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CHUONG 5 CAC HE LOGIC TO HQP

5.1. KHAI NIEM

Trong cac thiét bi sd, su gia cong va bién d6i thong tin dugc thyc hién nho cac hé théng
mach logic t6 hop (combinational logic) ma mét sé chirc ning chinh cta chung nhu sau:

Trong cac khau bién doi thong tin, cac hé logic t6 hop c6 thé thuc hién chic ning chuyén
d6i tir ma s nay sang ma s6 khac hodc chuyén doi ma tir dang song song sang dang nbi tiép va
nguoc lai...

Trong cac khau gia cong thong tin, cac hé logic to hop co thé thuc hién nhiéu chic ning
khac nhau nhu giai ma, chon kénh, phan kénh, hodc thuc hién cac phép tinh s6 hoc trén co s&
cac ma s6 khac nhau...

Trong thuc té k¥ thuét, cac hé logic to hop thudng duogc st dung phdi hop véi cac thiét bi
s6 khac, hodc cac thiét bi twong ty dé tao ra cac thiét bi hé lai nhiéu chirc ning. Cac hé logic to
hop chi str dung chi yéu cac cong logic. Trong khau bién ddi thong tin, cac hé logic t6 hop c6
thé chuyén dbi tir ma hé nay sang ma sd hé khac.

N6 ¢6 so d6 khéi tong quat nhu hinh 5.1

X %YO
X1 Hé logle —— Y,
Xz tShop [T > Yz

Xn Yo

Hinh 5.1: So do khoi tong qudat hé logic té hop

Heé logic t6 hop c6 n 16i vao m 16i ra. Mdi 16i ra 1a mot ham cua cac bién dau vao theo

phuong trinh téng quat: Yo =11 (Xo, X1,...5 Xp)
Y1 =1 (Xo, X15..-5 Xp)
Y, =15 (Xg, X15..+5 Xp)

Nhu vay, ham ra cta hé logic t6 hop chi phu thudc cac bién dau vao ma khong phu thudc
vao céc trang thai trude do cua he, nghia 1a trang thai dau ra duoc thiét 1ap ngay sau khi co tac
dong & dau vao.

Hé logic t6 hop dugc st dung nhiéu trong hé théng s6. N6 s& thuc hién nhitng nhiém vu
ma két qua dau ra chi 1a t6 hop cla cac trang thai dau vao, nhu 1ap ma, giai ma, chuyén d6i
ma...Trong chuong nay ta phan tich va nghién ctru hoat dong cta cac ing dung do.
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5.2. MA HOA

Dé xur 1y, ché bién cac thong tin trong hé thdng s, ta chi co dugc cac bit 1 va 0. Diéu nay
lam cho chiing ta gap nhiéu khé khan khi doc va hiéu mot chudi dai va rat dai cac con s6 1,0
d6. Vi vay, thong tin dua dén tir cac dung cu bién doi (Ban phim, chudt ...) phai duoc mi hoéa.
Sau khi may xu 1y xong ta lai phai giai ma trudc khi dua ra chi thi. Viéc ndy goi 1a bién doi ma,
n6 1 phuong tién dé chuyén doi giira ngdn ngir thudng ngdy ra ngdn ngir may.

Ta lay vi du véi so d6 khbi mot may tinh cAm tay (Hinh 5.2)

> —>| Tinh toan — >

Hinh 5.2: So d6 khoi mét may tinh cam tay

Céc s thap phan (tir 0 dén 9) dugc danh vao tir ban phim s& dugc bo mi hoa bién thanh
cac s6 nhi phan. Khéi don vi tinh toan tién hanh xur Iy dé cho mot két qua nhi phan. Khéi giai
ma chuyén sb nhi phan thanh s6 thap phan va dua dén bo chi thi hién sd bay doan.

Céc b0 1ap ma va giai ma 1a nhitng bo dich ma dién tir, bd ma hoa dich ngdn ngtr thuong
ngay ra ngdn ngir may, bo gidi ma thi ngugc lai .

Dé thyc hién viéec ma hoa va giai ma ta dung cac hé thong mach logic t6 hop.

Chung ta biét rang, c6 thé sir dung mot nhém ma hé nhi phan c6 4 chir s6 dé biéu dién cac
con s hé thap phan tir 0 dén 9, qua trinh ndy dugc goi 1a ma hoa. Ta ciing c6 thé ma hoa cac
chir cai (A,B,C ..), cac ky hiéu dic biét (&,%,#...) hodc ca mot tap 1énh cia may tinh sd ..

Véi mot chudi cac sd hé nhi phan ¢ k chit s6 ta s& co 2°bo gia tri khac nhau c6 thé dai
dién cho 2" ky hiéu hodc 1énh can ma hoéa. Nhu vay, néu sb ky hi¢u hoac s6 1énh can dugc ma
héa l1a N thi ta phai c6 :

N <2

C6 2 truong hop xay ra :

*N = 2k: S6 bo gia tri ctia nhém ma gdm k chir s6 vira di dé biéu dién N ky hiéu .

*N < 2k: S6 bd gia tri cia nhom ma gém k chit s6 nhiéu hon sb ky hi€u hodc s6 1énh can
biéu dién. Nhu vay sé& thira mot sd gia tri khong dung dén goi 1a s6 t6 hop thira, cac to hop thira
nay co6 thé dugce ding vao cac muc dich khac nhau nhu phat hién va sta sai trong qué trinh
truyén thong tin. Trong mot sb truong hop ta phai co bién phap stra sai khi cac to hop thira nay
xuat hién trong cac két qua tinh toan.

B6 ma hoa thap phan ra ma BCD c¢6 nhiém vu bién d6i (dich) tin hiéu hé dém co sd 10
sang ma BCD 8421.
Dung 4 chir s6 hé nhi phan (ky hiéu 12 A;A,A;Ay) dé ma hoa cac s6 tir 0 dén 9 cua hé



muoi theo ma BCD ta c6 :

S6 hé 10 AsALA A,
0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110
7 0111
8 1000
9 1001

Nhu vay, mot chi s6 cia ma BCD c6 thé xuat hién nhiéu 1an dudi dang 1 (hodc 0) tai
cing mot vi tri mg véi nhiéu sd khac nhau. Ta thay chit s & vi tri B bang 1 d6i véi cac sb
2,3,6,7 hé 10. Nhan xét nay cho ta thdy rang mach ma héa nay cé dic tinh cia ham OR va ta c6
thé viét (voi dau + 13 ky hiéu phép cong logic ):

A=2+3+6+7
Vay, mudn bién d6i cac sd thap phan tir 0 dén 9 sang ma BCD 8421 ta dung 4 phan tir OR
Ap=1+3+5+7+9
A=2+3+6+7
A=4+5+6+7

nhu sau : Bit :

A3=8+9

Ta c6 so do nguyén Iy mach ma héa hé 10 - BCD 8421 (Hinh 5.3)

L I ]
01
Vao thap phan

Ao

Ra BCD

Hinh 5.3: So' d6 nguyén Iy b6 ma héa thdp phin sang BCD
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Gia sir cAn ma ho4 s 3. Ta 4n phim sb 3, mét dién thé mirc cao (+U) dugc cung cip cho
duong sb 3 con cac dudng khac khong duge cung cap nén ¢ mirc thip (0V). Cac dudng ra A va
B c6 dién thé & mirc cao con cac duong C va D van ¢ murc dién thé thap, nghia 1a ta ¢c6 0011 &
ngo ra.

Thuc té, mach mé hoa nay duogc ché tao thanh mét vi mach, né c6 so do khdi téng quat

- A,

hoat dong nhu hinh 5.4. 1 — o
2 —@ o A,
3 —O
i1 —O o — —_ Ay
5 —@ 74147
5§ —O d— A:
;
8
9

Hinh 5.4: So d6 khoi tong qudt b ldp ma ding vi mach

Khi c6 mot dau vao tac dong, bo 1ap ma tao ra mdt tir nhi phan tuong ing & 16i ra va chi
mot ma thoi. Pbi véi bo ma hoa dang wu tién, khi co nhiéu dau vao tac dong dong thoi thi tir
logic & 16i ra s& tmg véi ddu vao c6 sd hang cao nhat. B ma hoa trén chi ¢6 9 dau vao tir 1 dén
9 (khong c6 s 0), tac dung & murc thip tirc 1a mirc 0, biéu thi & cac vong tron & 16i vao. Binh
thirong chung & mirc cao vi 16i vao dé lo limg. Luc d6 ngd ra s& tng véi s6 0 trong hé dém 10.

Ngb ra binh thuong & mirc cao (hodcl logic), khi hoat dong thi & mirc thap (hodc 0 logic).
Céac bo dao ¢ 16i ra dé dua cac ngd ra tré lai dang thong thuong. Nhu vay, khi ca 9 dau vao
khéng co tin hiéu gi ca (ing voi tat ca ngd vao déu 1a 1), cac ngd ra & mirc cao A3AAAqdéu &
mtrc 1. Nghia 1 s6 0 Gmg voi ngd ra 13 1111 nhung khi qua cic bo dao s& thanh 0000 phu hop
v6i dang thong thuong. Ta ¢ bang trang thai ciia bo ma hoa trén.

Vao Ra
123456728 9 A3 A ALA
HHHHHHHH H HHHH
XXXXXXXX B B HHB
XXXXXXXB H B HHH
XXXXXXBHH HB BB
XXXXXBHH H H B B H
XXXXBHHH H HBHB
XXXBHHHH H HBHH
XXBHHHHHH HHBB
XBHHHHHH H HHBH
BHHHHHHH H HHHB

Chii thich: B: mac thap (Bass), H: murc cao (Haut), X: Chi tin hiéu vao khong twong thich



bé mach hoat dong ta dua vao dau vao cac xung vudng. Bo ma hoda c6 dac di€m la duoc
tac dong cua sO 1on nhat c6 tin hi€u vao thap (B). Vi du néu ¢c6 mot B ¢ 5 va 9 tin hi€u ra sé la

1001 twong tmg véi sb thap phan 9.
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5.2.3.B9 ma hoa bat phédn — nhi phdn

Véi cach 1am tuong tu ta ¢ thé thiét ké bo ma hoa bat phan — nhi phan

5.3. GIAI MA
5.3.1 Khai niém

Giai ma la qua trinh nguoc lai qua trinh ma hoa. Nghia 1a tir mgt bd gia tri ctia cdc nhom

mi k chir s6 hé 2 ta tim lai dugce 1 trong N ky hiéu hoac Iénh twong tng.
Trong bd giai ma chi c6 mot dau ra c6 gia tri logic 1 tng voi mot té hop bién dau vao
nao do, con cac dau ra khic co gia tri logic 0. Pau ra ¢ gia tri 1 nay s& kich hoat bo hién thi

hoat dong, bao cho ching ta biét két qua ra.

