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TUYEN BO BAN QUYEN

Tai liéu nay thudc loai sach gido trinh nén cic ngudn thong tin co thé dugc
phép dung nguyén ban hoic trich dung cho cac muc dich vé dao tao va tham khao.

Moi muc dich khac mang tinh Iéch lac hodc st dung v6i muc dich kinh
doanh thiéu lanh manh s& bi nghiém cam.
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LOI GIOI THIEU

Trong nhitng ndm gan day cong nghé vi dién tir phat trién rat manh mé. Su ra
doi cua cac vi mach cd 16n, cuc 16n voi gid thanh gidm nhanh, kha néng 1ap trinh
ngdy cang cao di mang lai nhiing thay d6i sdu sic trong nganh k¥ thuat dién tu.
Ngay nay, trong k¥ thuat k¥ thuat vo tuyén dién c6 rat nhiéu thiét bi céng tac trong
mot ché d6 dic biét 1a ché do xung. Cac thiét bi xung duoc tng dung rong rai trong
nhiéu linh vuc khoa hoc k¥ thuat hién dai nhu: thong tin, diéu khién, ra da, vo
tuyén truyén hinh, dién tr ing dung, diéu khién tu dong hoa trong cong nghiép ... O
nhitg muc do khac nhau chiung da va dang thim nhap vao tat ca cac thiét bi dién
tir thong dung va chuyén dung.

Gido trinh K¥ thuat xung - sé dugc bién soan nham dap ing nhu cau tiép can
ky thuat hién dai va dugc bién soan theo chuong trinh khung cua B lao dong
thuong binh x3 hoi. Gido trinh dugc lam tai liéu giang day cho nghé dién cong
nghiép & cap trinh d6 Trung cip nghé. Gido trinh cling c6 thé 1am tai liéu tham
khao cho cac k¥ thuat vién, cong nhan nganh dién cong nghiép. Nham trang bi cho
ban doc nén kién thirc t6t nhat dé tiép cin nhanh chong véi cac thiét bi xung sd,
bang nhiing kinh nghiém tac gia dac két dugc tir thyuc tién trén cic may cong nghé
diéu khién s hién dai va tir thuc té giang day ciing nhu tham khao mot sb tai liéu
dang tin cdy trong nudc va tai liéu du an, tac gia da bién soan ra quyén gido trinh
nay.

Qua trinh bién soan gido trinh, khong thé tranh khoi nhimg thiéu sot. Rat
mong su dong gop cua cac doc gia gan xa.

Ha ndi, ngay...... thang.....nam 2013
Tham gia bién soan
1. Nguyén Thi Huong
2. Mai Xuan Minh
3. Pham Thu Huong
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MO PUN: KY THUAT XUNG - SO

Ma mo6 dun: MD 14

Vi tri, tich chit, y nghia va vai tro mé dun:

- Mo6n dun nay hoc sau cac moén hoc, mé dun co so va song song véi mon hoc, mo
dun Piéu khién dién khi nén; My dién 1,2; Cung cip dién;Bao vé ro le. Trang bi
dién 2

- La mon dun chuyén mon nghé.

Muc tiéu ctiia mé dun:

- Phat biéu dugc cac khai niém co ban vé xung dién, cac thong s6 co ban cua xung
dién, y nghia cia xung dién trong k¥ thuat dién tu.

- Trinh bay duogc cAu tao cac mach dao dong tao xung va mach xir l1i dang xung.

- Phat biéu duogc khai niém vé k§ thuat sb, cac cong logic co ban. Ki hiéu, nguyén li
hoat dong, bang sy that cua cac céng logic.

- Trinh bay duogc cAu tao, nguyén 1y cac mach $6 thong dung nhu: Mach dém, mach
dong ngét, mach chuyén ddi, mach ghi dich, mach diéu khién.

- Lép rap, kiém tra duoc cac mach tao xung va xu li dang xung.

- Lép rap, kiém tra dugc cac mach sd co ban trén panel va trong thuc té.

- Rén luyén cho hoc sinh thai d6 nghiém tuc, ti mi, chinh xac trong hoc tap va trong
thuc hién cong viéc.

Noi dung ctia mo6 dun:

Thoi gian (gi0)
'?'(')I' Tén cac bai trong mé dun "ng ne ;iy & ]ngffa;anh E;im
I Ky thuat Xung 15
1 | Céc khai niém co ban 5 4 1
- Pinh nghia xung dién, tham s6 va day 1
Xung
- Tac dung cua R,C ddi véi cac xung co 1
ban
- Tac dung cua R,L,C ddi v6i cacxung co 2 1
ban
2 | Mach dao dong da hai 7 5 2
- Mach da hai khong on 1




- Mach da hai don 6n
- Mach da hai ludng 6n
- Mach Schmitt — trigger

Mach han ché bién do va ghim
- Mach han ché bién do
- Mach ghim ap

R R NN R e

e

K¥ thuat sd

75

Pai cuong

- Tong quan vé mach twong ty va mach sb
- Hé thong sb va ma sd

- Cac cong logic co ban

- Biéu thirc logic va mach dién

- Pai s6 Bool va dinh Demorgan

- Pon gian biéu thic logic bang phuong
phap dai sb

- Thiét ké mach logic

- Gi6i thiéu IC

15
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FLIP — FLOP

- FLIP - FLOP RS

- FLIP - FLOP J-K

-FLIP-FLOP T

- FLIP - FLOP D

- FLIP - FLOP v6i1 ngd vao Preset va Clear

Mach logic MSI

Mach ma héa

Mach gia ma (Decoder)
Mach ghép kénh

14

Mach tach kénh
Mo rong s6 ngd vao - ngd ra cho mach to
hop

e e e )

P RPN PP 0

Tao - Kiém Parity
Phép toan logic

Mach dém va thanh ghi

Mach dém

Thanh ghi

Gidi thiéu IC Pém va thanh ghi

16

Ho vi mach TTL — CMOS

11

ANNPFP PP B

O W DN
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- C4u truc va thong s6 co ban ciia TTL 1 1
- Cau trac va thong sb co ban cia CMOS 1 2
- Giao tiép TTL — CMOS 1 1
- Giao tiép gilta mach logic va tai cong 1 2
sut

6 | Bonhé 5 3 2
- ROM (ReadOnly Memory) 1 1
- RAM (Random Access Memory) 1 1
- M¢é rong dung luong bd nhé 1

7 | K§ thuat ADC — DAC 7 4 3
- Mach chuyén doi s6 - tuong ty (DAC) 2 1
- Mach chuyén doi tuong tu - s6 (ADC) 2 2

Cong 90 45 42 3

* Ghi chl: Thoi gian kiém tra dwoc tich hop giita 1y thuyét véi thuce hanh va dwoc
tinh vao gio thuc hanh.
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Phan 1: K§ thuit xung
BAI 1: CAC KHAI NIEM CO BAN
Ma bai: Mb 14-01
Gidi thiéu:

Trong ky thuat xung dién dong vai tro quan trong, doi khi nguyén nhan hé
thong diéu khién dién tir-s6 khong hoat dong khi lap rap hodc hu hong khi thiét bi
dang van hanh khong phai do qua tai, qua 4p ma do ngay cac xung diéu khién
khong dat cac thong sb k¥ thuat.

Bai nay gidi thi¢u vé cac khai niém, cac dic trung, dai lugng, cac anh hudéng
cua cac xung trong cac mach dién ttr-s6. Hoc vién can hiéu 1o va van dung cac kién
thirc co ban cia xung vao cac mach dién tir -sd trong cong nghiép duoc diéu khién
bang cac xung dién.

Muc tiéu:

- Trinh bay duoc cac khai niém vé xung dién, ddy xung

- Giai thich dugc su tac dong cua céc linh kién thy dong dén dang xung
- Rén luyén tac phong lam viéc nghiém tac ti mi, can than, chinh xac
Noi dung chinh:

1. Pinh nghia xung dién, cac tham sb va diy xung

Muc tiéu:

- Trinh bay dugc cac khai niém vé tin hiéu, xung dién, day xung va néu dugc cac
tham s6 dic trung.

1.1. Dinh nghia

1.1.1 Pinh nghia tin hi¢u

Tin hiéu 1a su bién d6i cta cac dai luong dién (dong dién hay dién ap) theo
tho1 gian, chira dung moét thong tin nao do.

Tin hi€u dugc chia lam 2 loai: tin hi€u lién tuc (tin hi€u tuyén tinh) va tin hiéu
gian doan (tin hiéu xung). Trong d6 tin hiéu hinh sin dugc xem 1a tin hiéu tiéu biéu
cho loai tin hiéu lién tuc ,c6 dudng biéu dién nhu hinh 1-1. Nguoc lai tin hiéu hinh
vudng duoc xem 1a tin hiéu tiéu biéu cho loai tin hiéu khong lién tuc nhu hinh 1-2

ANEVAN
4

Hinh 24-01-1: Tin hiéu hinh sin Hinh 24-01-2: Tin hi€u hinh vuong



1.1.2 Pinh nghia xung di¢n

Xung dién 1a tin hiéu dién co gia tri bién ddi gian doan trong mot khoang thoi
gian rat ngin co thé so sanh v6i qua trinh qua d6 cua mach dién.

Xung dién trong k¥ thuat duoc chia 1am 2 loai: loai xung xuét hién ngau nhién
trong  mach dién, ngoai mong mudn, duoc goi 13 xung nhiéu, xung nhiu thudng
c6 hinh dang bat ky (Hinh 24-01-3).

! . /\f/} (ut /\\/L
m\/"\/\" :t T > t

Hinh 24-01-3: Cac dang xung nhiéu
Cac dang xung tao ra tu cac mach dién dugc thiét ké thuong c6 mot $6 dang
co ban:

(u

(ut) (ut) (ut (u,t)

N e s 6 e :

t t

—

Hinh 24-01-4: Cac dang xung co ban cua cac mach dién duoc thiét ké
Diy xung vudng xuat hién trén man hinh ctia may hién song khi diéu chinh toc do
quét cham., chung ta thay chi c6 nhitng duong vach ngang. Khi diéu chinh téc do
quét nhanh, trén man hinh ctia may hién séng xuat hién rd dudng vach tao nén hinh
dang xung voi cac dudng doc 1én va doc xudng.
- Canh xuét hién trudc xung dugc goi la swon trudc ciua xung.
- Canh nam trén dinh co gia tri cuc dai goi la dinh xung.
- Canh xuét hién sau cua xung dé tro vé trang thai ban dau duogc goi la swon sau cua
xung.
- Canh ndi khéang céch tir suon trude va sudn sau ¢ truc toa do cua xung goi la day
xung.
1.2 Céc tham sd co ban cua xung dién va diy xung
1.2.1. Céc tham s6 co ban cila xung dién

Dang xung vudng ly tuong dugc trinh bay trén Hinh 24-01-5.
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Hinh 24-01-5: Cac thong s6 co ban clia xung

a. Do rong xung 13 thoi gian xudt hién cua xung trén mach dién, thoi gian nay
thudng duoc goi 1a thoi gian mé te,. Thoi gian khong ¢ su xuat hién cta xung goi
1a thoi gian nghi t o.
b. Chu ky xung 13 khoang thoi gian gita 2 1an xuat hién cua 2 xung lién tiép, dugc
tinh theo cong thuc:

. T:ton +toff (l-l)
Tan s6 xung dugc tinh theo cong thurc:
1
== 1.2
: 12)

c. Do rong va hé s6 day cua xung:
- Po rdng clia xung 14 ty sd gitta chu ky va do rong xung, dugc tinh theo cong thirc:
T
= — 1.3
Q= (1.3)
-Hé s6 dﬁy cua xung la nghich ddo cua do r5ng, duogc tinh theo cong thurc:
T

n=-=2o 1.4
: (L4)

Trong thuc té, nguoi ta it quan tim dén tham sd ndy, ngudi ta chi quan tim
trong khi thiét ké cac bo nguon ki€u xung, dé ddm bao dién ap mdt chiéu duogc tao
ra sau mach chinh luu, mach loc va mach diéu chinh sao cho mach dién cap du
dong, du cong suat, cung cap cho tai.

d. b6 rong suon trudce, do rong sudn sau:

Trong thuc té, cac xung vudng, xung chir nhat khong ¢ ciu tric mot cach li
tudng. Khi cac dai lugng dién tang hay giam dé tao mdt xung, thuong co6 thoi gian
tang truong (thoi gian qua do)nhat 1a cac mach co tong trd vao ra nho hoac co
thanh phan dién khang nén 2 suon trudc va sau khong thang dimg mot cach 1i
tuong.

Do d6 thoi gian xung dugc tinh theo cong thirc:

ton =t +ta+ L (15)

Trong do:

ton: PO rong xung

t; : PO rong suon trudce

10
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ts : DY rong dinh xung
ts . PO rong suon sau

Ul A Pinh

xung
Suon

trudc Suon
sau

/

—
t

tt td s
Hinh 24-01-6: Cach goi tén cac canh xung.

