé bét chap mot tin hieu vao goi 1a ddi
bat chép (capture range). Dai bat chap bao gid cling nho hon dai giir chap.

Chiing ta c6 thé dung moét cdch khdc dé miéu ta hoat dong cha PLL: bo
so sénh pha thuc chat 14 mach nhan, né tron tin hiéu vao véi tin hieu VCO.
Su trén nay tao tdn s6 téng va tdn s6 hiéu f, + f,. Khi mach & trang théi chap
thi hiéu tdn s& f, — f, = 0, do d6 n6 tao ra thanh phdn mét chiéu. Bé loc tdn s&
thip loai bé thanh phédn tdn s6 téng f, + f, nhung ti€p nhan thanh phéin dién
ap mot chiéu, tic 1a chi cho thanh phdn mot chiéu di qua. Thanh phdn mot
chiéu nay diéu khién VCO hoat dong & trang thdi giif chap vdi tin hiéu vao.
Cdn chu ¥ riang, dai giif chip doc lap véi dai tdn s6 ctia bo loc tdn s6 thap, vi
ring khi mach & trang thai giit chap thanh phidn hiéu tdn sé bao gio ciing 1a
dong mot chiéu.

Sau day chung ta s€ nghién ciru cac hién tugng quan trong trong hé
théng PLL la bat chap va giit chap. Khi mach chua & trang thai chap, bo so
pha trén tin hiéu vao vdi tin hiéu VCO d€ tao ra thanh phin téng va hiéu hai
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tdn s6. Néu thanh phan hiéu nim ngoai bién dai tdn s6 cia bo loc tan thép thi
né sé& bi loai bo ciing thanh phén téng tin s&, do dé trong mach s& khong cd
thong tin nao dugc truyén qua mach loc va VCO sé€ ti€p tuc hoat dong & tin
s6 trung tam ban ddu. Khi tdn sé tin hiéu vao ti€n ddn dén gin tan s6 phit
ctia VCO thi thanh phdn hiéu gidm xudng va tién gdn dén bién dai tin s6 cia
bo loc tan thdp. Lic d6, mot phan cta thanh phéan hiéu di qua dugc bo lge
tdn thap va thic ddy VCO chuyén dén tin s6 cia tin hiéu vao theo huéng sac
cho thanh phdn hiéu tdn s giam va cho phép nhicu thong tin nira di qua bd
loc tan thap dén VCO. Pay la co ché€ héi ti€p duong thic ddy VCO chap véi
tin hiéu vao.

Ddi bdt chdp 1a dai tdn s6 l4an can tdn s6 dao dong tu do ban ddu cla
VCO ma trén dé hé c6 thé bit chap v6i tin hiéu vao. Dai bat chap thé hién
cho thay tdn s& cla tin hiéu vao phai tién lai gan tin s6 ciia VCO nhu th€ nao
dé tan s6 phdt cia VCO chuyén thanh c6 cing tdn s& voi tin hiéu vao. Dii
bit chap phu thudc vao dai tdn cia bo loc tidn thdp va hé s6 khuyéch dai
chung ctia hé théng. )

Ddi giit chdp 1a dai tdn s6 & 1an can tdn s6 dao dong tu do ban diu ciia
VCO ma trong dé mach phan héi c6 thé theo doi tin hiéu vao sau khi da
chép tdn s6. Khi mach da & trang thai chap thanh phan, hi¢u tdn s6 cia tin
hiéu ra ctia bd so pha (dién dp sai V, (1)) la dong moét chiéu va di qua bo lee
tin s6 thap. Nhu vay, dai git chap dugc gidi han bang khoang bién thién
dién 4p V, c6 thé duoc tao ra do léch tan tuong ting cia VCO. Dai giit chip
chtl y€u la théng s6 dong mot chiéu va khong chiu dnh hudng dai tdn cha by
loc tan thép.

Chiing ta cdn phan biét giita dai bat chap va dai gilt chap. Dai bat chip
c6 thé c6 bat cit gia tri nao trong pham vi khoang giit chap. Dai bat chip
giam khi hing s& thoi gian cla bo loc tan thap giam, trong khi dai gii chip
khéng bi chi phéi bdi bd loc ma chi do hé s6 khuéch dai ciia hé quyét dinh

Hinh 9.2 cho chiing ta thay dic trung chuyén tdn s6 sang dién 4p dién
hinh ctia PLL. Cho tin hiéu vao PLL, tin sé cua né dugc quét tir tir trén mot
dai rong. Truc thing ding 1a dién th€ tuong ting V, ciia mach. Trén hinh 9.2
Ia trudng hop tdn s6 tin hiéu ting dan, mach khéng ¢é phan tung gi vdi tin
hiéu cho dén khi tdn sé tin hiéu dat dén tdn s6 ®, tuong ing v&i bién dudi
ciia viing béat chap. Liic d6 hé bit chap véi tin hiéu vao va tao ra budc nhiy
ciia dién thé V, v6i ddu am. Sau d6, VCO thay d6i tdn s6 véi hé s6 goc béng
nghich déo cia hé s6 khué&ch dai 16i vao VCO (1/K,) va di qua gia tri V, khi
®, = m,, mach bidm sat tin hiéu vao cho dén khi tdn s tin hiéu vao dat dép @,
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luong tng véi bién trén ctia khoang gilr chap. Khi d6 hé mat bam, dién thé
V, tut xudng V, va tao ra tdn s6 dao dong tu do clia VCO (hinh 9.2a).

Néu ta lai cho tdn s& tin hién vao quét theo chiéu huéng gidm dén thi
qué trinh 13p lai nhung d4o ngugc so véi trude (hinh 9.2b) mach bét chap lai
v6i tin hiéu & w, twong ing v4i bién trén clia dai bat chap va bam sét theo tin
hi¢éu vao cho d€n khi tdn s6 ciia tin hiéu vao bang w, tuong tng véi bién dudi
sia dai gii¥ chép.

Nhu vay, dai giif chap cua hé 1a (o,, ®,) va dii bt chap 1a (©,, ©,).

Do dic trung chuyén tin s6 - dién 4p nhu trén nén PLL c¢6 tinh chon loc
v0i tin s6 trung tam ctia VCO, né chi ¢6 phan ing d6i v6i nhiing tin s6 tin hiéu
vao sai léch so vé6i wy, 1a o hodc @ (0 = (0, - ®,)/2 va ©, = (0, - ©,)/2), tuy
theo mach bat ddu cé hay khong c6 diéu kién giit pha ban dau.

Vg :
af T — —> ;
V. \ wﬁ\. wl: mﬂl wz : \
[w] r o T 1 | Fa
Huéng quét tinsd |, ! :
e I I
v i 263, —
4 : | Dai giit chap -
b{ - i
" i ' ;
il 04! ! % Ty | @
[
; !  Huéng quét tdn 8
= : 2 @ '
3 Dai bat chap |

Hinh 9.2: Bic trung chuyén tin sé-dién ap cta PLL

Su tuyén tinh ciia dac trung chuyén tdn s& sang dién dp ctia PLL chi do
li¢ s6 chuyén ddi cia VCO quyét dinh, do d6 ta thudng ddi héi VCO c6 dac
tinh chuy€n dién dp sang tdn sé & mic do tuyén tinh cao.

Trén hinh 9.3 trinh bay dudng dic trung ctia sy phu thudc tdn sé phat
eia VCO vao dién dp di€u khién V, & day £, va £, 12 tdn s clia mdy phat
VYCO tuong ung véi tdn s géc o, va o,.

Khi dé dai giir chap cta hé la:
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ﬂf{.: fmax = fmin
NEéu goi f; 1a tdn s6 ciia tin higéu 16i vao thi dai bat chipciia hé PLL la:

fyoo (KHZ)
A I :
3 ,5
f g
N i v N i

Hinh 9.3: Sur phu thuéc cla tdn s& VCO vao dién ap Afe = g = Fsmin

Trong d6 fg,,.. va fg,;, 1a tdn s8 cha tin hiéu tuong ing véi tin s6 géc o,
va ©, .

9.2. CAU TAO CUA VONG BAM PHA CMOS PLL CD4046

So d6 khdi cia CMOS PLL CD4046 dugc trinh bay trong hinh 9.4
duéi day:

CMOS PLL CD4046 1a mot vi mach don khdi dugc déng trong mot vb
6 16 chan. Vong bam pha PLL bao gém mdy phat diéu khién bang dién dp
VCO coéng suit thap, tuyén tinh, va hai bd so sanh pha c6 cung bo khuéch
dai tin hiéu vao va ciing mét 161 vao so sdnh chung. Diode Zener c6 dién dp
V, = 5,2 V d€ tao ra dién 4p mét chiéu én dinh diung dé diéu chinh néu cin
thi€t. VCO duoc néi truc ti€p hodc qua bé chia tan téi b6 so sanh pha. Bé loc
tan s6 thap dugc n6i & mach ngoai dé c6 thé thay déi cdu tric chia hé trong
timg ng dung cu thé. Sau day chiing ta s& 14n luot xét timg khéi chifc nang
6 trong vi mach nay.
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L&i vao tin higu |, ,
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. :
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Hinh 9.4: So dé khéi cla véng bam pha CMOS PLL CD4046

9.2.1. B0 so sanh pha

Hau hét cic vong bam pha tuyén tinh ding bé trén c4n bing (balanced
mixer) dugc tao tir cic mach khué&ch dai tin hiéu tuong tu cé diéu khién dé
lam bo so sanh pha. Cong nghé ché tao CMOS khé thuc hién viéc khuéch dai
tin hiéu tuong tu, do d6 thiét k€ PLL trinh bdy trong hinh 9.5 ding bo so
sinh pha kiéu s6. C4 hai bd so sinh pha cé chung bo khuéch dai 16i vao, né
duogc thi€t lap badi tang tao dién thé phan cuc va bén tdng khuéch dai dio. Bién
do dao dong tng vdi cdc mic logic cia CMOS {logio 0 < 30% (Vpp - V),
logic 1 > 70% (Vpp - Vs)- D61 v6i cdc tin hiéu nho hon nita thi né phai duoc
n6i qua dién dung dé€ tao ra mét tin hiéu s6 vurgt ngudng kich thich vao bé so
sanh pha.

9.2.1.1. Bé so sdnh pha I

B6 so pha I 1a mo6t mach hoac tuyét doi (XOR). Mach nay hoat dong
tuong ng vdi tin hiéu ngudng cla bd-tréon cén bing. DE dat dugc dai git
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chap 16n nhit, cdc xung & 181 vao tin hi¢u va 16i vao so sédnh phai la cdc xung
vudng can cé dé réng xung bang 50% chu ky. Khi khéng c6 tin hiéu hoac
nhi&u & 16i vao, & 16i ra clia bo so sdnh pha I ¢ dién dp trung binh bang
Vp/2. Bo loc tdn thdp ndi véi 161 ra cia b so pha I cung cédp dién ap trung
binh cho 16i vao VCO, dién dp nay diéu khién VCO phit ra cdc xung vubng
c6 tin s6 dao dong la tdn s6 dao dong trung tim f,. V&1 bé so pha |, dai tdn
s6 trong d6 PLL c6 thé thi€t 1ap trang thdi bam (dai bat chap) phu thugc vao
dic trung ctia bo loc tidn thdp va c6 thé 1am cho dai bat chap 16n bang dai giil
chap. Bo so pha I giit cho PLL & trang théi giit chap mac di nhiu & 16i vao
c6 thé rat 16n. '

L&i vao tin én L&ira
E D D [: | ; xung pha
— Khufch dai 161 vh! -
S Q L | =
R o o .vnn
r R Q — R Q
=t
Léira
=1~ -
50 6
i | Tofiey
= Q =
Sosinhphall
L&i vao so sanh CaaN Lgira so s&nh pha I=

Sosfnhphal

Hinh %5: Sd d8 bd so sanh pha clia CMOS PLL
Mot dic trung quan trong clia so pha kiéu nay 1a né c6 thé bam vao tén
s6 rat gdn v6i hoa ba clia tduxs§ trung tam VCO. Dic trung thit hai 1a g
léch pha giita tin hiéu va xung phat ra tir VCO & 16i vao so sdnh niam trong
khoang 0°+180° Va bang 90° tai tdn sé trung tam.
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Hinh 9.6: B3c trung bidu dién su phy thudc cda dign ap ra trung binh & 16i ra clia bd
loc théng thap vao db léch pha cia tin hiéu vao va VCO
Hinh 9.6 bi€u dién tam gidc dic trung ciia su léch pha ctia cdc tin hiéu a
hai I61 vao b¢ so sdnh pha. Dang séng dac trung ciia vong bam pha PLL
ding bo so pha I trong trang thdi giir chap dugc trinh bay trén hinh 9.7.

9.2.1.2. Bo so sanh pha II

Tin hifu vao (Chan 14) ‘ ’ ' |

L&ira VCO (Chén 4) bing
161 vao bd so sdnh (chin3)

e TR

L&ivao YCObing 16ira
clia b6 lgc tin 54 thip

Hinh 9.7: Dang séng clia PLL diing so sanh pha | & trang thai bam sat cla £

Bo so sanh pha"IIfl.ﬁ moét mang nhé s6 duge diéu khién bing sudn xung.
Ro so pha II bao gém #tfgo RS c6 chung cira di€u khién va mach 3 trang
thdi & 161 ra (hinh 9.5).
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Mach ba trang thii gém hai transistor trudng MOS FET kénh p va kénh
n. Khi transistor p-MOS hoic transistor n-MOS & trang thai thong mach
(trang thai ON) chiing dat 16i ra t61 Vp, hoidc Vg tuong dng. Bo so pha kiéu
niy chi hoat déng & sudn duong chuyén tir mic logic O 1én miic 1ogic 1 clia
cdc xung dua vio 16i vao tin hiéu va 16i vio so sidnh. Néu tdn s6 xung & 16i
viio tin hiéu cao hon tdn s6 16i vao so sdnh thi transistor p-MOS lién ti€p &
trang thdi thong mach néi 16i ra véi V. NEU tdn s6 161 vao tin hiéu thap hor
tdn s6 16i vio so sanh thi transistor n-MOS lién ti€p thong mach. Néu hai tin
hiéu nay cing tin s6 nhung tin hiéu vao cham pha hon tin hiéu 16i vao clia
b6 so sanh thi transistor n-MOS sé& giit ON trong khoang thoi gian tuong imy
véi su léch pha. Néu tin hiéu vao sém pha hon tin hiéu & 16i vao so sanh thi
transistor p-MOS s& thong mach 16i ra clia bo so pha duoc néi 1én nguén Vo
trong khodng thdi gian tuong mg véi su léch pha. Dién thé trén tu dién &by
loc thong thap tang lén. Dién thé trén tu dién chinh la di¢n ap diéu khién
VCO nén tin s6 phat ciia VCO tang dan 1én theo tuong tng véi sy tang clia
dién 4p trén tu. Réi sau d6, dien the trén tu dién & bo loc tdn s6 thap dug
diéu chinh cho t&i khi ca hai tin hiéu nay bang nhau vé tin s6 va pha. Ta
diém hoat dong 6n dinh nay ca hai transistor p-MOS va n-MOS & trang théi
ngat mach (trang thii OFF) 16i ra so pha II khong dugc n6i véi nguén Vp, vl
Vs, N6 trd thanh mach hé va gitt dién the€ ciia tu tai bo loc tdn s6 thap khony
déi. Hon nifa, tin hiéu tai 16i ra ciia xung pha (phase pulse) & mic cao c6 thé
dung dé chi thi trang thdi gilt chap. Chinh vi vay, khong c6 su léch pha nao
tén tai giita hai tin hiéu 16i vao va tin hiéu so sinh trong toan bo giai tin cla
VCO. Hon nita, cong suit tén hao trén bé loc tdn thdp giam bét khi dung so
pha loai nay vi ca hai transistor p-MOS va transistor n-MOS & trang théi
OFF trong hiu hét chu k¥ tin hiéu vao. Chi ¥ rang ddi giit chdp cua so pha
theo kiéu nday bdng ddi bdt chdp va khéng phu thudc vao ddi thong cua bé
loc tdn thdp. Khi khong cé tin hiéu & 16i vao, VCO duge diéu chinh phit ¢
tdn s6 thap nhat ciia bo so pha II. Dang séng cta PLL diung so sanh pha Il §
trang thdi giit chap dugc mo6 ta & hinh 9.8 dudi day:

Dang séng chia PLL dung so sdnh pha II & trang thdi gi chap f; (hinh
98) dugc tich 1am 3 phén: '

- Phan I: Trang théi tin hiéu 16i vao sém pha so véi 161 vao bd so sanh pha.

- Phén II: Miéu ta trang thdi pha caa tin hiéu I8i vao trung véi pha tin
hiéu so sanh.

- Phan III; Trang thdi tin hiéu & 16i vao tin hiéu cham pha so véi tin hiéu
& 161 vao so sanh.
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Hinh 9.9 mo ta gian d6 trang thdi cua bd so sdnh pha II; méi vong tron
biéu din méot trang thdi clia bo so sdnh. S§ trén cing trong modi vong tron
biéu dién trang thdi cia bo so sanh, mic logic 0 hodc 1 ciia 16i vao tin hiéu
va 16i vio so sdnh duge cho bdi chit s& bén trdi va phai tuong ng nam &
hing duéi cung trong moéi mot vong tron.

Su chuyén miic 16gic & 16i vao tin hiéu va I6i vao so sdnh duoc biéu thi
béi chit I va chitr C véi cdc mii tén lén hoac xudéng. Miii tén lén Ung vdi
truong hop midc légic chuyén tir O 1én 1, mii tén xudng Ung véi trudng hop
chuyén muc logic tir 1 vé O.

Khi cac 16i vao bod so sanh pha II & trang thdi 3, 5, 9, 11 thi transistor p-
MOS & 16i ra ctia bd so sdanh pha II théng mach. Transistor n-MOS théng
mach khi cédc 16i vao bd so sanh pha II & mét trong céc trang thai 2, 4, 10,
12. Trang thédi 1, 6, 7, 8 tuong Gng vAi trudng hop 16i ra so sanh II ¢ trd
khing cao nghia 1a khi d6 ci hai transistor n-MOS va p-MOS déu bi ngt
mach. L6i ra xung pha (chan 1) trong truéng hgp nay ¢ mifc cao con cac
ruong hgp khéc thi déu & mic thap.
i FII R I ‘\H 3 i ﬂmj

Tin hifu vio (chan 14)

K

-]

LSira VCO (chfn 4) bing
16i vao bd so sdnh (chan 3)

i |

M —— s T
1.8ira so snh pha II (chanl3) _I_I v
- ¥s§
: — Voo
1.8i v3o VCO (ch&n 9) bidng . 2 L3 y s
101ra b loc tén &6 thip —_—
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— & z Yoo
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Hinh 9.8: Dang sé6ng ciia PLL ding so sanh pha Il 8 trang thai gir chap f,

Chiing ta c6 thé ding gian d6 trang thdi dé khéo sat hoat dong clia mach
so sénh pha II ting véi ba tinh hudng dugc néu trong hinh 9.8 miéu ta trang
thdi giit chap clia vong bdm pha, nghia 1a khi d6 ca hai tin hiéu & 16i vao tin
hiéu va 18i vao so sdnh c6 cing tin s6 nhung léch pha nhau chuit it.
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Gia sir rang ca hai tin hiéu vao & mitc logic 0 va bo so pha II ¢6 td
khang cao & 161 ra nhu trong hinh 9.8 va hinh 9.9 tuong mg. Tin hiéu vao tao
ra mot su chuyén mic dién dp logic tir O 1én 1, dua bo so pha II chuyén 6
trang thdi 3. Trang thdi 3 tuong ng véi trang thdi & 161 vao tin hiéu 1a 1, 18
vao so sanh pha 1a 0, ra transistor p-MOS & trong trang thai thdng mach
(ON).
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Sau dé, 161 vao so sdnh chuyén 1én 1 trong khi tin hiéu vio vin & mic
cao, dua bd so sdnh téi trang thdi 6, trang thdi cé trd khdng cao & 16i ra. Léi
vao tin hi¢u vao sau dé chuyén xudng O cdn 16i vao so sdnh vin & midc 1
tuong ing véi trang thdi 7. LOi vao so sdnh pha sau dé lai chuyén xuéng
0, dua bd so sanh quay trd lai trang thdi 1. Nhu da trinh bay, trong phin
1 (hinh 9.8) transistor p-MOS théng mach (ON) trong khoang th&i gian
tuong Ung voi su léch pha giita 16i vao tin hiéu va 181 vao clia bd so sanh.
Ta hay khao sdt trang thdi 1 khdi ddu cta phdn 3: diu tién 16i vao so
sdnh & mifc logic 1, trong khi d6 16i vao tin hiéu & mikc thdp, chuyén bo
so sanh pha II t6i trang thdi 2. Tuong tu nhu trén, qué trinh dién bién tir
trang thai 2 t&i 6 r6i 8, sau dé quay trd vé 1. Transistor n-MOS & 16i ra
cua bd so sdanh giir ON trong khoang thoi gian twong ing véi su léch pha
giifa 161 vao tin hiéu va 16i vio so sdnh.

Gian d6 trang thii ctia bo so pha II miéu tA mot cach ddy di tat ca cic
mode hoat dong ciia bo so sanh pha II d6i véi bat ky trang thdi nio cia vong
bam pha.
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9.2.2. May phat diéu khién bing dién a4p VCO (Voltage Controlled
Oscillator).

Trén hinh 9.10 trinh biy so d6 cia may phat dugc diéu khién bing dién
ip (VCO). D€ dam bao codng suit tiéu tdn cia toan hé nho, mach loc tan so
thdip mac & mach ngoai cling phai cé coéng suat tiéu thu nho. Vi du, trong
mach loc cu thé trén hinh 9.10 gém dién tr& RC, gid tri dién trd R phai that
l6n dién dung tu dién C phai nho. Thiét k€ VCO trong trudong hop nay c¢é 16i
vio 12 transistor trudng kénh n dugc méc theo so do lap lai nguén nén dién
& 16i vao rat 16n. Léi vao ciia VCO cé thé 1am thay déi dic trung tdn s6 clia
mach loc, vi 161 vao ciia VCO trong truong hop nay cé dién tr& vé cung 16n
nén dic trung tdn s6 chia mach loc khéng hé bi anh hudng cia VCO.