Pau ra bo gidi ma 1a 2, 3 hodc 4 bit. Thi du bd gidi ma nhi - bat phan, c6 ma vao 3 bit va

2% =8 t6 hop & dAu ra cho 8 dau ra tir 0 dén 7 (Hinh 5.5)

Hinh 5.5: So d6 khoi tong qudt bo giai ma nhi - bdt phén 3 bit
Thi du: Pau vao:100 (s6 4) thi dau ra 4 s& c6 trang thai 0 (trang thai tac dung), moi dau ra

khac déu ¢ trang thai 1.
5.3.2. By giai md nhi-bat phan

B0 giai ma nay c6 3 bién dau vao, 8 dau ra va c6 bang trang thai:

Pau vao

Pau ra

AL AL A,
000

O =

—_ o O O
S — = O
O =

01234567
10000000
01000000
00100000
00010000
00001000
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00000100
00000010
00000001

U G U w—y
—_ = O
—_ O =

8 dau ra, vao moi thoi diém chi c6 mot dau & muic 1, con cac dau ra con lai & mirc 0.
Tt bang trang thai ta thiét 1ap so do logic cua by giai ma trén nhu sau (Hinh 5.6)

ANDE
l 701117
. — °
'_
ANDT
* (1103
L L ]
u AR 50101
> . L
»——
ANDS
* 471003
L . L
AND4
* 370117
. — °
1
I AND3
* 2(010]
» &
AMD2
* 1{001)
> I_|_\‘ &
‘_4,—|_/
AMDT
* 0(00ay
> I_'_\' &
. [ ] ] » ] I
Ao EZ .-"-\1 E1 A ED

Hinh 5.6: So dé logic b gidi md nhi - bdt phén
Khi str dung ta dua dién ap vao dau vao tuong timg dé c6 mirc 1.
Thi du: May tinh thuc hién xong phép tinh va dua két qua vao bd giai mi, gia sir dién ap
vao A, A, A,, luc d6 du ra ciia cong AND 6 & mirc 1 con cac dau ra cac cong AND khéc &

mirc 0, murc 1 ndy s& kich hoat bo chi thi lam hién thi s6 5.

B giai md BCD ra thip phin c6 nhiém vy chuyén mi BCD & ngd vao thanh sb thap phan
tuong (mg & ngd ra. Trong mdi thoi diém chi c6 mot dau ra duy nhit hoat dong. Cac dau ra cé
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1ap céc thiét bi chi thi (LCD , LED ...) dé chi thi cac két qua ¢ ngd ra. Cac dau ra déu hoat dong
& muc thip, dau ra & trang thai 0 1a dau ra c6 tac dung (binh thuong & mirc cao) vi vay khi dung
ta phai dau thém céc bo ddo & ngd ra dé dicu khién cac chi thi thap phéan thap sang .

N =4 nén bang trang thai c6 16 hang, chi st dung 10 hang, 6 hang con lai khong hiéu luc.
Ta c6 bang trang thai sau:

Pau vao BCD Pau ra thap phan

S6 CDBA| 0123456789
0 BBBB| BHHHHHHHHH
1 BBBH| HBHHHHHHHH
2 BBHB| HHBHHHHHHH
3 BBHH| HHHBHHHHHH
4 BHBB| HHHHBHHHHH
5 BHBH| HHHHHBHHHH
6 BHHB| HHHHHHBHHH
7 BHHH| HHHHHHHBHH
8 HBBB| HHHHHHHHBH
9 HBBH| HHHHHHHHHB
HBHB| HHHHHHHHHH

Khong HBHH| HHHHHHHHHH
hiéu luc HHBB| HHHHHHHHHH
HHBH| HHHHHHHHHH

HHHB| HHHHHHHHHH

HHHH| HHHHHHHHHH

5.4. CAC HE CHUYEN POI MA

Cac hé chuyén d6i ma c6 nhiém vu chuyén doi tir mot ma nay sang mQt ma khac. Pau vao
la cdc ma nhi phan, dau ra cling 1a cdc ma nhi phan thudc mdt ma khac.

Thi du: bd chuyén dbi nhi phan sang Gray, dau vao 1a cac sb nhi phan, dau ra ciing 1a cac
s6 nhi phan. Trong thuc té ta sir dung nhiéu bd chuyén d6i ma khéac nhau, sau day la cac bd
chuyén d6i ma thuong gip nhét .

Sau khi tinh toan cac mi nhi phan BCD can phai duoc bién d6i (dich) ra sb thap phan.
Thiét bi dich ngdén ngit may ra s6 thap phan 1a mot thiét bi rat thong dung trong mach sé. Trong
k¥ thuat dé thuc hién viéc hién thi cac sb tir 0 dén 9 nguoi ta dung mot tap hop gom 7 thanh
phat sang. (Hinh 5.7).

MJi thanh phat sang nay c6 thé duoc didu khién dé duoc bat tit mot cach doc lap. Tuy
theo s6 doan dugc bat sang ma ta co dugc cac chir s6 tr 0 dén 9.
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a—{=

=80
e

g =

[ad
a

—=Fa
Hinh 5.7: Dén hién thi 7 thanh dimg LED
Pé ché tao dén 7 thanh ta c6 thé dung nhiéu phuong phap khac nhau, trong d6 c6 2

phuong phap duogc sir dung rong rii nhat:

a/Phwong phap dung L.E.D ( Light Emetting Diode) :

LED hay con goi 12 Diode phét quang 1a mot loai diode duoc ché tao tir hop chét ban dan
Gali-Axénic hodc Gali-Phospho. LED s& phat sang khi phan cuc thuén.

Tuy theo chit ché tao LED phat ra cic mau khac nhau (d6 , xanh 14 cdy ...). Anh sang
phat ra, do hién tuong két hop cta dién tir va 16 trong, c6 cuong d6 sang thay ddi theo cudng
d6 dong dién qua tiép giap (theo quan hé phi tuyén). (Hinh 5.8 a,b).

" = B -

Hinh 5.8 a: Phan cuc thugn LED sang Hinh 5.8b: Phan cuc nghich LED tat
Vi kich thuéc rat nho nén véi phuong phap niy ta co thé ché tao cac dén 7 thanh (1a 7

diode) véi kich thudc rat nho. Céac diode trong dén thuong cé anode chung hodc cathode chung
dé giam nho sé diy ndi ra ngoai. Hinh 5.9 cho ta so d6 mot dén 7 thanh dung LED c6 cac
cathode dau chung va ndi dét, vi vay chan nao ciia LED c6 murc logic dwong LED d6 sé& sang
1én. Dé bao vé cac diode, ta nén dau nbi tiép mot dién trd R véi mdi LED.

TR TrERTR

|||
]
Hinh 5.9: Ben 7 thanh dung LED cathode chung
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b/Phwong phap dung LCD ( Liquid Crystal Display )

Dung LED tuy tiéu hao ning luong di nho nhung van con kha cao (gan 20 mA cho mbi
LED), nén hién nay ngudi ta ding loai tinh thé 1ong LCD. Tinh thé 1ong LCD goém 2 miéng
thity tinh xép song song v6i nhau, & giita 1a diy dan va hdn hop tinh thé 16ng duoc tao thanh
hinh dang can thiét (dang diém hodc dang thanh).

Khi c6 tac dung cua dién truong, hdn hop tinh thé long s& d6i mau khién cho mit ta c6 thé
trong thay duoc, Hién thi kiéu nay tiéu thy rat it ning lugng cho nén duoc dung rat phd bién.
Chung c6 thé duoc st dung dé ché tao thanh nhitng man hinh 16n chtra hang triéu diém ciing
nhu cdc dén 7 thanh nhu dén LED. Khac véi dén LED khi sir dung LCD can co mot tin hiéu
“mit sau” (backplane) dang song vudng voi tan sb tir 30 Hz dén 200 Hz .

Hinh 5.10 13 bd chuyén d6i ma BCD ra mi 7 thanh théng dunag .

BCD in

to seven segment

BCD to seven segment
Hinh 5.10 : Bé chuyén doi md BCD - 7 thanh
Bo chuyén d6i ma trén 13 vi mach 7447A. Pau vao 1a BCD 4 bit va 3 dau vao phy, trong
d6 LT (Lamp Test) 1a dau vao thir dén, LT sé& cho cac thanh vao mach lam viéc dé xem su hoat
dong cua den. Hinh 5.11 cho ta théy viéc hién thi cac s6 thap phén tir 0 d¢én 9 dung 7 doan.

_=—

OCc oo c
_:,II_I] oo adog

Hinh 5.11: Hién thi cac s6 thap phan tw 0 — 9 dung dung cu 7 doan

¢/Bé chuyén doi ma BCD sang 7 doan:
B6 chuyén d6i ma BCD sang 7 doan ¢6 ky hiéu nhu nhinh 5.12
a

Hinh 5.12: Ky hiéu bg chuyén déi ma BCD — 7 doan
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Theo hinh 5.12, ta thAy mot doan sé& hién thi cho nhiéu chir sb.

Thi du: doan a s& hién thi cho cac 6 0,2,3,5,7,8 hodc 9. vi vay, ta co thé viét cho ca 7
doan nhu sau:

a=12x(0,2,3,5,6,7,8,9)

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

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

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

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

f=12(0,4,5,6,8,9)

g=12(2,3,4,5,6,8,9)

Pé thuc hién viéc chuyén d6i ma BCD sang 7 doan, ta dung cac vi mach 7447, 74247 cac
LED duogc méc anode chung, hoac 7448, 4511 cac LED dugc méc Cathode chung. Mbi IC s&
diéu khién @& LED hién thi tir 0 dén 9. Cac dién trg dugc thém vao ¢ nham bio vé cac doan.
Hinh 5.13 cho ta mét so d6 st dung vi mach chuyén ddi 7448 .

Pau vao RBI (Ripple Blanking Input): Pau vao x6a ndi tiép.

Pau vao LT (Light Test): Dung dé thir hoat dong ciia cac doan

I I
|
Ra|Ro [Re| Re| R, Rf-Rg
LT abcdef g
REBO
RBI 7448

a [8 lc Ip

Hinh 5.13: Mach chuyén d6i md BCD — 7 doan ding IC 7448

Chuong 2 ta di biét phuwong phéap 1y thuyét chuyén d6i nhi phan sang ma Gray. Thi du
chuyén s6 nhi phan 1011 sang ma Gray
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Theo yéu ciu cua phép chuyén ddi, ta thiy chi co6 cong XOR mdéi dap tng viéc chuyén
ddi. Tur cac cong logic Exclusive OR (XOR), ta c6 thé xdy dung mach chuyén d6i ma nhi phan
sang md GRAY. Néu s6 nhi phan c6 n bit thi s6 cong XOR str dung: n - 1.