Do rong sudn trude t; duge tinh tir thoi diém dién 4p xung ting 1én tir 10%
dén 90% tri sb bién d6 xung va do rong sudn sau t, dugc tinh tir thoi diém dién ap
xung giam tir 90% dén 10% tri s6 bién d6 xung. Trong khi xét trang thal ngung dan
hay bdo hoa cua cac mach dién diéu khién

Vi dy, xung nhip diéu khién mach logic c6 mirc cao H twong tng véi dién ap
+5V. Sudn trude xung nhip duoc tinh tir khi xung nhip ting tr +0,5V 1én dén
+4,5V va suodn sau xung nhip dugc tinh tr khi xung nhip gidm tor mac dién ap
+4,5V xubng dén +0,5V. 10% gia tri dién 4p & day va dinh xung dugc dung cho
viéc chuyén ché do phan cuc cua mach dién. Do do ddi v&i cac mach tao xung
ngudn cung cip cho mach doi hoi dd chinh xac va tinh 6n dinh rat cao.

e. Bién do xung va cyc tinh cua xung

Bién do xung 1a gia tri 16n nhat cua xung voi mic thém 0V (U, Iy (Hinh
24-01-7)

Hinh dudi ddy mo ta dang xung khi tang thoi gian quét cua may hién song.
Luc d6 ta chi thiy cac vach ndm song song (Hinh 24-01-7b) va khong thdy dugc
cac vach hinh thanh cac suon trude va suon sau xung nhip. Khi gidm thoi gian quét
ta co thé thdy rd dang xung v&i sudn trude va sudn sau xung (Hinh 24-01-7¢)

11
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Hinh 24-01-7: Xung vudng trén man hinh may hién song
a)Xung vuong ly tuong
b) Cac vach trén may hién soéng ¢) Dan rong vach trén may hién song
A U, I

A A
Wrr

Hinh 24-01-8: Gia tri dinh xung

Cuyc tinh ciia xung 1a gia tri cia xung so v&i dién ap thém phan cuc cua
xung.Hinh 24-01-8:

Ul 4 Ul

1N .. 0T

xung duong Xung am

Hinh 24-01-9: Cac dang xung duong va xung am
Trong thuc té xung dién 14 nén tang cua k¥ thuat diéu khién. Vi du Mach dong
mo cira ty dong: Khi c6 nguoi di vao hodc ra qua hé thdng cam bién nhan dang tao
ra mot xung tac dong vao mach diéu khién dong mach ro le diéu khién dong co mé
cua.
1.2.2. Chudi xung

12
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Trong k¥ thuat, dé diéu khién, mach dién thuong khong ding mot xung
deé diéu khién, ma dung nhi€u xung trong m{t khoang thoi gian nhat dinh, goi l1a
chudi xung hay mot diy xung. (Hinh 24-01-10)
Trong mot chudi xung, cac xung c6 hinh dang giéng nhau va bién d6 bang nhau.

Néu chudi xung duoc tao ra lién tuc trong qua trinh lam viéc thi goi 13 chudi
xung lién tuc.

Néu chudi xung dugc tao ra trong ting khoang thoi gian nhit dinh goi 1a
chudi xung gian doan. P61 véi chudi xung gian doan, ngoai cac thong s6 co ban
ctia xung con c6 thém cac thong sb:

- S6 luong xung trong chudi,

- Po rong chudi xung,

- Tan s6 chuodi xung.
u, U,

10nnon.,  loon 0o,

t
a) b)

Hinh 24-01-10: Chudi xung lién tuc (a) va chudi xung gian doan (b)
2. Tac dung cua R, C ddi vé6i cac xung co ban
Muc tieu:
- Giai thich duogc su tac dff)ng ctia cc linh kién thy dong dén dang xung
2.1. Tac dung ctua R, C doi véi cac xung co ban
2.1.1. Mach tich phan:
La mach ma tin hi¢u ngo ra tich phan theo thoi gian cua dién ap tin hiéu ngd vao.
Vo(t) = K[Vi(t)dt
Vo: dién ap ngo ra
Vi: dién ap ngd vao
K:he¢sdtile K<1.

13



Hinh 24-01-11: So dd mach dién
a. Déi voi xung vudng

Néu goi © = R.C 13 hang s6 thoi gian nap, xa tu thi. C6 3 trudng hop xiy ra

nhu sau: t << T.: 1 hang s thoi gian nap 16n hon rét nhiéu so véi chu ky T ; © =
%: la hang s6 thoi gian nap bang 1/5chu ky T, ; t >>T,: la hang s6 thoi gian nap

nho hon rat nhiéu so véi chu ky T,
Khi t << T, thoi gian ty, nap xa rat nhanh nén dang séng ngd ra gan giéng

. T . e o s A, \ .
Khi t = EI suon trude cua xung rang la thoi gian nap di¢n cua tu, suon sau la

thoi gian tu x4 dién qua R vé ngudn tin hiéu. Qua trinh nap xa theo ham s mil nén
suon trude va sudn sau ¢ dang cong. Pién 4p tin hiéu ngd ra thap hon dién ap tin
hi¢u ngo vao.

Khi t >>T, thoi gian nap vao va xa ra ciia tu rat cham nén bién do xung ra Vo
rat thap duong cong nap xa di€n gan nhu tuyén tinh (duong thang). (Hinh 24-01-

11)
A Vl

[ [][]
:T

v
—

h4

* Vo

v
—

Vo 4

v
—

Vo

v
—

Khit>>T
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Hinh 24-01-12: Cac dang xung vdi cac tri s6 T khac nhau ctia mach tich phan

Nhu vay: Néu chon R, C thich hop thi Mach tinh phan c¢6 thé tao ra xung ring
cua tir xung vuong. Truong hop tin hiéu ngd vao 1a mdt chudi xung hinh chit nhat
voi thot gian To, > Togr . khi cho tu nap dién va xa dién chua hét thi lai duoc nap
dién 1am cho dién ap trén tu ting dan.
b. Di voi xung nhon

Nguoi ta co thé xem xung nhon nhu xung chir nhat khi ¢6 cuc tinh hep, va do
d6, khi qua mach tich phan, thi bién d6 xung giam xudng rat thip va duong cong xa
dién gén nhu khong dang ké, nén trong ky thuat, mach dién nay dugc dung dé loai
b6 xung nhidu & ngudn. Hinh 1.12

It A

Hinh 24-01-13: Dang xung dau ra ciia mach
2.1.2. Mach vi phan
La mach c6 dién ap ngd ra V(t) ty 1€ vdi vi phan ctua dién ap ngd vao Vi(t)
theo thot gian
du; ()

Uo(t) =k “a

K¥ thuat mach vi phan c6 tac dung thu hep do rong xung, tao cac xung nhon
dé kich mé cac linh kién diéu khién nhu SCR, Triac, JGBT,...
Mach dién mé ta mach dién va dang xung:

Vi

Vo

VO A

15 > t
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a) b)
Hinh 24-01-14: a) So d6 nguyén 1y mach vi phan b) Céac dang xung V; va V,
a. Bi v6i xung vudng: voi chu ky T; hing sb thoi gian t = R.C ¢6 3 trudng
hop x4y ra:
T << T; tu s& nap va xa dién rat nhanh cho ra 2 xung nguoc diu c6 do rong,
hep goi la xung nhon.

T= % tu nap dién theo ham s6 mil (duong dinh cong) qua dién tré R khi dién

ap ngd vao bang OV tu xa dién am qua tré R tao ra xung nguoc dau co bién do
giam dan.

T >>T;: Tu C dong vai tro nhu 1 tu lién lac tin hi¢u trong d6 R lam tai cua tin
hiéu nén dinh xung & phan sau c6 gidm mot it va cho ra 2 xung c6 cuc tinh trai dau
nhau.

b. P6i voi xung nhon: do thodi gian © >>T; nén mach dong vai tro nhu mot
mach lién lac tin hiéu. C6 tin hi€u ngd ra V, thap hon V.

2.2. Tac dung ciia mach R-L d6i véi cac xung co ban
2.2.1. Mach tich phan:
Tuong tu nhu mach tich phan dung RC ta c6 dién &p ra V, ti 1€ vai tich
phan di¢n ap ngd vao V;
Ui(t) = KIVi(t)dt

Hinh 24-01-15: So d6 mach tich phan ding RL

16
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_R ’ _
=T Ta co V(i) =

—| o

2.2.2. Mach vi phén:

Vo(t) = KU S g

Hinh 24-01-16: So d6 mach vi phan dung RL

Tac dung ctia mach d6i véi cac dang xung giéng nhu mach RC
2.3. Tac dung ciia mach R-L-C d6i véi cac xung co bén

Trong thuc té, mach dién khong dung mach mic theo RLC trong cac mach xur
ly dang xung, thudng sau khi dd xtr 1y xong thi mach RLC thudng dung dé loc tin
hi¢u hodc xur Iy bu pha dong dién, do dong dién hay dién ap qua L, C déu bi léch
pha mot goc 90° nhung ngugc nhau, nén cting mét luc qua L va C s& dan dén ching
1€ch nhau mot goc 180° . Nén d@ sinh ra hién tuong cong hudng, tu phat sinh dao
dong. Hinh 24-01-17

Ur

ol L,
L TP

Hinh 24-01-17: Mach R-L-C

Khi tdc dong vao mach mdt dot bién dong di¢n, trong mach s& phat sinh dao
dong c6 bién d6 suy giam va dao dong quanh trj sé khong d6i Ir. Nguyén nhan cua
sy suy giam la do do dién tré song song vé1 mach dién R va r 1am ré nhanh dong
dién ngd ra. Néu tan sb cta cong hudng riéng ciia mach tring véi tan sb cta xung
ngd vao 1am cho mach cong hudng, bién do ngd ra ting cao. Néu ngd vao 1a chudi
xung thi:

- Néu thoi gian lap lai cia xung ngan hon chu ky cong huong bién do ngd ra
s& tang dan theo thoi gian dé gdy qué ap ¢ ngd vao cla tang ké tiép.
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- Néu thoi gian lap lai ciia xung bang véi chu ky cong hudng thi bién do tin
hiéu ngd ra gan bang véi tin hiéu ngd vao, co dang hinh sin va thém dién ap 1a hin
sin tit dan, khong c¢6 191 cho cac mach xung $6. Trong thyc té mach nay dugc dung
dé loc nhidu xung c6 bién dd cao va tan sd 16n véi dién 4p ngd vao ¢ dang hinh
sin.

- Néu thoi gian lip lai cua xung dai hon chu ky cong hudng thi dang song ngd
ra c6 dang nhu hinh 24-01-17.
CAU HOI ON TAP
1.1. Trinh bay dinh nghia xung dién va cac tham sb dic trung?
1.2. Hay néu tac dung ctia R,C ddi véi cac xung co ban ?
1.3. Hay néu tac dung ctia R,L,C ddi véi cacxung co ban ?

18
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BAI 2 : MACH DAO PONG PA HAI
Ma bai : Mb 14-02

Gidi thi¢u

Xung vudng 1a mot trong nhiing xung co ban cua ky thuat diéu khién. Do do,
nhan biét dugc dang xung va cac théng sd co ban cia nd la mot trong nhitng ndi
dung quan trong, trong d6 mach dao dong da hai 1a mdt trong nhitng mach co ban
tao ra loai xung nay.
Muc tiéu
- Trinh bay duoc cAu tao, dic diém, ung dung ctia cac mach dao dong da hai
- Phan tich dugc nguyén 1y hoat dong cac mach dao dong da hai
- Rén luyén tac phong lam viéc nghiém tuc ti mi, can than, chinh xac
Noi dung chinh:
1. Mach dao dong da hai don on

- Trinh bay cdu tao, nguyén 1y hoat dong mach dao dong don 6n.

- Kiém tra va lap rap duoc cac mach dao dong.
1.1. Mach dao dong da hai dung IC 555

IC 555 trong thuc té con goi la IC dinh thoi. Ho IC dugc tng dung rat rong
rdi, nhit 1a trong linh vuc diéu khién, vi nd c6 thé thuc hién nhiéu chuc nang nhu
dinh thoi, tao xung chuan, tao tin hiéu kich thich diéu khién cac linh kién ban dan
cong suat.
1.1.1 Cu tao cua IC 555
- IC 555 v6 plastic c6 ciu tao cac chan nhu trinh bay trén Hinh 24-02-1.

205

T4Gnd Vecc -&
24Trg Dis —7
510ut Thr[~6
47 IRst Ctl[™H

Hinh 24-02-1: So d5 chan IC 555
Ho IC 555 duoc ky hiéu duéi nhiéu dang ky hiéu khac nhau: MN555, LMS555,
uC555, NE555, HA17555, nA555...
Churc nang cua céac chan IC 555 dugc néu trong bang dudi day:
Bang 2.1: Chan IC 555 va cac chue nang cua cac chan

THU TU TEN CHAN CHUC NANG CAC
CHAN CHAN
1 GND Chan nbi dat hay nguoén am

19
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2 TRIGGER INPUT Ngd vao cua xung
3 TRIGGER OUTPUT NQgd ra cuia xung

4 | RESET Phuc hdi

5 | CONTROL VOLTAGE Dién 4p diéu khién
6 | THRESHOLD Ngudng

7 | DISCHARGE X4 dién

8 +Vce Ngudn cung cip

Sor do mach dién ciia mach dao dong da hai dung IC 555:

+V
o

555

I>A)[I\)—‘

Gnd Vcg
Trg Dis

Out Thr
Rst Ctl

o

l

|

ngo ra

1

.||_.

Hinh 24-01-2a: So d4 mach dién co ban

+Veo
3
Duong :
R, § phong dicr} Nguong < 5K
/ / + RS flip-flop
/ 0.01uF Ssanh | v
‘ —L 5 | Dienap 5 RQ
dieu khienz 5K
3l |
2 ; > .
w Trigo So banh .2
v I 2 5
C T 55
Dunngi[ Phong die Tranzito
nap

GND

Hinh 24-02-2b: So d6 mach dién dao dong da hai co ban dung IC 555

Chéan 2 duogc ndi voi chan 6 dé cho chan ngd vao va chan gilt mirc thém (mirc

nguong) cé chung dién ap phan cyec.
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Chan 5 duge ndi véi tu C, xuéng GND dé loc nhiéu tan s cao. Vi vay, tu nay
thuong co tri s6 khong 16n 1am, dugc chon vao khoang tir 1 dén 0,001 pF.