Cim - y o0
INHBIT 5-—)—>T{>>ﬁg B
p |
INHBIT e
3 Lér% 2
— | M
. L&i vao vco J d iy
VCO IN 9-—;——' Ny —||_. Py c Ps 51’
118 12 . !
R]_ R:l -
N
™
55 YsS .
:‘rnn
p.
& t"rl
| mEBIT
DEMOLULATED LI Ne 4
OUTPUT
L&ira gidi diu ch& R
5% CATE 1

L&ira vco
VCO OUT 4-—(—4 1

Hinh 9.10: So d8 cia may phat dudgc diéu khién bling dién ap (VCO)
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Tir nguyén 1y clia vong bam pha, chiing ta thay rang su khdc nhau vé tin sb
gitta médy phdt VCO va tin hiéu 16i vao clia mach tdch séng pha tao thanh diép dp
sai, qua mach loc tin s& thap tao thanh dién 4p diéu khién tdc dong vao mdy phat
VCO, diéu chinh dich tdn s& clia mdy phét cho tring khép véi tan s6 cia tin hiéo
vao. V6i lap luan trén thi mot dién &p sai, dién 4p nay déng vai tro dién ap dién
khién tic dong vao may phat VCO lam thay d8i tin s6 phét f,. Mot yéu céu i
quan trong dat ra d6i véi VCO 1a su phu thudc ctia tén s& vao dién ap dicu khién
phai tuyén tinh trén khoang tuyén tinh caa VCO.

Mach VCO (hinh 9.10) hoat déng nhu sau: Khi 16i vao cdm (inhibil
input) cé muc logic thap, P; & trang théi thong s€ ndi cyc ngudn (Source) clia
P, va P, v6i V, ; clra logic 1 va cira 16gic 2 ¢6 chifc nang nhu trigo RS duoge
tao thanh tir mach NOR. Transistor trudng kénh n N, duoc ndi vGi dién trd
ngoai R, tao thanh tdng 14p lai nguon SF (Source - follower).

Tuong tu nhu tdng 1ap lai emito ding transistor ludng cuc, d6i véi ting
lap lai nguén néu thyuc hién dugc di€u kién dién trd R, 16n hon dién trd kénh
din cha transistor trudng kénh n N, khi thong mach, dién tr& R, phai cé gid
tri 16n hon 10 k<, khi d6 dong qua R, 1a phu thugc tuyén tinh vao dién thé
16i vio VCO, dong nay di qua P,, hai transistor trudng kénh p: P, va P, tao
thanh m6t mach dong guong. Dién tré mic thém vao & mach ngoai R, bd
sung thém dong cho nguén dong khong déi qua P,.

Pién thé diéu khién dat vao 16i vao VCO diéu khién dong dién qua N,
P, ciing c6 nghia la diéu khién dong P, nap dién cho tu di¢n C,. Trang théi
dat xoa cha trigd c6 tdc dung lam déng ngat cdc transistor P, va N, hoac P,
va N,. Mét ban cuc cia tu C, dugc néi véi dit (V), con ban cuc kia dug
nguén dong khong déi P, tich dién. Khi tu C, dugc nap di dién dén ngudng
chuyén ciia cdc phin tir ddo 1 hodc 5 trigo thay ddi trang thdi. Lic d6, mdt
ban cuc ciia tu C, duge ndi dat, con ban mach kia tich dién &m va tu phéng
dién qua cuc méng (drain) cta transistor trudng n-MOS va mot nira chu ky
méi bit ddu. Dong guong P, bing dong qua P,. Dién 4p diéu khién cuc cia
N, 16i vao cia VCO lam thay déi dong qua P, ciing 12 dong P, lam thay ddi
chu k¥ phéng nap ctia tu C, ciing 1a thay ddi tdn s6 phét cia VCO f,. Néu ta
khong 14y tin hiéu qua bo loc tdn s6 thdp, ma ldy ra & cuc ngudn S 161 ra clia
tang lap lai ngudn (Source - follower) 161 ra chén 10 duge dung lam 161 ra
giai diéu ch&. Khi d6, mot dién trd tai Ry = 10 k€2 hay 16n hon dugc ndi i
chan nay t6i dat. Néu khéng ding thi dé hd. Mdc logic 0 & 161 vao cdm
(inbihit - chan 5) cho phép VCO va ting SF & trang thdi hoat dong. Léi vao
cam & muc logic 1 dat VCO va Source - follower & trang thdi chd tifc 1a trang
thdi ma nang luong tiéu thu 1a cuc tiéu.
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9.2.3. Bo loc tdn sé thap

Sur khdc nhau vé tdn s& gitta VCO va tin hiéu 161 vao qua bd tach séng
pha va bé loc tdn s6 thap tao thanh dién 4p sai V(). Dién dp nay déng vai
ird dién dp diéu khién V(t) né tdn s& phat ciia VCO.

Né&u tin s6 tin hiéu 16i vao fs va tdn s6 phédt cha VCO f, bang nhau
mét cdch chinh xdc thi tin hiéu 18i ra cia bd loc tdn s6 thap s& 1a mot
dong khong déi (mot chiéu) ma bién do cua n6 phu thudéc vao hiéu pha
clia hai tin hiéu fs va f,.

9.3. NHUNG UNG DUNG CUA VONG BAM PHA COS/MOS PLL

9.3.1. Giai diéu ché FM

So dé giai diéu ch€ FM dugc trinh bdy trén hinh 911. Vong bam pha I
duge diing 1am mach tich séng tin hiéu diéu tdn. Pién tr& R;, G, tao thanh
mach loc tdn s& thap. Khi vong bim pha bat chap véi tin hi¢u FM, may phat
tdn s& diéu khién bang dién 4p VCO bdm mét cach tdc thoi vao tdn s6 cua
tin hieu vao. Bo tich song pha (phase detector) loc dién 4p sai ciia dién ap 16i
vio cia VCO, dién 4p nay tuong Ung vdi 16i ra diéu ché.

BS& lqétﬁn 56 thdp

100 3V
[ kjﬁlz. |

CD4044 2 il 14
L&i vao L&ira giai difu ch&
}—{14{ So s&nh phal — vco 10—
R
100k
3 a4l 11| 6 7| 5 8 i
.i-\, h 1
s
R 500pF

Hinh 9.11: B glai didu ché FM

Vi du mot tin hiéu FM cé tdn s6 séng mang 10 kHz dugc diéu ché& boi
mot tin hiéu am tdn 400 Hz. Bién d6 téng cong ca tin hiéu FM la 500 mV.
Bo so sénh pha I dugc diung vi hé théng PLL ¢6 tén s6 trung tAm bang tdn s6
séng mang FM va déc tinh giam tap am cia no.
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Tén s6 trung tam cha VCO duge thiét k€& sao cho bang vdi tdn s6 song

mang va bing 10 kHz. Néu chon céc linh kién C, = 500 pF, R, = 100 kQ,

dién ap cung cip Vpp= 5 V ta s€ duge tin s8 trung tam la f, = 10 kHz va dai

bit chap 1a f. = + 0,4 kHz. Cic gid tri cha bo loc thap Ry = 100 kQ, C,=0,1 pp)

quyé&t dinh dai bat chap trén.

Né&u diing dién 4p nuéi 5 V cho gidi diéu ché FM, vé6i ty s6 tin hiéu trén

tap 14 4 dB thi dong mang tdng cong 1A 132 pA va véi ty so tin hidu trén tap
14 10 db thi dong méng t6ng cong 1a 90 pA.

9.3.2. Bo to hop tin s0
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Hinh 9.12: B& t8 hop tdn s8 thip dung 3 bd chia thap phén 1ap trinh hoa
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B6 t6ng hop tin s6 tao nén tir vong bam pha bing cdch dat mot bo chia
vio mach phan héi gifa 16t ra cta VCO va 16t vilo chia bo so sdnh. Hinh 9.12
mo td bo t5 hop tdn s¢ thidp dung bo chia lap trinh hod duge gém 3 bo chia
thip phan. Bo chia module N ¢é thé thay déi timg budc tir 1 dén 999 véi
budec nhay 1a 1 don vi. Khi hé théng PLL & trang thai gid chap, tin hiéu vio
vi 161 vao bé so sdnh ciing tdn s6 va f = N.1 kHz.

Vi vy, do rong dii tdn s& cia bo td hop nay la tir 3 dén 999 kHz vdi
budc tang la 1 kHz.

9.4. KY THUAT TO HOP TAN SO DUNG VONG BAM PHA GHEP NOI
VOl MAY VI TINH

Trén hinh 9.13 trinh bdy so d6 khai bo td hgp tdn s6 dung vong bim
pha ghép néi vdi mdy vi tinh.

Trong so d6 nay c6 dung b chia N 1ap trinh duoc (cé thé diing vi mach
8253), bo chia nay duoc ghép nét véi vi tinh qua cong mdy in LPT1, nhe vay
ta c6 thé thay déi mai s6 dicu khién thay ddi hé sd chia N mot cdch linh hoat.

Tén s6 161 ra cha bo chia N - d€in/dinh thdi gian 1ap trinh hod - bdm pha
véi tdn s& chudn dugce 18y tir 161 ra ¢lla mot dao dong thach anh. Hé s& chia N
¢6 thé thay déi duge nh& ma didu khién tén s6 (Frequency Control Code). B
so sanh pha (Phase Comparator) s€ so pha gitra tin s& 161 ra ciua VCO
(Voltage Controlled Ossilator) qua bd chia N véi tdn s& chuan tao ra tr dao
dong thach anh f_;, dién 4p sai qua b loc tan thdp (LPF - Low Pass Filter)
chuyén thanh dién 4p mot chiéu bign déi cham V, duoc dua viae didu khién
VCO lam cho t4n sd 161 ra cia b¢ chia N bam pha vé6i tAn s6 chudn. Nhu
vy, ta s€ c6 tdn 36 161 ra cta VCO la £, = N.f,, do d6 chi cdn thay déi hé
s0 chia N thi ta s€ tao dugc cic tdn s6 khdc nhau 161 ra cta VCO.

B6i véi vong bam pha diung trong cdc hé thong tin, tdn s6 161 ra clia
VCO luén & dai tdn VHF va UHF, nghia 1a tir 30 dén 400 MHz, do do viéc
thi€t k&€ bo chia N hoat dong trong dai tin s¢ nay ta rat khé khan. Tham chi
chung ta ciing khong thé diing mach cong suat 16n ECL cho bd chia N trén
200 MHz dé s dung cho cdc thi€t bi thong tin xach tay céng suit thap.
Chinh vi vay cdn phai ha thap tdn s4, ¢d 2 cdch dé giam tin so. D6 1a:

- K¥ thuat chia thang ti I& trude (Prescaling).

- K¥ thuat bién ddéi ha thdp tdn s§ (Heterodyne down convertion) ma
ching ta x¢ét dén sau nay.
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M3 diéu khién Tén e& chufn

Tinedra £,
tdn &8 £ =
fout = Nofiys @ |
Bo chia N
M4y phat difu khién . b ?:r'tnh 2 scie . BY so sdnh pha
s : " : 2 ' hase comparator
bing dién dp VCO N progammable divider 4 ¥

Disn &p didu khién B#& loc tédn sf thip
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Hinh 9.13: So d& kh&i bd t3 hgp tin s& ding véng bam pha ghép ndi véi may vi tinh

9.4.1. K¥ thuat chon trudc thang ti 1¢ (Prescaling)

Trong hinh 9.14 trinh bay so d6 bo td hop tdn s6 dung k¥ thuét chon
irudc thang ty 1, tdn s6 16i ra ciia VCO duge gidm bdi bd. chia K t6i gid tn
l4n s6 16n nhat £, duge diéu khién bdi vi mach chia N. Tén s6 chuén f, bing

tan s6& dian ciach kénh f- (Channel spacing frequency).

M3 difu khifn
tdn ed
(2 . [ fk ; Es f .
Vo Bo chia K y B chialN 5 Sosinhpha el BochiaR
Fn] 4 fo\
B tao dao
Bo loc 11y 260, tén 68
tan & p
. chufn fx

Hinh 9.14: So dé bd td hop tdn s& ding ky thuat Prescaling
. Tén s6 16i ra f,,, VCO dugc chia véi hé s chia c6 dinh K va hé s6 chia
thay déi dugc N réi dua vao bo so pha, tdn s6 nay la:
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K.N

Tén s6 chudn phat ra tir dao dong thach anh fy sau khi qua b chia R c&
dinh cling dugc dua vio bé so pha va ta sé cé:

Tai thoi diém bam pha, ta cé :
f f

kKN R

hay:
¢ _LKN
R
Khi ding mdy tinh thay déi hé s6 chia N ta duoc tdn s6 16i ra f

ot

1a boi

cla tin s6 LK ;
R

Ky thuat Prescaling chi phit hgp v6i tdn s6 phat ra cia VCO khong cao.
muon phat ra ¢ tdn s6 cao hon ngudi ta dung k¥ thuat Heterodyne down
convertion. Ky thuat nay ding b6 tron tdn dé ha thdp tdn s6.

9.4.2. Ky thuiat Heterodyne down convertion

B¢ tao dao o .
dﬁng tdn Eﬂ' M3 difu khign
fzu tin 56
Voo BY trén —=y BochiaN S0 sdnh pha 1] BochiaR

1 + f,T

Bo loc 1dy B tao dao
tdn &8 thdp dong ;ﬁn 50
x

Hinh 9.15: So d8 bd t6 hgp tdn s& ding k¥ thuit Heterodyne down convertion
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Chiing ta c6 so dé clia bo t6 hop tdn s6 dung ky thuat Heterodyne down
convertion nhu hinh 9.15. May phat dao dong thach anh offset dugce ding dé
tron xuéng (Mix down). Tan s 161 ra cta bo tron 1a f:

L=t - I

Pay ciing chinh 1 tdn s6 16i vao cua bé chia N. Khi hé chap vdi tin hiéu

ta co:

g N

X0

f

out

R
N.f,
hay: four = R S .

aut
Khoang chia N duoc xac dinh bai hai biéu thic sau:

£
Nmax — kfmax
[
N, = fkfﬁ (£, 12 tdn s6 d6 rong kenh)

c

Trong cédc hé 18 hop tdn s6 dung k¥ thuat Heterodyne down convertion
c6 thé c6 hon mét gid tri clia tan s6 offset f, duge dit. Vi du, néu dai tdn s6
161 ra VCO duge chia lam hai khoang bang nhau va néu gia tri cha f, duge
dit cho hai khoang tuong tng thi hé s6 chia N s& bing ding mot nita hé s6
chia diing trong hé théng Presscaling.

Uu diém ciia k¥ thuat Heterodyne down convertion la:

- Tén s6 chuén f. bang tdn s& do rong kénh f_ nén dai théng cla hé rong
hon.

- Khi dung k§ thuat nay thi mat mat nang luong 1a it nhét, do dé tin s6
dao dong offset va bd tron (Mixer) hoat dong véi hiéu sudt rat cao.

9.5. MAY PHAT DIE:U KHIEN SO GHEP NOI VOI MAY VI TINH

Nhu ching ta da bi€t, may phat VCO (Voltage Controlled
Oscilator) c6 thé diéu khién duoc -tdn s6 phdt bing dién d4p. Ghép nbi
DAC véi mdy vi tinh, tit mdy tinh qua bé DAC ta c6 thé dua vao 16i vio
ctta VCO mot dién dp. Dién 4p nay c6 thé dé dang diéu khién duoc nhy
mot chuong trinh phdn mém.
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9.5.1. C4u tric cia may phat diéu khién s6

Incerface

SYSRTam

L
I_‘\- o l
Fersonal
Compucer
I/0 pore
May phat ADC

diév khién so
! f

Hinh 9.16a

Noi dung muc nay nhim gi6i thiéu mot mo6 hinh diéu khién s6, diéu
khi€n thay déi bang tin va tdn s& phat clia mot may phat xung so d6 khéi mo
ta hé ghép n6i duge trinh bdy trén hinh 9.16a.

Cidu tric ciia mdy phét diéu khién sé duge trinh bdy trén hinh 9.16b.
Hinh 9.17 14 so d6 nguyén li clia may.

May phit didu khidn s8 duac tao thanh tir hai khéi co ban 1a: DAC
MC1408 va vong bam CMOS CD 4046 chiing ta da khao sat ching ¢ tren.
Trong bai tap thuc hanh nay ching ta diing chiing ciing véi chuyén mach
twong tu 4016 dé tao thanh mot mdy phat diéu khién s6. Mdy dugc ghep ndéi
véi vi tinh théng qua céng mdy in LPTL.

Nhu ching ta da biét, trong mach vong bam pha c6 bd dao df;'-ngq dugc
diéu khién bing dién dp VCO, tdn s6 dao déng clia VCO c6 thé thay doi nho
thay ddi dién 4p dua vao 16i vao diéu khién VCO. q

M4y vi tinh & day déng vai trd cua thiét bi diéu khién thay dﬁi tﬁn‘sd
phdt cia VCO thong qua Viéc diéu khién dit ligu s6 duqa v%n D{\C nham lam
thay d6i dién 4p ra clia né va dién 4p nay duogc dung dé diéu khién VCO.
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Hinh 9.16b cho chiing ta thdy tdn s6 phat dugc diéu khién qua hai
dudng:

b ,
e <:,53 T T > DAC L vCOo L&i ra
— Diéu khién tdn s6 + M4y phat =
s 4 4

8 éa"m Diéu khién

g

LE' -

g .-

o $379 .
n{g :

8 LT anc |

Bo.dienAp le o 1&ivao
Trang thai
Hinh 9.16b

a/ Pudng thi nhat qua BUS diéu khién clia cang may in LPT1 ¢6 dia chi
1a $37A, diéu khién chuyén mach tuong tu 4016 dugc ndi véi hé cic tu dién
clia mach VCO lam thay déi dién dung tuong duong chia hé théng tu nay.
Nhu vay, dudng diéu khién thit nhat chi diéu khién thay déi dai tdn s6 clia
VCO. Tuy theo lénh diéu khién clia mdy tinh may c6 thé phat & 3 bang tin
s6 khac nhau.

b/ Pudng thit hai diéu khién qua BUS dir liéu ctia cang LPT1 c6 dia chi
la: $378. Pudng di€u khién nay di€u khién ma s6 16i vao clia DAC 1am thay
ddi timg ndc dién dp ra chia DAC. Pién dp nay diéu khién lam cho tin s6
phadt cia VCO ciing thay déi timg nic twong ing véi mi s6 16i vao DAC.
Mach MC1408 la bé6 DAC 8 bit nén dién dp ra ciia né ¢é 255 mic dién dp,
tuy nhién dac trung dién dp - tdn s6 cia VCO c¢6 doan thay déi dién dp vio
ma tdn s6 phdt cia né khong thay déi nén khi lam thi nghiém gap phai
trirong hgp nay chiing ta cling dimg voi sot rudt,

Ngoai khéi phét diéu khién s6 chiing ta dd dé cap dén & trén, trong thiét
bi cdn khéi ADC ciing dugc ghép ndi véi vi tinh duge dung dé do cac dién
dp tuong tu bién ddi cdc tin hiéu tuong ti thanh dang s8 luu giit trong mdy
tinh ching ta s& khao sit chiic nang ctia né trong bai thi nghiém thuc hanh
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sau. Trén hinh 9.17 1a so d6 nguyén 1y clia mdy phdt diéu khién s6 tuong
ing v6i so dé6 khdi hinh 9.16b. Trong so dé nay IC1, IC2, IC3A, IC3B tao
thinh bo bién déi DAC 8 bit. Dién 4p ra cia DAC nay dugc diing dé diéu
khién 1am thay ddi tdn s& phat ctia VCO do IC5 va IC6 tao nén. Giic cim J2
duge néi véi BUS diéu khién $37A cia cang LPT1. Qua cic dudng diéu
khién nay ta c6 thé 14p trinh diéu khién déng ngit cic chuyén mach tuong tu
ed trong IC5 CD4016 lam thay déi cdc gia tri clia tu twong duong ghép &
giia hai chan CA, CB clia mach PLL 4046. Nh& cdch diéu khién nay ta c6
thé di€u khi€n thay d6i bang tdn phdt cha VCO. Trén hinh 9.17 ta con thdy
mdt mach DAC ni¥a 1a IC7. Vi mach nay két hop véi cdc mach khué&ch dai
thuat todn IC3C, IC3D va mach so sdnh vi sai tao thanh bo bién déi tuong tu
s6 ADC ghép néi véi vi tinh cling qua cdng may in.

9.5.2. Noéi dung bai tap thuc hanh

I. Dung cu thi nghiém

- M4y phat diéu khién s6

- M4y tinh

- Dao déng ky

- Von ké& hién s6

- Panel thi nghiém trén dé c6 ciac vi mach: CD4046 (mach vong bam
pha CMOS), MC1408 (DAC 8bit) LM311 (mach so sanh vi sai) LM324
(khuéch dai thuat todn). So d6 nguyén li ctia panel thi nghiém nay tuong tu
nhu so d6 nguyén li cia may phat diéu khién s6 (xem hinh 9.17).

2. Néi dung thuc hanh

1/ Khao sit nguyén tic hoat dong clia PLL

a- Khao sat hoat dong clia VCO. Po dic trung biéu dién su phu thuéc
tan s& phat cia VCO vao dién 4p diéu khién V.

b- Khao sat hoat dong cta bd so sdnh pha. Do dai bit chip va dai giir
chap ctia vong bam pha.

2/ Khao sit hoat dong cia mdy phat diéu khién s6 .

a- Cho chay chuong trinh kiém tra mdy phét c6 tén tép la: TESTOSC.
Dung dao dong ky x4c dinh tdn s6 phat tng véi 3 bang tén.
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Hinh 9.17: So d8 nguyén Iy may phat didu khién s&
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bang tin).DAT.
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Luwu y: chuong trinh bat buéc phai do xong 255 gia tri méi duogc két thiic
va phai danh diing s6 thi¥ tu ctia bang tdn vira do.

b- Cho chay chuong trinh diéu khién phat DCG véi 3 tép dir liéu vira do
dugc: BAND1.DAT; BAND2.DAT; BAND3.DAT. D6i chiéu tdn s& phat
dwoc hién thi trén man hinh may tinh va tin s& phdt hién thi trén dao dong
ky. Ddnh gid két qua do chinh xdc cla tdn s6 may phat.

Hinh 9.18 12 4nh chup mat trudc mdy phat diéu khién s6.