So do nguyén 1y bo chuyén doi s nhi phan 1011 sang ma Gray & hinh 5.14

1 1

Hinh 5.14: Mach logic chuyén déi nhi phan — Gray
S6 nhi phan can chuyén c6 4 bit nén ta dung 3 cong XOR. Pau vao cong XOR trude ndi

vao dau vao cong XOR tiép theo.

Tir phuwong phap 1y thuyét chuyén d6i ma Gray sang nhi phan. Thi du: chuyén mi Gray
1110 sang s6 nhi phan 4 101
1110
1011
Ta thiy cong logic can sir dung chinh 14 cong XOR. S luong cong XOR sir dung: n - 1.
Trong d6 n 1a sb bit st dung.
Hinh 5.15 14 so d6 nguyén 1y bd chuyén d6i s6 ma Gray 1110 sang s6 nhi phan

1 1

Hinh 5.15: Mach logic chuyén déi Gray - nhi phdn
S6 nhi phan can chuyén c6 4 bit nén ta ding 3 cong XOR. Pau ra cong XOR trude ndi

vao dau vao cong XOR tiép theo.



88

5.5.B0Q SO SANH:

Day 1a mot chirc nang logic cho phép so sanh hai s6 nhi phan. Thi du A va B. N6 s& chi ro
& dau ra A = B, A< B hoiac A>B. Hinh 5.16 cho ta ky hiéu mot bo so sanh.

Hinh 5.16: Ky hiéu bo so sanh.
Mot trong 3 16i ra s& 1én 1 dé kich hoat bo hién thi hién thi két qua so sanh, hai dau ra con
lai & murc 0.

Mudn so sanh A = a, va B = by, trudc hét ta thiét 1ap bang trang thai cho bd so sanh. Bang
trang thai 12 co so gitp ta thiét 1ap so d logic.

bo a, S (A=B) S, (A>B) | S, (A<B)
0 0 1 0 0
0 1 0 1 0
1 0 0 0 1
1 1 1 0 0

Tir bang trang thai ta viét dugc cac phwong trinh sau:
S=a,b,+a,b,=a, Db,(5.1)
S, =a, b,(5.2)
S, =a,b,(5.3)
S=1khiA=B, S,=1khiA>B, S,=1khiA<B
Theo cac phuong trinh (5.1), (5.2),(5.3), ta v& dugc so d6 nguyén 1y ctia bo so sanh 1 bit

nhu hinh 5.17 dpe * ° - A B
I A<B
Dpe—e s

Hinh 5.17: So dé logic bg so sanh mét bit
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Trong trudng hop A va B mbi s6 ¢ 2 bit s& c6 4 kha ning:
A=00,01, 10,11
B =00, 01, 10, 11

a/ So sdnh bing:
Bang trang thdi néu A = B
a a b, by Phuong trinh So thu tu
0 0 0 0 a, a, b, b, 1
0 1 0 1 a, a, b, b, 2
1 0 1 0 a, a, b, b, 3
1 1 1 1 a,a, b, b, 4

Phurong trinh néu A = B
Goi S 1a két qua ra khi A = B, tir bang trang thai ta thiét 1ap cac phuong trinh dau ra:
S = (a,a,b,b,) T (@,a,b,b,) + (a,3,bb,) + (aa,b,b,)
=3, b,(@, b, +a,+b,)+a b @, b, +a, b,)
=(a, b, +a, b,)(a, b, +3, b,)

V@y S = (a, ®b,)(a, ®b,) (5-4)

b/ So sanh A > B:

Badng trang thdi néu A > B

Ta 6 6 truong hop danh thir tu tir 1 dén 6

a a b, by Phuong trinh SO thir tu
0 1 0 0 a a, b, b, 1
1 0 0 0 aa, b, b, 2
1 0 0 1 a, a, b, b, 3
1 1 0 0 a,a, b, b, 4
1 1 0 1 a a, b, b, 5
1 1 1 0 a a, b, b, 6

Phuwong trinh néu A > B
Goi S, 1a két qua ra khi A > B, cac phuong trinh c6 sb th tu 1 va 6 cho ta:
a1"105160 +a1a0b160 =4, B0 (a Bl +a, b))

=a,b,(a, ®b,)
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Céc phuong trinh ¢6 s thir tu 2, 3, 4, 5 cho ta:
aa, b, b, +a,a,b,b,+a,a,b,b, +aa,b,b,

—a, b,(a, b, +a, b, +a, b, +a, b,)

= algl[(m +(a,® bo)j|

o

:al

Vay: S, =a, b,(a, ®b, ) +a,b, (5.5)
¢/ So sanh A < B:
Tir nhin xét: Moi lan A = B hoic A > B thi khong thé c6 A < B, ta di dén két luan: A <
B néu khong phai A > B.
Tir cac phuong trinh (5.4) va (5.5) ta vé& so dd nguyén 1y ctia bd so sanh 2 bit nhu hinh

5.18
dpg e D':
D> a-s
d| e :JD:
o “I»—> A<B
e
bie— o A>B

v )
R |
Hinh 5.18: So d6 logic bé so sanh hai bit
5.6 MACH SO HOQC:
Mach s6 hoc gitip ta thuc hién cac phép tinh sé hoc nhi phan. O chuong 1 ta biét ring cac

phép tinh s6 hoc déu duoc thuc hién tir mach cong, trong ky thuat s6 ¢6 hai mach cong la mach
ban cong va mach cong toan phén .

Mach ban cong gitp ta cong hai s6 nhi phan, trong d6 mdi sb nhi phan chi c6 mot bit. Tt
cac tinh chit cta phép cong nhi phan ta co:

0+0=20
0+1=1
1+0 =1

1+1 =0 nhd 1 cho vitri trén
Nhu vay mach ban cong c6 hai dau vao cho hai s6 nhi phan 1 bit A va B, hai dau ra cho
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téng s6 S va nhé Cy (Hinh 5.19)
A(ao )

B (bo)

Hinh 5.19: So d6 khéi tong qudt mach ban céng
Bang trang thai bo ban cong

a b Tong s6 Nhé (Cy) | Phuong trinh
S Co

0 0 0 0

0 1 1 0 ab

1 0 1 0 ab

1 1 0 1 ab

Cdc phuong trinh
Ttr bang trang thai ta viét duoc cac phuong trinh sau ctia mach ban cong

S=ab+ab=a®b
Cyo=ab
So dé nguyén Iy mach ban cong
Tir cac phuong trinh thu duoc ta vé so d6 so d6 logic mach ban cong nhu hinh 5.20

Hinh 5.20: So d6 logic mach ban céng
5.6.2.Mach cong toan phan (full Adder)
Mach cong toan phan gifip ta cong hai s6 nhi phan, trong d6 mdi s6 nhi phan c6 nhiéu bit.
Day 1a truong hop thuong gip nhat.
Thi du: a,a;ag + bybybg
Ta phai cdng cac hang don vi (trong ) 0), trong $6 1, trong s6 2 cho dén hét.

Thi du: 1 1 1 «, nhé
ik
1 [0 |1
1

111 11 To
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Ta thdy ngay con s6 c6 trong s6 1 A; d c6 thé c6 mot con sd 1 nhé tir phép cong cac con
s6 ¢o trong s6 0 A, dua 1én. Nghia 13 ta can phai dua thém vao két qua ¢ hang trén s6 nhé ma
phép cong & hang trong s6 dudi C,.; dua lén.

Nhu vay mach cong toan phan c6 ba dau vao: Hai dau vao cho hai s6 nhi phan nhiéu bit A
va B va mot cho bit nhd C,,; tir phép cong hai bit ding trudc. Hai dau ra cho tong s6 S, va nhd
C. (Hinh 5.21)

A(ag a4, az,...)
Cn-1
B(bo, by,by,...)

Hinh 5.21: So d6 khéi tong quadt mach céng toan phan
Bang trang thdi bo toan cong

Ch a b S, C, Phuong trinh
Sh Ca
0 0 0 0 0
0 0 1 1 0 abc
0 1 0 1 0 abc
0 1 1 0 1 abc
1 0 0 1 0 abc
1 0 1 0 1 abc
1 1 0 0 1 abce
1 1 1 1 1 abc abc
Cdc phuong trinh

Tir bang trang thai ta viét dugc cac phuong trinh sau ctia mach toan cong
Phuwong trinh ciia tong: S, =abc +abc+abc+abe
—(@b+ab)c +(@b+ab)c
ma ab+ab=a®b
viab+ab=a®b
Nén S,=@@®b)c+(a®b)c

N6 co dang: AB+AB=A®B
Nghiala: S, =(a®b)®c hayS, =(a®b)®C_,(5.6)

Phuong trinh ciia nhé:C,=abc +abc+abc+abc
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=ab(C+c)+(ab +ab)c
Co =ab+(ab +ab)c
Vay: Cp =ab+(a@®b)c
Hay: C,=ab+(@®b)C_, (5.7)
So do logic mach cong toan phan:
Tu cac phuong trinh (5.6), (5.7) ta v€ so d6 nguyén 1y ctia mach cOng toan phan (hinh
5.22) Cn-1

Ae
Sn

) B

—

Hinh 5.22: So d6 logic mach céng toan phdn
Ta thdy mach toan cong chinh 1a két hop hai mach ban cong (Hinh 5.23)
Cn— 1

A

Hinh 5.23: So d6 khéi tong qudt mach céng toan phin
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CHUONG 6 HE LOGIC TUAN TU

6.1. KHAI NIEM

Ngoai hé logic to hop, trong dién tir s6 con co cac hé logic tuan tu (sequential logic). Do
1a cac hé thong logic ma ham ra tai mdi thoi diém khéng nhimg phu thudc vao cac bién (hé 2)
dau vao & chinh thoi diém d6, ma con phu thudc vao cac bién dau vao & cac thoi diém trude do.
Céac bién nay duogc lai trong cac bo nh¢ cua hé (vi vay hé logic tuan tu con duoc goi la
cac hé logic c6 nhd). Noi cach khéc, h¢ logic tuan tu 1a cac hé logic phu thudc vao cac trang
thai cua hé. Cac ph?ln tir tham gia vao hé sé hoat dong theo mdt trat tu nhét dinh. Khi trat tu nay
duoc hoan tat thi trang thai trén dau ra méi duoc thiét lap.

Mot cach tong quat, ta co thé biéu dién cau tric mot hé logic tuan ty nhu hinh 6.1

) Ea
WVao Hé logic
to hop
Hung nhip ‘ Trigger Ea

Hinh 6.1: So d6 khoi tong quat hé logic tuan tir

Tur hinh 6.1 ta théy mot h¢ logic tuan tu bao gém hai khdi:

a/ Khoi logic t6 hop: C6 nhiém vu diéu khién viéc thu nhan va dua ra cac thong tin vao
ra, ciing nhu diéu hanh moi hoat dong cia cac Trigger.

b/Khéi cdc Trigger: Dong vai trd cac bd nhé cua hé, ching ¢6 nhiém vy nhd cac thong tin
trung gian. Nhu vay, t hop cac trang thai cua cua cac Trigger & mot thoi diém ndo d6 chinh 13
trang thai ctia hé. Khi s6 Trigger cia hé ting 1én thi sb trang thai cta hé cling ting theo. TUr cac
Trigger ta ciing co thé lay cac thong tin ra.