Chéan 4 n6i nguon Vce vi khong dung chirc nang Reset

Chan 7 1a chan xa dién, nén duoc ndi gitra 2 dién tro R; va R, lam duong nap
va xa dién cho tu C;.
1.1.2 Nguyén li hoat dong ctia mach

Khi duoc cép nguén Vee, tu C; duge nap dién qua Ry, R, voi héng s6 thoi
gian nap:

tn =0,69 (R, + Ry)C, (2.6)

Déng tho1 Ry, R, 1am nhiém vu phan cuc bén trong IC, luc nay mach s€ tu dao
dong.

Hang s thoi gian x4 1a:

tp = 0,69R,C; (2.7)
Dién 4p ngd ra ¢ chan 3 c6 dang hinh vudng véi chu ky la:
T=0,69 (R; + 2R,)C, (2.8)

Do thoi gian nap vao va thoi gian xa ra khong bang nhau (tnap > txd) nén tan
sO cua tin hi¢u xung la:

1 1 (2.9)
T ~ 069(R,+2R,)C,

Dang xung ngo ra ¢ chan 3 c6 dang:
A
Vce

>t

Hinh 24-02-3: Dang song ra
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q
% R1
555

Gnd Vcc|
—%Trg Dis
Z[Out Thr

Rst Ctl

l |
&%) R%*D

ngo ra 4
1t +

n 1

L

D¢y o

Hinh 24-02-4: So d6 mach dién dao dong da hai dung IC 555

Trong thuc té, dé co dang xung vudng ddi xung, co thé thuc hién mot sd
phuong phap sau:

Phwong phdp 1: chon tri s6 Ry << R, lic nay sai so giita thoi gian nap va thoi
gian xa xem nhu khong dang ké.

Phurong phdp 2: Chon R; ~ R, sau d6 mac song song mot diét D phéan cuc
thuan nap cho tu khong qua R,, con khi x4 dién, diét D bi phan cuc ngugc nén van
xa dién qua Ro.

Tuy nhién, trong thuc té, dibét co ndi tré, nén thoi gian nap qua R; va D van
16n hon R,, nén dé cho mach that ddi xtng, ngudi ta thudng bod sung thém thém
mot diot D, giéng nhu dibét Dy. Didt D, duoc méc ndi tiép vGi R, dé cho dudng nap
va duong xa dién hoan toan gidng nhau.

+V
o

. % R1
555 l

B
3
I}
Q
)
t
0

8
7
5
AOut Thr5

&) T B S
s

R
—1 L

ngo ra

+

N

Hinh 24-02-5: So 6 mach dién dung hai di6t D; va D,
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2.2. Mach dao dong da hai dung cong logic
bé thu"c hién Ipach dao dong da hai khong 6n dung cong logic, ngudi ta c6 thé thuc
hién bang nhiéu cach khac nhau trén co s¢ 2 mach dao, nhu trinh bay trén Hinh
24-02-6
2.2.1.Mach dung cong NOT (cong dao)

Hinh 24-02-6: So d6 mach dién dung hai cong dao

Trong Hinh 24-02-6, ngd ra ctia cong dao 1 duoc ndi dén ngd vao cia cong
dao 2 va ngd ra cua cong dao 2 dugc ndi trd lai ngd vao cua cong dao 1 qua tu lién
lac C. Viéc chuyén doi trang thai cua mach duogc thuc hién nho qua trinh nap xa
cta tu C qua dién trd R tao thanh duong vong héi tiép duwong kin.

Gia sur, cong déao 1 ¢6 Q =1 thi cong déo 2 c6 Q= 0, do do, luc nay tu nap
dién qua R dén khi tu C nap day dién ap ngd vao cong dao 1 ting 1én mirc cao, ngd
ra Q = 0 tac dong dén ngd vao cong dao 2 1am ngd ra Q= 1, dién ap trén tu ting, tu
xa diién qua R dén khi hét dién, dién ap ngd vao cong dao 1 liic ndy giam thap, Q
chuyén sang trang thai Q=1 tac dong ngd vao cong dao 2 1am cho Q= 0.

Qua trinh ctr thé tiép tuc dién ra, mach thuc hién chirc nang tu dao dong.

Chu ky xung ra T = 2,3RC (2.8)
\ 14 1 1

Tan s6 f=2 = —— 2.
an so xung = = 5 3RC (2.9)

3.2.Mach dung cong NAND:

)
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Hinh 24-02-7: Mach dao dong da hai dung hai cong NAND

Mach trong so d6 Hinh 2.9 ¢6 2 ngd vao ndi tit nén thuc chat ciing giéng nhu
cong dao.

Ngé ra ctia cong NAND 1 ¢6 Q dugc ndi véi ngd vao cong NAND 2 va
nguoc lai ngo ra cua céng NAND 2 ¢6 Q duoc ndi dén ngo vao cua cé)ng NAND 1,
tao thanh mot mach vong kin hoi tiép duong. Tu C va dién tré R dung dé xac lap
tan s6 ctia mach, cong thirc dugc tinh gidng nhu cong thire 2.8 va 2.9.

2. Mach dao ddng da hai don 6n

Muc tiéu:

- Trinh bay cAu tao, dic diém, ung dung, nguyén ly hoat dong mach dao dong da
hai don 6n

2.1. Mach dao dong da hai don on dung I1C 555

2.1.1 Céu tao

+
<

o
[ —
R1
555
Lend chz
%Trg Dis|Z
S{out Thr
*+ Rst Ctl®
ngo ra Vo R4
1 1
—_—Ci f—
—|_C2 c1
= ngo vao Vi = -
Hinh 24-02-8a: So d6 mach dién co ban
+Vee
3 8
Dien tro l 3 : e - = P
rasile R
keo len S | Nguong §5K
\\, L ) 6 + RS flip-flop 535
10KS Sofsanh |
] Dien ap > e
0.0lpF] 5 L 7
dieu khien3 5K Ngo ra
T 1 9 o OUTPUT
‘ | + S )
Dien ap = Trigo So[sanh 3 e
kich o = Cong dao
thich 2 2 SK dc.tm
Phongdieny - Tranzito tai ngo ra
7 phong dien
cC T~ _ll
GND RESET
1 4
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Hinh 24-02-8b: : So ¢6 mach dién thyc té

Nhiém vu cac chan:

Chanl: néi GND.

Chéan 2: ngo vao xung kich dugc phan cuc sao cho dién ap tai chan nay cao
hon 2/3Vcc

Chan 3: ngd ra xung.

Chéan 4: chan hoi phuc duoc méc 1én nguén dat & muc cao.

Chan 5: diéu khién co thé dé tréng hoac g:fm voi mot tu C, tri s6 khoang vai
ngan dén vai chuc ngan PF dé chéng nhiéu.

Chén 6: gitt mtc thém (muc ngudng).

Chan 7: xa dién.

Hai chan 6 va 7 dugc ndi chung véi nhau va ndi voi ngudn qua R, két hop véi
tu C; x4c dinh thoi hang ciia xung.

Chan 8: nguén V *duoc ndi véi nguén Vee
2.1.2 Nguyén li hoat dong ctia mach

Khi dugc cip ngudn Vi, do chan 2 dugc ndi véi ngudn V¢, qua Ry va chan 6
giit thém mac vao chan 7 phuc hoi, nén lac ndy dién ap tai chan 6 va 7 bang nhau
va bang 0, mach gitt nguyén trang thai nén khong tao dugc dao dong, xung ngd ra
chan 3 khong xuat hién.

Khi ¢6 mot xung a&m duoc kich thich vao chan 2 (hoac chan 2 dugc ndi voi vo
may trong thoi gian ngin) lac nay dién ap phan cuc tai chan 2 giam thip xubng
dudi mire 2/3Vece nén dién ap tai chan 7 tang, tu C; dugc nap dién qua dién trd Ry,
ngd ra chan 3 1én muc cao tao xung ra.

Khi dién ap nap trén tu tang dan dén khi dat gia tr1 2/3Vee mach doi trang thai
lam viéc tré vé trang thai ban dau chdm dut xung ra, dong thoi chan 7 cling dit
xubéng mirc thap OV, tu C; xa dién qua chan 7 xuéng GND, mach tr¢ vé trang thai
ban dau chd xung am ké tiép kich mo.

t.=1,1R,Cy (3.7)

Dang song ra ¢ cac chan:

A Vi

1/3 Ve v

v

v
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Hinh 24-02-9: Dang sOng & cac ra
2.2. Mach dao dong da hai don 6n dung cong logic
Mach don 6n ding cong NOR c6 so dd nhu hinh v& sau:

Q vee

Hinh 24-02-10. Mach dao dong don 6n dung cong NOR

Khi méi két ndi voi ngudn dién cung cp, néu ngd vao A = 0 (muc thip), lac
nay ngd ra ciia cong NOR 2 & murc thap, ngd vao & mic cao nhd R mac 1én ngudn
cung cdp Vee, nén ngd vao cua cong NOR 2 ¢6 muc cao, ngd ra cua cong NOR 2
c6 murc thap, muc nay dugce dua tré vé ngd vao B ctia cong NOR 1, nén ngd ra cla
céng NOR 1 ¢ mtrc cao. Dién &p hai chan tu Xép X1 bﬁng nhau, tu khong nap dién.

Khi tac dong ngd vao A = 1, ngd ra cta cong NOR 1 ddi trang thai xudng
mirc thap, tu nap dién qua R 1am ngd vao cua cong NOR 2 giam xudng muc thip,
ngd ra Q ctia cong NOR 2 1én mirc cao (bang véi ngudn cung cip Vec), tao xung
ngo ra.

Khi tu duoc nap day, ngd vao ciia cong NOR 2 1én mirc 1, ngd ra cia cong
NOR 2 ¢ mtrc 0, chAm dirt xung ngd ra trd vé trang thai 6n dinh ban dau.
3. Mach dao dong da hai ludng on
Muc tiéu:

- Trinh bay cu tao, dic diém, tng dung, nguyén 1y hoat dong mach dao dong
da hai ludng on
3.1. Mach dao dong da hai ludng 6n dung IC 555
3.1.1 Mach dién da hai ludng 6n dung IC 555

So @6 mach Hinh 24-02-111a tmg dung ciia IC 555 13 mach da hai ludng 6n dé
tao xung vudng .
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+VCC = 12V

8

7

Nap Xa
RB 6
2

4

555 3

O

[

L
I

R1=1,2k

Y

Hinh 24-02-10: So d6 mach dién da hai ludng 6n dung IC 555

Trong mach chan ngudng (Threshold) s6 6 dugc ndi véi chan nay (trigger) sd
2 nén chan nay c6 chung dién ap 1 dién ap trén tu C dé so vai dién ap chuan 2/3
Vee va 1/3 Vee bai op-amp (1)va op-amp(2). Chan 5 ¢6 tu nho ,01 n6i mass dé loc
nhiéu tan s cao c6 thé lam anh hudéng dién ap chuin 2/3 Vcee

Chén 4 noi ngudn + Vce nén khong dung chire ning reset, chan 7 xa dién
duoc ndi vao gitra 2 dién tro R, va R, tao duong xa dién cho tu .Ngd ra chéan 3 ¢o
dién tro gidi han dong 1,2K va Led dé biéu thi mirc dién ap ra-chi co thé ding
trong truong hop tan s6 giao dong co tri sd thap tir 20 Hz tro xudng vi ¢ tan s cao
hon 40 Hz trang thai sang + tit cua Led kho c6 thé nhan biét bang mat thudng.

Khi méi dong dién tu C bat dau lap tir Ov nén :

- OP-AMP(1) co v; < v;nén gdraco V, = mirc thap, ngd R=0(mirc thap )
-OP-AMP (2) c6 V>V, néngdracd V, = mic cao , ngd S=1(murc cao)
- Mach F/F c6 ngd S=1 nén Q=1 va Q=0 . ltic d6 ngd ra chan 3 ¢6 V ,=Vcc

(do qua mach ddo) lam led sang.

- Transistor T,c6 V,,=0do Q =0 nén T, ngung dan va dé tu C duoc nap

dién

Tu C nap dién qua R, va R, véi hang s6 thoi gian khi nap la:

nap —

t.=(R,+R,).C

Khi dién 4p ty tang dén mutrc 1/3 Vee thi OP-AMP(2) d6 trangh théi , ngd ra
V02=muc thip . ngd S= 0 (mirc thap) . Khi S xudng mirc thap thi F/F khong d6i
trang thai nén dién ap ngd ra van & muc cao . led van sang
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Khi dién 4p tu tang dén mirc 2/3 Vee thi OP-AMP (1) d6i trang thai, ngd ra co
VO0Il=murc cao, ngd R=1.