NI vov ddir Liira DCG Lt ra DCG
dong xung rudng dang kim Sin

Lsi vao ADC L&i ra DAC N&T vdi dét

Hinh 9.18: Mat trudc clia may phat didu khién sé
Mat sau mdy cé gidc cam céng LPT1 diung dé ghép néi véi cdng mdy in
clia mdy vi tinh. So d6 nguyén 1y bén trong mdy tuong tir so dé hinh 9.17.
M4y phat diéu khién s6 diing PLL, tich hop cd ADC va DAC. Dung
mdy nay sinh vién cé thé lap trinh diéu khién ng dung cic ngon ngir lap
trinh diéu khién khdc nhau, diéu khién DAC, ADC, PLL. Dudéi day giéi thiéu
mdy phat diéu khién sé diing ngén ngit 1ap trinh Delphi.

9.6. MAY PHAT PIEU KHIEN SO VA LAP TRINH MO PHONG
Dé tudng minh cho nhitng tng dung cha k¥ thuat s6 trong linh vuc k¥

thuat dién tlr, do ludng diéu khién doan cuéi chuong nay chiing téi trinh bay
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két qua nghién ciu thi€t k€ mdy phat diéu khién s6 va lap trinh mo phong
Ung dung trong cong tic giang day. Mdy phdt ¢ ciu hinh phédn ciing tfi
thiéu gém: bién déi s& twong tu DAC, vong khod pha PLL, bién déi tuong u
s6 ADC. Ké&t qua nghién citu da cong bd trén tap chi “Khoa hoc va cong
nghé” cta Trung tdim Khoa hoc va Coéng nghé Quéc gia [11], bai béo ciing
gi6i thiéu phdn mém diéu khién moé phong. Chuong trinh diéu khién mé
phong dugc xay dung tir cong cu lap trinh DELPHI.

9.6.1. Gi6i thiéu may phat diéu khién s6

Khi nghién cttu v€ mdy phat chiic nang diéu khién s6, ching toi dd thiét
k& thir nghiém phéan cing va x4y dung phdn mém theo hai mé hinh sau:

Mady phdt diéu khién sé theo mé hinh DDS (Direct Digital Synthesis)

So d6 khdi cia may phat dugc trinh bay trén hinh 9.19, né bao gém 4
thanh phin co ban: bd tich luy pha (Phase Accumulator), bd nhé luu tri
dang séng, bé DAC (Digital to Analog Converter) va LPF (Low Pass Filter).

Nguyén tic hoat dong ctia mdy phét loai DDS nhu sau: theo 1y thuy&
14y miu Shannon, d€ dim béo tén s6 16i ra la Fy = 2n/w,, tdn s6 14y miu F,,,
phai thoa man di€u kién:

Fook = 2F,
clock
: ]
Frig:tefgfl' Phase :::vi!:l{;rgm : output

accummulatar &
or RAM

il e S N

Hinh 9.19
Gia str dang s6ng sin phat ra duge biéu dién bdi phuong trinh A sin(w,t +@,)
Ta c6 @(t) = w,t + @, 1a mot ham tuyén tinh theo th&i gian nén:

do(t) _ e
dt °
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Do vay b¢ tich luy s€ phai tao ra cdc mau S(n) rdi rac lién tiép cach

nhau khoang thai gian T=1/F,,,, dugc bi€u dién bdi phuong trinh:
S(n) = S(n — 1) + @,

D¢ thu dugc tin hiéu 16i ra hinh sin ta phai bién ddi S(n) thanh dang sin
[S(n)], sau d6 dua vao bé nhé Iuu trir dang séng. Léi ra ciia bo nhé luu triv
dang séng duoc dua t6i bg bién ddi DAC. Bo loc théng thap LPF cé tac dung
lam tron tru dang séng sin thu dugc & 16i ra, muén tim hiéu sau vé phuong
phdp nay xin xem tai liéu tham khao [9]. Xay dung may phat diéu khién sé
theo mo hinh nay gitp ta dé dang tao ra nhiéu dang séng khic nhau bing cic
thuit todn phan mém.

M6 hinh mdy phat diéu khién bdng dién dp

M6 hinh mdy phdt diéu khién s6 (hinh 9.20), bao gém DAC mét may
phit duoc diéu khién bang dién 4p VCO (Voltage Controlled Oscillator) ¢
trong mach vong bam pha PLL. Dién dp diéu khién dugc 14y tir dién ap 16i ra
cia DAC. B tao dang séng tao ra hai tin hiéu c6é dang séng khac nhau la
xung vudng va dang séng hinh sin & 16i ra cta thiét bi. Bo ADC ding dé
gidm sdt bién d¢ tin higu phat, n6 con dugc ding dé ciu thanh mot hé do dic
timg tin s6 clia mach truyén hodc cdc b khuéch dai ding trong ky thuat
dién tir. Cac kh6i chifc nang nay dugc ghép néi véi cong vao ra cha may tinh
theo cac dudng bus diéu khién, dit liéu va trang thdi.

_Dulien | DAC
/o | m "~ @ diéu khién tin s6
Diéu khién
Port - ADC B§ tao dang 61 ra
thai o 5
%r e Po dién 4p song —>

Hinh 9.20 i
Chung t6i da thi€t k€ mdy phat di€u khién s tuong (g vé6i so d6 khai
hinh 9.20, dé tao thanh DAC ching t6i dd ding cdc vi mach 74LS374,
MC1408, LM324. Khéi VCO dugc tao thanh tir cdc vi mach chuyén mach
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trong tr CD4016, mach vong bam pha CD4046. Khdi tao dang song ducc
thuc hién bing phéin cing. L6i ra clia may phat cho ra hai dang séng:

e Dang xung vudng tan s6 phat F1. Dai tdn tir 20 Hz dén 500 kHz ducc

chia 1am 3 bang tdn. D6 én dinh tin s6 clia may phat dat 10 ~*. Tén sd
phat dugc do 1dy méau truc ti€p bing tin k& s6 cé do chinh xdc 107
Két qua do dugc luvu gii thanh 3 file dir liéu tuong tng véi 3 bang tén
cua may phat vdi tén file la: band1.dat, band2.dat, band3.dat. T4n s
phit dugce hién thi truc ti€p trén man hinh diéu khién ctia mdy tinh.
Bién dé xung va sudn xung tuong hop véi mitc logic ho vi dién tu, ho
TTL va ho CMOS diing nguén nudi vi mach V- Vo =+5 V.

Dang diéu hoa hinh sin ¢6 t4n s& phat F2. Dai tdn phat: 2 Hz + 50 kHz
dugc chia lam 3 bang tdn. Tdn s6 F2 = F1/10. Bién do tin hiéu ra cuc
dai Vpp yax = 5 V, tré khang ra 10 Q. Tin hiéu ra hinh sin dong b
véi xung vuong rat tién loi khi dung thiét bi nay dé€ ti€n hanh cic thi
nghiém vé diéu ché va giai diéu ché s6 dung trong truyén théng sé.

So d6 nguyen 1y clia thiét bi tuong tu so d6 9.17, thi€t bi dugc ghép nd

voi PC qua céng mdy in LPT1. Mdy vi tinh & day déng vai tro thiét bi diéu
khién thay déi tdn s& phat cia VCO théng qua viéc diéu khién dit liéu s6 dua
vao DAC nham 1am thay déi dién 4p ra ctia né va dién 4p nay duoc ding dé
diéu khién VCO. Chiing ta cé thé xay dung cidc chuong trinh phin mém dé
mdy tinh thuc hién cdc chitc nang diéu khién, gidm sat vi mo6 phéng céc hoat
dong cua may phat diéu khién s6 mot cich linh hoat.

9.6.2. Phin mém moé phong thiét bi
V61 mé hinh phén ciing duge thiét ké tuong dng theo cic mo hinh trén,

ching t6i da xay dung phdn mém diéu khi€én va mé phong thiét bi. Theo mé
hinh DDS dé€ tao ra cdc dang séng khdc nhau c6 bién do va tdn s& thay déi
duogc bing phdn mém, ta cé thé st dung cac thii tuc don gian sau:
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const sm=10000;

var ap : array(0..sm] of byté;

{ Tao bo tich luy }

Procedure MangPhatRangCua(ts:word,bd:byte) ;
var k,m :word;

begin



for i:=0 to ts-1 do

for m:=0 to (sm div ts) do

ap [m+k* (sm div ts)]:= ctrunc (bd*m/ (sm div ts));
end;
Procedure MangPhatVuong (ts:word, bd:byte) ;
var k,m :word;
begin

for k:=0 to ts-1 do

for m:=0 to {(sm div ts) do

if me=(sm div ts) div 2 then aplm+k* (sm div ts)]:=bd

else ap[m+k*(sm div ts)]:=0;

end;
Procedure MangPhatsSin (ts:word, bd:byte) ;
var k,m :word;
begin

for m:=0 to sm do

aplm] :=bd + trunc ((bd/2) *sin((m/sm) *ts*2*Pi)) ;
end:;
{dua dit lieu diéu khién ra céng LPT1}
Procedure PhatMang;
var p :word;
begin

repeat

for p:=0 to sm do port[$378]:=ap[p];

until keypressed;

end;
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Theo mé hinh mdy phat diéu khién s6 hinh 9.20 ta c6 thé lap trinh diéu
khién thay ddi bang tdn phat, thay ddi tdn s& phat bing con trd chuét. Dudi
day la moét s§ thi tuc trong phdn mém diéu khién mdy phat diéu khién sé
tuong ung v6i so dé khéi hinh 9.20.

Cic thao tac hién thi dang séng trén man hinh mdy tinh duoc thue hién
trong thii tuc CapNhatHienThi tuong tng vé6i cac thay déi trong diéu khién
phan cimg. Khi dé ta dung cac thl tuc sau dé diéu khién thay déi bang tdn va
phat tan s6 theo ché€ d6 tur dong tang giam (mi ngudn nay duogc viét trong
Delphi).

procedure TForml.BandlBtnClick(Sender: TObject);
begin

outport$37A($3); ({Pidu khién thay d8i bing tén va
chuygn mach tuong ty 181 ra)

CapNhatHienThi ;
end;

procedure TForml.Band2BtnClick (Sender: TQObject);

begin

outport$37A($15); {Piéu khién thay d8i bang tén va
chuy&n mach tuong tu 18i ra}

CapNhatHienThi;

end;

procedure TForml.Band3BtnClick(Sender: TObject) ;
begin

outport$37A($9); {Pidu khi&n thay 4a8i biang t&n va
chuy&n mach tuong tu 18i ra)

CapNhatHienThi ;

end;

procedure TForml.TimerlTimer (Sender: TObject) ;
{Thl tuc tu ddng quét tin s8 theo thdi gian}

begin
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outport$378 (i) ;
CapNhatHienThi ;
1:=i+1;

if 1i:=256 then i:=0;

end;

procedure TForml .ScrollBarTanSoChange (Sender:
TObject) ;

{Th?d tuc thay d8i tén s& bang thanh cudn}
begin
outport$378(ScrollBarTanSo.Position) ;
(dua A&t 1iéu ra DAC diéu khié&n VCO)
CapNhatHienThi ; |

end;

Phan mém diéu khién va mo phdng dugc xay dung bang cong cu lap
trinh Delphi ctia hang Borland. Day 1a cong cu thiét k& phét trién ing dung
nhanh RAD (Rapid Application Development) gilip xay dung céc ing dung
Window32 cé giao dién ngudi ding d6 hoa GUI (Graphic User Interface)
dep va than thién. |

C4u tric hudéng d6i tugng va huéng su kién cta Delphi gidp ngudi l1ap
trinh c6 kha nang thiét k€ mo6 phong nhanh va hi¢u qua [10].

Kha nang tuong tic ciia chuong trinh véi phdn cing dugc thuc hién
théng qua céng LPT1 véi ba thanh ghi cé dia chi 378h, 37%h va 37Ah.
Chuong trinh gém hai médun chinh PLL va DAC duoc lap trinh theo hai m6
hinh may phat diéu khién s6 da dugc dé cap & trén.

Ngoai céc phim chic nang, dé diéu khién may phat con c6 man hinh
hién thi moé phéng dang séng gidng nhu tin hiéu quan sét trén dao dong ky o
I6i ra ctia mdy phat diéu khién s6. Bén canh d6, chuong trinh ciing c6 kha
nang canh bdo céc 16i ctia thi€t bi phan cung.

235



Hinh 9.21 va 9.22 Ia man hinh diéu khién va hién thi mé phong dang soéng
ctia may phat diéu khién s6 cé cdu hinh tuong tng véi so d6 khéi hinh 9.20.

Thiét bi diéu khién s6 va dac biét 12 phdn mém mo phong thiét bi trén
mady tinh mang hiéu qua s dung cao do tinh don gian cua thiét bi phan cing
cling vé&i tinh nang mé& dé dang thay déi cap nhat cha phdn mém. Nhu di
thdy trén hinh 9.23 va hinh 9.24, v&i phan citng t6i thiéu ré tién, dé thuc higén
trong diéu kién thuc t€ Viét Nam nho két néi véi vi tinh da phat huy duce

kha nang diéu khién mém déo va x{ Iy thong tin da dang cia may vi tinh.

KT Ihﬁl . [etiggital di-ftri.' nil..'lsis Dléu kh]iéﬂ
- hién thi
Man hién e L
thi dang ;

tfn hiéu

Chon cdc
dang tin
hiéu phit

Priéu chinh
bién dé

Hiéu chinh
tin hiéu

Hinh 9.22

Hinh 9.23 va 9.24 1a man hinh diéu khién va hién thi mé phong dang séng
clia may phat diéu khi€n s6 ¢d cdu hinh tuong iing véi so d6 khéi hinh 9.20.
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Man hién thi
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Ché& do
diéu khién

phit

Hinh 9,23

Thay déi vi

tri

Hién thi hai
kénh

|"
L ‘
S L L

i bién do
. e
' Chi thi tdn
s0
'

Hinh 9.24

Thiét bi da ¢6 tinh nang tuong tu nhu mot mdy phdt chic ning dung
trong k¥ thuat vo tuyén dién tir, ¢ kha nang diéu khién thay déi bien do, tin
56, chon dang tin hiéu, dac biét con cé thé chon ché do tr déng quét tdn s6,
chic nang nay rat cén trong cdc hé tu dong do dac trung tdn s6 clia céc
modun chifc nang trong cdc hé dién tir. V6i phin mém mé phong, ta di tich
hop dugc ca chifc nang hién thi tin hiéu phdt nhu mét m4y hién song. Thiét
bi ndy duge ding cho sinh vién, hoc vién cao hoc thuc hanh ky thuat dién tir,
thuc hanh lap trich diéu khién cdc thiét bj dién ti, trién khai tmg dung céc
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thanh tyu méi trong linh vic cong nghé phdn mém thuéc chuyén nganh dién
tlr vién théng. Do én dinh tdn s6 clia mdy phit c6 thé dat dugc mitc 1078 né
dung phuong phédp té hop tdn s6 ding vong kho4 pha.

Chiing t6i da ché tao thi€t bi diéu khién t6 hop tdn s6 ding PLL, thiéi bi
€6 céu tric theo nguyén 1y hoat dong hinh 9.14. Trén hinh 9.25 13 anh chup
thiét bi té hop tdn s6 chiing t6i ché tao .

Hinh 9.25. Thiét bi t3 hop tin s&
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Chuong X
THIET KE MO PHONG CAC MACH DIEN TU SO

CircuitMaker (CM) 12 mét phin mém ng dung mdy vi tinh phuc vu
¢ho cong tdc thi€t k€ v& cdc mach dién tir tuong tu va dién tir s6. Chiing ta c6
thé ti€n hanh cdc thi nghiém mo6 phéng nhim khio sit nguyén 1y hoat dong
¢ha cdc mach dién, dién tir & ngay trén so d6 nguyén 1y dugc vé tir chuong
mnh. Chuong trinh CircuitMaker 12 mot s& hitu clia céng ty Microcode
Engineering, tinh dén thoi diém nay CM di cé phién ban CM.4, CM.6,
CM Professional va CM 2000 v6i nhiing tinh ning manh g&p boi. Phin mém
nay c6 mot thur vién doi dao hon 6000 linh kién, thiét bi diing cho thi nghiém
mb phong. N6 nhu moét phong thi nghiém k§ thuat dién t& Ao hién dai véi
cic mdy do hién dai nhu: mdy hién séng nhiéu kénh Scope; mdy do van nang
Multimeter c6 thé do dién 4p, dong dién mot chiéu DC va dién 4p xoay
chi€u AC; mdy phan tich phé tin hiéu, do nhiéu én. Chiing t6i chon phién
bin CircuitMaker.Pro dé gidi thiéu trong gi4o trinh ndy vi né cé cic tinh
ning vurot troi thich hop cho cong tac thiét k& chuyén nghiép, cdc thanh cong
c tudng minh dé sir dung, giao dién clia né ging véi phdn mém cong ty-
Microcode Engineering cung c4p mién phi cho sinh vién (CircuitMaker for
Student).

Sinh vién c6 thé tai phin mém CircuitMaker for Student nay & trén
mang dia chi website: www.microcode.com

Yéu cdu vé phdn cing va phdn mém mdy tinh dé coi dit chuong
trinh:

- May vi tinh IBM céu hinh 486 hodc PC c4u hinh cao hon véi moét 6
tiing c6 dung luong con t6i thiu 15MB con tréng (dé nghi 1a 20MB), chuot
va man hinh VGA hoidc SVGA.

- P61 v6i cac mdy tinh méi cé téc do cao, viéc mé6 phdng dién ra nhanh
hon.
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Déi tiwong s dung:

Hoc sinh cdc trudng trung hoc day nghé, hoc vién cdc trung tam day
nghé, sinh vién cdc trudng dai hoc k¥ thuat va nhiing nguodi choi v6 tuyén
dién tir nghiép du.

M6t vai diém cdn luu y:

CircuitMaker chi 12 mét chuong trinh mé phong gan nhu that chir khong
phai 1a két qua cudi ciing. Béi & day, san phdm ma chiing ta thi€t k& hoan
toan trén may tinh, ching chi hoat déng t6t trong viéc xir 1y tin hiéu trong
moi trudng hoan toan s6 hod. Con thuc té€, khi thiét k€ moé phong cdc mach
dién tir twong tu chi gidn diing, méac didu céong ty Microcode Engineering da
cung cdp mot san phdm cé nhiéu ing dung da dang, nhung khong thé dua ra
duogc hét nhitng két qua thod man hoan toan véi tit cad moi phin ting dung.
Chiing ta cdn phai kiém chimg cédc két qua thiét k€ trong thuc t&,

Trong chuong nay ching toi gidi thiéu so luge vé CM, hudng din sit
dung CM, thiét k& mach dién t&, thi nghiém moé phéng mach dién tir. Phén
cudi chuong néu mot s6 bai thi nghiém mo6 phong cidc mach dién tir diing
phian mém CM.Pro.

10.1. GIGI THIEU SO LUOC VE CHUONG TRINH CIRCUITMAKER

10.1.1. Cac tinh nang vé so dé mach dién tir
a/ Tinh ndng chung

Trinh duyét linh kién theo hinh dé hoa.

Tinh nang tim ki€m linh kién theo tir khoa.

Kha nang thiét 1ap cdc phim néng dé dat vi tri linh kién.

Bo soan thao biéu tuong dé thiét k&€ cdc biéu tugng theo y mudn.
Tinh nang Macro cho cdc mach phan cap thiét k& t6 hgp cdc moé dun.
Cac khung vién don va nhiéu trang.

Khéi tiéu dé thay d6i duge.

Luéi vi tri va tinh nang dich chuyén ngén linh kién.

Pat tén chan linh kién theo s6 thit tu, cdc chan thang hang doc.
Viét tén chéan theo chiéu doc va chiéu ngang.

Pit van ban & moi noi trén ban vE.
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b/ Tinh ndng noéi ddy

Kha nang dinh tuyén ndi day tu ddong/nhan cong két hop trong chuong trinh.
Tinh nang néi day moét cach thong minh SmartWire dam bao két ndéi
day chinh xac.

H5 tro day kién Bus.

Kha nang day noi tu co gian khi di chuyén cdc phdn cua day.

Pat lai vi tri day bang cach nhan chuot, gir va di sang chd méi.

C6 thé cit hoic kéo dai day.

10.1.2. M6 phong va phan tich

a/ Tinh ndng chung

Bo mo phong 32 bit trén nén SPICE 3f5/XSPICE.

M6 phoéng hén hop tuong tu/s6.

Mode mo phdng logic s6 hoan toan tuong hé.

Thu vién moé hinh linh kién toan dién.

Kha nang nhap cang cdc mo hinh SPICE dé€ tao ra cdc linh kién méi.
Hé6 trg cac mo hinh BSIM 1, 2, 3, MOS 6.

Ngon ngit phat trién SimCode dé€ tao ra caAc mo hinh digital tuy bién.

b/ Phdn tich

Phan tich mét chiéu DC.
Phan tich xoay chiéu AC.
Piém hoat d6ng mot chiéu.
Qua do.

Quét tham sé (i6i 2 bién).
Phan tich Fourier.

D6 thi trd khédng.

Quét nhiét do.

Mo phéng Monte Carlo.
Trudng hop di€ém dinh.
Ham truyén.

Tap am.
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10.1.3. Cac tuy chon nhap, xuat va in an

Nhap mach in dang SPICE d€ mo6 phong.

K&t xuat mach dién va dang séng nhu cdc hinh dé hoa.

Danh sach tai nguyén dit liéu vé linh kién tuy bién duoc.

Tao ra mach in SPICE3.

In ra moi may in/mdy v€ lua chon dugc trong Windows.

Thang ti 1€ in diéu chinh dugc 10% dén 1000%.

Tu dong di€u chinh kich thudc ban v& phu hop véi man hinh.

Pudng chia trang dich chuyén dugc cho phép diéu chinh ti 1€ in d& dang.

10.1.4. Két xuat mach in PCB

Khuén dang TraxMaker.
Khuén dang Protel.

Khuoén dang Tango.

Khuén dang OrCAD PCBII.
Khuén dang PADS PCB.
Khuén dang Cadnetix .

Khuon dang Calay & Calay 90.

Hinh 10.1: Ban vé so dé mach dién tr diing phdn mém CircuitMaker



10.1.5. Chon linh kién dé thiét ké mach

Trén hinh 10.1 néu so dé mach dién tir ding phdn mém CM. Tao ra cic
ban v& chét luong cao trong CircuitMaker chi don gian la chon cac linh kién
va diit chiing 1én ving lam viéc. Duyét qua hang nghin linh kién va mo6 hinh
cia CircuitMaker biang trinh duyét linh kién theo d6 hoa, hoac sir dung
tinh ning tim kiém linh kién dé€ tim ki€m theo céc tir khoa hodc s6.