Dbi véi viéc thiét ké cac hé logic tuan ty, can phai chi ¥ vong hoi tiép gitra phan hé to
hop diéu khién va cac Trigger, hodc giita cic Trigger v6i nhau.

Viéc duwa mot xung nhip c6 d6 6n dinh cao vao dé dong bd cac Trigger c¢6 ¥ nghia rat 16n,
n6 hinh thanh hai loai két cdu thudc hé logic tuan tir 1a dong bo va khong dong bd.

Toém lai, cac hé logic tuan tu st dung chu yéu cac Triger, chung déu 1a cac mach logic ké
tiép, Trong cac hé logic tuan tu c6 hai hé thdng thong dung nhét 14 cac bé dém va mach ghi.

6.2. BQ PEM

Trong qua trinh tinh toan, diéu khién, ty dong hoa... thuong can phai ghi lai mot s6 trang
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thai xay ra theo mot thir tu nhét dinh nao dé, nhu sb xung nhan dugc theo thu tu thoi gian, sau
do trang thai nay dugc ghi vao by nhé. Viée dém duge thue hién nho bo dém (counter).

B6 dém con duoc dung trong may tinh dé ghi nhan tht ty cic 1énh cia mot chuong trinh,
sau d6 may tinh s€ thuc hién ty dong. Puoc dung lam bd chia tan sb6 diéu chinh duogc (diéu
chinh hé s6 chia) nham thyc hién phép tinh mot cach don gian.

B6 dém 1a mot trong nhiing mach dién tr ) quan trong su dung cac trigger, thuoc hé
logic tuan tu, trong d6 s6 luong trigger c6 trong b dém quyét dinh dung luong ctia bo dém.

Con goi 1a bd dém ndi tiép. Cac xung dém chi dwa vao dau vao cua Trigger thir nhat,
Trigger nay lai diéu khién Trigger tiép sau no.

a/ B$ dém tién nhi phin khong dong b 3 bit

B6 dém tién nhi phan khong dong bd 3 bit c6 so d6 logic nhu hinh 6.2. Pay 1a bo dém nhi
phan cau tao tir JKFF, diu ra cua Trigger thir nhat dugc ndi vao 16i vao dong bo cua Trigger

thr 2 va ctr ndi tiép nhu vay cho dén Trigger cudi cung . AL A
2

.T?

pulse in ' l l Jn[l - trﬁ a
S l l

i
- Hinh 6.2: Bé dém tién khéng dong bé 3 bit

Bo dém c6 mot ddu vao cho xung dém va nhiéu dau ra. Nhitng dau ra thuong 13 nhiing
dau ra Q cta Trigger. Vi Q chi co thé c6 mét trong hai trang thai 1 va 0 cho nén su sip xép cic
dau ra nay cho phép ta biéu dién két qua dudi dang mot sé hé nhi phan c6 sé bit bang sb
Trigger dung trong bo dém.

Bo dém tién nhi phan khong ddng bo 3 bit (con goi 1a b dém mod 8) c6 dung lwong tdi
da 1a 7 (mot chuc) sau d6 quay lai dém chuc khac. N6 khong tu dimg lai khi dém hét dung
lugng cua no.

Cac 16i vao JK cia Trigger dau chung véi nhau va dé lo limg (Iubén ludn & trang thai 1).
Cac dau vao Cl dau chung v6i nhau va d4u vao chuyén mach S;. Trudc khi dém, ta dong S, dé
ndi dat Cl, nham diéu khién cac dén chi thi vé 0 truéc khi dém.

N6 ¢6 biéu d6 xung nhu Hinh 6.3

Cac Trigger déu c6 dau vao JK ludn luén & mirc 1 nén s& chuyén trang thai mdi khi c6
xung dén.Ta thay :
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Xung vao dém ] \l/

Xung qua Trigger 1 V—

Xung qua Trigger 2

Xung qua Trigger 3 -

Hinh 6.3: Biéu do xung diwra vao ddau vao dong bo
*Trigger thi nhat thay doi trang thai mdi khi c6 xung dén .
*Cac Trigger sau chi thay d6i trang thai khi 16i ra Q cua Trigger trudc nd chuyén tir 1 vé 0
*Voi 3 Trigger mac ndi tiép, sau 8 xung bd dém tro lai trang thai dau. Vi vay véi n
Trigger ndi tiép c6 thé dém dén 2",
Bing 6.1 Bing trang thdi ciia bo dém khéong dong bé 3 bit

Xung dém A, A A
0 0 0 0
1 0 0 1
2 0 1 0
3 0o 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 11 1
0 0 0 0

b/B$ dém Iii nhi phén khéng dong b ba bit
Khi can phai dém lui ta mac mach nhu hinh 6.4.

Tg T
) 4
Pulse in L
-

‘-\‘.‘e
= Hinh 6.4: Bé dém lii khéong dong bé 3 bit
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Khac v6i bd dém tien, bo dém Iui c6 céc dau ra lay ¢ daurabu (Q=1)

Luc méi bat dau dém cac dén déu sang nén ta co chi thi 111 (sd 7), sau d6 sé dém lui dan
theo s6 xung vao. Bang trang thai ngugc véi bang trang thai ctia by dém tién.

¢/ B6 dém thudn nghich khong dong b

B6 dém thuin nghich con goi 1a bd dém hon hop, nghia la dém theo ci 2 chiéu:

Mdi xung vao lam ting s6 dém lén 1.
Mdi xung vao lam giam s6 dém 1

Nhu trén ta d3 biét, mudn dém theo chiéu nghich ta chi viéc ndi 16i vao ctia mdi Trigger
v6i 16i ra Q cua Trigger trude nd. Khi mot Trigger nao d6 ¢6 161 ra Q chuyén trang thai tir 1 vé
0 thi 16i ra Q ciia n6 chuyén trang thai tir 0 1én 1 va do d6 lam Trigger ké tiép (dugc ndi véi

Q) chuyén trang thai. Mdt chuyén mach (Hinh 6.5) s€ lam nhi¢ém vu ddo mach khi can dém

tién hoac dém lui.

J Q. —el1 —J O —
T s T
’Ckn et
— R, Qo—=e2 — K, O —

Hinh 6.5: Chuyén mach co khi ciia bo dém thudn nghich
Chuyén mach S dugc chuyén vao Q (vi tri 1) khi dém thuan va Q (vi tri 2) khi dém
nghich. Chuyén mach S trong thuc té duge thay thé b::ing bo chuyén mach logic (Hinh 6.6)

count down

Hinh 6.6: Chuyén mach Logic bo dém thudn nghich

Néu X =1 (dé X lo limg) ta thuc hién dém tién. Lac d6 cong NAND N, c6 mot dau ¢
muc 1, tr bang trang thai cua NAND ta co6: Néu mot dau vao cla céng NAND ¢ trang thai 1 thi
dau ra sé& 1a dao ctia dau vao kia. Vi vdy, ddura cia N, 1a Q.

Cong NAND ciia N, ¢6 mot dau vao 1a 0 nén dau ra luon ludn 1a 1, du dau vao kia & bat
ky trang thai nao.

Néu X =0 (néi dét) ta thuc hién dém Iui. Luc d6 N, c¢6 mdt dau vao & muic 0 nén dau ra
luén ludn & mire 1. Pau ra cia N, nhan trang thai 1. N, c6 mdt dau vao & muc 1 nén dau ra la



98

nghich dao ctia dau kia (lic d6 1a Q) néndauraN,1a Q.

Tuong tir, N5 c6 mot dau vao ¢ mic 1 nén ddurala Q .

Pau ra Q cua Trigger thir nhat duge dau véi dau vao dém cia Trigger tiép theo
nén b dém s& thuc hién viée dém 1ui.
d/Bj dém khéng dong bg N phin

Khi can dém trén mot hé dém co sd N khac 2, nghia la can mot bd dém dén N bat ky, ta
c6 thé dung mot chudi n Trigger lién tiép, trong d6 n 1 s6 nho nhat théa man diéu kién 2" >N,
sau d6 dung phuong phap hoi tiép dé xoa di cac trang thai khong can thiét.

V6i bd dém dén 10 (N = 10) phai dung 4 Trigger (n = 4), vi s6 n nho nhét thoa
mén bat ding thirc 2" > 10 1a 4. Tiép d6 ta dung mach hdi tiép sao cho khi dém dén N (trong
truong hop nay 13 dém dén 10) thi tit ca Trigger phai trd vé trang thai 0. Nhu vdy bo dém 10
chi lay 10 trang thai trong s6 16 trang thai.

Mach hoi tiép c6 thé dung cong NAND, 16i ra ctia né dugc ndi dong thoi véi tat ca cac 16i
vao x0a (Cl) cua cac Trigger.
Ta c6 bang tuong dwong ctia 2 hé dém thap phan va nhi phan (Bang 6.2)
Bdng 6.2: Bang twong dwong giita thap phan va nhi phan.

Pém thap phan Pém nhi phan

Qi Q Q1 Q
0 0 0 0 O
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 O
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 O
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 O
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1

Nhu vy s6 10 viét trong hé dém co s6 hai 1a 1010. Khi xung thtr 10 dén, dau ra cia b
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dém phai1a Qy=0,Q,;=0,Q,=0,Q; =0, thay vi Qy =1, Q; =0, Q, = 1, Q; = 0. Mudn viy, ta
dua Q; va Q; vao mach hoi tiép do céng NAND dam nhan, mach nay s€ dua dau ra cta Q, va
Qs vé lai dau vao C, dé xoa trang thai cua Trigger 1 va 3 vé 0. Mubn dém dén mét sd khac 10,
ta cling thyc hién nhu trén.

Ta c6 so do logic ctia bo dém dén 10 nhu hinh 6.7

T3
I - b al
K o
TD T.1 2
, ——

=P
f=l=

[

=
f=1lF="

*—

e
=1

Hinh 6.7: So do logic bé dém tién khong dong bé dem dén 10

B6 dém khong dong bo c6 khuyét diém 1a gy ra mot su tré giita cac lan chuyén trang thai
lién tiép, vi sy chuyén trang thai ctia Trigger thr 2 tré di phu thudc vao su chuyén trang thai vé
0 cua Trigger truéc nd. Dé su chuyén trang thai ctia cac Trigger sau khong con phu thudc
Trigger thir nhit ngudi ta sir dung bo dém ddng bo (con goi 13 bd dém song song).