- Mach F/F ¢6 ngd R=1 nén Q=1. Liic d6 ra chan 3 c6 V,~ Ov lam Led tat.
Khingd Q=1 s& 1am T, d4n bio hoa va chan 7 nbi mass lam tu C. khong nap tiép
dién ap duoc ma phai xa dién qua R, va Transistor T, xubng mass. Tu C x4 dién
qua R, vé&i hing s6 thoi gian la:

.- R,.C

Khi dién ap trén tu - tirc 1a dién ap chan 2 va chan 6 — giam xudng dudi 2/3
V. thi OP-AMP(1) dbi trd lai trang thai cii 1a V,, = mirc thdp , ngd R=0. Khi R
xubng murc thap thi F/F khong ddi trang thai nén dién ap ngd ra van ¢ muc thap,
Led van tit. Khi dién ap trén ty giam xudng dén mic 1/3 V. thi OP-AMP(2) lai
c6 V:>V; nénngd racd V= mirc cao, ngd S,=1. Mach F/F ¢6 ngd S=1 va Q=0,
ngd ra chan 3 qua mach déa c6 V,~+ V. lam Led lai sang, dong thoi luc d6 T,
mat phan cyc do Q = 0 nén ngung dan va cham dut giai doan x4 dién cua ty. Nhu
vay mach da tr¢ lai trang thai ban dau va tu lai nap dién tor mirc 1/3 V. 1én dén 2/3
V.., hién twong ndy sé& tiép dién lién tuc va tuan hoan

Luu y: Khi méi mé dién tu C s& nap dién tir 0¥ 18n 2/3 V. rdi sau d6 tu xa
dién 14 2/3 V. xudng % V_ chtr khong xa xudng Ov. Nhitng chu ky sau tu s& nap
tur 1/3 V. chtr khong nap tir Ov nira.

Thoi gian ty nap 1a thoi gian V,~ Ov. Led tat.

Thoi gian nap va xa tu dugc tinh theo cong thirc:

* Thoi gian nap: t . =0,69.7

t.,=069.(R,+R;)C
*Thoi gian xa: t ,=0,69.1
t.=0,69.R,.C

Dién ap & ngo ra chan 3 c6 dang hinh vuéng vai chu ky 1a:
T: tnap + txa
T=0,69(R,+2R;).C

Do thoi gian nap va thoi gian xa khong bang nhau (t 2> Lo ) Nén tin hiéu hinh

vuong ra khong doi xting. Tan so6 cia tin hiéu hinh vudng la:
1_ 1

T 0,69(R, +2R;)C
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3.1.2 Dang séng ra tai cac chan

Ve (2-6)

A

R s s —- 2/3Vce

I\l (Y |\l
INVAES R VAR R\ . 1/3 Vcc

—+

—

—
t

Hinh 24-02-12: Dang song ra tai cac chan
Hinh 24-02-121a dang dién ap cac chan 2-6, chan 7 va chan 3 trong d6 khoang
tho1 gian dién 4p tang la thoi gian tu nap, khoang thoi gian trén dién &p gidm 1a thoi
gian ty xa.

Khi khao sat dang dién ap tai cac chan can luu y khi méi mé dién thi tu C s&
nap dién tir Ov 1én dén 2/3 V. nhung khi xa chi xa dén 1/3 V.. Dé tinh chu ky
ctia tin hiéu ngudi ta chi tinh cac 1an nap sau chir khong xét dén 1an nap dau tién.

Khi ty nap thi chan 7 ¢6 dién ap cao hon chan 2-6, nhung khi tu x4 thi chan 7
giam nhanh xudng 0V- do T, trong IC chay bdo hoa — chir khong giam theo ham
s6 mil trén tu C.

3.2. Mach dao dong da hai ludng 6n dung cong logic
3.2.1. Mach Flip - Flop
Dé tao mach flip - flop chi cin méc 2 cong NOT chéo nhau nhu Hinh 24-02-11

A O {>O o Q

B O {>o o o

0 1
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Hinh 24-02-13: So d6 mach Flip Flop co ban

Khi duoc cip dién, néu ngd ra Q = 0 thi ngd vao B = 0 qua mach dédo lam Q
= 1 va mach 6n dinh ¢ trang thai nay. Mach ciing c6 thé & trang thai nguoc lai 1a Q
=1va Q =0 ciing dugc 6n dinh

Nhu vay mach c¢6 hai trang thai 6n dinh theo nguyén li mach da hai ludong on

Pé c6 thé chon trang thai cho mach, ngudi ta c6 thé dung cic cong NAND
hay NOR va goi la RS Flip -Flop

RS Flip-Flop dung cong NAND:

Pé diéu khién chon trang thai nguoi ta ding cong NAND c6 hai ngd vao .Mot
ngd vao nhan hoi tiép va mQt ngd vao con lai dé diéu khién

Mach FF hinh 24-02-12 dung hai cong NAND va hai cong NOT

501 {>O - b—cl——OQ
0
R © {>o ! _>_‘__OQ

Hinh 24-02-14: RS Flip-Flop dung cong NAND

Hai ngo duogc goi 1a set (S) va reset (R)

Hai ngd ra duoc goi 1a khong dao (Q) déo Q

NéuS=1,R=0,thingdraQ =1, Q =0 (nhu hinh v&)

NéuS=0,R=1, thingdraQ=0, Q =1 (nhu hinh v&)

Gia sir ¢ trang thai nhu hinh v& ta cho S = 0, mach van giit nguyén trang thai

Tom lai ngd ra Q va Q chi doi trang thai hai ngd vao cung doi trang thai Q
cung trang thai véi S va Q cung trang thai véi R

H Q Q
1 0 1 T
0 1 0 R’_ONP-
1 Khéng

doi
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0 Cim

Hinh 24-02-15: Ky hiéu va bang su that Rs Flip Flop
3.2.2. Mach RS Flip - Flop
Trong mach RS flip-flop (Hinh 24-02-16) Néu bo di NOT & ngd vao thi mach
van c6 nguyén li nhu mach flip-flop nhung hoat dong nguoc lai

Ol
o

R Ok, |T
OI—‘,O
= o

=
l»—\
@)

0 Cam

Hinh 24-02-16: So db logic va bang sy that

Trang thai cAm trong RS flip-flop 14 S=0, R = 0 vi theo li luan lic nay ¢ ngd
raQ =0va Q = 1 nguoc lai v4i nguyén li mach ludng 6n nén goi la trang thai cAm
4. Mach schmitt — Triger
Muc tiéu:
- Trinh bay duoc ciu tao va nguyén 1y hoat dong ctia mach schmitt — Triger
4.1. Mach Schmitt-trigger dung tranzitor
4.1.1. So @6 mach dién co ban
Trén so do (hinh 24-02-15) hai tranzito Q; va Q, duoc mic truc tiép c6 chung cuc
E. Cuc B, dugc phan cuc nho Ry, léy tr Veq dé co dién 4p vao la xung vuong thi
hai trasistor Q; va Q, phai 1am viéc luan phién & ché do bdo hoa va ngung din. khi
Q. ngung dan thi Q, bo hoa va nguoc lai khi Q, bdo hoa thi Q, ngung dan

o]

RC2

Vo
o)

Vi { E)
O——4
§RB1

-1 -1

|

| = q)
01

|

%RE

|
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Hinh 24-02-17: So d6 mach Schmitt triggo co ban

4.1.2. Nguyén li hoat dong :

- Khi chua c6 tin hiéu ngd vao :
Tranzito Q; ngung dan do phan cuc Vpe = 0 (Rpy ndi mass)
Tranzito Q, dan bao hoa do V¢ tang cao qua Rg, phan cuc Vgg; = 0,7v. Khi chua
c6 tin hiéu thoi gian dan bio hoa 1au, c6 thé lam Q, thung nén dong phan cuc qua
RCZ nho
Tin hi¢u phai c6 bién do du 16n dé kich Q; dan bao hoa do d6 tin hiéu trudc khi
dugc dwa dén mach schmitt-trigger duoc dua qua cac mach khuéch dai
Tin hiéu ngd vao thuong duoc ghép qua tu dé phan cach thém dién ap phan cuc
giam sy anh huong do ghép tang

- Khi ¢6 tin hi¢u ngo vao:

Tranzito Q; chuyén tir trang thai ngung dan sang trang thai dan lam dién ap

V1 0 giam qua Rp, 1am cho Vg, giam kéo theo su giam dién ap Vg, ciling chinh la
VE1 do duoc méc chung lam cho Vgg; nhanh chong tang cao hon 0,7v Q; dan bio
hoa Vce: ~ 0,2v qua Rg; Vcer = 0,2vm, Q, ngung dan & ngd ra Ve, ta dugc tin hiéu
c6 dang xung phu thudc vao dang xung ngo vao ¢ Hinh 5.2

RC2
RC1

Vo
0o

5%\ @) Q2/I\

Hinh 24-02-18: Dang tin hi¢u ngd vao va ngd ra mach Schimitt trigger

Nhu vay ngd ra cuia mach schimitt trigger ta c6 dugc cac xung vudng co bién
do bﬁng nhau nhung d6 rong xung phu thudc do rong tin hi¢u tuong tu ngd vao
4.1.3. Lap rap va khao sat mach

Budc 1: Chuén bi linh kién gom:

- bién tré: RB1=6K8, RC1=10KQ, RC2=10KQ, RB2=6K8, RE=1KQ

- Tu dién=10uf/35v

- Transistor=2 C828
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- May hién song tuong tu

- Nguén DC diéu chinh duoc tir Ov-30v

- Bo mach da ning

- M6 han xung:

- Thiéc+ nhwa théng

Budc 2: Lip rap theo so dd Hinh 24-02-18

Budc 3: Po dang ra cua mach
4.2. Mach Schmitt trigger dung cong logic
4.2.1 Mach dung cong NAND

=

o ]2) ox

Hinh 24-02-19: So d6 mach schmitt trigger ding cong NAND

Khi dién 4p Vi ngd viao mirc thap thi 2 ngd vao ciia cong (2) & murc thap nén
cong (&) c6 ngd ra & mirc cao Q=1 va ra cong (1) c6 chirc ning ciia cong NOT nén
ngd ra Q & murc thap Q=0.

Khi dién ap Vi ngd vao muc ting thi ngd ra xuéng murc thap Q=0 va ra cong
(2) dao lai ngd ra 1én mic cao Q=1 lam cho Diode Iuc nay bi phan cuc thuan duy
tri trang thai nay mac du Vi c6 thé giam thap hon dién ap ngudng Vn

C6 thé giai thich trong tu v6i cong NOT

AV VAN t

Dang tin hi€u biéu dién:

Vo t
Hinh 24-02-19: Dang song vao va ra cia mach
4.2.2. Mach két hop OP_AMP va cong logic
Pé c6 do chuyén mach chinh xac nguoi ta ghép OP-AMP va cong NAND
theo so Hinh 24-02-20.
Trong so d6 2 OP-AMP (1) va (2) 1 2 mach khuyéch dai dé so sanh 2 dién ap
ngd vao Vi véi 2 dién ap ngudng Vn mic cao Vn+ va thap Vn-
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S

Hinh 24-02-20: So d6 mach két hop OP- AMP va cong 16gic
Hai cong NAND 1a 2 mach Flip Flop v&i 2 ngd vao R va S duoc lay tir 2 ngd
ra cua OP-AMP (1) va (2)
Nhu vay trong dang mach nay 2 OP-AMP (1) va (2) 1a 2 mach bién d6i dang
song va 2 cong NAND 1a 2 mach Flip Flop c6 2 ngd vao R, S.
CAU HOI ON TAP
2.1. Trinh bay nguyén 1y lam viéc ctia mach da hai phi on ?
2.2. Trinh by nguyén 1y lam viéc ciia mach da hai don 6n ?
2.3. Trinh bay nguyén 1y 1am viéc ctia mach da hai ludng 6n ?
2.4. So sanh su giéng va khac giita mach da hai don 6n va mach da hai phi 6n ?
2.5. Trinh bay mach schmitt — Triger?
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Bai 3: MACH HAN CHE BIEN PQ VA GHIM AP
Ma mo6 dun: 14-03
Gidi thiéu:

Trong k¥ thuat diéu khién dé cac tang khuéch dai on dinh ngoai viéc tinh
toan thiét ké mach c6 d6 lgi cao, hiéu sudt tot thi hai van dé quan trong dé 1a bién
d6 tin hi€u ngd vao mach va ché do phan cuc cia mach phai phu hop va on dinh dé
giai quyét van dé ndy trong cac mach dién thudng nguoi ta thiét ké thém cac mach
han ché bién d6 va ghim ap dé ting cudng d6 6n dinh lam viéc ctia mach ting kha
nang chéng nhiéu
Muc tiéu:

- Trinh bay ciu tao, dic diém, tng dung, nguyén 1y hoat dong cic mach han ché
bién do va ghim ap.

- Rén luyén tac phong lam viéc nghiém tuc ti mi, can than, chinh xac.

Noi dung chinh:

1. Mach han ché bién d:

Muc tiéu:

- Trinh bay ciu tao, dic diém, ung dung, nguyén ly hoat dong cac mach han ché
bién do.

1.1. Khai niém

Mach han ché bién do 13 mét mang bon cyc ma dién ap dau ra cta n6 co dang
gidng dién ap dau vao khi dién ap du vao chua vuot qua mot gia tri nao do, voi
dién ap dau ra s& giit nguyén gia trj khong d6i khi dién ap dau vao vuot ra ngoai
ngudong cua mach han ché . Gia tri khong ddi d6 duoc goi la muc han ché (con
dugc goi 1a mach han bién)

Tuy theo yéu cau ctia mach dién can diéu khién ddi véi cac tin hiéu xung ngudi
ta cAn phai giéi han & mot mirc nao d6 sao cho tin hiéu diéu khién khong 1am cho
mach dién bi nghén hodc méo dang
Mach dugc gio1 han & phén dinh tin hi¢u goi la mach han bién trén.