D61 v6i céc linh kién hay ding nhat, ban ¢é thé dit cic phim néng dé
dat ching vao vi tri chi véi mét 1dn bam phim.

N6i chiing 12i v&i nhau. Chi cdn nhidp chudt vao mét chan linh kién hoic
diy ndo d6 v4i cong cu ndi day, giit va kéo chudt dén moét chan linh kién

hodc day khac va CircuitMaker s€ ngay lap tic
R237 ndéi day cho ban. Tinh nang SmartWire (néi
15K day thong minh) hién sdng diém s& dugc néi
truéc khi ban nha chuot, dam bao dat day
chinh x4c tuyét dé6i. Ban cling cé thé dat day
thii cong tai moi noi trén vung lam viéc.
Khéng gi6ng cac chuong trinh vé mach khdc,
CircuitMaker cho phép ban toan quyén dicu
khién vi tri dat day.

Diém két not duoc ne dong hién sdng dé noi ddy dé dang.

Dé tién loi hon nita, cdc day sé tu dong kéo gidn khi ban di chuyén linh
kién, va cdc day c6 thé bi cit, kéo dai hoic dich chuyén tuy thich.

CircuitMaker ciing hd trg cac day dang bus va cic day "duat nét". Cac

dau bus chifa nhiéu day con riéng biét, va méi day bus duoc danh sé cho ca
bus va timg day con trong bus. Sir dlling day bus giup lam ban v€ gon gang
hon. Day "dit nét" 14 1y tudng dé€ 1am ndi bat cdc khéi logic ho#ic phén cia
mach dién dé€ 1am tai liéu.

Diéu khién

CircuitMaker cho ban toan quyén diéu khién hinh anh ban v€& cta minh.

Ding cac tuy chon khung vién, khdi tiéu dé tuy bién dugc va tinh nang danh
ddu chan wu viét d€ tao ra cdc ban vé chit luong dé in an, duyét thiét ke,
trinh bay hoac luu trif.
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Mo rong thu vién

Bo soan thao biéu tuong cta CircuitMaker cho ban tinh linh hoat d€ tao ra
cdc biu tugng theo ¥ muén va thém chiing vao thu vién. Khong ¢6 gidi han s8
luong chan nén ban c¢6 thé tao ra biéu tugng cho cdc bo vi xir 1y va céc thiét bi
phifc tap khdc. Thiét k€ biéu tuong méi clia ban dua trén mot biéu tugng sin ¢,
hoic thiét ké tir nhiéu miu nho ban dau.

R e

b
LT
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Hinh 10.2: Giao dién man hinh soan thao biéu tugng

Diing bo soan thdo biéu tugng ctia CircuitMaker d€ tao ra cac biéu
tugng cho cac linh kién méi.

Diing mét biéu tuong di c6 hoac biéu tugng mdi, ban cé thé tao ra cdc
linh kién theo ¥ muén cé thé mé phdng ditoc. Ban c6 thé ddi cac tham s6 cua
mét linh kién dang t6n tai va luu né nhu linh kién mdi, hoac dung tinh nang
Macro d€ tao ra mot mach con méi cia moét linh kién va thém né vao thu
vién.

Trinh duyét linh kién theo d6 hoa cho phép ban duyét nhanh qua hang
nghin linh kién c¢é trong thyu vién cua CircuitMaker.
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Hinh 10.3: Giao dién man hinh chen linh kién.
CircuitMaker ciing truc ti€p nhap cdc mo hinh SPICE2 va SPICE3 (cac
mod hinh nay thudng dugc céc nha san xudt cung cép) dé tao ra cdc linh kién
hoat dong mai.

Nhanh chdng soan thdo cdc linh kién

Trong CircuitMaker, ban chi cdn nhip ddp vio mot linh kién nao d6 dé
stta chita rat nhiéu tham s&. Ban ¢6 thé chon cdc mo hinh, hoac stra chita cic
gid tri cia linh kién, nhédn va tén goi, dir liéu SPICE va rdt nhi€u khia canh
khic cla linh kién.

In va két xudt thiét k&€ ctia ban

Vi CircuitMaker sir dung d6 hoa dua trén vecto, cic ban vé mach dién
sé duoc in ra rit sach va sic nét véi moi kich thuée. Ban ciing ¢6 the Copy va
dén (Paste) cdc ban vé& va dang séng vao cdc chuong trinh khdc dé ché ban
ti liéu.

CircuitMaker ciing s€ tao ra mét danh sach tai nguyén gitip ban thiét ké.

PCB Layout &4
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CircuitMaker dugc lién két chat ché v6i TraxMaker, nén ban cé thé
chuyén tu dong mach thiét k&€ cia minh thanh dang mach ban mach in PCB
chi cdn nhin mot nit. CircuitMaker ciing lam viéc dugc véi hdu hét cic
chuong trinh c6 PCB layout, vd dua ra mach in PCB dudi khuén dang
TraxMaker, Protel va Tango. CircuitMaker PRO ciing dua ra mach in PCB
duéi khuon dang OrCAD PCB II, PADS PCB, Cadnetix, Calay va Calay 90.

Ciéc tinh nang vé so dé mach khac

Ludi gin linh kién va dich ngan bang phim
mill tén

Quay linh kién méi 14n 90 do

Quay, tao d6i ximg guong va lap lai chon linh
kién

Undo, Redo, tao ban sao va ghép mach.

Phéng to nho 10% - 1000%

Mau do nguoi dung tao ra.

Vian ban nhiéu dong chap nhan nhiéu méau chi.
Panh s6 chan; chan thing hang doc; viét tén thdng ding hoac nan
ngang

Tinh niang tu dong co gidn khép mach vao cira s6.

Kich va ré chudt dé dat lai vi tri day.

Ving két n6i day do nguoi dung tu dat.

Nhiéu day néi vao mot chan linh kién.

Cit va kéo dai day.

Tro gidp truc tuyén theo tinh hudng.

Nhan chudt phai bat trinh don dé€ nhanh chéng truy cap céc tinh néng
va céng cu soan thao.

10.1.6. M6 phong cac mach dién tir twong tu va dién tir s6

al Mé phong cdc mach dién tu tuong tu
Mo phdng SPICE chinh xdc

Céc mach ciia Circuit Maker c6 kha nang mé phong rit nhanh chéng va
phén tich céc thi€t k&€ clia ban trong ciing mot ving lam viéc. Va ban khong
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cdn phai khoi tao netlists, hay x4c dinh truéc cdc diém kiém tra dé€ chay mé
phong. Chi can nhan phim run

Circuit Maker sir dung SPICE chinh xac va duogc cai tién (bd mo phong
co s& dua ra cdc két qua thyc t€ ma ban ¢6 thé tin dugc). Tré duong truyén,
thi gian giir va thié€t lap, va nguén cung cép - phu thudc vao ciac mic 16i ra
ciia mdi phdn tir s6 134 dugc tao mé hinh mot cich chinh xdc d€ c6 thé mo
phong duogc cdc cdu hinh thyc t€. Circuit Maker két hop véi SPICE 3f5 va
XSPICE mdi nhat dé dua ra su két hop chinh xéc trong mé phong tuong tu/so.
C6 nghia la ban cé thé mé phong bét cit su két néi nao gilta cac thiét bi
fwong ty va s6 ma khong cdn phai chén vao céc bo bién déi D/A hay A/D.

Hinh 10.4: Giao dién cac man hinh mé phong mach khuéc dai vi sai

Phan tich nhanh hon, dé dang hon

U diém 16n nhat ma 1am cho Circuit Maker vugt xa c4c san phdm canh
tranh khéc Ia né dé& dang tién hanh viéc do. Pon gian la chi dén va kich
chuot véi cong cu ddu do nhay cam context - sensitive Probe hién thi cic ket
qui tuong dng véi céc dai lugng vat ly khi mé phong. Céc két qua ngay lap
tic dugc hién thi trén thiét bi dugc lua chon. Nhin chudt vao céc diém trén
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mach dé hién thi cdc dang séng bat k¥ nao. Hon th€ nita, ban khong phai
thuc hién bang tay khi v& dudng hay chi ra cdc diém cén kiém tra cha ban
Day l1a chuong trinh hiéu qua nhat cho viéc phan tich mach ctia ban mét cich
nhanh chéng.
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Hinh 10.5: Giao di&n man hinh hién séng tai cac diém do

Mt loat cdc céng cu truc quan

Circuit Maker dua ra hang loat cdc céng cu truc quan, cho phép ban
nhanh chéng vé cdc dang dit liéu tai bat cit diém nao trong mach. Céc cong
cu nay cung cip cdc kha nang ti€n bd nhu hién thi bam va kha ning luu trit
va goi ra cidc dang song.
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Hinh 10.6: Giao dién man hinh dd thi Bode
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Vé do thi Bode - cong cu ndy c6 thé dugc ding dé phdn tich ddp vmg tan sé.
C6 thé diéu khién bao nhiéu ciing duoc khi ban mudn

Circuit Maker cho phép ban diéu khién rat nhiéu tham s6 mo phong khi
»an mudn. Ban c6 thé diéu chinh cdc lya chon SPICE, bao gém: khoang thoi
gian, gidi han lap va phuong thitc tich hop. Ban ciing c¢6 thé quyét dinh noi
ma dit liéu duge lya chon hay cdc nit dugc chi dinh.

Déng hé do sé da ndng: né cé thé
diwoc sit dung dé do nhanh chdng dién
ap xoay chiéu AC, dién ap mot chiéu
DC, do dong dién, do cong sudt tiéu

hao.

Hinh 10.7: Giao dién man hinh déng
ho da nang

Nhung véi ngimg nguoi khong
mudn st dung cic k¥ thuat nay. Circuit
| Maker x0r 1y moi thit va sé khong bat
budc ban vi cdc 1énh SPICE hay céc cu phdp phtc tap.
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Hinh 10.8: Giao dién man hinh B bam dusng Trace, cong cu tryc quan nay cé thé
diing dé quét toan bd cac gia tri ctia ngudn dif ligu do
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b/ Mo phdng Logic sé

Circuit Maker 12 mot trong cac chuong trinh mé phong dua ra 2 ché 49
mo phong khdc biét. Ch€ do <& ctia Circuit Maker c6 sin khi ban thudn tuy
chi mudn mé phong logic. Tuong tic hoan toan, mo phong Logic s6 dép lai
bit ctt thay déi nao. M& hay déng khod va xem céc két qua khi chiing xay ra.
Cac LED va 7 thanh ghi hién thi ngay 1ap tifc cdc mic logic thay d6i. Ciu
hinh bam dac biét hién thi sdng trang théi cua cac dudng khi chay mo6 phong,
véi su dan x&p céc tranh chdp nhanh chéng.

Ché d6 mo phong s6 clia phdn mém Circuit Maker vin quan tam t&i tré
dudng truyén, nhung khong yéu cdu ngudn cung cip va trang théi logic dudge
hién thi thay vi cdc mifc dién th€ tuong thuc té€.

Cdc tinh ndng mé phong

e 32 bit SPICE 3f5/XSPICE - b6 mod
phong cd sd

« Mo phoéng hén hop tuong tu/so.

e Ché d6 mo phong logic s6 tuong tac
hoan toan.

e Nhap va mé phong netlists SPICE dang
ton tai.

e Céic menu Right-click pop up cho viéc
truy nhap nhanh chénh téi cdc cla s&
phan tich (Analyis Window).

Cdc céng cu truc quan

e B0 Oscilloscope s6.

¢ Bo bam duong.

e Bo vé d6 thi Bode.

e Doéng hd van ning s6.

e Chuéi dir liéu.

e B0 tao tin hi¢u.

e Bo phan tich Logic.

e Bo phat xung/ kiém tra Logic.
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10.1.7. Electronic Lab™ truc quan

Kha niang phan tich cao cta Circuit Maker cho phép ban phan tich cac
mach y hét nhu viéc kiém tra thuc su. Khong nhing thé, cong cu tryc quan
Electronic Lab nay con gidp ban xir ly linh hoat va t6c d6 hon, cho phép thu
cdc kiu "what-if", cdi gi s& sy ra néu ta thay doi cic di€u kién thi nghi¢m
khéc nhau? trong mot thdi gian ngan ta da c6 ngay ket qua giai dap.

Phdn tich mét chiéu DC (DC sweep)

B6 phan tich mot chiéu DC khdi tao dau ra giéng nhu mot bo bdam
dudng. N6 thuc hién phan tich di€ém hoat dong tai cic thoi diém dé xdc dinh
dudng cong dic trung mot chiéu DC. Ngubn so cdp va thir cap c6 thé dugc
sit dung, va ban cé thé xdc dinh céc gid tri bat dau, ket thuc, va cic thoi diém

cua moi ngudn.
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Hinh 10.9: Giao dién man hinh Phéan tich DC (quét DC)

Phdn tich xoay chiéu AC (AC sweep)

Phan tich AC cho phép ban d4nh gia ddp ting AC cua mach trén moét dai
tdn s6 xéc dinh. L6i ra giéng nhu bo v& d6 thi Bode. N6 thuc hién phan tich
diém hoat dong dé xdc dinh muc do chénh léch mitc dién dp DC cuia mach,
thay th€ lai ngudn tin hi¢u véi cidc bd tao séng sin c6 bién d6 co dinh, va
phan tich trong dai tan xdc dinh.

Pudng quét duogc cb thé 1a tuyén tinh, decade hay octave, tdn s6 bat ddu,
tan s6 k&t thic va s6 luong cic diém kiém tra ciing dugc xdc dinh.
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Hinh 10.10: Giao dién man hinh Phan tich AC (AC sweep)

Tiansient Analysis (Oscillos
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Hinh 10.11: Giao dién man hinh hién séng




Diém hoat dong DC

biém hoat dong DC khéi tao ddu ra
gidong nhu viéc doc déng hé DC. N6 xdc
dinh mic do chénh léch muc dién 4p mot
chiéu DC trong toan mach véi cdc dién
cam va dién dung, va sir dung viéc tuyén
tinh hod, cdc mau tin hiéu nhd cho tat ca
cdc thi€t bi phi tuyén.

Multimeter: DC AVG

Phdn tich qua do

Phan tich qud d6 dua ra biéu dé gidng nhu ciia 1 oscilloscope, tinh
nhitng gid tri qud do ddu ra (dién dp, dong, cong sudt..) trong nhimg khoang
thoi gian xdc dinh.

Quét cdc tham sé

Chtic nang quét tham s6 cho phép ban quét dua ra cdc gia tri linh kién
(nhu gid tri cha dién trd hay cdc tham s6 kiéu linh kién (nhu hé s6 khuéch
dai cua 1 transitor) trong 1 dai ¢é thé dinh nghia duogc.

Dung chifc nang quét so va thit cap cho
phép ban nhanh chéng udc lugng ducc su
anh hudng 1in nhau cia 2 linh kién trong 1
dai quét xac dinh.

Lua chon "use relative value" dé thém céic
gid tri bat diu, két thiic va cdc buéc nhay cho
gi4 tri chuén ctia ciac tham s6.

Hinh 10.13: Giao dién man hinh dat
cdc tham s& cho may phattin higu.  Hinh 10.12: Giao dién man hinh Hép héi thoai cai
dit quét tham sé&
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Phdn tich Fourier

Phan tich Fourier nay dimg cho phd tdn s6 clia bat ky dang séng ndo.
Bing cach nhidn vio céc niit v6i cong cu tham do dé vé ban dé phd tdn s6 clia
di€ém dé. Ban c6 thé dinh nghia tdn s& gbc cling nhu s6 ham diéu hoa trong
phéan tich nay.

« Feaes Ainalysit . ) (=

Kﬁ 12.00 3o 0,000 a-b: 1I.00& THEDA) I00.9
et Yo : L. $00 Ta: 0.000 a=d: L.6800

i

e

e
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§
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o “l ] j"‘ s J—‘——hJ_- . 8
= 4 ax [+ L Lo Hy - 4
B fsfeonand Nein/Div Tevoltage

Hﬂ

Hinh 10.14: Giao dién man hinh Phan tich Fourier

Nhitng phan tich chudn trong CircuitMaker 6 Va PRO

- Phan tich DC.

- Phan tich AC.

- Diém hoat déng DC.
- Nhanh.

- Quét tham s&.

- Fourier.

LRI BT S R A R PR R T

Tim kiém ""khéng c6 phién nhiéu' nhanh ﬁ] ,0
Khéng giéng cic chuong trinh mo6 phong %‘i! 9
khéc. CircuitMaker cho phép ban nhanh chéng do || 0 j
va xem xét moi diém trén mach ma khong bat ban % b
phai dinh nghia céc diém test hay cdc dung cu z!%'k

duong day trong mach.
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Trong qud trinh mé phéng chi cdn nhén vio moi noi trén mach véi
dung cu tham do, k€t qua s& xuat hién lap tic trén cong cu lya chon
hodc noi phéan tich.

Gilt phim Shift khi nhan va ban s& vé duoc biéu d6 mo phéng
dang séng.

CircuitMaker PRO

Cung v6i cac phan tich chudn, CircuitMaker PRO ciing cung c4p céc
phan tich khdc cho cdc ngudi sir dung cao cap.

Dai phan tich réng cta CircuitMaker cho phép phan tich hoat déng cua
mach nhu ban dang lam thi nghiém that. Nhung "Phong thi nghiém 30" nay
tho cdc t6c do va sy mém déo cao hon cho phép ban thir rat nhiéu su kién
fuong lai.

Hinh 10.14b: Giao dién man hinh phan tich hoat déng ciia PLL

"Cal gl xay ra — Néu ta thay ddi cic dif kién thi nghiém" trong khoang
thoi gian ngan.
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Do thi tro khing

Phan tich phdn tr& khang ciia CircuitMaker cho gid tri tr& khédng chiu
bdi bat ky 1 nguén 2 cuc nao.

| AL Anolysis (ltode Ploty

Yxa: L. 339Megdl: 1.434  s-b: 1000.0k |
Ye: 122.0x Yd: 2,000 g-d: 1200k 1

wvinizj 120k | a R .
Jo= ) - berins i
sl o edte copeidi ool 3
&0k ' lalleg Phasad S od gl Do
dtgef - slkitiaadn bt £1 1 - r
:ﬂh I i %I i1 I
DI. 10 AC3T I.:h 1Ok rlﬁﬁh Lﬁt:
Ext=Geoound M*ttm;umﬂi#tt Teimosdances '

Hinh 10.15: Giao dién man hinh D3 thj trd khang

-AC Am'nu {Bode Phot} -

1 s 1778 Bb: 4549 s~k 177.4k
tT:: 41.97  ¥d, 3N, 8L e-d: X110
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Hinh 10.16: Giao dién man hinh Phan tich quét nhiét do
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Tr6 khang dugc tinh bing cach chia dién 4p & cuc duong duoc cung cap
vOi dong di ra cuc nay.

Quét nhiét do

Phan tich quét nhiét d6 cho phép vé khio sat nhiét do cila mach & dai
ma ngudi dung dugce dinh nghia.

Nhiing dang séng cho méi buéc nay duoc vé lan lugt trén cac cong cu

duoc lua chon.

Monte Carlo

Phan tich Monte Carlo nay chay nhiéu mé phong véi nhiing gi4 tri cia
thi€t bi ngau nhién dua trén cdc dung sai x4c dinh.

Ban c6 thé chon s6 chia mé phéng cdn chay, kiéu phan b6 (déu,
Gaussier, trudng hop di€ém dinh) va cic dung sai chuén cho 6.

Loai chung cia thi€t bi. Ban ciing c6 thé thay déi cdc dung sai chuin
ndy bang cdch gin bat ky s6 clia dung sai rieng cho céc thiét bi dic biét

trong mach.

2w Mb: 0.000 w-b: 49%.2u freq: 2.0k
1.500 Td: -500.08 c-d> 2.000D

3.5 16%  isom T4z toou
SetsCround RKefi 2eiOIv Yevoltags

Hinh 10.17: Giao dién man hinh Phan tich Monte Carlo
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Truong hop diém dinh

Phan tich Trudng hop di€ém dinh nim trong phan tich Monte Carlo. Luya
chon nay s& phan bd 1 ciach nghiu nhién céc gid tri tai cic truong hop diém dinh
cuia chiing (cuc ti€u hodc cuc dai) clia dai dua trén cdc dung sai xic dinh.

Ham truyén

Phan tich ham truyén tinh toan tr& khang DC dau vao, trd khiang DC ra,
khuéch dai DC ctia 1 mach. Ban c6 thé nhan vao bat ky 1 diém nao trén
mach va ngay lap tifc ban s€ thdy ham truyén giita ddu vao va diém dé.

Khoéng giéng cdc moé phong khéic, ban khong phai chay 1 moé phong
rieng cho méi nmit. CM cho phép ban udc lugng chirc nang chuyén tai tai
nhiéu di€ém trong mot chuong trinh chay moé phéng duy nhat.

Tap dm

Phan tich tap 4m clia CM cho phép ban do tap am clia mach trén céc
linh kién ban dan va cic dién trd. Céc két qua s& dugc vé thanh dé thi nhu
mét do phd tap Am ma don vi do cha tap 13 VA2/Hz. C4c tap Am vao, ra vi
tap &m cua linh kién 12 ¢6 thé do duoc.

l- Heszem 5 precii Denzdy
¥ie) doerk = — 3 e
= £
ETEy 00 =
. lﬂxt
e
z00: y
£ 3
1300~ 1]
: Ve
L0012 - 7 o &
sor= :
= i ] ! ]
T (] ] x | B £l *
1x 1 184k i%ey
i . EmfeCround XN=fraguancyilz) Ye
|

Hinh 10.18: Giao dién man hinh Phin tich nhidu
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: C:\._\Circuits\Analog. ckt* 100%2(1}

¥
100. Ok

:
|
i Vin
|

f | 10kTHz
{ ~-1001/100nV

&
A
e
e
S
=

Output resistance at V{§)
Input resistance at VIN 10. 00k
Transfer Function Vi{6)/VIN -5_.999

¥

Hinh 10.19: Giao dién man hinh khao sat ham truyén ctia mach khuéch dai thuat toan

CircuitMaker PRO: nhitng phan tich va dic diém

- Phén tr& khdng.

- Quét tham do nhiét do.

- Monte Carlo.

- Truomg hop diém dinh.

- Tap am.

- H8 trg cho kiéu BSIM 1, 2, 3 va MOS 6.