Pic diém cua bd dém déng bd 1a su thay doi trang thai ctua bd dém chi phu thudc vao
xung dém hay xung ddng bd, nghia 1a xung dong bod dugc dua vao dong thoi tat ca cac Trigger
ctia bo dém. Do d6 qua trinh chuyén trang théi chi phu thudc vao sy truyén lan tin hiéu chuyén
(chuyén tir cot s6 thap sang cot s6 cao ).

Nhu vay, bo dém déng b0 s :

* Thuc hién viéc chuyén trang thai cia cic ting & cung 1 thoi diém.

* Cac Trigger c6 thé thay doi trang thai ctia né hodc khong (tiy theo trang thai trude do
ctia n6) nhung cing mot thoi diém.

* Xung dém duoc dwa vao dong thoi tat ca cac Trigger.

a/Bé dém dong b 2 bit

Bo dém dong b 2 bit c6 so dd logic nhu hinh 6.8

Cac dau vao JK cua Trigger tho nhat diu v&i nhau va dé lo ling (Jo =Ko = 1), dau ra Qo
ctia Trigger thi nhat ddu vao dau vao JK ciia Trigger thir 2. Cac du vao dong bo (dau vao
dém) d4u voi nhau. Nhu vay cac xung dong bo tac dong dong thoi dén cac Trigger. Cac dau Cl
dau v6i nhau va déu vao cong tic Sy, trudc khi dém ta an cong tic S; xudng dat dé dua cac
Trigger vé trang thai 0 (Qy = Q; = 0).

Khi suon 4m cuia xung thir nhat tac dong vao dau vao dém, Trigger thir nhat T, chuyén
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Tg T4
Fulse in e ] 0 :TJE
I HH - K O
\5;1
'

L Hinh 6.8: So do logic bé dém tién dong bg 2 bit
trang thai Qq =1J 1; K, = 1. Trigger tht hai T, gitt nguyén trang thai vi trudc d6 Qy = 0. Xung
tiép theo Trigger thi nhat chuyén trang thai, luc d6 Trigger thir hai ciing chuyén trang thai (vi
trude do J; = K; = Q= 1), nghia la ca hai déu chuyén trang thai.

Viy: Trigger thir nhat luén ludn c6 dau vao JK & trang thai 1 (lo limg trén cao) nén luon
ludn thay do6i trang thai mdi khi c6 xung dén, cac Trigger tiép sau thay doi trang thai chi khi
nao Trigger trudc nd O trang théi 1 .

b/Bé dém dong b 3 bit

Con goi 1a bd dém ddng bo Mod- 8. C6 so dd nguyén Iy nhu hinh 6.9

{D ?® T
Tg T Tg
' 1 10 1 n—
Fulze in 'R i 4l T =

\501 L L

1

— Hinh 6.9: So d6 logic bo dém tién dong bé 3 bit
Trigger thir nhat T, c6 dau vao JK ludn ludn ¢ trang thai 1 vi vay s& chuyén trang thai mdi
khi ¢6 xung dén. Lbi ra Q, ctia nd dau vao 16i vao J; K cia trigger thir hai va mot dau vao caa
cong AND. Pau vao con lai ciia cong AND ndi vao 18i ra Q, cta Trigger thir hai, dau ra ciia
cong AND dau vao dau vao J, K, cua trigger thir ba T;. Céng AND c6 nhiém vu stra sai trong
qua trinh dém.

Xung dém duogc dua dong thoi vao cac dau vao dong by Cy cua cac trigger. Cac dau vao
x6a Cl dau chung véi nhau dé chuyén trang thai cac trigger vé 0 trudce khi dém.
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Khi suon sau ciia xung dém thir nhat dua dén C, cua trigger thir nhat. Li ra Q ciia né
chuyén trang thai 1én 1, cc trigger con lai gitr nguyén trang thai 0 (vi J, =K, = J, =K, = 0).

B0 chi thi hién s6 001.

Khi suon sau ctia xung thtr hai dén, 16i ra Q, chuyén trang thai vé 0, Q; chuyén trang thai
1én 1, Q, van & trang thai 0. BO chi thi hién s6 010.

Khi suon sau ctia xung dém tht ba dén, 16i ra Q, lai chuyén trang thai 1én 1, Q, van giit
nguyén trang thai. Do cong AND c6 mot 16i vao bang 0 nén 16i ra bang 0 vi vy Q, khong
chuyén trang thai. Bo chi thi hién s6 011 .

Khi sudn sau cua xung dém thir tu dén, 16i ra Q, chuyén trang thai vé 0, Q, ciing chuyén
trang thai vé 0. Do cong AND c6 hai 16i vao déu bang 1 nén 16i ra bang 1 vi vay Q, ciing
chuyén trang thai tir 0 1én 1. Bo chi thi hién s6 100 .

Qua trinh tiép dién nhu vay cho dén khi dém dén 7 bo chi thi quay vé trang thai dau

¢/Bé dém dong bé 4 bit

Con goi 1a bd dém ddng bo Mod 16. N6 ¢6 so 6 nguyén 1y nhu hinh 6.11 va gian dd
xung nhu hinh 6.10.

Trude khi dém ta ndi cac dau ra Cl xudng dat dé tat ca Trigger déu chi thi 0 bang cach
nhin cong tic S; . Ag

O
A

L
(‘
(}1 T2 ’—Di AQ

@
To T T2 T3 Aq
Fulse in O—TE | = o /. t rjq ?'— =
» »
3 |

T
:TL Hinh 6.10: So do logic bé dém tién dong bg 4 bit

Khi suon sau ctia xung thir nhat tic dong vao, Q, s& chuyén trang thai tir 0 1én 1 (do J, K,
ludn 1udn & trang thai bap bénh 1). Q, , Q, , Qs, van giit nguyén trang thai. Bo chi thi hién sb
0001.

Khi suon sau cua xung thir hai tac dong vao, Q, chuyén trang thai vé 0, Q, chuyén trang
thai 1én 1 vi trude do Qq dang & trang thai 1. Q,, Qs gilr nguyén trang thai 0. BJ chi thi hi¢n $6
0010.

Khi suon sau cua xung thir ba tic dong vao, Q, chuyén trang thai Ién 1, Q, van & trang
thai 1 vi trude d6 Qq & trang thai 0. Q,, Qs van & trang thai 0. B chi thi hi¢n s6 0011.

Khi suon sau ciia xung thir tu tic dong vao, Qo chuyén trang thai vé 0, Q; ciing chuyén

f=1 =]

=V

= O

-

W
==}
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trang thai vé 0 vi trude do Qo ¢ trang thai 1, Q, chuyén trang thai 1én 1 vi G; ¢6 hai 16i vao déu
O trang thai 1 nén 16iral1a 1 nén Q> chuyén trang thai, Qs van & 0. Bo chi thi hién s6 0100.

Khi suon sau cuia xung thir 11 tdc dong vao, Q, chuyén trang thai tir 0 1én 1, Q, van giir
nguyén trang thai vi trudc d6 Q, ¢ trang thai 0, Q, giir nguyén trang thai 0. Trudc d6 cong G,
c6 mot dau vao 1a 0 mot dau vao 1a 1 nén dau ra 1a 0, Q, giir nguyén trang thai. Qs ciing gt
nguyén trang thai 1 vi G, c6 hai 16i vao déu & trang thai 0 nén 16i ra bang 0, Q; khong chuyén
trang thai. BO chi thi hién s6 1011.

6.3. BO GHI DICH (Shift Register)

B ghi dich con goi 1a thanh ghi dich, ¢6 hai nhiém vu 14 luu gilt tam thoi dir 1iéu va dich
ting bit theo xung ddéng hd. Dir liéu luu trit trong bd ghi dich, duédi tac dung ctia xung dich
(shift) c6 thé tuan tu dich trai hodc dich phai. Phan tir cau thanh bo ghi dich 1a cac trigger D. Vi
viéc dich duogc tién hanh dong thoi ddi véi mdi phan tir, nén céc trigger ndy hoat dong theo ché
d6 dong bo. B ghi dich duocphan loai nhu sau:

Theo cach dich: Bo ghi dich mt huong (trdi hodc phai), bd ghi dich hai huéng (trai va
phai), bo ghi dich vong.

Theo cdich dwa tin hiéu vao va liy tin hiéu ra: B ghi dich vao ndi tiép ra ndi tiép hoic
ra song song, bd ghi dich vao song song ra ndi tiép hoic song song, bd ghi dich da ning.

Hinh 6.11 14 so dd nguyén ly mét bd ghi dich 4 bit. Dt liéu dua vao bén trai, dich phai,
liy ra song song hodc ndi tiép.

Di 1iéu ra song song

Qs Q1

dd liéu vao

dd liéura
néitiép

L

c
—®
Xung dich

Hinh 6.11: So d6 nguyén Iy bé ghi dich mot huéng
Bo ghi dich mot hudng trén ding trigger D. Pau ra Q cia mdi trigger dugc ndi véi dau
vao cua trigger tiép theo. Dau tién ta nbi dat Cl dé dwa cac dau ra Q vé 0. Dir lidu duoc dua vao
D cua trigger thu nhét. Khi suon duong ctia xung déng ho xuét hién, tin hiéu ma hoé duoc dich
vao trigger 1, ddng thoi trang thai cuia mdi trigger ciing duoc dich dén trigger tiép theo.
Gia st & dau vao ta dua tr ma 1101. Dudi tac dung cua xung dich, qué trinh dich dugc
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ghi & bang 6.3
Bdng 6.3: Qua trinh ghi dich tw ma 1101 trong bo ghi dich.
Cx Tur ma trong bo ghi dich
S thir tu Trigger 1 Trigger 2 Trigger 3 Trigger 4
0 0 0 0 0
1 1 0 0
2 1 1 0 0
3 0 1 1 0
4 1 0 1 1

Nhu vy, sau 4 xung dong ho tir ma 1101 da dich vira hét vao b ghi dich. Luc nay ta co
thé 14y ra 4 bit song song cta tir ma 1101 & 4 dau ra Q cua cac trigger. Pau ra Q, cua trigger
cudi cung c6 thé lam dau ra ndi tiép ctia 1101, vi chi cdn qua mot thoi gian 4 xung dong hd nita
thi & dau ra Q cua trigger cudi s& co 4 bit ndi tiép dich ra. Ta thdy bo ghi dich nay c6 dau vao
noi tiép, dau ra ndi tiép va song song. Mot cach tong quat ta ¢ bang trang thai bo ghi dich 4 bit
sau (bang 6.4).

Bdng 6.4: Bang trang thai bo ghi dich 4 bit
G | Q3 Q Q1 Qo

0 0O 0 0 0
1 Dy, 0 0 0
2 D, D, 0 O
3 D, D, D, 0
4

5 0 D; D,
6 0 0 D,
7 0 0 0

Tir bang trang thai ta thay:

Néu l4y ra song song thi sau 4 xung dong hd (tong quat 13 n xung cho b ghi dich n bit)
dir liéu da duogc ghi vao bd ghi.