Mach giéi han & day tin hi€u goi 1a mach han bién dudi
Mach giéi han ca hai muce trén va dudi cua tin hiéu goi 1a gioi han trén va dudi .

Vé thuc chit mach han ché dong vai tro nhu mdt cai khoa . Néu khoa méc ndi
tiép voi tai thi tin hi€u s€ di qua dugc khi khod dong va bi ngan lai khi khoa mé,
tic 12 n6 dong vai trdo mot phan tr khong dudng thang. Dé lam nhiém vu do,ngudi
ta co thé st dung cac phan tir khong tuyén tinh nhu Didt ,tranzito trong cac mach
han ché. Khi d6 ngoai nhi¢ém vu han ché mach con lam nhiém vu khuéch dai tin
hi¢éu nén con goi la mach han ché khuéch dai.
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Nhirng yéu cau co ban dbi voi mot mach han ché 1a d6 sic khi cat , @6 on dinh cua
ngudng va muic han ché. Nhitng yéu cau nay lai phu thudc chu yéu vao cac linh
kién khong tuyén tinh duoc sir dung.
1.2. Mach han ché bién d6 dung Diode
Do dic tinh ctia Diode dan dién theo 1 chiéu nén khi diode dugc phan cyc thuédn thi
s& dan dién cho phan xung lam cho né phan cyc thuan di qua nén ta c6 dang mach
nhu Hinh 24-03-1 hoac Hinh 24-03-2

Vi Vo Vi Vo

Hinh 24-03-2: So @ mach han bién dudi mic 0
Pé gia tri xung nam trén muac 0 hodc dudi mirc 0 phu hop véi diéu kién lam
viéc ctia mach dién mach han ché bién do dung Didt co thé dugc méc ndi tiép vol
mot ngué)n dién ap ¢d dinh mét chiéu Ve goi la dién ap chuan . Néu dién ap chuan
c6 gia tri duong thi dugc goi 1a gidi han trén (Hinh 24-03-3). Néu dién ap chuan c6
gia tri am thi dugc goi 1a gidi han dudi (Hinh 24-03-4).

}
I\i\/\, J_I_I_VO:VC-I-VD

i Vo 1
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Hinh 24-03-3: So d6 mach gi6i han trén (giéi han xung duong)
Ve: dién ap chuan
Vd: dién &p phan cyc thuan cua Diode (Vp 0,6 - 0,8v) tuy theo loai Diode
Trong mach Diode chi phan cuc thuan dé cho xung xuéng Mass khi nao bién
ddé xung ngd vao Vi 1én hon gid tri V¢ + Vp va sé c6 dang mach nguoc lai nén ta
mudn gidi han dudi (gi¢i han xung 4m) & Hinh 24-03-4

R

Vi h £ Vo

Ivd

Hinh 24-03-4: So @6 mach gi6i han duéi (giéi han xung 4m)
1.3. Mach han bién d¢ dung trazito:
Mach han ché khuéch dai dung Tranzito dugc mic theo kiéu E-C hinh 24-03-5

Khi bién d¢ tin hi¢u ngd vao Vi du l6n, mach s€ thyc hién vi¢c han ché. Viéc
han ché duoc sir dung hai gidi han bio hoa va ngung dan cua tranzito .

Gidi han dudi duge dung gidi han ngung dan cua tranzito. Khi bién do tin
hiéu ngd vao thap dudi mirc phan cuc cia tran zito mach ngung dan bién do tin
hi¢u duoc gidi han & mirc duo.

G161 han trén dugc dung gidi han bao hoa cua tit bo bién do tin hiéu duoc
gi61 han & muce trén

Piéu quan trong can ghi nhé do mach duge mic theo kiéu E-C (tin hiéu dua
vao & cuc B cua tranzito va ly ra trén cuc C) nén tin hiéu ngd ra déo pha so véi tin
hi¢u ngo vao.

\Ye

Hinh 24-03-5: Mach han ché khuéch dai dung Tranzito
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R1: han ché dong tin hiéu ngd vao
R2: Han ché dong cuc C (Pién tro tal cuc C)
Q: Tranzito khuéch dai han ché

Vi

v

Vv
—

Vo

Hinh 24-03-6: Dang tin hiéu ngd vao va ngd ra mach han ché khuéch dai
dung Tranzito
2. Mach ghim ap
Muc tiéu:
- Trinh bay c4u tao, dic diém, tng dung, nguyén Iy hoat dong cac mach ghim ap
2.1. Mach ghim ap dung Didt
2.2.1 Mach ghim trén & mac khong:

olle
[N
C
Vi R

Vo

Hinh 24-03-7: Mach ghim trén mirc khong
Pé cho mach thoa man diéu kién ghim trén & mirc khong, gia thiét ngd va Vi
la nhitng xung hep . Khi d6 trong khodng thoi gian xung Tx tu C dugc nap dién voi
hang s6 thoi gian Tn bang:
Tn=C.Rn
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Trong thoi gian nghi tu C s& phong dién véi hang sé thoi gian Tp bang:
Tp=C.Rp

Trong d6 Rn dugc xem nhu dién tr¢é thuan cua Pidt D ;Rp dugc xem nhu dién
tro R

Mudn cho thoi gian nghi ctia xung thién ap dong van dugc duy tri, phai thoa
min bat dang thire Tp >> Ttx — Tx  (trong d6 Ttx 1 do rong xung ctia mach)

Néu dién tré thuan ciia Didt Rn khong dii nho, nghia 1a khi Tn >> Tx thi hiéu
g ghim s& khong c6 két qua va dién ap ra c6 dang Hinh 24-03-7

ViA

Vv

Vo t

\ 4

Hinh 24-03-8: Dang tin hiéu xung ra khi Tn >> Tx
Néu dién tro thuan cta Diot Rn di nho dé thoa min diéu kién Tn << Tp thi
hiéu Gmg ghim s& c6 két qua la: Uo ~ Um
Trong d6 Uo: thién ap dong Um: Bién d§ xung tin hi€u
Khi do6 dién ap ra c6 dang nhu Hinh 24-03-9

Vi
> t
Vo A
> t
S b
Hinh 24-03-9: Dang tin hiéu xung ra khi dugc ghim trén mirc 0

Tém lai, dé hiéu ung ghim co két qua can phai chon Didt sao cho c6 di¢n tré
nguoc 1on, dién tr¢ thuan nhé , dién tré cia mach phan cach R 16n . Cudi cung can
luu y réng, tat ca céac quan hé noi tréndugc xét trong diéu kiéndi bo qua noi troé cua
ngudn tin hiéu dau vao Vi.

2.2.2 Mach ghim duéi & mirc khong:

Mach ghim duéi & mic khéng c6 dang twong tu nhu so do Hinh 6-9 nhung

chiéu cua Piot D duoc ddi nguge chiéu Hinh 24-03-10.
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Vi R D

Hinh 24-03-10: Mach ghim dudi mirc khéng
Néu thoa mén cac diéu kién tuong tu nhu mach ghim trén & muc khong , do la
Di6t c6 dién tré thuan nho , dién tré nguoc 16n vadién tré phan cach R 16n .Thi ta
cling dugc dang tin hiéu xung ra nhu Hinh 24-03-11

Vi N

Vv

N
Vo ] t

Vv

Hinh 24-03-11: Dang tin hi¢u xung khi dugc ghim dudi mic khong

2.2.3 Mach ghim c6 mtrc ghim khéc khong

Nhu cac ndi dung & trén cac mach ghim trén va dudi c6 mirc ghim bang
khong. Mubn ghim & mot mic E nao do, phai ndi tiép vo1 mach R va Diot mot
nguodn dién ap nhu Hinh 24-03-12. Bé khoi anh huong dén cong tic ciia mach
ghim, ngudn phu E phai ¢6 ndi tré nho so vai dién trd thuan cua Diot.

Cac dang dién ap vao va ra trén cac mach ghim c6 mirc ghim +E nhu Hinh

24-03-12

ol
|
C

?E

Hinh 24-03-12(a):Mach ghim trén muic + E
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Hinh 24-03-12(b): Mach ghim trén muc - E

Vi A
=
7
Vo t
A
+E >t
Vo A -
7
-E t

Hinh 24-03-12: Dang dién ap vao va ra trén cac mach ghim trén c6 mic ghim +E
CAU HOI ON TAP
3.1. Trinh bay nguyén ly 1am viéc ctia mach han ché bién do6 ?
3.2. Trinh bay nguyén ly lam viéc ciia mach ghim é&p ?
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Phan 2: K§ thuit so
BAI 1: PAI CUONG
Ma bai: MD24-01
Gidi thiéu:

Trong mach s6, c4c tin hiéu thuong cho & hai mtc dién &p, vi du: Ov va 5V.
Nhitng linh kién dién tir ding trong mach sb 1am viéc & mét trong hai trang thai, vi
du: trang thai ludng cuc 1am viéc & ché do khoa hoic 13 tat hodc 1a théng. CO hai
cach biéu dién cac dai lugng nay: Biéu dién & dang tuong tu 12 khi ham biéu dién 12
dai luong bién thién lién tuc theo thoi gian véi ciing mét cach ta c6 tin hiéu tuong
tu hay tin hiéu analog mé ta biéu dién dai luong can xu li. Biéu dién dai luong &
dang sb: Khi d6 ham biéu dién s& bién thién khong lién luc theo thoi gian va nguoi
ta ding cac ky hiéu sé dé mé ta biéu dién nd , ta nhan dugce tin hidu sb hay tin hiéu
digital.

Muc tiéu:
- Trinh bay céac khai niém co ban vé mach tuong ty va mach $0.
- Trinh bay c4u trac cta hé thong s6 va ma sb.
- Trinh bay c4u tao, nguyén ly hoat dong cuia cac cong logic co ban
- Trinh bay céc dinh luat co ban vé k¥ thuat sd, cac biéu thirc toan hoc clia sb
- Rén luyén tac phong 1am viéc nghiém tic ti mi, can than, nghiém tic trong cong
viéc.
Néi dung chinh:
1. Tong quan vé mach twong tu va s6
Muc tiéu:
- Trinh bay céac khai niém co ban vé mach tuong ty va mach $0.
1.1. Dinh nghia
1.1.1 Mach tuong tu (con goi la mach Analog)
La mach dung dé xir 1y cac tin hiéu tuong tu.
Tin hiéu tuong ty 14 tin hiéu c6 bién do bién thién lién tuc theo thoi gian.
Viéc xtur Iy bao gém cc van dé: Chinh luu, khuéch dai, diéu ché, tich song.
Nhuoc diém ctia mach tuong tu :
- P06 chéng nhidu thap (nhidu d& xAm nhép).
- Phan tich thiét ké mach phuc tap.
Pé khic phuc nhimg nhugc diém nay ngudi ta st dung mach sd.
1.1.2 Mach sb (con goi la mach Digital)
La mach dung dé xtr 1y tin hiéu sd. Tin hiéu s 13 tin hiéu c6 bién do bién
thién khong lién tuc theo thoi gian hay con goi la tin hi¢u gian doan, n6 dugc biéu
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dién dudi dang song xung véi 2 mirc dién thé cao va thiap ma twong tng véi hai
mirc dién thé nay 1 hai murc logic ciia mach sd.
Viée xir 1y & ddy bao gdm céc van dé:
- Loc $6.
- Diéu ché 6 /Giai diéu ché sb.
- Mé&hoa....
1.2. Uu nhuoc diém cua ky thuat sé so voi ki thuat tuong tu
Utu diém ctia mach sd so véi mach tuong tu :
- Po chéng nhiéu cao (nhidu khé xam nhap).
- Phan tich thiét ké mach sb tuong d6i don gian.
Vi véy, hién nay mach sé duoc str dung kha phd bién trong tat ca cac linh vuc nhu :
Do luong sd, truyén hinh sb, diéu khién so. . .
2. Hé théng s6 va ma sb
Muc tiéu:
- Trinh bay duoc ciu trac cia hé thong sé va ma sd
2.1 Hé thong thap phan
H¢ thap phan 1a hé théng sO rat quen thudc, gdm 10 sé ma nhu noi trén.
Duéi day 1a vai vi du sé thap phan
N = 1998 = 1X103 + 9x10 + 9X10 + 8X10 = 1x1000 + 9x100 + 9x10 + 8x1

0 -1 -2
N = 3,1410= 3x10 +1x10 +4x10 =3x1 + 1x1/10 + 4x1/100

2.2 Hé thong s6 nhi phan
2.2.1. Khai niém
Hé dém nhi phan con goi 1a hé¢ dém co s6 2 1a hé dém ma trong d6 nguoi ta
chi sir dung hai ki hiéu 0 va 1 dé biéu dién tit ca cac sd. Hai ky hiéu d6 goi chung
1a bit hoac digit va né dac trung cho mach dién tir c6 hai trang thai 6n dinh hay con
goi 1a 2 trang thai bén FLIP- FLOP (ky hiéu la FF).
Mot nhém 4 bit goi 1a nibble.
Mot nhom 8 bit goi 1a byte.
~ Nhom nhiéu bytes goi 1a tir (word). ,
Xét s6 nhi phan 4 bit: a3 aaa. Bi€u dién dudi dang da thirc theo co so ctia no la:

3 2 1
aaaa=a.2+a.2+a.2 +a
3210 3 2 1 0

Trong do:

0 1 2 3 .
-2,2,2,2 (hay 1, 2, 4, 8) dugc goi la cac trong so.
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- duoc goi 1a bit ¢o trong s6 nho nhat, hay con goi bit c6 ¥ nghia nho nhat (LSB:

Least Significant Bit) .
- a3 duoc goi 13 bit ¢o trong sb 16n nhat, hay con goi 1a bit c6 ¥ nghia 16n nhét
(MSB: Most Significant Bit).