- Ngobn ngit chuong trinh Ma Sim s6 cho cic kiéu XSPICE sé clia khédch
hang.

Thu vién méiu toan dién c6 thé md rong.

Mot trong nhitng th€ manh 16n nhét cha CircuitMaker 13 ¢6 1 thu vién
rit ddy du va c6 th€ dugc cap nhat thudng xuyén hang nghin loai thiét bi véi
cdc thong tin chudn xdc cao. CircuitMaker PRO chita hon 6000 loai linh
kién thi€t bi co ban va cao cdp. Gém:
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- C4c bo chuyén doi A/D va D/A.

- PLL, VCO, céc bo chuyén déi dién dp sang tdn s6 va nguoc lai.
- Linh kién ban dan.

- 1C so.

- 1C tuyén tinh.

- C4c ngudn cung cap dién ap.

- Pudng truyén v.v...

10.2. HUGNG DAN SUDUNG CIRCUITMAKER

10.2.1. Giao dién sir dung
10. 2. 1. 1. Giao dién chinh

3 CucuitMaker PRO o
Fite _E;t:h Ma-:fos Qat:on{s Wiew fgmu!otm’\ Window Deviges chip

S R IALS CE o) T

1 CAPROGRAM FILESA.. . AUNTITLED.CKT 100X{1} - :

Hinh 10.20; Giao dién man hinh chinh

10.2.1.2. Hién thi - dn di cdc cong cu lam viéc

_Budc 1: M& trinh don ViewXToolbar. An di néu thanh Toolbar da hién thi.

. Budc 2: M& trinh don View\Display Toolbar. Hién thi néu thanh
Toolbar da an di.

CircuitMaker PRO

Thanh cong cu " DRt § View

Toolbar el i

{ ©:\PROGRAM FiLEJEES e
bl ﬁﬁlma! Stze:’Pos;t;an Fi
oo ER Clrcmt To‘w‘?ndaw g

S Bef:_esh Scwen ClﬂfF

Hinh 10.21: Giao dién trinh don View
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10.2.1.3. Lu6i vé va toa dé

Lam 4n hién mot ludi vé.
Buéc 1: M& trinh don Option\Grid
Hodc goi phim tat Ctrl+G. Mét hop thoai xudt hién nhu hinh 10.22 sau:

Hinh 10.22: Giao dién hép thoai Option

- Horizontal spacing

Vung (field) nay cho phép ta nhap tri s6 chiéu ngang ctia 6 luéi.

- Vertical Spacing
Ving (field) nay cho phép ta nhap tri s6 chiéu doc ctia 6 ludi.

- Display Grid

Néu ddnh dau vao chex-box nay thi céc 6 luéi s& hién thi trén vang 1am
viéc nhu hinh.

- Print Grid: Néu dénh dau vao chex-box nly thi céc 6 luéi s& dugc in
ra trén giady khi goi l1énh in so dé.

- Snap To Grid : Néu danh dau vao chex-box nay thi khi dich chuyén linh
kién tro chudt s€ dich theo don vi 6 ludi do mdy an dinh trén ving lam viéc.

Budc 2 :

-Nhap gi4 tri chiéu ngang doc clia cdc 6 ludi vao céc vung thich hop.
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- Panh dau vao chex-box Display Grid.
Bude 3 : Nhian OK.

10.2.1.4. Tim hiéu cong cu ding dé vé mach dién

Nuit | Tén goi Chic ning Phim tat

Arrow Chon hodc nhém cac linh kién Alt+A
i button | Di chuyén, bat cong tic moé phoéng

Thay déi théng s6 k¥ thuit clia linh kién
Wire Alt+W
button | Ding dé n6i cac phin tir clia mach.
Text Ding nhip cdc doan van ban vao ving Alt+T
button lam viéc
| Delete Xo04 cdc thanh phén cé trong viing 1am Alt+D
button viéc (phdn tir mach dién va van ban ).

Zoom Phéng to thu nho ving lam viéc F3/F4
button PGD/PGU
- Part Goi linh kién tir thu vién chuong trinh X
s button

| Rotate Alt+R
@ 90° Xoay linh kién dugc chon mét géc 90°

Mirror | Lat linh kién theo chi€u ngang Alt+M
button

Macro Tao hoac chinh sita mot linh kién Ctrl+H
button
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Digital .
button Cho phép thi hanh m6 phéng s6.

Analog
button Cho phép thi hanh mé phong tuong tu.

Track Xem trang thdi cla moéi day din khi mach F11
button hoat dong.

Probe Alt+P
button Pa4u do tin hiéu.
Run F10

button | Chay mét mo phong.

Str dung cho mé6 phong s6 thuc hién timg

Step budc.

button

Stop Ngimg chay mo6 phong.
button

Wave
form M& mot cira s6 dé xem dang séng.

10.2.1.5. Thu vién linh kién cua CircuitMaker

Cic linh kién trinh bay trong so dé dugc biéu dién béi nhitng ky hiéu
dac biét ma ching ta phai ldy tr moét thu vién cd trong chuong trinh.
CircuitMaker trong phién ban PRO nay cung cip cho ching ta hon 6000 linh
kién dién ti, cic linh kién ban dan vi dién tir cac loai .

Goi mot thu vién va ldy mét linh kién ddt trén vang lam viéc
Budc 1: Nhan vao niit 1énh BV

Hop thoai Device Selection hinh 10.23 cho phép ta chon lua linh kién
ma ta cin dung.
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Device Selechon

‘| Active Componants
| Amphihers/Bulfens
Analng

Capaciloss

| Compai ators

Connectons i ; i E
D ata Corrverters " : i 1
A Digeal : ‘: :
. | Digial Ardmated ioilg :

ADighal Basics » : i .

HMUW“ o ; i . ¥ s i F,ﬂﬁﬂ‘ i
I MSC22o58 p 5i 200mwW 20V 30ma 300MHz pkgSC-591.3.2
MSC22965C p 51 200m\w 20V 30mA 300MHz pkg5C-531.3.2
AMSC2404C pSiEmnWEUJ15ﬁﬁ-1.2ﬁHznk.§5ﬂ-531,3_2
MSC3130 p Si 200m\w 10V 50ma 2GHz phgSC-53 1 = [
AMSD1328R £ 5i 200mw 20V 500ma, 213MHz pkgSC-591.3.2
IM5D1E198-RT1  p Si150mw BOV 100ma 430MHz GenPuptmp pegS0T-231,32
M5D1B81345T1  pSi 150mw B0V 100mA 430MHz GenPurpdump pkgS0T-2313.2
MSDEOR p 5i 200mw 25V 100ma 450MHz phkg 5C-531.3.2
{MSDEN ST p 5i 200mw 30V 100mA 450MHz GenPurpiimp phgS0T-231,3.2
A MSDEDZR 0 Si 200mvw 25 S00ma, Z19MHz pkgSC-591.3.2

g

Hinh 10.23: Hop thoai Device Selection

Y nghia cha timg clta s6 trong hop thoai
Active Components

rikcis

Device Selection nhu sau: | Ampifiers/Buifers
i1 Analog
: 2 |Capacitors
Major Device Class E Enﬁ:matmt

‘{Connectors

Cho phép ta lya chon thanh phén ching Egﬂ"mmm

] 7 ’ . ran p : i Digital
loai chinh cua linh kién ma ta ding | Digital Animated
Vi du: Ta chon Digital tic la ta da chon ?Piglgiﬂa???wﬂwan”imm =

céc linh kién thuéc chung loai la Digital, cac

chiing loai khdc khéng dugc dé€ g
ng : ac B JC T mﬁi}ﬁ# _%g‘ o

cap dén. {Bufters/Inverters

ALED Flops

Minor Device Class Gates [DeMorgan)
1Gates OC

Cho phép ta lua chon loai linh
kién ma ta 4n ding.

Vi du: Ta chon Gates tic la
chon cdc cdng Logic.
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Device Symbol
Chon ra ky hiéu linh kién.
Vidu: 2-In AND

Analog Only Device

Hién thi cho ta thdy cédc ky hiéu céc linh kién ban din chi ding trong
cdc mach dién tir tuong tu va tham s6 dic trung cta linh kién ma ta chon lua

dé dung.

“IMSC22 p5i 2 Oma Hz plg: -3
AMSC2404C p Si 200mw 20V 15mA 1.2GHz pkg:5C-59 1,3.2
{MSC3130 p Si 200mw 10V S0mA 2GHz pkg:SC-591,3.2
AAM5D1328R p 5i 200mw 20v 500mA 219MHz pkg:5C-59 1.3.2

MSD1B19A-RT1  p 5i 150mw BOV 100mA 490MHz GenPurpAmp pkg:SOT-23 1
MSD1819A-ST1  p Si 150mW 60V 100mA 490MHz GenPupAmp pkg:SOT-23 1

ST

AMSDBO1R p 5i 200mw 25V 100mA 490MHz pkg:5C-531.3,2
{MSDB01-5T1 p 5i 200mw 30V 100mA 490MHz GenPuipAmp pkg:50T-231
AMSDBO2R p Si 200mw 25V 500mA 218MHz pkg:SC-591,3.2

i p Default NPN BJT pkgT0-928 1,23

bl El: BB EY A Lol e

S
AR P A L S b

Hinh 10.24: Giao dién cira s6 Model/ Subcircuit

Model/Subcircuit

Ving nay cho ta chon Iua ldy linh kién theo mad s6 ky hiéu linh kién clia

nha san xuat.

Vi du: Nhu transistor MSC 2295B p Si 200 mW 20V 30 mA 300 MHz
pkg SC-59 1,3,2. C6 y nghia nhu sau: Day la loai transistor NPN cé s6 hiéu
la MSC 2295B céu tao chdt ban dén 1a Si, c6 céng suat cuc dai P, = 200mW,

chiu dugc dién dp l6n nhat V,,, = 20V va dong
tai cho phép 16n nhit I, = 30mA, hoat dong &
tdn s6 300 MHz, cé hinh dang déng vo6 ma sé:

pkg SC-59 1,3,2.

Rotate

Xoay linh kién mot géc 90°.

Mirror

Lat linh kién theo chiéu ngang.
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Label-Value: Thi€t dat nhan gan cho linh kién.
Hot Key: Thay déi hoac dinh nghia phim tat goi linh kién.

Place : Nhan vao nit nay dé dit mot linh kién vao viing lam viéc ma ta
vira chon trong cdc muc ké trén.

Return : Thiét 1ap dat tu dong quay trd lai hop thoai trén khi di 14y mot
linh kién ra man hinh lam viéc.

Cdc check-box nhu Show : Analog, Digital, Symbol c6 ¥ nghia gidp ta
duyét nhanh cédc linh kién c6 hiéu qua.

Vi du : Néu ta chi dat Check-box Analog thi cdc linh kién c6 mat trén
viing chon lya 12 cic linh kién diing cho mé phéng Analog.

VA tit ca cdc check-box déu dugc ddnh d4u thi moi linh kién tir Analog,
Digital dén Symbol s& hién thi trén viing chon lya lam cho ta vét va trong
viéc tim ki€m.

Budgce 2: Dat linh kién ra ving lam viéc.

Vi du: Cén vé mach tao xung ddng vi mach vi mach MC14555.

- Cira s8 Major Device Class chon 1a Linear Ics.

- Cira sé Minor Device Class chon 1a Times.

- Cira sé Device Symbol chon la 555/556 Time.

Cira sé Mode/Subcircuit diing tuy chon ddu tién va nhén Place.

555 wrmmmmmujm;omn.smamlzu. _
555 ~Sngl Times [Mactomodel] phg DIPE 1,234 5678 ik
| 556 *Crutal Tirntr [Maciomoded] plg DIF14 Lh?,ﬁ,i4.321 H’IB 7.89107.12.13.04)
UASSS *Sngl Timar [Component Model] phg CaN :
UASS5 *Sngl Timer [Component htdd:llr.inngF"“l 31,53.11}1211
UAS55 'SMTMF.Z omponent Model] pkgDIFB 1.2.3.456 :
{UA5S5 “Dual Timer [Componant Moded] phpDIF14 %75.5,;4.32.1 4B 78910119232
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K& dén dat linh kién 1én vimg lam viéc va ta click phai chuét dé xoay
linh ki¢n theo chiéu ta mong muén trong so dé mach. Khi diing chiéu nhu
hinh v& click trdi chudt dé c6 dinh vi tri ciia linh kién.

Lan lugt theo trinh ty trén ta cé thé 18y ra bét ky linh kién, linh kién nao
ma trong thar vién cua CircuitMaker cé.

Vi du nhu: Dién tr, tu dign, cic cng Logic,... ngudn va Mass.

Cdch khdc: D¢ 1ay cic linh kién nhu trinh bay & trén ching ta con duge
phép st dung phim tat dé goi nhanh linh kién ra tir thu vién ma khoéng phai
thue hign nhiéu budc nhu trén. Puong nhién CircuitMaker chi cung cip cho
ching ta mét chimg muyc n3o d6 vé s6 luong linh kién Ung véi s6 phim tat
ma chiing ta g& trén ban phim. Ngoai ra CircuitMaker cdn cung cidp cho
chiing ta cira sé Device Search tim nhanh mot linh kién ma ta biét tén hoac
ciing dang ¢6 trong thu vién.

Chiing ta s€ tham khdo menu Device.

Menu nay bao gém:

Browse... x: D€ hi€n thi hop thoai
Device Selection.

Search... X: D€ hién thi hop thoai

Device Search.
Hotkeys1: M& ra mot list phim tit
Hotkeys2: M& ra mot list phim tit khéc.

Duva vao nhimg ky hieéu viét tit trén cic phim néng Hotkeysl va
Hotkeys2 (hinh 10.25) ta cé thé 18y duoc cédc linh kién cén thiét maét cach
nhanh chéng va dé dang.
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Hotkey 1 Hottkey 2
Hinh 10.25: Man hinh hién thi cac phim néng 1 va phim néng 2

D6i véi cdc IC hoac céc linh kién khic khong duge gan phim tat trén
menu Hotkeys ta phai chon linh kién trong Part Browse va ti€n hanh céc thao
tac lua chon va sip x€&p linh kién vao viing lam viéc cua minh.

Ta c6 thé dinh nghia cdc phim tat bing cich nhdn vao nit Change trén
Device Selection cia Part Browse. Lic nay trén man hinh s& hién 1én mot
bang liét ké danh sich céc linh kién dugc dinh nghia (hinh 10.26) cho phép
ta c6 thé lua chon hoac dinh nghia bang céch click vao ky tu ta muén dinh
nghia, sau d6 nhan vao niit Assign va phdn mém s& gitp ta dinh nghia phim
tit da lua chon cho linh kién. Sau khi dinh nghia xong ta chi can go vao ky
tu d3 dinh nghia 12 da c6 thé 14y ngay duoc linh kién.
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Device Hol Key Assignments

P none

10 Ground

1 + BV

12 Inverter 74L504

43 2-in AND 74L508

4 24n OR 74L532

15 PNP Trans:C PNP pkgTO-92B1.2.3

16 2inNOR 74LS02

7 ADC0800 ADCO800 pkg:DIP18 [1,2,3,5,5.5,?,3_;:“..;

18 2-in XNOR 4077 it
g :

Hinh 10.26: Cira s& gan phim néng cho c4c linh kién

Mo réng thu vién

Paoi khi thu vién chuong trinh khéng cung cép di hoic khéng ¢ nhimg
linh kién ma ta cén sir dung. Vay thi 1am nhu thé nao dé c6 thé mo6 phéng
hoac thé hién dugc trén so d6. DE c6 thé tao méi céc linh kién dé mo phong
trong CircuitMaker, cé hai loai chinh:

Moét la: Tao ra linh kién khong chitc nang chi dé ta dién ta so dé don
gian hodc xuit tdi mot PCB netlist.

Hai la: Tao ra linh kién c6 ddy da chic nang s& chay mé phéng duoc.
N6 thuc hién bing cdch gén toan tlit m6 phéng vao mach néi bo hoic
mo hinh SPICE moét mach phu cho mét ky hiéu linh kién.

Tao hinh ddng cho ky hiéu linh kién
Ta c6 thé tao hoac hiéu chinh nhimg ky hiéu trén mot hodc nhiéu cach sau:

V& mét ky hiéu bang chuot.

Nhap vao mot mo ta trén Element List.
Thém vao hinh thé dang hién cé.

Du nhap mot tap tin trong Metafile.
Thém vao DIP, LCC va vé bao QFP.

269



Dé tao mot ky hiéu moi

Busc 1: Xo6a vung vé bang cach
click vao niit New trén Toolbar.

Budc 2: Click vao mit Macro trén
Toolbar. Hoiac vao menu

Macro\New Macro.
Budc 3: Nhap tén vao viing Name trong hop thoai Macro.

Budc 4: Chi dinh s6 Part Per Package trén IC,

Budc 5: Click OK dé hién thi hop thoai Symbol Edition hinh 10.26.

Hinh 10.26: H&p theoai Symbeol Edition

C6 thé xem Symbol Edition nhu 12 mét trinh v& véi cdc tinh nang di
cung cip cho chiing ta cé thé tao mot hinh thé mé6 ta linh kién.
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Y nghia sir dung cdc niit lénh trong Symbol Editor

ié Né&u b
e o v:o' o S& c6 tic dung la. . .
Grid Hién thi hodc 4n di luéi trén clra s6 hién
hanh View.
g Symbol Name | Hién thi hoac 4n di tén ky hiéu cia linh
/0 kién
&5 Pin Names Hién thi hoac 4n tén cac chan linh Kién.
% Include Pins Ké&m theo chan khi hinh thé xudt hién trong
O cilra s@ vé.
Pin | Hién thi hoac 4n tén cdc ménh danh linh
Designation kién
Redraw V& lai mot anh
Cut Huy chon nhiing thanh phin tir Element
% List va dat ching vao trong Edit Buffer.
E Copy Piat mot ban sao nhilng thanh phédn cta
= chon thé Edit Buffer.
Replace Thay thé€ thanh phin da chon véi nhung véi
noi dung cua Edit Buffer.
Insert Chén noéi dung cua Edit Buffer trudc khi
chon thanh phian Element List.
Append Gan noi dung cua Edit Buffer dén cu6i cla
Element List.
Delete Huy chon nhitng thanh phin tir Element
List.
Trace Step Théng qua danh sdch céc phén tir Element
List, bt ddu chi€u sang moi yéu t6 tai mot
» thoi diém ma né dang dugc chon hién
e hanh. Chon yé&u t6 ddu tién trén danh séch,
E click vao niit Delete dé xo4 cira s6 dang VE,
m va ti€p theo click vao nit the Trace nhi€u

I4n. Su tro gidp nay gitp nh4n dang nhimg
yéu 16 duoc 4n sau cdc yéu td khdc.
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Add Shape Thém viao mot hinh thé.
Add Pkg Them vao kiéu vé boc. )
% Add Text Thém mot dong van ban vao hinh thé,
E Line V& dudng thing.
= 1/4 Arc VE 1/4 cung
1/2 Arc V& 1/2 cung l
Circle V& vong tron.
Ellipse V& hinh Ellipse
Polygon VEé hinh da giac.
Polyline V& nhiéu duong thang néi lién nhau.
Rectangle V€ hinh chir nhat.
Round Rect V& hinh chit nhat bé goc.
Select/Move Chon/Di chuyén mét hinh thé.
SCORLL View Quan sat cira s6 vé tir 25% dén 800%

Cic chan (pin) ¢é thé huéng lén, huéng xudng, hudng qua trii hoac qua
phai va c6 thé hién thi cdc chd&m nho dién ta cdc ddu am logic. Cdc cham nho
nay dugc ky hiéu 1a mot dau nga (~).

Chit y: Symbol Editor khéng sit dung tinh ndng Snap To Grid.

Vé bdng lénh

CircuitMaker cung cdp cho ching ta dang thitc lénh dé vé cic yéu t§
nhu: dudng thang, cung tron,... bing cdc 1énh dugc mo ta trong ElementList
va Edit Buffer.

Chiing ta sé tham khdo mot 56 lénh sau:
Dang téng quat.
[Elementtype][thuoe tinh ] x1,y1x2,y2x3,y3x4,x4,y4 [s6 chan]

Duong thdng
Thude tinh Mau bt
x1,yl diém khdoi ddu clia dudng thing
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x2,y2 diém két thiic cha dudng thang

x3,y3 khong dung
x4,y4 khong dung

Vi du : Line Device -30,-7 20,-7
Puong thdng khép kin
Thudc tinh mau bt
x1,y1 diém dAu tién cta cic dudng thiang khép kin
x2,y2 diém thi hai cha cdc dudng thang khép kin
x3,y3 diém thit ba cha ciac dudng thing khép kin
x4,y4 diém thif tu clia cdc dudng thing khép kin

Chii y : Phia tritde ¢6 ddu cong(+Polyline) chi thi rdng ddy la mot su
mc rong thanh phdn cdc ducmg thang khép kin.
Vi du : Polyline Device -24,-46 42,-22 24,35
Polyline Device -51,-54 46,34 34,42 -53,32
+ Polyline Device -53,-19

Polygon

Thuoc tinh  mau biit

x1,y1 diém d4u tién cta hinh da gidc.

x2,y2 diém thit hai cia hinh da gidc (tuy ¥ néu+Polygon)
x3,y3 diém thit ba ctia hinh da gidc (tuy ¥ néu+Polygon)
x4,y4 diém thir tu cha hinh da gidc (tuy chon).

Chii ¥ : Phia triée ¢é ddu cong (+Polygon) dé chi ra rdng ddy la phan
mé réng thanh phdn hinh da gidc.
Vi du: PolygonDevice -39,12 0,55 -61,75
PolygonDevice -30,-44 12,-44 29,-21 15,6
+ PolygonDevice -25.6 -42,16

Hinh chir nhat
Thudc tinh mau badt
x1,yl dinh géc trai trén ciing clia hinh chir nhat
x2,y2 dinh géc duéi ciing bén phai clia hinh chit nhat
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x3,y3 khong dung

x4,y4 khoéng dung

Vi du: Rect Device -25,-30 15,28

RRect (hinh chif nhat bo tron géc)

Thudc tinh mau bat

x1,y1l dinh géc trai ctia hinh chif nhat ddy di khong bo tron géc

X2,y2 dinh duéi cing bén phai cta hinh chit nhat ddy du
khoéng bo tron géc

x3,y3 chiéu réng va chiéu cao cua ellipse han ch& géc

x4,y4 khong dung

Vi du: RRect Device -56,-22 11,8 10,10

Ellipse

Thudc tinh mau bt

x1,yl dinh géc trdi trén cuing cta hinh chit nhat dinh 15 gidi
han élip

x2.y2 dinh géc duéi bén phai cua hinh chif nhat dinh 1o gidi
han élip

x3,y3 khong dung

x4,y4 khéng dung

Vi du: Ellipse Device -49,-44, 9,33 .