Néu 14y ra ndi tiép ta cin 7 xung dong hd (tong quat 1 n -1 xung cho bo ghi dich n bit).

Nhu vay bd ghi dich mét hudng trén co thé déng thoi chuyén chudi tin hiéu tir ndi tiép
sang song song hodc 1am tré chudi nay di n — 1 chu ky xung dong bo.

Bo ghi dich hai hudng c6 thé dich phai hodc dich tréi tiy theo tin hiéu diéu khién, bo ghi
dich hai hudng c6 thém mot sé cong logic dé thay doi cac mdi lién lac giita cac trigger, nham
thay d6i hudng dich. Hinh 6.12 cho ta so dd nguyén 1y bo ghi dich hai huéng phai va trai.

Viéc thay ddi hudng dich duoc tién hanh nhd dau vao diéu khién Dg. Khi Dy = 1 bd ghi
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dich s€ thuc hién dich phai. Khi D = 0 bd ghi dich s€ thyc hién dich tréi.
Qs3] Q1 _ Q1 Qo]

J—[}.., .
-]Dx T §
O Vao néi tiép dich trai Vao néi tiép dich phai©

Hinh 6.12: So d6 nguyén Iy b ghi dich hai huéng
6.3.3.B¢ ghi dich dung vi mach:

Dé thyc hién bo ghi dich, cac nha ché tao vi mach da san xuat vi mach 74194. Bo ghi dich
nay ¢ 10 cira vao va 4 ctra ra. (hinh 6.13), ABCD 13 bon dau vao nap song song. Dsg va Dg; 14
cac dau vao nap ndi tiép. Pau vao nbi tiép dich phai Dgg nap s6 liéu vao vi tri A = Qs rdi dich

Pau vao diéu khién

Hinh 6.13: Vi mach ghi dich 74194
phai. Pau vao ndi tiép dich trai Dg; nap sb liéu vao vi tri D = Q, roi dich trai. Pau vao Cl x6a
céc trang thai ciia trigger va cho vé 0. Pau vao xung nhip Cy s& khoi dong ca 4 trigger khi xung
nhip chuyén tir thap 1én cao. Cac dau vao diéu khién s& diéu khién bd ghi dich dich phai hodc
dich tréi.
6.3.4.B6 ghi dich lam b$ dém vong
B ghi dich ¢6 nhiéu ing dung trong mach sb. Mot trong nhing tmg dung ciia né 1a bd
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dém vong. Ma dém vong 1a loai mi don gian vé phuong phap ma hoa ciing nhu giai ma. Bang
6.5 cho ta mi dém vong 10 bit.
Bdng 6.5: Ma dém vong 10 bit

Thap phan | Ma dém vong
0 0000000001
1 0000000010
2 0000000100
3 0000001000
4 0000010000
5 0000100000
6 0001000000
7 0010000000
8 0100000000
9 1000000000

Tir bang trang thai ta thay mdi t6 hop ma chi c6 mét bit 1, cac bit con lai 1a bit 0. Nhu
vay khi dém tir 0 dén 9, ta thay ¢ dau ra lan luot 1én 1, do d6 viéc dém (giai ma) duoc tién hanh
bang cach dich lién tiép bit 1 tir phai qua trai.

Hinh 6.14 13 so @ nguyén 1y bo dém vong 4 bit

Q4

Hinh 6.14: So d6 nguyén Iy bo dém vong 4 bit
Dung 4 bit nén ¢6 16 t6 hop xuat hién:

10\00—,\-0100 QOO 0101 1190 —0110 1191%1110

0001<—0010 (?111 [1010 1001<—0011 1011 <—0111
a b c d e
Trong d6 dd hinh a dugc dung vi phu hop véi ma vong. Lay D, = Q, bang cach ndi ddu ra
Qo vao D. Xung nhip dugc dua vao déng thoi ddu vao Cy cta cc trigger.
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CHUONG 7 CHUYEN POI TiN HIEU

7.1.TIN HIEU TUONG TU VA TiN HIEU SO

Tin hiéu twong tu (analog) thuong 13 nhitng dién thé hodc dong dién co dang bién thién
lién tuc theo thoi gian. Thong tin ma cac tin hiéu twong tr mudn truyén dat cho con ngudi 1a
bién do cua nd. Bién do nay 1a mot ham theo thoi gian.

u = f{(t) i=g(t)

Tuy theo dang cua fva g ma ta co thé két luan dugc vé ban chat cua tin hiu u, i trén.

Tin hiéu lién tuc c6 thé bién ddi mot cach lién tuc gifra cac gia tri cuc dai va cuc tiéu cua
dién ap hay dong dién.

Tin hiéu s6 (digital) chira thong tin ¢ vi tri cic xung hay su thay doi dot ngdt ctia bién do
(so voi tin hiéu thot gian chuén) con tri sb tuyét ddi cua bién do xung khong quan trong.

Tin hiéu s6 chi c6 hai mirc gian doan (Ung v&i trang thai ctia mot mach 1at) ctia dién ap.

Céc thong tin can xit Iy c6 thé & dang s6 hodc dang twong tw, nhung khi tinh toan hodc xit
ly thong tin may tinh lai chi hoat dong theo co ché nhi phan. Vi vay ta phai chuyén cac tin hiéu
khong phai s6 thanh s (ADC), sau khi tinh toan, xit Iy xong cac két qua can phai hién thi theo
tin hiéu twong tu nho b chuyén doi sb twong tu (DAC).

Nhu vay, ban chét cua hai loai tin hiéu tuong tu va s6 hoan toan khac nhau.Tin hiéu tuong
tu thuong gip trong thuc té do tinh chat lién tuc theo thoi gian ctia nd phit hop véi cc hién
twong vat 1y thong thuong. Con tin hiéu sb thi chi xuat hién trong céc thiét bi s6, thudng duoc
dung nhu mot hinh thirc trung gian rat thuan tién trong viéc do ludng, tinh todn va xit 1y tin
hi€u, n6 thuong khong xuét hién truc tiép trong cac hién tugng thuc té. Pé thuc hién viée ghép
ndi cac hé théng s6 véi cac thiét bi tuong tu, chung ta phai thyc hién viéc chuyén doi gitra hai
loai tin hi¢u nay.

7.2. BO BIEN POI SO - TUONG TU

B bién doi S6 - Tuwong tu DAC (Digital Analog Converter) ¢ so d6 khdi téng quat nhu

hinh 7.1 VAo nhi phdn

a, N Ra tuong ty
G ————> Uy ()
DAC V
Q— > _/
a, ——————> e
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DAC tiép nhan mot mi s n bit nhi phan song song & 16i vao va bién dbi thanh dién ap
hoic dong dién tuwong tng ¢ 16i ra. Dong dién hodc dién 4p ra tir DAC 13 ham ctia mi s & 16i
va0 va c6 bién thién phu hop véi ma sb nay.

Pién 4p U; con goi 1a U chuan, ddy 1a mot dién ap mot chiéu (DCV) rat 6n dinh nam trong
DAC. Dién ap ra U ¢6 dugc 1a do su phan chia dién ap mot chiéu nay.

Ta c6 bang trang thai cia mot DAC 4 bit (bang 7.1).

Dong Vao nhi phan Ra tuong tu
Az Ay A A (V)
8 4 2 1
1 0 0 0 0 0
2 0 0 0 1 1
3 0 0 1 0 2
4 0 0 1 1 3
5 0 1 0 0 4
6 0 1 0 1 5
7 0 1 1 0 6
8 0 1 1 1 7
9 1 0 0 0 8
10 1 0 0 1 9
11 1 0 1 0 10
12 1 0 1 1 11
13 1 1 0 0 12
14 1 1 0 1 13
15 1 1 1 0 14
16 1 1 1 1 15

Tu bang trang thai ta cé:

Dong 1: Tat ca cac dau vao déu1a 0, daura1a 0 Volt .

Dong 2: Ung véi dau vao A, hoat dong & muc 1, lic d6 dau vao 1a A3 A, A; Agla 0001
dau ra cho ta 1 Volt .

Dong 3: Ung véi dau vao A, hoat dong & mirc 1, lac d6 ddu vao Az A, A; Ayla 0010 dau
ra cho ta dién ap 2 volt.

Dong 5: Ung v6i dau vao A, hoat dong & murc 1, lic d6 dau vao Az A, A, Agla 0100 dau
ra cho ta dién ap 4 volt.

Dong 9: Ung voi dau vao A, hoat dong ¢ mire 1, lac d6 dau vao A; A, A; Agla 1000 dau
ra cho ta dién ap 8 volt .
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Nhu vay can ¢6 mot su can béng nao do gitra cac dau vao Az Ay A; Ay. Su can béng nay
la 8 cho Aj, 4 cho A,, 2 cho A;va 1 cho A,.
Tir d6 ta thdy mot DAC phai ¢ so d6 khdi nhu hinh 7.2.

Vao nhiphan |
Qy
Ra tuong tu
a, —
Bo khuéch
a, daqiténg -

DAC céu tao tir 3 phan chuc nang:
DAC s& phan chia dién ap nay theo cac sd
nhi phan & dau vao, dé co dién ap ra.
Lu6i duoc can bang vé tri s6 thé nao do cho thich hop véi cac dau vao
nhi phan 8421.

Pua timg dién ap ra theo bang chan 1y. Thong thuong bo khuéch
dai téng la mdt vi mach thuat toan. Ludi dién tré s€ lam thay ddi hé sd khuéch dai caa mach
khuéch dai tong, nho vay ta co dién ap ra tuong tng.

Nhu vay, dau vao DAC 14 nhimg chuyén mach tuong ty, duoc diéu khién béi cac sb nhi
phan ma ta mudn chuyén d6i sang twong tu, khi s nhi phan & muc 1 chuyén mach twong tng
doéng lai, & muc 0 thi mo ra. Cac chuyén mach nay s€ ndi cac dién tré twong g voi vi mach
lam thay ddi hé sb khuéch dai ctia vi mach va tao nén dong dién hoac dién &p & dau ra tuong
ng v6i ma sé dau vao.

Dic tuyén cia mot DAC 1y tudng voi ma nhi phan 3 bit dwge mé ta & hinh 7.3.