Nhu vay, voi s6 nhi phan 4 bit a3 azalao ma trong d6 mdi chir sb a_chi nhan
|

4 2
dugc hai gia tri {0,1}, lic dé ta c6 2 = 16 t6 hop nhi phan.

S6 thip phin | a; a.a,a, | $6 thap luc phin
0 0000 0
1 0001 1
2 0010 2
3 0011 3
4 0100 4
5 0101 5
) 0110 6
7 0111 7
8 1000 8
0 1001 9
10 1010 A
11 1011 B
12 1100 C
13 1101 D
14 1110 E
15 1111 F

Chu ¥: Khi biéu dién s6 nhi phan nhiéu bit trén may tinh thi thuong dé tranh
sai sOt, nguoi ta thudng biéu dién thong qua sb thap phan hodc thap luc phan, bat

phan.
Vi du:
1 3 73 7 6
1011111011111110
B E F E
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C6 thé biéu dién : 137376( " hodc OBEFE(H).

2. Céc phép tinh trén s6 nhi phan
a. Phép cong
Phép cong nhi phan duogc tién hanh dya trén qui tic cong nhu sau:
0+0=0nh60
0+1=1nh60
1+0=1nh60
1+1=0nho1
Vi du: 3 = 0011
2 - 0010
5 = 0101
b. Phép tru
0-0=0muon0
0-1=1muonl
1-0=1muon0
1-1=0muon0
Vidw 7 - 0111
50 - 0100
2 - 0010 =12°+02'+12"=2

c. Phép nhan

0.0=0
0.1=0
1.0=0
1.1=1

Vidy: 7 - 0111

ER (1)}

35 0111

0000

0111

0000

0100011 =12° + 12°4+12°=35

d. Phép chia
0:0=0
1:1=1
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Yidu: 10 |5 - 1010 | 101
101 10 =2
00

[

2.3. Hé thong s6 bat phan
Hé bat phan gém tam sb trong tip hop

Sg= {0,1,2,3,4,5,6, 7}.

So N trong hé bat phan:

N = (aa ..a...a,aa_...a ) (voia€Ss)
n-2 i 0" -1-2 -m”8 i 8

Co gia tr1 la

n-1 n-2 i 0 -1 -2
N—a8+a 8 +a 8 +..+a8..+a8+a 8 +a 8 +...+a 8
n n-1 n-2 i 0 -1 -2

-m
3 2 1 0 -1
Thidu: N = 1307,18= 1x8 +3x8 +0x8 +7x8 + 1x8 = 711,12510

2.4. Hé thong s thap luc phan
Hé thap luc phan duoc dung rat thuan tién dé con nguoi giao tiép voi may
tinh, hé nay gdm mudi séu sb trong tap hop
S16 ={0,1,2,3,4,56,7,89,A,B,C,D,E, F}
(A twong duong véi 1010, B :1110’ ...... , F:1510) .

S6 N trong hé thap luc phan:
N=(aa a ..a...a,aa_...a ) (voia€eS )
. nn-ln2 i 0 -1-2 -m”16 i 16
Cé giatri la:
n n-1 n-2 i 0 -1 -2
N=al6 +a 16 +a 16 +..+al6...+tal6+a 16 +a_16 +...+a
n n-1 n-2 i 0 -1 -2 -

-m

16

m

-m

Nguoi ta thuong dung chit H (hay h) sau con s6 dé ch1 s6 thap luc phan

Thi du: N = 20EA,8H = 20EA, 8 = 2X16 + 0X16 + 14X16 + 10X16 + 8X16
=4330,5
10

2.5. MBCD
2.5.1. Khéi niém
M3& BCD dung s6 nhi phan 4 bit c6 gia tri twong dwong thay thé cho ting s6 hang
trong s thap phén.

Thi du:

S6 625 ¢c6 ma BCD la 0110 0010 0101.
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Ma BCD dung rt thuén loi : mach dién tir doc cac sé BCD va hién thi ra béng
dén bay doan (led hodc LCD) hoan toan gidng nhu con ngudi doc va viét ra sd thap
phan.

Trong thyc té dé ma hoa sb thap phan, nguoi ta sir dung cac sd nhi phan 4 bit.

Yigy: 00000 ; 50101
10001 ; o60110
20010 ; 70101
50011 ; 81000
40100 ; 9 1001

Viéc st dung cac sd nhi phan dé ma hoa cac sb thap phan goi 1a cac sé BCD
(Binary Code Decimal: S thip phin dugc ma hoa bang sd nhi phan).
2.5.2. Phan loai A

Khi str dung s6 nhi phan 4 bit @& ma héa cac sb thap phan tuong Gmg voi 2 =
16 t6 hop ma nhi phan phan biét.

Do viéc chon 10 t6 hop trong 16 t6 hop dé ma hoa cac ky hiéu thap phan tir 0
dén 9 ma trong thuc té xuat hién nhiéu loai ma BCD khac nhau.

Mic du ton tai nhiéu loai md BCD khac nhau, nhung trong thuc té nguoi ta
chia lam hai loai chinh: BCD c¢6 trong s6 va BCD khong ¢6 trong so.
a. Ma BCD c6 trong so:

Gdm c6 ma BCD tu nhién, ma BCD sd hoc.

M4 BCD ty nhién d6 13 loai m3 ma trong d6 cac trong sd thuong duge sap
xép theo thir ty ting dan.

Vidu: Ma BCD 8421, ma BCD 5421

M3 BCD s6 hoc 14 loai ma ma trong dé c6 tong cac trong sb ludn ludn bang 9.

Vi du: LLoai ma: BCD 2421, BCD 5121, BCD 8 4-2-1

Suy ra md BCD s6 hoc ¢6 dic trung: Dé tim tir ma thap phan ctia mot s6 thap
phan nao d6 ta liy bu (dao) tir ma nhi phan cua sb bu 9 twong ng.

iy 3 = 0011

Ma s6 6 1aba 9 cia3: 0 = 1100
Lay nghich dao ta c6: 0011 =3
Vay, dic trung ciia md BCD s hoc 1a ¢6 tinh chat d6i xtng qua mot dudng
trung gian.
b. Ma BCD khong ¢6 trong sd:
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1a loai ma khong cho phép phan tich thanh da thirc theo co s cua né.
Vi du: Ma Gray, Ma Gray thira 3.
Pic trung ctia mi Gray 1a loai bd ma ma trong d6 hai tir ma nhi phan dimg ké
tiép nhau bao gio cling chi khac nhau 1 bit.
Vi du. — Ma Gray:
2 - 0011
3 - 0010
4 - 0110

Con ddi voi ma BCD 8421:
3 - 0011
4 5 0100

Cac bang dudi ddy trinh bay mot s loai ma thong dung:
Bang 1.1: Cac ma BCD tu nhién.

BCD 8421 | BCD 5421 | BCD qua3 | Sé thip
8, & 8, A, |bs by b, b, |ez e ¢, ¢, | phin
0000000 O0]j0 011 0
000 1]10 00 1(0 100 1
00 1 0j0 01 0jJ0 1 0 1 2
001 1|00 1 1|0 110 3
01 0001 00j0 1 11 4
01 0 1|1 0001 000 5
01 1 01 0 0 1|1 0 0 1 6
01 1 1|1 01 0(1 010 7
1 00 0(1 01 1|1 011 8
1 00 1(1 1 001 1 00 9

Bang 1.2: Cac ma BCD s6 hoc
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BCD 2421 BCD 5121 | BCD 84-2-1 | Si thip
a, a, a, a,|b, B, b, b, |e; ¢ ¢ ¢ | bhin
000000000000 0
000 1000 1|0 111 1
001 0001 0j0 1 10 2
001 1J0 01 1]0 1 01 3
01 0 0j0 1 0 0|0 1 00 1
1 01 1(1 0001 011 5
1 10 0(1 1 0 0f1 010 b
1 1011 1 0 11 001 7
1 11 0f1 1 1 0(1 0 0 0 8
1 1 1 11 1111 111 0

Bang 1.3: BCD ty nhién va ma Gray.

BCD 8421 | BCD qua 3 Ma Gray Gray qua 3 | Sé thip
M @y Ay A € € o€ & |G G Gy Gy |4 8 & 4 | phin
O 000|001 1]0 0 0 0]j0O0T10 0
O 001|010 00 0 0 1]01 10 1
O 01 0j0 1 010 0 1 1]01 11 2
O 01 1101 1 00 0 1 0J0 1 01 3
O 1 00j0 > 1 1j0 1 1 0]j01 00 -
o1 01|1000j0 1 1 1|1 100 5
011010010 1 0 1|1 101 b
o1 1 1)1 01 0j0 1 0O 01 1 11 7
1000101 1)1 1 0 01 110 8
100111001 1 0 11010 9

Chu y: Mi Gray duoc suy ra tir ma BCD 8421 bang cach: cac bit 0,1 dung
sau bit 0 (6 ma BCD 8421) khi chuyén sang mi Gray thi dugc giit nguyén, con céac
bit 0,1 dimg sau bit 1 (6 ma BCD 8421) khi chuyén sang ma Gray thi dugc do6i
nguoc lai, nghia la tir bit 1 thanh bit 0 va bit 0 thanh bit 1.

a -
*®# | Mach nhin ¥

1; e dang & BCD
Ay &

¥

49



50
Hinh 24-01-1: So d6 khéi mach nhan dang sé6 ma BCD
+y=1—a a a a khong phai s6 BCD 8421

+y=0—a a a a lasd BCD 8421
3210

Suy ra dé nhan dang mot sb nhi phan 4 bit khong phai 1a mot sé BCD 8421 thi

ngo ray = 1, nghia la: bit a3 luon ludn bang 1 va bit a hodc a bang 1.
i ic:y= + = +
Phuong trinh logic : y a (a1 a ) aa+aa

So db logic:

Hinh 24-01-2: So d6 mach logic
Pé nhap sé6 BCD thap phén hai chit s6 thi may tinh chia s6 thap phan thanh
cac décac va mdi décac duoc biéu dién bang s6 BCD tuong ung.
Vi du: 11 (thap phan) co6 thé dugce nhip vao mdy tinh theo 2 cach:
- S6 nhi phéan: 1011
- M& BCD : 0001 0001
2.5.3. Cac phép tinh trén s6 BCD
a. Phép cong
S6 thap phan 1a 128 thi:
- S6 nhj phan 1a: 10000000
- S6 BCD 1a: 0001 0010 1000
Do s6 BCD chi ¢6 tir 0 dén 9 nén d6i voi nhitng sb thap phan 16n hon, nd chia

s6 thap phan thanh nhiéu décac, mdi décac duoc biéu dién bang s6 BCD tuong
ung.

5 = 0101 7> 0111
+ + + ~

3 - 0011 55 0101

8 1000 12 1100

S6 higu chinh—— 0110

0001 0010

1 2
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Ky tu M& ASCII 7 bit  B&t phan Théap phéan
5 101 0011 123 53
b. Phit 101 D100 124 54
u 101 0101 125 55
v 101 0110 126 56
W 101 0111 127 57
X 101 1000 130 58
Y 101 1001 131 59
z 101 1010 132 54
0 011 000D 060 20
1 011 0001 061 21
Xét ¢ 2 011 0010 062 22
- Thy ® 011 0011 063 23
Mg 011 0100 064 24
26N 011 0101 065 25
6 011 0110 066 26 \merican
Stangd ? 011 0111 067 37 6 27 =
108 1 ® 011 1000 070 20 nhu céc
chitc 2 011 1001 071 29 CIL
<ky tu rigng> 010 000D 040 20
010 1110 056 2E
( 010 1000 050 29
+ 010 1011 053 2B
% 010 0100 044 24
* 010 1010 052 2A
) 010 1001 051 29
_ 010 1101 055 2D
/ 010 1111 057 2F
. 010 1100 054 2C
= 010 1101 075 2D
<RETURN > 000 1101 015 0D
<LINEFEED > 000 1010 012 DA

3. Cac cong logic co ban

Muc tiéu:

- Trinh bay céu tao, nguyén Iy hoat dong cila cac cong logic co ban

3.1. Cong AND

Cong AND la cbng logic thyc hién chirc ning ctia phép toan nhén logic voi 2

ngd vao va 1 ngo ra ky hiéu nhu hinh vé:
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(Hinh 24-01-3a)

Phuong trinh logic mé ta hoat dong ciia cong AND:
y =X .X
1772

Bang trang thai hoat dong ctia cong AND 2 ngd vao:

He
ot

e e =R =
_ = = |=
Lol L= L= =

(Hinh 24-01-3b)
Hinh 24-01-3: a) Bang chéan 1y ciia cong AND; b)Ky hiéu quy udc
Nhén xét: Ham chi bang 1 (muc logic 1) khi ca 2 ngd vao déu bang 1, ngd ra y
bang 0 (muc logic 0) khi c6 mdt ngd vao bat ky (X1 hodc x2) & muc logic 0.

Xét truong hop tong quat cho cong AND ¢6 n ngd vio XX X

n

0 3x, =0

Yawp™ 3 . —

Pic diém cua cong AND la: ngd ra y chi bang 1 khi va chi khi tat ca cac ngd
vao déu bang 1.
Str dung cong AND dé dong mé tin hi¢u: Xét cong AND c6 hai ngd vao X va

X2. Ta chon:

"X dong vai trd ngd vao diéu khién (control).