Arc

Thudc tinh mau but
x1,yl dinh géc trai cha hinh chit nhat ngoai ti€p ellipse
x2,y2 duéi ddy bén phai ciia hinh chit nhat ngoai ti€p ellips
x3,y3  diém ket thiic dudng thit 1 tai diém khdi ddu dén giita clia ellipse
x4,y4  diém két thiic clia dudng thi 2 tai diém khéi dau dén gitia clia ellipse
Chii y: Cung bao ngoai ké sau cua ellipse thi duogc vé nguoc chiéu kin
déng hé tr duomg thit 1 16i dwong thit 2.
Cic PinUp, PinDown, PinLeft, PinRight va PinUp~, PinDown~
PinLeft~, PinRight~.
Thuoc tinh ~ Tén Pin (t6i da 16 ky tu).

x1,yl diém ma chan dugc gin vao vo boc
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x2,y2 khong dung

x3,y3 khong dung

x4,y4 khong dung

Vi du vé md td mot chén trén vo boc:
Pinleft P1 -26,-27 [1]
PinRight P9 26.36 [9]

Vi du vé mo ta hai chén trén vo boc:
Pinleft P1 -26,-27 [1,2]
PinRight P9 26,36 [9,10]

Vi du clia chan dao nguoc:

PinLeft~ P7 -26,27 [7]

10.2.2. Cac mo hinh SPICE va ciac mach phu

Chii y: Néu chiing ta ¢6 ¥ dinh tao ra linh kién ky hiéu moi dé xudt ra mot
tép tin dang PCB netlist hodc don gidn dé vé so do mach dién, ta khong cdn kém
theo thong tin SPICE. Tuy nhién, dé c6 thé chay mé phong mach dién dugc mot
cdch dé dang va thudn tién thi nén thém vdo cdc mé hinh SPICE tix cdc nguon
khdc. C6 3 kiéu co bdn ciia cdc thanh phdn trong SPICE:

_ Phan tir nhu 13 : dién trd, tu dién, ngubn cong sudt,. . .

_ Cic m6 hinh xédc dinh riéng biét linh kién nhu la: BJTs, J-FETs,
MOSFETs,.

- Mach phu ph6i hop nhiéu myc chon (nhu 12 cic phén tir, thanh phén,
c4c mo hinh va cdc mach phu khdc) dé tao ra nhiu linh kién phéi hgp. Dé
tao céc linh kién nay thyc hi¢n trong ché do6 mo phong tuong tu (Analog),
phdi c6 dir liéu SPICE co sin cho méi linh kién. Dit liéu mo hinh va mach
phu dugc luu trit trong céc file van ban ASCII duoc nhan ra bang phdn dudi
md rong .MOD hoéc .SUB.

CircuitMaker cho phép thém mé hinh SPICE riéng va cdc thu vién
chuong trinh mach phu c6 sén tit nhiéu nguén.

Céc mé hinh SPICE.

Khi ta nhap didp vao moét linh kién c6 cdc m6 hinh SPICE két hop véi
né, hop thoai sé xudt hién nhu hinh 10.27.
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" ITiSCo295E 561 200mw 20V 30mA 300MHz pkg:SC-5

91.3.2
. {MS5C2295C p 5i 200mw 20V 30mA 300MHz pkg:SC-591.3,2
{MSC2404C p Si 200mw 20V 15mA 1.2GHz pkg:SC-531.3.2
I{MS5C3130 p Si 200mw 10V 50mA 2GHz pkg:SC-531.3.2
- IMSD1328R p Gi 200mw 20V 500mA 219MHz pkg:5C-591.3,2

|MSD1B19A-RT1  p Si150mw BOV 100mA 430MHz GenPuipAmp pkg:S0T-231.3.2
{MSD1818A-ST1  p Si150mw B0V 100mA 430MHz GenPuipAmp pkg:S0T-23 1.3.2

{MSDBO1R p 5i 200mw 25V 100mA 430MHz pkg:5C-59 1.3.2
. {M5DB01-5T1 p Si 200mw 30V 100mA 430MHz GenPurpAmp pkg:50T-231.3.2
{MSDBO2R Si 200mw 25V 500mA 219MHz pkg:SC-591.3.2

2 H F.’J " . E'-t:' 'E o

Hinh 10.27

M hinh duge chon hién hanh s& chi€u sing trong danh séch, dé chon
mot mé hinh khéc nh&p né bang chuot sau dé chon Select. Néu bat ky céc
mach phu dugc tim thdy trong file .MOD ching dugc chi ra bang mot ddu
(*) xem nhu ky tu ddu tién trong phdn mé ta. DE sla d3i mé hinh dang tén
tai nhap lén né bing chudt sau dé nhap nit Edit hop thoai nhu hinh 10.28 s&

xudt hién nhiéu mach phu khéng thé sira d6i theo phuong phép nay.

adel Faramete

Juriction Tranzi

T e

MSDEBO1-5T1

TF: |deal foward transit-time [0.]
SIXTF: Coefficient for bias depletion of TF 0.000
Voltage describing VBC dependence of TF

Hiah-current parameter for effect on TF

Excess phase at freq.=1.0[TF*2PI) Hz

B-C zero-bias depletion capacitance [0.]

B-C built-in potential

B-C junction exponential factor

Fraction of B-C capacitance at base node

|deal reverse transit-time [0.]

Zero-bias collector-saturation capacitance [0.]

§i 200mw 30V 100mA 490MH2z GenPurpAmp pkg:

Hinh 10.28
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C4c tham s6 mo hinh dugc trinh bay chinh la nhitng tham s6 mé hinh
SPICE va khoéng bi 1an 16n v6i nhitng tham s6 trong siach tra ciu dir li€u,
nhung thudng mdy tinh yéu cdu ngudi thiét k&€ khong nén thay déi cic mo
hinh SPICE dang t6n tai.

Nhiéu gid tri dugc liét ké d6i véi mbi tham s6 bi€u thi cdc gid tri dugc
dinh r6 cho loai linh kién dac trung d6. Néu cdc gia tri duoc theo sau bang
dau (*) d6 chinh 1a gia tri mac dinh dai dién cia m6 hinh DEFAULT khong
cin thiét gid tri diing cho linh kién dac trung nay.

Pé thay déi gid tri moét tham s6 SPICE ta chi viéc chon tham sé va gé
gid tri m&i vao viing bién tap Value va nhin Enter. Néu muén xac lap mot
tham s6& cu thé bang véi tham s6 m6 hinh DEFAULT gd mot ddu (*) vao
viing bién tap Value va nhin Enter. D€ luu mo hinh duéi dang mét tén méi
ta gd tén mdi vao vung Name va nhan nit OK.

10.3. VE VA SOAN THAO CAC SO PO MACH DIEN TU

10.3.1. Khai niém co ban vé so dé nguyén ly mach dién tir

Pé thiét k& ché tao dugc mot thiét bi dién tir, ngudi ta phai thuc hién cac
cong doan co ban sau day:

e Thiét k€ so d6 nguyén ly.

e Thiét k&€ ban mach in tuong tng véi so dé nguyén ly da dugc thiét ké.

e Lip rdp ban mach, lip rdp tdng thé thiét bi.

e Cho chay thir, do dac kiém tra hoat dong ctia thi€t bi xem céc thoéng

s6 vat 1y cia thiét bi ¢6 phit hgp véi yéu cdu thiét ké.

Thiét k& xay dung so d6 nguyén 1y ciia mach dién tir 1a khau d4u tién rat
quan trong, né quyét dinh su thanh céng trong viéc ch€ tao ra thiét bi dién
tir. Dé thiét k&€ dugc so d6 nguyén 1y clia mach dién tir, nguoi thi€t k€ phai cé
kién thic tich hop hé théng, hiéu biét sau vé k¥ thuat dién tir, am hiéu tudng
tan tinh nang cha timg linh kién dién tir, bi€t sir dung ching trong timg
trudng hop cu thé.
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Trén so d6 nguyén 1y cé cac thanh phdn mach 14 céc linh kién dién tr va
céc duong day din dién néi gifta ching. Cic so d6é mach sir dung cdc dudng
thing dé biéu thi cic dudng n6i (day) va cdc ky hiéu tiéu chudn dé biéu thi céc
thanh phin mach nhu céc dién trd, transistor va cac mach tich hop.

Ngudi ta thuong biéu dién so d6 nguyén ly mot mach dién ur theo céc
kh6i chiic nang, véi muc dich sao cho ngudi khong truc ti€p thi€t k& mach
dién tir d6, khi doc dé dang nim bit nguyén tic van hanh cia mach, giip
cho cong tac bao tri ki€m tra sira chita mach nhanh chéng chinh xac.

So dé nguyén ly trong CircuitMaker bao gém cdc k¥ hiéu linh kién
duoc ding trong thu vién linh kién, cdc day néi va khung ban vé. Cac kY
hiéu linh kién ¢6 ¥ nghia rdt quan trong, qua khau thiét k&€ ban mach in,
né duoc chuyén thanh ban mach in dé lap rdp. Cédc linh kién trong so d6
¢6 kich thuéc va chan cdm tuong ing ciia mot linh kién trong thuc 1€ 1ip
rap trén mach in. Trong chuong trinh CircuitMaker, mdi linh kién dién tir
con chita nhitng dit liéu dé chay mé phong khi ta chay chuong trinh mé
phong mach dién.

So dé nguyén ly trong CircuitMaker 12 co s& cho viéc tao mot ban mach
in tuong Ung v&i so d6 trong TraxMaker - mot chuong trinh v& mach in kém
theo phdan mém CircuitMaker ctia hang Microcode Engineering .

10.3.2. Quy trinh vé so dé nguyén ly

Pé v& so dé trong CircuitMaker that don gidn, ching ta chi cin bay cic
linh kién cé trong mach réi diing cic cong cu V€ sdn c6 dé thuc hién vé mach
theo ¥ muén.

Pé thdy dugc khi nang tmg dung v& mach dién cta CircuitMaker ta
thuc hién mot bai tap vé thiét k€ moé phong vi mach NOR 2 16i viao thudc ho
l6gic RTL da duge dé cap muc 3.2, hinh 3.2 (chuong 3).

Ding phin mém CircuitMaker ta c6 thé thi€t k€ moé phong khao sét
hoat dong ctia vi mach nay, so d6 nguyén 1y mach NOR 2 161 vao ho RTL
duoc trinh bay trén hinh 10.29.
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[ CircuitMaker PRO -

3.6V X1 0.45k Q1 Qz
°= 2N222 N2222
v3

3.6v X2 0.5k

O i AN

2input NOR

Iv

Hinh 10.29: Thi nghiém mé phédng mach NOR 2 13i vao ho légic RTL
Dé& vé duoc mach dién nhu Hinh 10.29 ta thuc hién theo trinh tu sau:

10.3.2.1. Léy linh kién, thiét bi tir thu vién ra ving lam viéc

PAiu tién ta md trinh don File\New, hodc goi lénh bang phim tat:
Ctrl+N, cdch khac nhan mit 1énh .

Céc thiét bi linh kién c6 thé tim thdy hét trong hop thoai Device

b i

Selection bing cdch nhan chudt vao niit Part button trén thanh cong

cu, hodc vao Devices -> Browse, hoic nhidn phim x trén ban phim dé md&
hop thoai chon linh kién (hinh10.30). Chon linh ki¢n cén ldy, nhan Place dé

dat linh kién vao vi tri trén mach.
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evs Symbo

FIFEH T pan: B
: e b HNPM Trans:C
Connectors Diodes PHNP Tianz:B
Crystals .| JIGBTs PP Trans:C
Drata Corrverters CJJJFETs
| Digial MESFETs ;
Digial Animated |MOSFET+ Depl
Digital Bancs IMOSFETs Erh
| Digital by Function SCRs
Digatal by Number Triacs
Displays Ungunction
| Function Block s _ﬂ Vacuum Tubes
Model/Subcircul (481)  Show: ¥ Andog P Digtd N Symbal  Rotate 90 j Mirtor ]
2N1833 P 5i1.2w B0V 500ma SOMHz GenPup pkg T0-39 3,2.1 f! R LR
2N2102 P Si 1W 65 1A 90MHz Amp pkgT0-39 3.2.1 - LabelVaiue:  Help |-
ZN22184 p $i B00mw 40V B00mA 250MHz GerPurp pkg: T0-38 32,1 !
MN2213 P 5i 800\ 30V B00mA 300MHz GenPurp pkg T0.39 321 .
2N22134 b i 800 40V BOOMA 350MH2 GanP e iR
YR £ S A0ned 30 S 300 2 (3 enBare ol 1125 20 1 § e AR 1
; p Si 500mw/ 40V 300MHz GenPup pkg: T0-18 3.2 1 { _none . | Changs 11 -
N2270 ngWW'ta' 250MHz Amp akgm-da? pi';zx'fr 0182 e ————j o
p Si 360w’ 15V 200ma S00MH 2 Swi 18321 Fog
2N235A p Si 360miw 15 500mA B00MHz Switching pkg TO-18 3.2.1 I Retun Search.. I
2N2484 p 5i 350mw B0V 50mA 100MHz pkg:T0-18 3.2.1 ha i !——% : I

Hinh 10.30: Cira s& chon linh kién

Cac linh kién c6 thé chon trong hop thoai Devices Selection, hoic ¢6 thé
st dung cdc phim tit Hotkey1&2 dé 14y thi€t bi linh kién ra mot cdch dé

dang va nhanh chéng.

Sau khi da tim ki€m ldy linh kién sir dung coéng cu miii tén| R
linh kién dat linh kién vao vi tri trong ving lam viéc theo cdc huéng din sir
dung CM muc 10.2 ta duoc hinh 10.31

Dung céng cu néi day néi cdc linh kién, dung cong cu soan chir Text

Tool tao cac chif chd gidi trén so d6, duge so dé hoan thién nhu hinh 10.29.
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B C:\Program Files - \norRTlcld® 120%{1) B

v3
&% 0.45k
= e
—
b R el e [l
Hinh 10.31

10.3.2.2. Noi day két noi cdc linh kién véi nhau

Sau khi chiing ta di c6 céc linh kién cén thiét dé vé& mach dién nhu hinh

10.30 trén vang vé (ching ta khong nén quan tdm dén gid tri cua cac linh

kién, vi khi v& cdc dudng ndi xong thi viéc sira déi cdc gid tri cha ching s€

rat dé& dang). Bay gio dén cong doan vé dudng day noi mach.

Budc 1: Bam vao nit 1énh ndi day _—l-..

dé tao day ndi.

Budce 2: Mot ddu thap phan mau den xudt hién va ddu thap nay sé bién

thanh hop chit nhat nhd mau do khi ta di chuyén tro chudt dén vi tri chan

linh kién.

Budce 3: Pua tré chudt vé chan linh kién va click trdi chuét. Pudng sang

mau xanh xuét hién theo st di chuyén cha trd chuot. Ta di chuyén chudt vé
phia chan linh kién can n6i dén r6i click trdi chudt dé ngét lenh.

Khi gap mot dudng gdp khiic ta chi cén click trdi chudt roi ti€p tuc ré

chudt ve ti€p.
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Chiing ta cé thé noi day tuy dong bang cach di chudt dén diém cén xudt
phat, day néi & d6 s€ xuat hién mot 6 vuong nho mau do, ta nhap chubt v
kéo ré dén diém cdn néi ti€p theo, & day cling xuat hién 6 vudéng mau do thi
ta nha chudt, day sé duoc ndi tr dong (hinh 10.32).

L_erlrtth aker PRO
Fie ﬁdl‘ Macros mers View ﬁuhm wlﬁdmv Dwgﬁ Heb

R C\Program Files\ J\norRTL.ckt* 120%(1) - |

y
?
Vi Rl
3.6V 0.45k
oo~ —AAA—
V3 R2
?-W 0.45%
Tre— oL
o—
o
-
afe o sl ; | 4

Hinh 10.32: Thuc hién ndi day tir déng

10.3.2.3. St dung cdc duong BUS

Trong cdc so dé mach dién tir s6, nhiéu khi mach c6 nhiéu day néi
vao mot thi€t bi, ngudi ta thuc hién viéc n6i day theo kiéu BUS, thuc
hién ki€u nay cdc dudng néi day vap cing mot thi€t bi duge bé gon lai
thanh mét bé, so d6 trong thodng hon. BUS l1a mot b6 day bao gém rat
nhiéu day don riéng biét.
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Dé v& dudng day BUS ta giit phim Shift va vé mot day binh thudng qua
viéc diing phuong phdp vé bang tay. Cic day BUS ciing c6 thé kéo dai, cit
hay dat lai vi tri nhu day don binh thuong. Méi moét dudng BUS duoc nhin
ra bing mot tén dai khong qua 5 ky tur chif hodc s8. Va mdi day don khi néi
vao dudng BUS thi s€ phai 4n mot con sd dia chi (gém 5 ky tr chir hodc s6).
Trén hinh 10.33 minh hoa kiéu néi day theo kiéu BUS.

ephanumsic: desgnation 5 chas may)
i

Hinh 10.33: N&i day theo kidu BUS

Sau khi chiing ta da hoan tat viéc ndéi day, bay gid la lic dé ta hiéu
chinh lai mot s6 cac gia tri cha linh kién.

10.3.2.4. Thay déi cdc dit liéu, cdc tham 56 ciia linh kién, thiét bi.

B4m vao niit Ienh miitén [ K] dé chon linh kién cén sira déi

+ Cach 1: Click dip trdi chu6t vao thiét bi, linh kién cdn thay déi di
ligu.

+ Cich 2: M0 hop thoai Edit Device Data bang cdch click phai chu6t
vao thiét bi, linh kién réi chon Edit Device Data, hoac mé trinh don:

Edit\ Edit Item\ Edit Device Data.

Vi du trong so dé hinh 10.30 ta di chuyén chuét dén vi tri dién trd R1,
nhiap ddp phim trdi chuét, ta ¢é hop thoai Edit Device Data nhu trén hinh

10.34.
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Hinh 10.34: Hop thoai Edite Divice Data

Bay gid chiing ta s& nhap céc gi4 tri phi hop theo ¥ minh vao viing. Bén
canh cdc viing ta thdy c6 cdc check-box Visible, ta s& ddnh dau vio néu ta
muén hién thi dong d6 trén viing lam viéc.

+ Device : Day la ving khong thé sira d8i vi n6 1a tén loai linh kieén,
thi€t bi ma ta sir dung.

+ Label-Value : Viing nay ding dé nhap théng tin vé thiét bi nhu nhan
linh kién (2N3055, 2N2222,...) hoic gia tri cua linh kién (1kQ, 10uF,
ImH,...).

+ Designation : Viung nay dung dé nhap thong tin nhan dang thiét bi
trong mach nhu : U1, R2, C, IC1,...

+ Package : Viing nay dung d€ nhap thong tin vé vé bao linh kién, thiét bi.

+ Auto Designation Prefix : Viing nay dung dé nhap théng tin mot céch
tu dong veé cdc tién t6 dugc st dung trong ky hiéu cia linh kién, thiét bi. Do
su thi€t dat san c6 trong "Set Auto Designation...” chon tir menu Edit.
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+ Spice Prefix Character(s): Vung ndy ding dé nhap théng tin vé cédc
tién t6 duoc sir dung trong ky hiéu ciia linh kién, thiét bi. Do su thiét dat theo
¥ muén, Iuu y cdc tién t6 ma ta thiét 1ap chi hop I¢ khi t6i da la 04 ky tu va
n6é phai phtt hop véi cdc dir liéu Spice.

Cac tién to SPICE hop lé:

BV Nonlinear Dependent Voltage Sources
(Nguén dién dp phu thudc phi tuyén).

=

Nonlinear Dependent Current Sources
(Ngudén dong phu thudc phi tuyén).
Capacitor (Tu dién).

Junction Diode ( Di 6t)

Zener Diode

Linear Voltage — Controlled Voltage Source

Linear Current — Controlled Current Source

Linear Voltage — Controlled Current Source

Linear Current — Controled Voltage Source
JFETs (N-Chanel) JFET kénh N

JFETs (P-Chanel) JFET kénh P

Coupled (Mutual) Inductors (H6 cam).

Inductors (cuén khang).

MOSFETs (N-Chanel) MOSFET kénh N

MOSFETs (P-Chanel) MOSFET kénh P

Lossy Transmission Lines (dudng day tai ton that).

Lossless Transmission Lines (dudng day tai khong tdn that).

Bipolar Junction Transistors (NPN)

Bipolar Junction Transistors (PNP)

Resistor (Pién trd).

u|®(o|o|=|o = NEIERIEIE
31 HHEEEEE 3|o

Voltage Controlled Switches
(Nguén dién dp diéu khién bdi chuyén mach).

Current Controlled Switches
(Ngudn dong diéu khién bdi chuyén mach).

23
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U Uniform Distributed RC lines (Lossy).
(Phan b6 trén duong day RC c¢6 tdn that).

A% Independent Voltage Source
(Nguén dién dp doc lap)
I Independent Current Source
(Nguén dong déc 1ap).
X Subcircuit (Mach phu).
ZN MESFETs (N-Chanel) (GaAs FETs)- MESFETs kénh N
ZP MESFETs (P-Chanel) (GaAs FETs)- MESFETs kénh P |

+ Check-box Analog : Néu duge danh ddu né sé chi ra linh kién, thiét b
Analog khai bdo cho trinh mé phong tuong tu, xdc nhan cé dit liéu Spice phi
hop cho linh kién, thiét bi.

+ Check-box Digital : Néu dugc ddnh ddu né s€ chi ra linh kién, thiét bi
Digital khai bao cho trinh mé phoéng s8, xdc nhin c6 ma mo phong phi hop
cho linh kién, thiét bi.

+ Bus Data : Viing niy ding dé nhap thong tin dinh chan trén linh kién,
thiét bi duoc néi v6i ngudn dién hodc cic dudng Bus ndi dét, bdi vi cdac chan
nay khong chi o trén vo linh kién, thiét bi.

+ Spice Data : Viung nay dung dé€ nhap théong tin xdc dinh di liéu mo
phéng Spice cho thiét bi. Cac linh kién, thiét bi Analog trong CircuitMaker
da cung cdp san dir liéu mic dinh cin dung.. + Faults... : Nhin nut 1€nh nay
s&€ m& ra mot hop thoai Device Fault dé bé sung cac dit liéu héng cho thiét bi
(PAN).