L& ra tuong tu da chudn hod

Sl 2o T
ol el
gs | L&iratuong tu :
a8 ly tuong |
3/8 |
2/8} |
1/8 :
O 1

OJOOO]O]OOH]OO]O]HO]HM_ o 3
0 1/8 2/83/8 4/8 5/8 6/8 7/8 MA SO VAO
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Pai lugng ra twong tu khong lién tuc ma roi rac, béng mot trong tdm gia tri co thé c6. Mdi
gia trj ing v6i mot trong 8 t6 hop ctia ma nhij phan 3 bit & dau vao.
Véi DAC 3 bit, dién ap ra tir 0 dén 10V (FS = 10V) dién ap ra cuc dai c6 thé c6 duoc 1a

A 17 5 X A [N r ’ 7. A . 5 A oL 2 A \ \ FS X
8,75V. B0 16n cua moi nac dién ap ra ing voi su chuyén dich cia mdt bit ¢ dau vao la o moi

10V

23

nat dién ap ra la =1,25V.

Tuy timg tng dung ta dung DAC véi s bit khac nhau. DAC c¢6 s bit cang 16n thi khoang
cach dién ap mdi nat cang nho, do phan giai cang cao. Ciing v4i FS = 10V DAC 8 bit s& c6 256
muc dién ap khac nhau, mdi nét dién ap la: 3,906 mV.

Pay 1a phuong phap don gian nhat dé xay duyng mot bd DAC. Mach DAC loai dién tro
trong lugng gém co6 mot nguén dién ap chuan, cac khoéa logic, cac dién tro voi tri s6 co ty 1€
nhu sau: R, R/2, R/4, R/8 ... R/ 2™, m6t vi mach tuyén tinh 1am nhiém vu khuéch dai téng.

Xét mot bo DAC 4 bit loai dién tré trong luong véi so dd nguyén ly nhu hinh 7.4

Vdo sé

——— R, = 150 kQ
A-?:I A Aw[ A-:-J, R, = 75 kQ
Ks /K [ Ky K R.=37.5kQ
R,= 18,75 k&
R. = 20 kQ
R,ﬂ R° l?'Z R]
s
+—
—— Ra tuong tu
U =3V | >;'—®_
1 =

Ui,: Bién ap chuan mdt chiéu rat 6n dinh.

Ry, Ry, R3, Ry: Ludi dién tré

IC: Bo khuéch dai téng, day 1a mgt vi mach thuat toan

Ry dién tré hoi tiép.

K, K;, K, K; Cac khoa logic, khi tiép nhan bit 0 khoa s€ md ra lam cho mach hé, khi tiép
nhan bit 1 khoa dong lai lam cho di¢n ap chuan U;, duoc nbi voi dién trd tuong img R, Ry, R;
hodc Ry Thong qua cac khoa ta cé thé thay ddi hé sb khuéch dai dién ap cua vi mach, nho vay
thay d6i dugc dién ap ra (U,). Dién ap U, nay chinh 14 tin hiéu twong ty trong Gng véi tin hiéu
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s6 & dau vao.
Tir so d6 nguyén 1y ta thiét 1ap bang trang thai cho DAC trén.
Tat ca khoa K déu tat. Bién ap vao bang 0 do d6 dién 4p ra bang 0.
Khoéa Ky nhan bit 1 nén dong lai, ta tinh dién 4p ra cua DAC :
Hé sb khuéch dai dién ap cua so dd :
R, 20000

K, =—t= = 0,133
R 150000

Tt cong thirc tinh dién ap ra cua DAC :
Up=UpxK,=3x0,133#04V
Khoéa K; nhan bit 1 nén dong lai. Tuong ty nhu trén, ta cd dién ap ra

tuong ung:
20000 566
75000
V. =3x0,266 = 0,8V
Khoa K, nhan bit 1 nén dong lai. Tuwong tu nhu trén, ta c6 di¢n ap ra

tuong ng:

K, =20000_ 533

37500

V,, =3x0,533=1,6V

2 khoéa K; va K, cung nhan bit 1 nén cuing dong. Trudong hgp nay ta phai
tinh dién tré vao tuong duong:

L=2sRe 550000
R, +R;
K - 20000,
25000

V., =3x0,8=2,4V

V61 phuong phép tinh tuong tu, ta c6 thé tinh duogc dién ap ra cho tat ca cac dong con lai.
Tir cac két qua nhan dugc & trén, ta viét bang trang thai cia DAC nay nhu bang 7.2

Dong Vao nhi phan Ra tuong tu
As Ay A A (V)
1 0 0 0 0 0
2 0 0 0 1 0,4
3 0 0 1 0 0,8
4 0 O 1 1 1,2
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5 o I 0 0 1,6
6 o 1 0 1 2,0
7 o 1 1 0 2.4
8 o 1 1 1 2.8
9 1 0 0 0 32
10 1 0 0 1 3,6
11 1 0 1 0 4,0
12 10 1 1 4.4
13 1 1 0 0 4.8
14 1 1 0 1 5,2
15 1 1 1 0 5,6
16 11 1 1 6,0

Ta ciing c6 thé dung phuong phép sau dé tinh dién ap ra cho mdi dong:
Tir so dd nguyén 1y ta thdy: Khi khoa K nao d6 duoc ndi véi dién ap ngudn chuin U, thi
s& cung cap cho vi mach tuyén tinh mot dong dién c6 cuong do:

- U}i;_Rf (a, 2" "' +a, ,2"*+a, 2" +..+a,2") (7.1)

ra

trong d6 Ay + A,y co6 gid tri 0 hodc 1

O dau vao tiép nhan mot thong tin s6 4 bit 1011 (s6 11), dudi tac dung cua cac bit
nhi phan nay khoa Ky, K, K5 dong lai, mot dong dién tong I, chdy qua vi mach tuyén tinh. Ta

duoc :

— in Uin Uch
Itg— R + 5 + 5
2 8

1 2 8 U.

I =U (—+—+—)=11.—2

tg m(R R R) R
A U.

Vay U, = [ [Ry= 11 R‘“ R,

Thur lai bang cong thire tong quat (7.1) ta co:

Uin Rf
R

U = Ui, %(23 +2'+2% =11

Ap dung cong thirc tong quat (7.1) ta dé dang viét duoc bang trang thai ctia cac DAC dién
tré trong luong. Loai DAC dién trd trong luong c6 thé mo rong cho cac thong tin s6 ¢ sb bit
cao hon.
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B6 DAC loai dién tré trong luong c6 vu diém 1a don gian, nhung c6 khuyét diém 1a do
chinh xac va tinh 6n dinh ctia két qua phy thudc nhiéu vao d6 chinh xac cua cac dién tro. Khi
sO bit thong tin s6 ting 1én thi tri s6 dién trd ciia ludi dién tro cling ting 1én, tri sb clia cac dién
tr& nay phai co ty 18 nhét dinh, tuan theo quy luat 8 4 2 1 cho 4 bit. Ché tao cac dién trd co ti 18
dung nhu trén rat kho khin va tén kém. Ngoai ra, dién ap ra con phu thudc vao ca do 6n dinh
cua di¢n &p vao.

Giai quyét cac khuyét diém caa DAC loai dién trd trong lwong, ngudi ta ché tao loai DAC
R - 2 R. Ludi dién trd cua loai nay khong doi hoi ty 1€ tri s6 cua cac dién tro, Cac dién tré cua
lu6i dién tro chi co 2 tri s6 1a R va 2R (vi du 10 kQ va 20 kQ) va duoc goi 1a ludi chia dién thé.
Do chinh xac cia DAC chi con phy thudce vao do 6n dinh dién ap cta ngudn dién vao. Khuyét
diém cua loai nay 1a sd luong dién tré nhiéu hon so véi DAC loai dién tré trong luong véi cing
s0 bit. Hinh 7.5 14 so d6 nguyén Iy mot DAC 5 bit loai R- 2R.

16 8 4 2 1

Digital in
‘/ ‘/ ‘/ / 20kQ 20k 0
10kC2
==
—"in
3v0C 10k
10kQ
Ri=81k 0
10kC2 P
0k G2 Rl Analog out (V)
. .
: N 1

Tir so d6 nguyén 1y ta thiy ddi voi DAC R — 2R, cac khoa K ludn 1udn ndi dat du thong
tin s6 c6 bit 1 hay 1a bit 0. Khi & bit 0 khoa K ndi dét that su, con khi & bit 1 khéa K ndi dat qua
dau vao cua bd khuéch dai tong. Nhu vay, dong dién qua cac dién tré ndi v6i khoa K ¢o gia tri
¢ dinh d6i véi mdi dién tro, khong phu thudc vao trang thai ctia cac khoa K. Ciing nhu DAC
dién tr¢ trong luong, DAC R — 2R st dung nhiéu khoa K, thong tin s6 ¢6 bao nhiéu bit ta phai
dung béy nhiéu khoa K. Khi nhan trang thai 1 khéa K d4u vao Uy, khi nhan trang thai 0 khoa K
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nbi dat. Ludi dién tro cia DAC R- 2R ¢6 thé v& theo mang dién tro hinh T. So d6 nguyén 1y
ctia DAC trén c6 thé v& lai nhu hinh 7.6

R'rZBkQ
OF Amp IC
10k €2 10k 02 10k 2 10EQ _ Analog out (W)
+ i
20kQ2 & 20K Q2 0k Wk Sonp0 20k —
R R = R - -
/n Digital in
[ ] » Y ™
_ —I1

Goi I, 1a dong dién téng chay qua vi mach khi cac khoa K twong tmg voi sd nhi phan dau
vao dong lai, Ta co: Uy, = [ Ry

Mot cach téng quat vai mot DAC R — 2R n bit (tir Ag cho dén A,.;) ta ¢ thé tinh theo
cong thure sau:

U,=U, ZI"{i{ (@""2"" +a" 72" + . +a"2%) (7.2)

Trong d6 Ag + A1 c6 gia tri 0 hoac 1

Thi du: O dau vao DAC tiép nhan sb nhi phan 5 bit 10101 (s6 21).
Ta c6 bit co trong lugng nho nhat 1a 1 nén chuyén mach 2% ndi voi Uy, va dong dién do nd
cung cap cho vi mach tuyén tinh:

2y=Ys 1 _U

n

T 16 2R 32R
1(22) = Ui, L = &
4 2R 8R
1(24):$'L:$
1 2R 2R
1 1 1
I, =12%) +I12H+12Y = U, (—+—+—

Ma Uy, =R 1,
1

A 1 1 21
Nén U, =U, R,(—+—+—)=U, R;(—)
32 8R 2R 32R
Nghiém lai bang cong thtc tong quat 7.2
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R 21
=U, —=—(2"'+2*+2°)=R,U,, (——
in 25R( ) f ~in (32R)

7.2.4.D¢ phan giai
Do phan gidi cia 1 DAC 1a mét dac trung quan trong, duogc do béng sb bit tin hiéu vao
hay do bang [ ctia budc nhay dau ra so v6i toan thang.
Thi du: DAC 4 bit thi budc nhay cuc tiéu ctia dién ap dau ra 1a 1/15 cua toan thang .
Ta c6 biéu thirc xac dinh do phan giai [ :
/ =
Dai véi DAC 4 bit ta ¢6

1)(100 vO1 n la so bit cua tin hi€u vao .