- X dong vai tro ngd vao dir liéu (data).
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Xét cac trudng hop cu thé sau day: 7
"X = 0: — y = 0 bat chap trang thai cia X, ta n6i cong AND khoa lai khéng

cho dir liéu dua vao ngd vao X qua cong AND dén ngo ra.

.#7’:2 =0=v=0
%, =14 = y=xy
Xy =1l=y=1
Ta ndi cong AND mé cho dit liéu dwa vao ngd vao X qua cong AND dén ngd ra.

Str dung cong AND dé tao ra cong logic khac: Néu ta st dung 2 t6 hop dau va
cubi trong bang gia tri cua cong AND va ndi cong AND theo so d6 sau:

% N\ —x=ﬂ~x.="2=0q}.=0}
Xz __//‘ - ¥=X

Hx=l-x=x~1-y=1

thi chung ta c6 thé str dung cong AND dé tao ra cong dém.
3.2. Cong OR

La cong thyuc hién chtic ning ciia phép toan cong logic, cong OR ¢6 2 ngd vao
va 1 ngd ra c6 ky hi€u nhu hinh vé:

e D

Ky hiéu Chau Au K hi¢u theo My, Nhat, Uc

(Hinh 24-01-4a)
Phuong trinh logic mo ta hoat dong ctia cong OR: y = X, + X,

Bang trang thai mé ta hoat dong ctia céng OR:

X, X, v
0 0 0
0 1 1
1 0 1
1 1 1

(Hinh 24-01-4b)
Hinh 24-01-4: a) Ky hiéu quy uéc; b)Bang chan Iy cua cong OR
Xét trudong hop tong quat d6i voi cong OR cd n ngd vao.

53



54

Phuong trinh logic:
X, A

 —— \
] _,-’/
JF —

1o vx =0 G=1m) @ ®

Pdc diém ciia cong OR la: Tin hiéu ngé ra chi bang 0 khi va chi khi tat ca céc
ngd vdao déu bang 0, nguwoc lai tin hiéu ngé ra bang 1 khi chi can c6 it nhat mét ngé
vdo bang 1.

Sir dung cong OR dé d(mg mé tin hiéu: Xét cong OR c6 2 ngd vao X)X
Néu chon X 13 ngd vao diéu khién (control input), x ngo vao dir liéu (data input), ta
co cac tru’orng hop cu thé sau day:

% 1=y =1 (y ludn bang 1 bat chép Xz) — Ta ndi rang cong OR kha
nang cho dir liéu di qua.

-X=0=

[:-::=t]::=}'={}::’

o o= *
lx;=1=y=1 =

Céng OR m¢ cho dir 1iéu vao ngd vao x;

Sir dung cong OR dé thwe hién chirc ning cong logic khac: Ta sir dung hai
t6 hop gia tri dau va cudi ciia bang trang thai ciia cong OR va ndi mach cong OR
nhu sau:

- x=0,%,=%=0=v=0

-
-x=lx=x=1l=v=1 =

y = x: cong OR dong vai trd cong dém.

So d6 mach thuc hién trén hinh

X ] 1\"'

X d—

- Phan thwe hanh: Khao sat nguyén 1y hoat dong ciia cng "HOAC" hai 16i vao (2-
Input OR).

A.THIET B] SU DUNG.

1.Thiét bi chinh cho thuc tap co ban vé dién tir s6 BE-D02.
2.Dao dong ky.

3.Pdng ho van ning.
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4. Khbi thi nghiém BE-D021 (Gan 1én thiét bi chinh BE-D02).
5.Phuy tung : DAy c6 chét cdm hai dau.
B.MUC DiCH THi NGHIEM.
-Tim hiéu vé ban chat mic logic va sy ton tai vat Iy cua ching.
-Tim hiéu thut toan logic ctia loai cong logic OR phd bién.
C.THUC HANH
1. Cép ngudn +5V cho mang so dd Hinh 24-01-5:

Hinh 24-01-5: So db lap rap
2.N6i dau ra C ctia IC3d vé6i chdt 7 b chi thi logic DISPLAY /BE-D02. Ding day
ndi cac 161 vao A&B ctia cong IC3d véi cong cong tic logic LS6, LS7 ctia mang
SWITCHES/BE-DO?2. Gat cong tic logic tir 0->1 va 1->0 tuong ung voi trang thai
cho trong bang 1.4, quan sat trang thai tuong g cua LED chi thi : LED sang -
trang thai 16i ra IC3d 1a cao (=1), LED tat - trang thai 16i ra IC3d 1a thap (  =0).
Ghi trang thai 16i ra theo trang thai 16i vao ctia cong vao bang chan 1y 1.4
3. Sir dung dong hd do thé ¢ chdt 7 ciia bo chi thi LED don. Ghi két qua vao bang
1.4

Bang 1.4
LS6 LS7 Lbi Lbi Lbi Thé ra
vao A vao B vao C &16i C
1 1 1 1
1 0 1 0
0 1 0 1
0 0 0 0
0 |Bo ling 0
1 |Bo ling 1

3.3. Cong NOT
Cong DAO (con goi 1a cong NOT) la cong logic ¢6 1 ngd vao va 1 ngd ra, voi
ky hi€u va bang trang thai hoat dong nhu hinh vé:
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X v l
[
(a) b)

Hinh 24-01-6: a)Ky hiéu quy udc; b)Bang chan 1y ciia cong NOT
- Phan thwe hanh:
A.THIET BI SU DUNG.
1.Thiét bi chinh cho thuc tap co ban vé dién tir sé BE-D02.
2.Dao dong ky.
3.Pong hd van nang.
4.Khbi thi nghiém BE-D021 (Gan 1én thiét bi chinh BE-D02).
5.Phu ting : Day ¢ chdt cim hai dau.
B.MUC DPICH THI NGHIEM.
-Tim hiéu vé ban chat muc logic va su ton tai vat Iy cta ching.
-Tim hiéu thuat toan logic ctia loai cong logic NOT phd bién.
C.THUC HANH
1. Cap ngudn +5V cho mang so d6 Hinh Hinh 24-01-7 :
- Str dung bo chi thi logic v6i cac LED don dé kiém tra trang thai logic ctia cac
cong duoc chon .
Pé khao sat nguyén 1y hoat dong cua cac cong , can tac dong murc cao (H): "1"
(vi du, chap 1én ngudn +5V') va murc thap (L) :"0" (chap dat) t6i cac 16i vao cla
cong dé theo ddi phan ing 16i ra C cua cong duge chon. Bé tranh cho 16i ra vi
mach c6 thé bi chép nguoén hoac dat (lam hu hong vi mach), trong thi nghiém s&
str dung céc cong tic logic LS (SWITCHES & DISPLAY cua BE-D02) dé tao murc
cao va thap cho cac 16i vao cong.
2. Khéo sat nguyén 1y hoat dong cua cong dao (Inverter).

Hinh 24-01-7: So db lap rap
3. Noi dau ra C ciia cong dao IC1 vé6i chét 7bd hién thi logic -DISPLAY/BE-D02.
Dung day ndi 16i vao A ciia mot cong IC1 (vi du IC1/f) voi cong tac logic LS7/
DISPLAY/BE-D02. Gat cong tac logic tir 0 ->1 va tir 1 -> 0, quan sat trang thai
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tuong tng ctia LED chi thi : LED sang -trang thai 16i ra IC1 1a cao (=1), LED tat
trang thai 161 ra IC1 la thap (=0). 7
Ghi trang thai 161 ra theo trang thai 161 vao ctia cong vao bang chan 1y 1.5.

4. St dung dong ho do thé & chét 7 ctia bo chi thi LED don. Ghi két qua vao bang
1.5.

Bang 1.5
Cong tic LS7 Loi vao A Loi raC Thé ¢ 16i ra C
1 1
0 0
L6i vao IC1 bo

lung

3.4. Cong NAND
Pay 1a cong thyc hién phép toan nhan ddo, vé so do logic cong NAND gom 1

cong AND mic ndi ting v6i 1 cong NOT, ky hiéu va bang trang thai cong NAND

duoc cho nhu hinh

X, b,

¥
b
s | (:)h_H
ot

—- o= o ¥
[= N

a) b)
Hinh 24-01-8: a)Ky hiéu quy udc; b)Bang chén 1y ctia cong NAND

Phuong trinh logic mé ta hoat dong ctia cong NAND 2 ngd vio:
V=X%,.X,

Xét trudong hop tong quat: Cong NAND c6 n ngd vao.
f
1 dx; =0

! 1
Y

Yo = 9 . -
hU 5*E’:~:]=1 (1=1.n)

......... h
Sg L r-'/
Hinh 24-01-9: a)Ky hiéu quy udc cuia NAND véi n ngd vao
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Vay, dic diém ciia cong NAND la: tin hiéu ngé ra chi bang 0 khi tat cd cdc
ngé vao déu bang 1, va tin hiéu ngé ra sé bang 1 khi chi can it nhdt mét ngé vao
bang 0.

Sir dung cong NAND dé d(’)ng mé tin hiéu: Xét cong NAND c6 hai ngd
vao, va chon X 1a ngd vao diéu khién, X la ngd vao du’ liu. Khi:

"X = 0 = y =1 (y lubn bang 1 bat'chap x ) — cong NAND khoa

II s =0=y=1 —

_f"f_]:]_:-“-'il B I :.‘-Jﬁ:_': 3
X =1=y=0

LS

Cong NAND mo cho dir liéu vao ngd vao X, va dén ngo ra

- Phan thuc hanh: Khio sat nguyén ly hoat dong ciia cong "VA - PAO" hai 16i
vao (2-Input NAND)

A.THIET B] SU DUNG.

1.Thiét bi chinh cho thuc tap co ban vé dién tar s6 BE-D02.
2.Dao dong ky.

3.Pong ho van ning.

4.Khbi thi nghiém BE-D021 (Gan 1én thiét bi chinh BE-D02).
5.Phu ting : Day ¢ chdt cim hai dau.

B.MUC DICH THI NGHIEM.

-Tim hiéu vé ban chat mic logic va sy ton tai vat Iy cta ching.
-Tim hiéu thuat toan logic cua loai cong logic NAND phd bién.
C.THUC HANH

I 0" LS7 N N 7 ‘i
'1' 7 o ~

LED7 =

Hinh 24-01-10: So db lip réap
1.N6i dau ra C ciia IC2d véi chdt 7 bo chi thi logic /BE-D02. Dung day nbi cac 16i
vao A&B ctia cong IC2d véi cong cong tic logic LS6, LS7 ciia mang
SWITCHES/BE-DO?2. Gat cong tac logic tir 0->1 va 1->0 tuong ung véi trang thai
cho trong bang 1.6, quan sat trang thai twong ing ctia LED chi thi : LED sang -
trang thai 16i ra IC2d 1a cao (=1), LED tat - trang thai 16i ra IC2d 1a thap (=0).
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Ghi trang thai 16i ra theo trang thai 16i vao cta cong vao bang chan 1y 1.6
2. Sur dung dong ho do thé & chét 7 ciia b chi thi LED don. Ghi két qua vao bang
1.6.
Bang 1.6.
LS6 LS7 [Lbivao A |LdivaoB | Ldivao C | Théra ¢ 16i C
1 1

1
1 0
0

Bo lung
Bo lung

| O O O |-
o
| O O |k | O|F

3. Theo két qua bang chan 1y 1.6, dinh nghia vé cong NAND.

4. B6 limg khong ndi chan B ctia IC2d Véi cong tac LS7. Chan A ndi véi cong tic
logic LS6. Chan C ndi véi chdi 7 ctia bo chi thi logic/BE-DO2. gat céng tic LS6
chuyén trang thai 0->1, 1->0, theo ddi trang thai ra. Ghi két qua vao bang chan 1y
1.6

Nhén xét truong hop 16i vao bo ling twong Gmg véi trang thai nao cua 16i vao ?

3.5. Cong NOR
La cong thyc hién chiic ning ctia phép toan cong dao logic, 1a cong ¢ hai ngd
vao va mdt ngd ra c¢6 ky hiéu nhu hinh vé:

:"L| [ —
N x T
o | x;ﬂﬂ_
L R
:"“: :.;_: ..-'I— ——
Ky hiéu Chau Au Ky hiéu theo M¥, Nhat, Uc
(Hinh 24-01-10a)

Phuong trinh logic mé ta hoat dong ctia cong :
VEXE R,

Bang trang thai mo ta hoat dong cia cong NOR :
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= = e e

o I e ) o T (TSl S

1 1
(Hinh 24-01-10b)
Hinh 24-01-10: a)Ky hiéu quy udc; b)Bang chan 1y cia cong NOR
Xét truong hop tong quat cho cong NOR ¢6 n ngd vao.
X

— =

X _

0 3x; =1
VNOR™ 9 n
VOR Ll ¥x, =0 (i=1,n)

Vay ddc diém cia cong NOR la: Tin hiéu ngé ra chi bang 1 khi tdt cd cdc ngé

vdo déu bang 0, tin hiéu ngé ra sé bang 0 khi c6 it nhdt mét ngé vao bang 1.
3.6. Cong EX — OR(XOR)

Pay 1a cong logic thyc hién chirc ning cia mach cong modulo 2 (cong khong

nhd), 12 cong co6 hai ngd vao va mot ngd ra co ky hiéu va bang trang thai nhu hinh

V€.