+ Check-box Exclude From Parts : Néu dugc danh dau nd s€ loai tru
cdc linh kién, thiét bi tir danh sach liét ké.

+ Check-box Exclude From PCB : Néu dugc danh ddu né sé loai trir
mot linh kién, thi€t bi tir danh sdch PCB (PCB netlist) liét ké.

+ Pin... : Nhan nit 1énh nay s€ xudt hién hop thoai Edit Device Pin
Data, hop thoai nay s€& cho ta sira déi con s6 chan cta vo linh kién, thiét bi.

LAan luot thuc hién nhu thé cho dén khi nao cac gia tri trong mach hoan
chinh theo cdc théng s6 ma ta da thiét ké€. Khi 4y mach dién cia chiing ta sé&
hoidn chinh nhu hinh 10.29 & trén.
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10.3.2.5. Luu trit so do thiét ké'

Budc 1: M& trinh don File\Save (cho 14n ddu tién), Save as (cho cdc ldn
lru sau), hodc goi 1énh bang phim tit: Ctrl+S.

Cach khdc nhan vao niit lénh |E]. Lan diu tién luu tai lieu mot hop hoi
thoai Save Circuit File xuit hién nhu hinh 10.35. duéi day:

Save Crrcuit Fale -

| 2]4_GRAY_su_dung_7451.ckt ﬂFA.:R‘I: ) not_RTL.¢
2| GRAY_4 BIT.ckt B NOT_TTL
2| GRAY_sang_4 BIT.ckt 2] OR™NOR_
2| Gray-Binary.ckt phan_kent
2 HA.ckt
2] hop_kenh_8_ki_vao.ckt
2 cong_8 bit_nhi phan.ckt 2| Jonhson_sang_thap_phan.ckt

23] dem_chan_Jonhson_dong_bo.ckt |2¥) NAND_CMOS.ckt
1) KAND_DTL.ckt
2] NAND_TTL.ckt
2 NOR_CHMODS.ckt
B nor_RTL.ckt

B NOR_TTL.ckt

i #| norRTL.ckt

i 1] Demtien_ko _dong_bo.cit | Hot_DTR.ckt

Hinh10.35: Hop thoai luu dir file

Budc 2:
+ Save in : Cho ta chon thu muc hay Folder muén lwu trir.

File name : Ving nay diing dé dat tén cho tip tin so d6 mach dién.

+ Save as type : Day la ving dé€ ta chon phidn md& rong ctia tap tin.
Théng thudng ta nén dé gid tri mic dinh.

Buéce 3: Nhédn Save

10.3.2.1. Thiét ké tiéu dé bdn vé

Budc 1: M0 trinh don Option\Title Box, hodc goi lénh bing phim tit:
Ctri+B.
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Hop thoai Title Box s€ hién ra nhu hinh 10.36.

S + Name: Ving nay dung
M aime: Hame: Nguyen Kim Giaso dé [11'13_.13 tén.
+ Title: Ving nay ding dé
T L Tide: NOR ATL nhap tiéu de.
+ ID: Vung nay nhép danh
= . [ xung.
Rewpon |
bae  [3T0%0 e + Revision: Ghi lai nhimg
‘E“.:w-rm R el i FSRMALLE Mt QENL B LI B0 ikl +: Sﬁa Chﬁa.
| Dt P El L . + Date: Ghi ngay thdng
|'F_' Dqﬂeymwmﬂﬂ H HEy - _,
| © Display on ol pages : nns] nam thiét ké.
| € Dupley on o pages - reduced olter fist paga | i
s Display Title Block bao

Hinh 10.36: Hop thoai Title Block gom cdc ratio button sau:

+ Do not display : Chon vao muc nay dé khéng hién thi hop tiéu dé.

+ Display on first page only: Chon vao muc nay dé€ tiéu dé chi hién thi
& trang dau.

+ Display on all page : Chon vao muc nay dé tiéu dé hién thi & tat ca
cdc trang.

+ Display on all page - reduce after first page : Chon vao muc nay thi
hop tiéu dé hién thi & cac trang hodc chén vao trang trudc.

Buée 2: Pién ddy dh vao cdc muc nhu trinh bay & budc 1 va nhan OK,
ta s& ¢6 khung tiéu dé nhu hinh 10.37 duéi day.

Name: Nguyen Kim Giao

Title: NOR RTL

Rev |ID
VNU

Date: 13-10-2005 |Page: 1 of 1

Hinh10.37: Tiéu dé ban vé so dd nguyén Iy mach
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10.4. MO PHONG MACH DIEN TU

Mot trong nhitng tinh nang manh nhat ctia CircuitMaker 12 mo phong
mach dién, cho phép ban thir cac dang thiét ké khdc nhau va xir ly su c6 trén
cic thiét k€ dé6 truéc khi ddu tu thoi gian va tién bac vao ché tao ciac phin
cing. CircuitMaker mang dén cho chiing ta th€ gidi cia moét phong thi
nghiém a0, viéc cho chay mot so d6 nguyén ly giong nhu ta da thuc hi¢n

mach trén board van nang trong phong thi nghi¢m thuc.

10.4.1. Cdc mode moé phong cua CircuitMaker

CircuitMaker 12 mot trong s6 it chuong trinh mé phéng cung cép 2
mode moé phdng riéng biét : mode twong tu (Analog Mode) va mode sO
(Digital Mode), m6i mode c6 cac uu diém phu thudc vao loai mé phéng ma
ban cdn, ngodi ra con ché do mo6 phoéong hén hop tuong tu véi sO
(Analog/Mixer). Su tich biét 2 kiéu mo phong cho phép ban thuc hi¢n mé
phong linh hoat hon va diéu khién d& dang céc tinh huéng mé phéng mach

dién tir tvong tu va dién tir so.

10.4.1.1. Ché dé6 mé phong Analog

Mode tuong tu 12 mode mo phong chinh xdc, “giong thuc t€” ma ban c6
thé st dung cho cdc mach tuong tu, s6 va mach hén hogp. Mode nay cho ban
céc két qua giong nhu thu duge tir ban mach thir. Trong mode tuong tu, cac
linh kién hoat dong giéng nhu trong thuc t€. Vidy, céc IC s6 c6 thoi gian tré
truyén din, thdi gian thiét 1ap trang thdi va thoi gian tré v.v... chinh xac nhu
thuc. L6i ra ctia cdc linh kién nay chiu anh hudng cta tdi va gdn nhu moi
thong s6 trong thuc t€ déu dugc dua vao dé tinh todn trong qua trinh moé
phdng hoat dong cuia mach.

Trong ch& do Analog, viéc phan tich trang thai rdt rong, cé thé dung ché
d6 Analog dé kiém tra va phan tich nhiéu phuong dién ctia mach di¢n.
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Chay mo phong Analog
P& chay mo phong Analog ta thuc hién cdc bude sau:

Budc 1 : V& moét mach dién.

Buéc 2 : Kich hoat ché€ d6 moé phong Analog bdm vao biéu tuong ®)

Bude 3 : Nhan vao nat [

Cich khéc : Vao menu Simulation\Run ho#c nhdn F10.

Chii y : Mudn thuc hién viéc phdn tich twong tif thi tuy chon Always Set
Defaults phdi dicoc kich hoat.

Dung hop thoai Analyses Setup (hinh 10.38) trong menu
Simmulatiom\Analyses Setup hodc nhén t8 hgp phim Cul+F8, d€ thiét dat
phép phan tich tuong tu.

Néu nhu check-box nay khong dugc ddnh dau ma ta chay mé phong thi
mot canh bdo xudt hién va thiét bi linh kién &y dugc xem nhu khéng thé mo

phong dugc.

Hinh 10.38
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Thi nghiém mo phong mach dién tit tuong tw

Pé minh hoa cho thay rd tién ich clia cidc céng cu diing cho thi nghiém
mé phdéng cia phdn mém CircuitMaker trong nghién citu thi€t k€ cdc mach
k¥ thuat dién tir trong tu, chidng t0i xin néu ra mot vi du cdec mach dién ur
rdt don gian dé lam thi nghiém mo phong.

Trén hinh 10.39a, hinh 10.39b, hinh 10.39c¢ trinh bay cac thi nghiém mé
phong khdo sat heat dong cua cdc b¢é khuéch dai ding trazito ludng cuc.
Hinh 10.39a la bd khuéch dai dugc mac theo sg d6 emito chung EC, hinh
10.39b 1a b6 khuéch dai mac theo so dé bazo chung BC, hinh 10.39b la bo
khuéch dai dugc méc theo so d6 colecto chung CC.

Dung cu do ludng dung cho cac bai thi nghiém mo6 phéong nay la may
hién séng va déng ho da nang, hai loai thiét bi nay dugc ding mot cdch phé
bi€n trong cdc phong thyc tap dién tir. Ding mdy hién séng ta cé thé quan
sit cdc dang tin hiéu & tdt ca cdc di€ém trong so d6 nguyén ly cla bai thi
nghiém nhu kiém tra trén mach trong thuc té.

Péng hd da nang cho phép do dién 4p mot chiéu, dién 4dp xoay chiéu, do
dong dién chay trong mach, né dugc dung dé€ thuc hién cdc ndi dung thuc
tap néu trong bai nhu noéi dung thuc tap thuc t€. Péng hé da nang khi chuyén
sang ch€ d6 do dién 4p xoay chiéu ta c6 thé diing né dé do dién 4p & 18i vao
va 16i ra ctia bo khuéch dai, va xdc dinh duogc hé s& khuéch dai dién 4p cla

b6 khuéch dai mét cach nhanh chéng.
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Fi=- Edt Macros t'mr- View

| L

1-Xde dinh ché ds lam Vige:

- Diig von ké' s6" meor chidu do dién ép

@i B.EC d€ xde diyir diém lam Vige

ban dau ciia transistor.

- Dya vao két qua do duoe vée dink hé

$6 khuéeh dai dong ciia transistor, xde
Zr CDdink dién ro 16t véo cua transistor doi

: @"é’.-:' ddng mot chidu va dong xoav chidu

2- Xde dinh hé 38 khuseh dai:

Fiex - Divigvon ké's8 xoay chidu do dién

ap g ldivao va lsira ciia tdng kivéeh

dai.

- Dya vae két qud do dicge, xdc dink

10kiz | 1g0ur d hé 50" khuéch dai ciia wing khuéch dai
K=Ura [Uvao

- So sdnh hé 58 khuéeh dai tinh theo I¥
thuyer va két qud do bdng thue nghiém -
i

d | 21

g Sutol W

\

MN

Hinh 10.39a: Thi nghiém moé phdng khao sat hoat déng cida bd khuyé&ch dai ding
transistor ludng cuc, mic theo d3 Emitd chung EC
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vz
=1 0w /10"

1;%{;-'_1

1-Xac dinh ché' do lam vide:
- Dong vén ké' so mot chiéu do dién 4p
1qi B.EC dé xdc dinh diém lam viée
ban déu cua transistor.

- Dira vao kér qua do duge xdc dinh hé
56 khuéch dai dong ciia transistor, xdéc
dinit dign tro loi vao cua ‘ransistor dot
VoI dong mot chici va deng xoav chiéu
2- Xdc dinh hé s¢ khwéch dai:

- Divng von ké's6 xoay chiéu do dién
dpoloivao va loira cua téng khuéch
dal.

- Dya vao kér qua do dicge, xée dini
hé 56 khuéch dai cua téng khuéch dai
K=Ura il'vao

- So sanh h¢ s¢ khuéch dai tinh theo IX

thuvér va két qua do bdng thire nghiém -

»

VY

Hinh 10.39b: Thi nghiém mé phdng khao sat hoat déng ctia bé khuyéch dai dung

transistor ludng cuc mic theo sd dé Bazd chung BC
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1-Xdc dinht ché do lam ~iée:
- Ding von ké s6 mor chicudo dién dap
tai B.E,C dé xéc dinh diém lam vige
ban da cua transistor.
- Dua vao két qua do duge xde dinh he
50 khuéch dai déng cua transistor, xdc
dinh dign iro loivao cua transistor doi
v&i dong mot chidu va dong xoay chicu
2- Xibc dinht hé 50 khuéch dai:
- Ding vén ké 56 xoay chicu do dién
dp o l6ivao va loi ra cuia tdng khuéch
dai.
- Dica vao két qua do duge, xidc dinh
hé 56 khuéch dai cua tédng khuéch dai
= K=Ura iUvao
- So sénh hé 56 Fhuéch dai tinh theo 1%
thuét va két qua do bdng thuce nghigm

Tra
o

-1l0m/ 10wV

10%xHz

J

Hinh 10.39¢: Thi nghiém md phéng khao sat hoat déong cua bd khuyéch dai dung
transistor ludng cuc mic theo so dd Colectd chung
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10.4.1.2. Ché déo mo phong sé

Digital Mode duoc thiét k€ cho mo6 phong s6 hoan toan. Mode nay chi
dugc diing cho cic mach s6, va chi phu thuéc vao cic trang thdi logic cua
cic linh kién trong mach. M6 phéng mode s6 ciing vn tinh dén tré truyén
din, nhung dé 1a cic thdi gian tré don vi thay vi tré truyén dan thyc. Mode
nay khong cin day ngudn, va cdc mic 16i ra sé cua linh kién dugc gilt c6
dinh. Dién tir s& 1a thé gidi ctia may vi tinh. Cic s6 co s6 2 la 1 va 0 cha may
vi tinh thuc ra 1a cdc mic dién 4p cao va thdp cia cédc linh kién dién tir nho
bé duoc goi 1a cdc mach tich hop. Do d6, mé phong logic s6 trd thanh mot
cong viéc kha don gidn vi chi c6 mot s6 hitu han cic trang thdi s6 can duogc
hién thi. B0 mo phong logic s6 chia CircuitMaker rdt nhanh va hoan toan
trong tdc tic thdi, nghia 13 ban cé thé ddi trang thdi cidc chuyén mach va
thay déi mach trong khi dang mo phong va theo dbi dédp tng ngay lap tic.

Cdc linh kién va mé phong
CircuitMaker cung cap 4 loai linh kién c6 thé duoc sir dung véi cac
mode mo6 phéng khic nhau.

Loai linh kién Sé hoat dong trong

Linh kién s& Mode mo6 phong s6

Linh kién tuong ty Mode mo6 phoéng tuong tu
Linh kién sé/tuong tu Mode s6 hoac tuong tu
Biéu tuong so dé Khéng c6 chic niang

Vi vay moi linh kién s& va s6/tuong tu s€ hoat dong t6t trong mode s0O.
Pé tim mode moé phéng danh cho linh kién, doc dong chit trén biéu tugng
trong hop hoi thoai "Lua cheon linh kién" hodc xem trong sich "Thu vién
Linh kién".

Néu ban ¢6 mé phong mot linh kién bang mode mé phong khong danh
cho né, CircuitMaker thé hién mot thong bao canh bdo va linh kién dé bi bo
qua, coi nhu hd mach.

Sitt dung bo mo phdng logic sé

Mo phéng s6 1a hoan toan tuong tdc tic thoi, nghia 1a mach dap ung
ngay véi cidc thay ddi kich thich 16i vao, va hoat dong ctia mach dugc thé
hién trong thoi gian thuc nhu dang hién thi trén man hinh. Ban cé thé theo

d&i hoat dong cuia mach theo nhitng cach sau:
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- Bat tinh nang "Theo d&i" doc ddo ctia CircuitMaker dé déng thdi thé
hién trang thdi cha tat ca cdc nit trén mach khi dang chay moé6 phong. Trong
mode nay, cac day c6 miic logic 1 dugc t&6 mau do, cac day cé miic logic 0
dugc t6 mau xanh nudc bién, va cdc day khéng 1 trang thai hoic cé 3 trang
thdi khdc nhau dugc t6 mau xanh 14 cay (cdc mau nay c6 thé thay déi dug
bang cdch chon View -> Colors).

- KEét ndi s6 lugng khong han ché€ cdc ddu do chaa SCOPE véi bdt ky
niit nao trén mach, va so d6 thoi gian ctia cdc niit nay dugc thé hién riéng
biét trén clra s6 Waveforms (dang séng) s&. Cic théng tin thdi gian nay duge
cap nhat lién tuc dé thé hién cdc thay déi giéng nhu trong thoi gian thuc

- Sir dung Céng cu Ddu do dé do day bat ky trong mach ca khi dang
chay mo6 phong 1an khi da dimg lai. Cic trang thai logic thé hién bdi Cong cu
Dau dd ciing cé thé dugc chuyén thanh hinh vé trong cita sé Dang séng

10.4.2. Cac cong cu mé phong trong k¥ thuat dién tir s6

M6t vai nit trong thanh cong cu Toolbar dugc chi dinh mé phéng. Poan
nay trinh bay cac céong cu nay.

Chi y : Nhilng chiic ning cua cac niit nay hoi ¢é phin khac véi trong
ché& do Analog cia CircuitMaker.

Nt Digital/Analog. 4]

Nhén nit Digital/Analog dé chon mode mé phéng ban muén diing. Khi
biéu tugng céng AND duoc hién thi, ban dang & mode s&; khi biéu tugng
transistor duoc hién thi, ban dang & mode tuong tu.

Niit Reset ¥

Click vao miit Reset dé khdi dong iai mo phong, ta c6 thé thigt dit lai
bang cach chon Simulation\Reset hodc nhan té hop phim Ctrl+Q.

Nit Step |

Click vao nut Step dé chay mé phong timg budc mot hoic mé phéng
timg "tick". Ciing c6 thé chon : Vio menu Simulation\Step hoic nhan F9. Sir
dung tinh nang Simulation\Digital Setup d& diéu chinh kich ¢& cho timg
budce. Khi ta click vao niit nay, thi chay mé phong cho buéc mét va dimg lai.
Lénh nay thuén tién cho viéc g& r6i mot mach dién, nhat la khi sir dung phéi
hop véi niit Trace.
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Nut Run/Stop

Bi€u tugng Stop Sign s& lam qu4 trinh moé phong dimg lai.

Click vao bi€u tugng Stop Sign dé dirng chay moé phéng ta c6 thé chon:

Biéu tugng Stop thay thé& biéu tuong Run khi ma ta nhan niit Run.

Dit liéu truGe day thu thap dugc ndi ti€p dén khi két thic va cira sé phan
tich dugc hién thi, nhdn vao niit Stop s& dimg chay mo phéng, dong cira sé
phan tich va tr& vé ché€ do soan thao so dé6.

Céng cu Probe Tool

Sir dung cong cu Probe Tool dé€ kiém sodt trang thdi clia bat cit diém
(nut) nao trong mach dién hoac xem mét trang thai trong diém (niit) d6. Ta
c6 thé kich hoat cong cu Probe Tool bang cdch nhan té hop phim Alt+P hoic
click phai chuét va chon Probe tir menu tha xuéng.

D€ xem trang théi ctia mot diém (niit), trong khi mé phéng dang chay
hoac sau khi né dirng han ta cham ddu miii céong cu Probe Tool trén mot day
n6i hodc trén chan linh kién. Cong cu nay hién thi mot trong 3 chir: H(High),
L(Low), P(Power), hoac khong cé chit.

Chon menu Simulation\Scope Probe sin trudc dé€ c¢6 dé thi dang séng ta
xem vGi cOng cu nay trong clra s dang séng Waveforms.

Dé€ quan st mét trang thai trong mot di€ém (niit) ta thuc hién theo tirng
budc sau :

+ Budc 1: Cham ddu miii cong cu Probe trén mé6t day néi hodc chan
thiét bi.

+ Budce 2: Click trdi chuot.

Nit Trace

Nhéan vao nit Trace (hay 4n F11) d€ bat hay tit tinh nang theo ddi
Trace. Dung Trace dé g& r6i mach khi gap truc tric trong thiét k&€ mach. N6
cung cidp mot phuong tién gidm sit hoat dong ctia mach. Trace hién thi trang
thdi cda toan b6 cdc niit trong mach khi dién khi dang hoat dong, bing cach
hién thi cdc dudng day din & cdc mau khidc nhau, d€ chi ra trang thii logic
cha ching. O trang thdi cao day c6 mau do, & trang thai thdp day cé mau
xanh lam, khi ctra 3 trang théi & trang thdi tha ndi hoac hé mach day c6 miu

xanh la cay.
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Luu ¥ : Vi cdc dudng day trong mach s& dugc vé lai méi 14n né thay déi
trang thai, chuyén lua chon nay 1én on c6 thé giam tSc dé6 mé phong.

* Nt dang song : Lﬂiﬁ_

Cilra s6 dang séng Digital Waveforms.

Bang cach gan SCOPEs dén nhitng di€m cén chil ¥ trong mach dién, ta
c6 thé v& dé thi trang thdi cha nhitng diém niit trén khip thdi gian chay mé
phong.

Vao menu Simulation\Display Waveforms ho#c click vao biéu tuong
Wavetorms.

Truéc khi ta c¢é thé nhin diéu chinh dang séng cho bat cif diém niit nio
trong mach dién ta phai ndi mét SCOPE dén mdi mot diém nidt ma ta mudn
ki€ém soat.

Hodc: Vao menu Slmulatmn\Scops Probe dé kiém sodt trang thai cha
cong cu Probe Tool trong cira sé Waveforms

Tuy chon Digital

Sir dung hop thoai Digital Options dé diéu khién kich ¢@ cia mot budc
khi chay mo phong trong ch& do budc don, ngoai ra tuy chon nay dé thiét dat
diéu kién cho diém ngit va thi€t dit t6c d® mo phong.

. Diing hop déi thoai
Digital Option dé diéu
khién th&i gian cha mot
buéc khi chay mé

| Stéﬁ ,EIZB |

XHMEWW T LR " | phong trong ché do
smsﬂm . bu6c don, dé dat céc
i et ’ | diéu kién cho cac diém
i Eredxp-mt dimg va dé dat t6c d6
’1‘“ Laval oo™ Edge cho mé phong.

Chon Simulation >

Oic= =T R Shancel 4 Digital Option dé hién
thi hﬁp thoai Dlgltal
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Ban ¢é thé dinh nghia thoi gian dung (Stop Size) theo véi don vi nhip
(Ticks) hodc hodc chu ky (Cycles). Mot chu k¥ thudong gém 10 nhip. 1 nhip
la don vi nho nhat cho d6 tré cia mo phong s&6. Théng thudng cdn 1 nhip thé
thuc hién 1 budc don trong mé phong cia moi thiét bi.