R % =57 x100=67%

Nghia la dbi véi mdi mQt gia tri nhi phan, dién ap ra cua DAC bién d6i 6,7% dién ap cuc
dai daura .
Tuong tu do phan giai cﬁa DAC 5 bit :

R %= x100=3.2%

Nhu vay so voi DAC 4 b1t, DAC 5 bit ¢6 dJ phan gidi cao hon. Mgt DAC con dugc danh
gia bang d6 chinh xac, do tuyén tinh va téc d6 hoat dong.

7.2.5: Vi mach chuyén doi sé - twong tu.

Pé thyuc hién viéc chuyén ddi s6 - tuong tu, ta co thé dung vi mach AD75421. Pay la vi
mach 12 bit CMOS loai R — 2R, né ¢6 so 6 chan nhu hinh 7.7

Hinh 7.7: So do chdn vi mach ADC AD7541
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7.3. BO BIEN POI TUONG TU - SO

Cac thong tin (dién ap, dong dién ...) thuong & dudi dang twong ty, mudn tién cho viéc xir
Iy ta phai bién d6i sang dang so, viéc bién doi nay thuc hién nho bo bién doi twong tu - s6 ADC
(Analog Digital Converter), nghia 1a mot dién ap lién tuc bat ky & dau vao sé& cho ta tin hiéu sd
tuong tng ¢ dau ra (Hinh 7.8)

Vao tuong tu A )
Fasd

Xung nhip

Xung nhip: Do mot may phat xung c6 tan sé khong doi tao ra, cic xung nay s& dua vio
cong G.

Léi vao twong fw: Noi nhan dién 4p tuong ty can bién d6i thanh sb.

Qua trinh bién ddi tin hiéu sb sang tuong ty dugc minh hoa boi dac tuyén truyén dat cua
mot DAC 3 bit nhu hinh 7.9. Tin hi¢u tuong tu U, duoc chuyén thanh mot tin hi€u c6 dang bac
thang déu. Vi dac tuyén truyén dat nhu vay, mot pham vi gia tri cua U, duoc biéu dién béng
mot gia tri dai dién b;?aJng sO thich hop. Céc gié tri dai dién bang sd 14 cac gia tri roi rac. V&i mot

© /

|
I Q
I

ADC N bit thi mdi nat trén hinh thang chiém mot gia tri:
U

Amax

Q:ULSB :F
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V61 Uamax 12 gid tri cuc dai cua dién ap tuong tu & dau vao bd chuyén doi.
Gia tri cia Upgg hodac Q goi 1a mire luong tir (mot nat cua hinh thang). Tin hi€u s6 nhan dugc ¢
dau ra la tin hi¢u ro1 rac, nén trong qua trinh chuyén doi s€ xuat hién mot sai sO goi la sai s

luong tur Aug,. AU, =%

B6 chuyén d6i twong tu - s6 ADC thuong c6 so dd nguyén 1y nhu sau (Hinh 7.10)

Clockpulsein ¢ CEUIEr Digital out

A

e - Me Te O

Campratar

Vs DAC -+
- 4B

- A
Analog in

Mot may phat xung c6 tan s6 khong doi, cung cip cac xung cho céng G. Cong nay chi mo
khi 16i ra bd so sanh dién ap 1a 1. S6 xung sau khi qua cong s& dugc dém bai bd dém co s6 2,
ngd ra ctia bo dém ciing 1a 16i ra cia ADC, ddy ciing chinh 1a tin hiéu s twong tmg véi tin hiéu
tuong tu can chuyén doi. S6 nhi phan & 16i ra cua bo dém con dugce dua vao bd bién dbi S6 -
Tuong tw DAC. Ldi ra cia DAC s& 13 mot dién ap hdi tiép ti 16 voi sd xung qua cong. Ching
nao ma dién ap héi tiép Uy con nho hon dién ap twong ty U, can bién ddi thi cong con mé cho
xung vao bd dém. Khi dién ap hoi tiép 16n hon hodc bang dién 4p twong tur can bién d6i thi 16i
ra ctia bo so sanh bang 0 va cong G dong lai khong cho xung nhip vao b dém. Do d6 s6 dém
ghi dugc & may dém 1a mot sb nhi phan biéu dién dién ap tuong tu & 16i vao.

Bang 7.3 cho ta bang trang thai cia mot ADC 4 bit

Dong | Vao tuong tu Ra nhi phan
(V) Ay A A A
1 0 0 0 O 0
2 0,2 0 0 O 1
3 0,4 0 O 1 0
4 0,6 0 O 1 1
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5 0,8 0o I 0 0
6 1,0 o 1 0 1
7 1,2 o 1 1 0
8 1,4 o 1 1 1
9 1,6 1 0 0 0
10 1.8 1 0 0 1
11 2,0 1 0 1 0
12 2.2 10 1 1
13 2.4 1 1 0 0
14 2,6 1 1 0 1
15 2.8 11 1 0
16 3,0 11 11

Dé biét duoc hoat dong cua ADC trén, ta gia thiét dua vao dau vao bién doi mot dién ap
0,75 Volt. Theo bang chan 1y dau ra sé& 1a 0100.

Gia st bang trang thai cia DAC ¢6 trong cau tric cia ADC nhu bang 7.4, ta phan tich cac
chu ky xay ra trong ADC dang khao sat. Cac chu ky nay thyc té xay ra rat nhanh (Bang 7.5).

Dong Vao nhi phan Ra tuong ty
Az Ay A A V)
8 4 2 1
1 0 0 0 0 0
2 0 0 0 1 0,2
3 0 0 1 0 0,4
4 0 0 1 1 0,6
5 0 1 0 0 0,8
6 0 1 0 1 1,0
7 0 1 1 0 1,2
8 0 1 1 1 1,4
9 1 0 0 0 1,6
10 1 0 0 1 1,8
11 1 0 1 0 2,0
12 1 0 1 1 2,2
13 1 1 0 0 2,4
14 1 1 0 1 2,6
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15 1 1 1 0 2,8
16 1 1 1 1 3,0
Chu ky bPon vi Trang thai hién tai ctia cac dau vao Két qua & dau ra
B0 so sanh A=0,75V,B=0V
A>B C=1
Cong Va E=I,C=1 F =1 cong VA mé
1 B dém Nhan xung nhip thi nhat Dém xung nhip thr nhit
B6 hién sd Pau ra A hoat dong Hién thi 0001
ADC Nhan s6 nhi phan 0001 Dién 4p ra: 0,2V
B0 so sanh A=0,75V,B=0,2V
A>B C=1
Cong VA E=1,C=1 F =1 cong VA mo
2 Bo dém Nhan xung nhip thtr hai Pém xung nhip thir hai
B6 hién sb Pau B hoat dong Hién thi 0010
DAC 0010 Di¢n &p ra: 0,4V
B0 so sanh A=0,75V,C=04V
A>B C=1
Cong VA E=1,B=1 F =1 cong VA mo
B dém Nhéan xung nhip thir ba DPém xung nhip th ba
3 B0 hién s6 Pau A va B hoat dong Hién thi 0011
DAC Nhan sé nhi phan 0011 Dién ap ra: 0,6V
B0 so sanh A=0,75V,C=0,6V
A>B C=1
4 Cong VA E=1,B=1 F =1 cong VA mo
Bo dém Nhéan xung nhip thir tu Dém xung nhip thir tur
B hién sb Pau C hoat dong Hién thi 0100
DAC Nhan s6 nhi phan 0100 Dién 4p ra: 0,8V
B0 so sanh A=0,75V,B=0,8V
A<B C=0
Cong VA E E=1,C=0 F =0 cong VA dong lai
5 B6 dém Khoéng nhan dugc xung nhip B6 dém dung dém
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B6 hién sb Pau C van hoat dong Van hién thi 0100
DAC Van nhan sb nhi phan 0100 bién &pra: 0,8V

O chu ky 1, by so sanh c6 A =0,75V ,B =0V, dau ra cta bo so sanh & muc 1, theo tinh
chat cua cong VA, ta c6 16i ra cia ndé ¢ mirc 1 (ca 2 16i vao déu bang 1). Cong VA cho xung
dém thtr nhat di vao bo dém. B6 dém ting 1én 1 (dém dén 0001). B chi thi sé hién s6 0001. Bo
bién doi s twong tu (DAC) nhan s6 0001 & dau vao cho mot dién ap twong tng 0,2 Volt & 16i
ra (xem bang 7.5). Dién ap nay 1a dién ap hoi tiép duoc dua vé dau vao B cia bo so sanh.

Cac chu ky tiép theo cling twong tu nhu vay, cho dén chu ky thir 4 thi dién ap hoi tiép 1ay
ra tir bo bién ddi DAC 14 0,8 V. Chu ky thir 5 nhu sau: B§ so sanh c6 dau A = 0,75 V va dau B
=0,8 V. Vay A < B nén 15i ra ctia bo so sanh C= 0. Cong VA c¢6 mot 16i vao nhian mic thap,
daura ¢ muc 0, céng VA dong lai, bo dém nhj phan khong nhan duogc xung dém, no dung dém
6 0100. Nhu vay khi cho ADC nhan mot dién &p twong tu 0,75 V & 161 vao, ta s& nhan duoc sd
nhi phan 0100 ¢ 16i ra.

B6 bién d6i ADC trén 1a 4 bit, ciing nhu DAC ta ciing c6 ADC c¢6 do phan giai 1a 8 bit va
12 bit duoc dung rat phd bién.
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	a/ Khối logic tổ hợp: Có nhiệm vụ điều khiển việc thu nhận và đưa ra các thông tin vào ra, cũng như điều hành mọi hoạt động của các Trigger. 
	b/Khối các Trigger: Đóng vai trò các bộ nhớ của hệ, chúng có nhiệm vụ nhớ các thông tin trung gian. Như vậy, tổ hợp các trạng thái của của các Trigger ở một thời điểm nào đó chính là trạng thái của hệ. Khi số Trigger của hệ tăng lên thì số trạng thái của hệ cũng tăng theo. Từ các Trigger ta cũng có thể lấy các thông tin ra. 
	Đối với việc thiết kế các hệ logic tuần tự, cần phải chú ý vòng hồi tiếp giữa phần hệ tổ hợp điều khiển và các Trigger, hoặc giữa các Trigger với nhau. 
	Việc đưa một xung nhịp có độ ổn định cao vào để đồng bộ các Trigger có ý nghĩa rất lớn, nó hình thành hai loại kết cấu thuộc hệ logic tuần tự là đồng bộ và không đồng bộ. 
	Tóm lại, các hệ logic tuần tự sử dụng chủ yếu các Triger, chúng đều là các mạch logic kế tiếp, Trong các hệ logic tuần tự có hai hệ thống thông dụng nhất là các bộ đếm và mạch ghi.  