Diéu chinh d6 phéng dai truc X (Adjust X Magnification) dé xem phan
dang séng 16n hon hay nhd hon & cira s6 dang séng s6 Waveforms. Gid tri chudn
phéng to dugc dat 1a 8. Gia tri nho 1a Zoomout, gid tri 16n 14 Zoomin.

Dung Simulation Speed dé€ diéu khién t6c dd chay mo phong. Diéu nay la
rat cdn thiét bdi vi néu chay mo6 phong quéd nhanh nén khong theo di dugc trang
thai hién thi thanh 7 doan. Thay déi gid tri & trudng nay ban c6 thé thdy dugc su
thay ddi thanh 7 doan. Mét phuong phap khéac dé 1am cham qué trinh mé phong
12 chay & ché& d6 timg budc don hay dat cac diém ngat quang.

Diung lua chon Breakpoint va Conditions clung Itic & cira s6 dang séng
dé dat diém ngat quang. Bang dudi day chi ra két qua cla viéc dat cung lic 1
sO gia tri do.

Su két hop Két qua

Level - And Moi diéu kién ngat phai c6 truée khi dirng mé phong.

Level - On Bat k¥ 1 trong cdc di€u kién ngat say ra s€ dimg moé phoéng.

Edge - And M6 phong dimg khi vach tham do xudt hién trén toan bd
dang séng chi dinh.

Edge - On Mo phong dimg néu 1 sir chuyén ti€p dén bat ky mot diéu
kién xédc dinh rd nao xuat hién.

Ding hép kiém tra diém dimg check-box breakpoints trén cira sé dang
séng s6 Digital Waveforms dé dat diém dimg trén 1 mach.

Dé diat mot diém dimg :

1. Nhan 1 lan lén hop kiém tra diém dimg & phia trdi cia nhan Scope
trén clra s6 dang séng dé dién lén ddy phdn hinh chif nhat (CN) chi di€u kié¢n
dimg O (hinh10.41).

Hinh 10.41
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2. Nhan 2 ldn dé€ dién l1én dinh phédn chia clia hinh CN dé chi diéu kién
dimg 1 (hinh 10.42)

Hinh 10.42

3. Nhan 3 ldn dé€ chuyén dién tich sang trang thdi réng chi ra 1a khong
¢6 diéu kién dimg.

10.4.3. Cac diém kiém tra hoat dong ciita mach dién tir Test Points

Test points la gi?

Trong CircuitMaker, Test Points 12 nhitng diém dugc gan trong mach
dién. Nhitng diém nay cé nhiém vu tap trung dir liéu mé phong va bdo cho
CircuitMaker biét. Ta khong phai thi€t dat né truée khi chay mo phong
(CircuitMaker thuc hién moét cach tu déng hod). Test Points xac dinh cdc dit
liéu va ghi lai thoi diém 1am viéc vio mét file c¢6 phin mé rong 12 RAW,
chiing xdc dinh cdc bién s6 ma bién nay duoc hién thi trong cira sé phan tich
khi chay mo6 phong. Mait khdc, Test Points xdc dinh cdc bién ddi va hién thi
st bién d6i nay trong cira s6 phén tich khi chay mé phéng 14n nia.

Chit y : Qud nhiéu Test Points trong mach sé lam cho két qud mé phong
sé cham lai.

Cdc kiéu Test Points.

Cé 3 kiéu Test Points dugc dung trong CircuitMaker,

+ Default Test Points : Day 14 ché d6 ngdm dinh. CircuitMaker s& mic
dinh xép dat nhilng Test Points nay trén mach dién, ché d6 nay tuan thu thec
cdc thi€t dat & hop thoai Analog Option. Ta khoéng nhin thdy trén mach
dién.

CircuitMaker s€ ngdm dinh xé&p dat nhitng Test Points nay trén mach
dién. D€ sir dung Test Points nay ta dung Probe Tool click trdi chuot trér
mot s& day ndi hodc cidc thiét bi do ludng nhu : dién dp, dong dién hoic
nguén dién.

Default Test Point duoc thié€t dat trong Analog Option (hinh 10.43).
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Sl Analog I:Iptmns :

F! un Anal}pges ST :

Hinh10.43: Cira sé thi&t lap cic thi&t bi 3o dung trong ma phéng

+ Executive Test Points : Day la ché d6 do ngudi sit dung chon lua ma
dat cac Test Points vao trong mach dién cta minh tir cac thiét bi do ap, do
dong, hoidc do cong suit. O ché d6 Exclutive Test Points nay cac Default
Test Points bi mét tic dung. Dit liéu thu thip trong Exclutive Test Points nay
chi tap trung duy nhat cho méi Exclutive Test Points. Ta cé thé thiét dat cic
Exclutive Test Point trén dudng néi tir cdc diém niit (diém n6i cdc dudng
day, diém c¢6 hinh ddu chdm hat dau) cha thiét bi, linh kién hosc chinh su
tiéu tdn céng sudt trén thi€t bi, linh kién. Tuy nhién, mét s6 thiét bi ¢é mach
phu thi dir liéu khoéng tap hop dugc két qua.

Dé thiét dat cdc Test Points nay ta thuc hién timg budc sau :

Budc 1: Dirng chay ché d6 mé phoéng.

Budce 2: Chon coéng cu Probe tir Toolbar.

Budc 3: Nhan, gitr Ctrl va click chuét vao nhimg vi tri phit hop trong mach.

Dé thi€t dat nhiéu Executive Test Points trong mach ta thuc hién
nhu sau:

Budéce 1: Dirng chay ché d mé phong.
Budce 2: Gitr phim Shift va phim Citrl trong khi d6 click trdi chuot.
Buéce 3: Huy cdc Exclutive Test Points ta thuc hién nhu sau:

Ding Probe Tool : Nhan va giir phim Ctrl trong khi d6 click chudt 1&én

viing triang bat ky cla cira s6 lam viéc.

Chui y: Khi ta huy bo thiét dat ché dé Exclutive Test Points thi Default
Test Points lam viéc trd lai.
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+ Run-Time Test Points :

La mot Test Points duge dinh vi trong mach dién. Bang cach nao dé ma
CircuitMaker s€ tu dong hién thi di¥ liéu d6 thi dugc tap trung trong khodng
thoi gian md phong. Thudng thi Executive Test Points va Run-Time Test
Points c6 thé 1a diém dé do dién dp, cudng d6 dong dién hodc su tiéu tan
nang lugng trén thiét bi toa ra.

Khi phéi hop Run-Time Test Points trong mot d6 thi don, céc Test
Points nay dugc sir dung dé chuyén déi cdc gid tri léch mot chiéu DC Offset
cho mdi moét dang séng, vi thé€ chiing khéng phii hét duoc. Chinh vi 18 dé ta
nén nhap moét giad tri Offset khdc vao vang Vert.Offset trong hop thoai Run-
Time Test Points. Viung Offset danh nay cho méi moét Run-Time Test Points.

Hinh 10.44

D¢ thiét dat cdc Test Points nay ta thuc hién timg budc nhu sau:
Budc 1: Dimg chay ché dé mé phong.
Bude 2: Chon cong cu Probe tir Toolbar.
Budc 3: Click trdi chudt vao nhitng vi tri phit hop trong mach.
Hop thoai Run-Time Test Points xuit hién nhu hinh 10.44.
Buéc 4: Ta hiy thi€t lap cac gid tri vao cdc ving

+ Min.Scale : Ty & nho nhat c6 thé cho phép

+ Max.Scale : Ty 1¢ 16n nhat c6 thé cho phép

+ Vert.Offset : D6 Iéch doc cta dai lugng dién (d6 trdi).
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Budc 5: Ddnh mét ddu vao check-box "Combine plots with same
analysis and scale” dé ph6i hop cdc Run-Time Test Points lai. K&t qua 1a ta
¢6 dugc cdc dang séng s€ hién thi trong cling mot d6 thi trong suét thai gian
mé phong.

Budce 6: Nhian OK

Dé thiét dat nhiéu Run-Time Test Points trong mach ta thuc hién
nhu sau:

+ Nhan gilr phim Shift trong khi click chuét vao nhitng diém phit hop.

+ Huy cdc Run-Time Test Points ta thuc hién nhu sau:

Dung Probe Tool : Click trdi chudt lén viing tring bat ky cda cilra s6

lam viéc.

10.4.4. Multimeter

Pugc thém vao cira s6 phan tich mét coéng cu do
Multimeter/Operating Point. Ciing nhu Electric Work Bench,
CircuitMaker cung cép kém theo cho chiing ta mét bo cong cu da nang
danh cho viéc do ludng tr& khang, DC, DC AVG (dong dién hoic dién
th€ trung binh mot chiéu) hodac AC RMS (dong dién hodc dién thé xoay
chiéu hi¢u dung). Ta c6 thé dat nhiéu déng hé chic ning vao mach. Khi
ta chay mo6 phong, gid tri do ludng s€ hién thi trén mdy do. Dé lay dﬁng
ho MULTIMETER nay ta thuc hién tudn tuv [ZE
ting budce nhu sau: ©Measure-

.L,L

Buéc 1 : Nhan nidt lenh  [£T

Budc 2: Muc Major Device Class chon
Intruments\ Minor Device

Class chon Analog\ Device Symbol chon

Multimeter va Place.
Budc 3: Dinh vi thiét bi trén viing 1am viéc.
Y nghia cdc nim Radio button (hinh Hinh10.45
10.45):
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+ Ohms : Do tré khang.

+ Voltage : Do dién ap.

+ Current : Do dong dién.

+ DC : Do gid tri dién mot chiéu

+ DC AVG : Do cdc dai lugng dién trung binh mét chiéu.
+ AC RMS : Do céic dai lugng dién hiéu dung xoay chiéu.
+ Viung Resistance : Diing dé nhap gia tri trd khdng.

Chii y : D€ do ludng céc gia tri DC AVG (dong dién hoac dién thé trung
binh mo6t chiéu) hoac AC RMS (dong dién hoac dién thé€ hiéu dung xoay
chiéu) chitc nang Transient Analysis phai dugc kich hoat va phai mé phong
da chu ky ngan cha dit liéu thi cong viéc do ludng mdéi c¢6 nghia. Ciing nhu
vay, chic nang Operating Point Analysis (Multimeter) phai dugc kich hoat
dé c6 cdc gia tri tré khang va cac gia tri DC.

Dé€ cdc thiét bi do khong lam sai léch cac gia tri cua dong dién chay
trong mach dién, tr& khdang cha von k€ phai rat 16n va trd khdang cia mot
ampe k€& phai rat bé, nhu vay thiét bi do s€ tic dong it trén mach dién khi do
Iudng. Khi do dién dp trén mach dién cé trd khang cao, ta c6 thé gia ting trd
khdng ctia von ké& theo nhu cau . Khi do dong dién qua mét mach trd khdng
thap c6 thé giam trd khdng ctia ampe k€. Khi do trd khdng méi néi, yéu cdu
bat budc gia tang dong dién ctia 6m ké.

10.4.5. Signal generator & Pulse
Signal Gen

sVl

l1kH=

Analog:

Hinh 10.46: May phat tin hiéu

Dé c6 thé lua chon dang tin hiéu ddu ra mdy phat ta thuc hién nhu sau:
Buéc 1: Nhap dip trdi chu6t vao thiét bi \ nhan Wave... dé m& hop thoai
Edit Signal Generator hinh 10.47.
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Nhap vao day dé
mé& hop thoai Edit
Sin Wave Data

Nhdp vao day dé [
m& hop thoai Edit
Pulse Wave Data

Nhap vao day dé
md hop thoai AM
Wave Data

Nhip vao day dé
md& hop thoai Edit
Exponential
Wave Data

Hinh 10.47

Nhap vao day dé
md hop thoai Edit
FM Wave Data

Nhap vao day dé
md hop thoai Edit
Piece-Wise Wave
Data

Bude 2 : Nhin Sin Wave.. ta ¢6 hop thoai Edit Sin Wave Data nhu sau :

[1ooov

T O00kHz

0.000 5

0000

Hinh 10.48: Hop thoai Edit Sine Wave Data
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Y nghia cdc viing nhap s6 liéu va cdc nim radio button nhu sau:
+ DC Offset (VO) : Diéu chinh thién ap DC
+ Peak Amplitude (VA) :
Bién d6 dinh & 16i ra bao gém DC Offset (don vi von hodc ampe).
+ Frequency (F) : Tan s6 cia tin hiéu & 161 ra (Hz).
+ Start Delay (SD) : Thoi gian tré truyén tai thdi diém khdi
phét chu k¥ ddu khi xudt hién séng Sin.
+ Damping Factor (THETA) : Nhip vao gid tri duong thi két
qua cho ra mét bién d6 giam theo ham mi.
Hé thite: V(T, ., Typ) = VO
V(Tsp, Tsrop) = VO + VA sin (2nf(t-SD)e -SPTHETA
+ Volts/Amps : Cho phép 16i ra 12 nguén thé€ hay nguén dong.
+ Button Neslist : M & ra hop thoai Edit Device Data.
+ Wave... : Md ra hop thoai Edit Signal Generator.

Cdec thiét bi sé Digital Instruments

Trong phian nay gidi thiéu hai dung cu k¥ thuat s6 1a Pulser (hinh
10.49a) va Data sequencer (hinh 10.49b).

DS1
Data 8
V2 2t _éE
—CPl Qlf—

—O\ICP2Z2 QZ210— 2—-
I 1| =
a) —CP L 2
—-0|(3P2 1

Hinh 10.49 b)

Pulser

Pulser 12 mot mdy phat tin hiéu xung 38 cung cip chudi xung cé bién do
cé 2 mitc dién dp cao - thap lién tuc. Dang xung, time high, time low, va ché
do trigger riéng biét cé kha niang diéu khién duge bing cdc chi 1énh dé ¢
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thé thay ddi phi hgp vGi cdc yéu cdu cia ngudi dung cho moi xung trong
mach dién.

Pé hiéu chinh thiét lap cdc tham s6 clia Xxung clia mady phat xung Pulser
chiing ta thuc hién theo timg budc sau:

Budc 1 : Double-click vao Pulser véi cong cu mii tén Arrow Tool dé
hién thi hop thoai Edit Pulser (hinh 10.50).

Hinh 10.50

Buéc 2 : Thay déi s6 ticks mé phong cho xung ma né s€ luu lai mitc cao
va mic thap, dang thitc chia xung (thudng hoac dao), va ¢6 xung hay xung 1a
xung dugc chay tu do hodc ché do kich déng bo tir xung bén ngoai (External
Trigger).

Budc 3 : Danh dau vio check-box External Trigger d€ sir dung Pulser
nhur 12 mo6t mach don hai do rong cia xung c6 thé 14p trinh.

Trong ché do6 déng bo ngoai External Trigger, cac 161 vao xung nhip
CP1 va CP2 dugc hoat dong déng bo véi sudn 1én va sudn xudng cua xung
kich & 161 vao.

Né&u chan nhan dugec mot xung dong bo riéng timg cai thi d4u ra cua bo
tao xung Pulser s&€ dugc kich hoat 1én nhip m6 phong tiép theo va van giir su
kich hoat cho cdc nhip xung cao.

Néu cé ca hai xung déng bd ngoai dua vao CP1, CP2 cua b6 tao xung,
xung 16i ra cuia Pulser s€ chiu tac dong trén 2 xung nhip nay, xung phat ra
trong diéu kién mo6 phong nay s& déng bo véi suon lén cia CP1 va suon
xudng cta xung dua vao CP2. Ta c6 thé kich lai Pulser trong ché€ d6 nay
bing cdch thém vao cdc xung kich hoat mdi.
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Data sequencer

Ta c6 thé st dung Data Sequencer thi€t bi nay ca trong ché d¢ moé
phong k¥ thuat s6 va moé phong tuong tu. Ngoai ra né ciing con dugce goi la
Data hodac Word Generator, né cho phép ta chi dinh t6i da t&i 32767 tir 8 bit
ma cdc tir ndy ¢é thé xuit trong mot trinh tu dinh trudc.

Bdi do khong han ché€ vé s6 Data Sequencers ma ta c¢6 thé sir dung né
trong mot mach dién, ta c6 thé dat song song vai cdi Data Sequencers dé tao
mot dong dit liéu cho bat cir chiéu rong nao. Double-click vao dung cu Data
Sequencers véi cong cu mili tén dé€ hién thi hop thoai Edit Data Sequencers
(hinh 10.51).

Hinh10.51

+ Start Address : 12 dia chi cia di¥ liéu 16i ra trude tién khi mo phong
bat ddu.

+ Stop Address : 1a dia chi cha dit liéu 16i ra cudi cuing trudc khi lap lai
chudi dir liéu.
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+ Use External Clock : Dung check-box tao xung déng hé vao CP1 va
CP2 cd sudn Ién va sudon xudng riéng biét. Néu cidc xung déng hoé dua vao
chan nay bi khoa thi Data Squencer tién dén dia chi ké ti€p.

Chi danh cho moé phong ché dé Digital

+ Lua chon Present Address : Chi ra dia chi dé xuat dir liéu ra ti€p theo
néu mach dién khong x4c lap lai hoic sira ddi.

+ Stra d6i Tick Increment : Cho bi€t ¢6 bao nhiéu nhip mé phong (ticks)
xay ra trudc khi 16i ra ti€én hanh téi dia chi k& tiép, khi xung déng hé bén
ngoai bi v6 hiéu hoa.

Chi danh cho mé phong ché dé Analog

+ Low Level va High Level : Chi ra cdc mifc dién dp & 161 ra.

+ Step Time : 1a khoang thoi gian ma 161 ra gilr nguyén tai méi dia chi,
khi xung déng hé bén ngoai bi vo hiéu hoa.

+ Clock VTH : la mic dién ap nguﬁng tai cdc chan c¢6 xung déng ho
bén ngoai tic dong lam cho 16i ra ti€n dén dia chi k€ can.

Bién soan madu (Pattern Editor)

Ta c6 thé dua dit liéu truc ti€p vao Data list box trong hop thoai Data
Sequencer. Tuy nhién, khi tao mot mau 16n thi phuong phdp nay tén nhiéu
thoi gian. Chon phim Pattern trong hop thoai Data Sequencer. Patter Editor
gidp ta tao cdc mau 16n va phitc tap mot cdch nhanh chéng.

Truong Increment cho bi€t cé bao nhiéu hang s€ chita cuing mét dit liéu
trudc khi cé su thay déi ti€p theo trong miu. Vi du, véi Increment 12 3, miu
Shift 1 Left s€ dich moi hang mau thi 3.

Ta c6 thé dat kich c& méu t6i da cho médi Data Sequencer. Piéu nay gip
cho ta tao dugc cdc mau nho hon cho mét s6 Data Sequencer ma khong cdn
mot s6 luong 16n bd nhd hay cac file 16n. Max.number of pattern lines,
theo mic dinh duge dat 1a 32, nhung khi cdn cé thé tang 1én tan 32767. N6
khong bao gio nho hon Stop Address. Khi ta tang s6 hang miu cuc dai, cac
hang khéc s€ bi dién ddy cdc s6 0. Néu ta gidm s6 hang mau cuc dai, bat ky
dir liéu nao ducc chita trong cdc dir liéu & trén s€ bi mat vinh vién.
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10.5. THIET KE MO PHONG CAC VI MACH LOGIC, CAC MACH
PIEN TUSO

Duang phan mém CircuiMaker ta ¢ thé thuc hién thi€t k€ moé phong céc vi
mach légic. Po kiém tra dién ap cdc diém trong so d6 dién tit, do mic dién dpra
chia cdc mach loégic. Cac hinh 10.52, hinh 10.53, hinh 10.54, hinh 10.55, hinh
10.56, 1a cdc giao dién man hinh thi nghiém mo phong cdc vi mach thugc ho
l6gic DTL, TTL, CMOS. Cic thi nghiém mé phong nay ¢6 thé gidp sinh vién
nam bt nhanh néi dung kién thic trinh bay trong chuong 3.

Ta ciing ¢6 thé duing phin mém nay nghién ctu thi€t k€ mo phong cic
mach 16 gic té hgp, cdc mach tinh todn s hoc, cdc boé hop kénh, phan kénh,
cac bo bién déi ma, giai ma. So do6 cdc thi nghiém moé phong nay dugc trinh
bay trén cac hinh 10.57, hinh 10.58, hinh 10.59, ..., hinh 10.69. Cic thi
nghiém moé phong nay c6 thé gidp sinh vién nidm bit nhanh noi dung kién
thire trinh bay trong chuong 4.

Cic bo dém nhi phan, dém 10 mid BCD, dém vong theo ki€u ghi dich
ma Johnson. So d6 cdc thi nghiém mo6é phéong nay dugc trinh bay tré. ~4c
hinh 10.69, hinh 10.70.. ..., hinh 10.76. Céic bai thi nghiém mé phong nay
minh hoa cho noéi dung chuong 5 va 6.

# Circud Maker PROG
Fe gt Mwos Qotons Vew Setin Wodow Ons b

A AR

| Multimeeten IPC{
i i et
F }

I ==
4 Input NAND l? ]
| g

Hinh 10.52: Thigt k& md phong vi mach NAND 4 18] vao thudc ho légic DTL
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Hinh 10.53: Thiét k& mé phéng vi mach NAND 2 13i vao ho légic TTL

Hinh 10.54: Thiét k& md phong vi mach légic NOR 2 13i vao thudc ho légic TTL




B GircoitMaker PRO

:‘-; el ::::..;

Hinh 10.56: Thiét k& md phong vi mach NAND 2 16i vao ho légic CMOS
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Boi D 4.1.15: BY bén ting

Hinh 10.58: Thiét k& md phdng bd ban té‘;ng diing cac mach NAND
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Hinh 10.60: Thiét k& md phéng bd téng toan phin ding XOR, AND, OR
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Hinh 10.62: Thiét k& thi nghiém md phéng bd cdng nhi phan 4 bit
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Hinh 10.64: Thiét k& thi nghiém mé phdng bd bién ddi ma nhj phan sang ma Gray
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Hinh 10.66: Thiét k& md phong bd bi
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Hinh 10.67: Thiét k& mé phéng hoat déng cua bd hgp kénh 8 dudng

§m C:\Program Files\\D34.ckt 100%{

Hinh 10.68: Thiét k& mé phdng hoat dong ctia bdé hdp kénh 4 dudng
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Hinh 10.70: Thiét k& mé phéng hoat déng ctia béd dém nhj phan khéng déng bd
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