Phuong trinh logic mo ta hoat dong ctia cong XOR :

Yywor — XX, T '_"':l X, T X 8K,

- =

X) X y
0 0 0
. 0 ! I
“—'1 N 3 ! 0 !
. i/ ! ! 0

a) b)
Hinh 24-01-11: a)Ky hiéu quy udc; b)Bang chan Iy cua cong XOR
Cong XOR duge dung dé so sanh hai tin hiéu vao:
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- Néu hai tin hiéu vao 1a bang nhau thi tin hiéu ngd ra bang 0
- Néu hai tin hiéu vao 1a khac nhau thi tin hi¢u ngé ra bang 1.
- Phan thwe hanh: Khao sat nguyén 1y hoat dong ctia cong "HOAC - LOAI TRU"
c6 hai 16i vao (2-Input XOR):
A.THIET BI SU DUNG.
1.Thiét bi chinh cho thuc tip co ban vé dién tir s6 BE-D02.
2.Dao dong ky.
3.Ddng ho van ning.
4 Khéi thi nghiém BE-D021 (Gén 1én thiét bi chinh BE-D02).
5.Phu ting : Day ¢ chdt cim hai dau.

B.MUC biCH THI NGHIEM. o
Tim hi€u thuat todn logic cta loai cong logic XOR pho bién.
C.THUC HANH
Vll 7
+5e—
O C
'||—v‘-/°_1?57 p
Vll o e + 2 \.J N
7
+5e—= LED7 =

Hinh 24-01-12: So db lap rap
1.N6i dau ra C ctia IC3d véi chot 7 b chi thi logic DISPLAY/BE-D02. Dung day
ndi cac 16i vao A&B ctia cong IC4d véi cong cong tic logic LS6, LS7 ciia mang
SWITCHES/BE-DO2. Gat cong tic logic tir 0->1 va 1->0 tuong tGng vdi trang thai
cho trong bang 1.7, quan sat trang thai twong ng cuia LED chi thi : LED sang -
trang thai 16i ra IC3d 1a cao (=1), LED tit - trang thai 16i ra IC3d 1a thap (=0).
Ghi trang thai 16i ra theo trang thai 16i vao ctia cong vao bang chan 1y 1.7
2. Str dung dong ho do thé & chdt 7 ctia bd chi thi LED don. Ghi két qua vao bang
1.7

Bang 1.7
LS6 LS7 Loivao A | Ldivao | Loivao C | Théra o 16i
B C

O O

1
0
1
0

OO |-
OOk
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3. Trong trudng hop cac 16i vao cong XOR c6 trang thai khac nhau
(hang 2-3 cua bang 1.7).
Léi ra C ludn 6 trang thai nio ?
Trong trudng hop cac 16i vao cong XOR co trang thai gidng nhau
(hang 1-4 cua bang 1.7).
Léi ra C ludn 6 trang thai nio ?

3.7. Cong EX — NOR

bay la céng logic thuc hién chirc nang cia mach cong ddo modulo 2 (cong
khong nhé), 1a céng c6 hai ngd vao va mot ngd ra co ky hiéu va bang trang thai nhu
trén Hinh 24-01-13

Phuong trinh logic mé ta hoat dong ciia cong:

V=X X, +X,X, =X, ®x,

g
"

=N

<=

B W\,

Lol L= L= N

—
I
[—
= O = | O

Lo
1
=

a) b)
Hinh 24-01-13: a)Ky hiéu quy udc; b)Bang chan 1y ciia cong EX — NOR
3.8. Cong dém (Buffer)
Cong khéng dao hay con goi 1a cong dém (BUFFER) 1a cng c6 mot ngd vao
va mot ngo ra voi ky hi€u va bang trang thai hoat dong nhu hinh vé.

X | ¥
bt Y 010
1 |1

a) b)

Hinh 24-01-13: a)Ky hiéu quy udc; b)Bang chan Iy cia cong EX — NOR
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Phuong trinh logic mo ta hoat dong ciia cong: y = x
4. Céac phwong phap biéu dién ham logic
Muc tiéu:
- Trinh bay duoc cac phwong phap biéu dién ham
4.1. Biéu dién ham bang bang gia tri
Tuong ty nhu trong dai s6 thong thuong , mot ham logic ¢ thé duoc biéu dién boi
bang gia tri ciia ham d6. Bang nay s& c6 n + 1 ¢ot ( trong d6 n 14 gia tri ctia bién va
1 cot 14 gia tri ciia ham), 2" hang twong tmg véi 2" t6 hop gia tri khac nhau cua n
bién vao. Ung véi mdi t6 hop gia tri bién ghi gid tri cia ham tuong tng. Bang nay
con duoc goi la bang chan 1y hay bang chirc nang.

(Z:"fat% t}}:gg bpilgln Xs Xz X f
0 0 0 0 1
1 0 0 1 0
2 0 1 0 1
3 0 1 1 1
4 1 0 0 0
5 1 0 1 1
6 1 1 0 1
7 1 1 1 0

Hinh 24-01-14: Biéu dién ham 3 bién trén bang chan ly

Vi du : M6t ham 3 bién ¢6 gia tri duoc cho trong Hinh 24-01-14

O day ta quy udc X3 1a bit c6 trong s6 nho nhat. Tri thap phan cua té hop
bién dugc x4c dinh bang cdng thuc sau:
4.2. Mach dién biéu dién biéu thirc
Dinh 1y: M6t ham logic n bién bat ky luon ludn cé thé biéu dién dudi dang chuan
tac tuyén (CTT) day du hodc chuén tic hoi (CTH) day du.
- Dang CTT day du : La tuyén ctia nhiéu thanh phan , mdi thanh phan 13 1 hoi (tich)
gém day du n bién .
- Dang CTH day du : La hoi caa nhiéu thanh phan , mdi thanh phan 13 tuyén ( tong)
gém day du n bién .

Cdch viét ham sé duwéi dang CTT day dii
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- Chi quan tdm dén cac to hop bién ma ham cé gia tri bang 1. S6 1an ham bang mot
s& chinh 14 s6 tich cua biéu thirc.
- Trong mdi mot tich(hdi) cac bién co gia tri bang 1 duoc giit nguyén, con cac bién
c6 gia tri bang 0 liy phu dinh, nghia 13 néu gia tri cua X, =1 thi trong tich s€ duoc
viét 1a X, con néu X, =0 thi trong tich sé dugc viét la: X ,phu dinh (YI)
- Ham f bang tong cac tich do.

Cdch viét ham s6 dwéi dang CTH day du:
- Chi quan tAm dén cac t6 hop bién ma ham c6 gia tri bang 0. S6 1an ham bang 0 s&
chinh la séNth)ng cua biéu thre. , ‘
- Trong mo1 mdt tong(tuyén) cac bién co gia tri bang 0 dugc gilt nguyén, con cac
bién c6 gia tri bang 1 1ay phu dinh, nghia 1a néu gié trj cua X, =0 thi trong tich s€
duogc viét bang X, con néu X, =1thi trong tich s¢& 1a YI
- Ham f bang tich cac tong do.

Vi du: Ta lay lai vi du trong muc 4.1 & Hinh 24-01-14

Dang CTT: ham f =1 tai cac to hop gia tri bién Gng voi gia tri thap phan 13 0,
5, 7 va duoc viét trong bang & Hinh 24-01-15

ggnlzggp iééntri T4 hop gi4 trj bién Tich thanh phén
0 000 Xs+ Xo Xa
5 101 Xo- X, - X
7 111 Xz Xz Xa

Hinh 24-01-15: Cac tich ddy di cua ham tai cc gia tri thap phan

Nhuvayf: X3'X2'X1 + Xa'Xz'X1+X3'X2'X1

Dang CTH: ham sé f = 0 tai cac to hop bién Gmg véi gia tri thap phan 1a: 1 va
4 va dugce biéu dién cho hinh 24-01-16:

T,"\ h .y . 4 T,’( h .y . X , .
oA Q’pAgla tr1 bién | T6 hop gia tri bién Téng thanh phan
thap phan
1 001 Xo X, X
4 100 ;3 +¥X,+ X,

Hinh 24-01-16: Céc tong day du ing véi gié tri thap phan
Nhu vay f=(x,+X,+X,) (Xs+ X+ X.)
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1.4.2. Biéu dién ham bang bang Karnaugh

Nguyén tic xdy dung bang:

- Pé biéu dién ham logic n bién can xdy dung bang gém c6 25, mdid tuong ung
v6i mot td hop bién.

- Céc 6 cach nhau hoac dbi xtrng nhau chi khac nhau 1 bién.

- Céc 6 cach nhau hodc dbi xtng nhau chi khac nhau 1 bién. Cac cot va hang cua
bang duoc ghi cac t6 hop gia tri bién sao cho nhimg cot va hang canh nhau hoic
d6i xtmg nhau chi khac nhau 1 bién.

- Trong céc 6 ghi gia tri ciia ham tng véi gié tri ciia to hop bién tai 6 do.

Pbi v6i dang CTT thi cac 6 twong tmg véi f =0 thuong dugc dé tréng. Dbi voi
dang CTH thi cic 6 twong tmg véi f =1 thudong dugc dé tréng. Tai cac 6 ma ham sb
khong xac dinh dugc danh dau X.

Bang Karnaugh cho truong hop ham hai bién dugc bicu dién trong Hinh 24-01-17:
a) Biéu dién ham
f(le X1, Xo) = 2(0,2,3,5,6)

Xo 00 01 11 10
X2
0 1 3 2
0 1 1 1
7
4 5 6
1 1

b) Biéu dién ham
f(X2, X1, %0) = [1(1,4,7)

Xo 00 01 11 10
X2
0 1 3 2
0 0
.
4 5 6
1 0 0

Hinh 24-01-17: Bang Karnaugh ciia ham 3 bién

65



66
Bang Karnaugh ctia ham 3 biél} dugc biéu dién trong hinh 24-01-17. Trong d6 cac
sO ghi t6 hop & goc trai trén moi 6 1a gid tr1 thap phan cua toé hop bién trng vdi1 moi
6 do
Vi du: Biéu dién bang Karnaugh voi ham 4 bién theo dang chuan tic hoi (CTH)
f(X3,X2, X1, Xo) = H(1,7,13) voiN=2,3,11, 15

Xo 00 01 11 10
X3Xo
0 1 3 2
00 0
7
4 5 6
01 0
15
12 13 14
11 0
11
8 9 10
10

Hinh 24-01-18: Bang Karnaugh ctia ham 4 bién

5. Pai s6 Booel va dinh Iy Demorgan
Muc tieu:
- G161 thiéu ham Boole va dinh ly Demorgan
5.1. Bién logic
- Xét mot tap hop B chi gdm 2 phan tir 0 va 1; B =10,1t. X; duoc goi 1a bién logic,
néu nhu X; €B, tic 12 X; chi c6 thé lay 2 gié tri 1a 1 hoic 0.
- Bién logic biéu thi 2 tinh chat hay hai trang thai d6i 1ap nhau nhu ding va sai,
song va chét....Trong k¥ thuat bién logic duoc mi hoéa nhu sau:
Dién thé:
Xi=0tuong ing véi U =0V
Xi=1twonging v6iU=5V
5.2 Ham logic

HAm f dugc goi 1a ham logic néu nhu f 12 ham cta mot tap bién logic va ban
than f ciing chi 1ay 2 gid tri 0 hodc 1 haynois cach khac f B

F=f(Xn, Xn1, ...... Xi,....X1)€B

XieBvéii=1+n
Cic tinh chat ciia ham Boole
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1.A+0=A 2A.1=A

3.A+1=A 4. A.0=A

5. A+A=A 6.A. A=A

7.A+A=1 8.A.A=0
9.A+B=B+A 10.AB=B.A
11.A+AB=A 12. A.(A+B)= A

13. AB+AB = A 14. (A+B)(A+B)=A

15. A+B+C=(A+B)+C=A+(B+C) 16. AB.C=A(B.C)=(A.B)C
17.A+B=A.B 18AB = A+ B

Nhdn xét: Néu thay phép cong bang phép nhan, gia tri 0 bang giatrilva
nguoc lai thi phwong trinh ¢ vé phai chuyén thanh phuong trinh & vé trai va nguoc
lai.

Cac tinh chat 9 va 10 duoc goi la tinh chat giao hoan.

Tinh chat 11 va 12 duoc goi 1a phép nuét .

Tinh chat 13 va 14 duoc goi la phép dan.

Tinh chat 15 va 16 duoc goi 1a tinh két hop.

Tinh chat 17 va 18 la dinh ly Demoorgan.
5.3 DPinh Iy De Moorgan

Pinh Iy De Moorgan dugc phét biéu béi hai biéu thirc:

A+B+C=ABC

ABC=A-B+C

Pinh Iy De Morgan cho phép bién d6i qua lai gita hai phép cong va nhan nho
vao phép ddo.
6. Pon gian biéu thirc logic
Muc tiéu:
- Lam don gian ham sb va rit gon biéu thirc

Pé thyc hién mot ham logic béng mach di¢n tir, nguodi ta luén luén nghi dén
viéc str dung luong linh kién it nhat. Mudn vay, ham logic phai ¢ dang tdi gian, nén
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van dé rat gon ham logic 12 bwée dau tién phai thwe hién trong qua trinh thiét ké.
Co 2 phuong phap rut gon ham logic:

- Phuong phap dai s6

- Phuong phap dung bang Karnaugh
6.1. Pon gian biéu thirc bang phuong phap dai s6
- Ham duoc dua vé biéu dién ¢ dang biéu thirc va bién d6i mot cach truc tiép theo
Xu huéng giam dan gia tri ciia ham. Sy rdt gon thuc hién trén co so cac dinh Iy:
A+A=1; AA=0; A+A=A;AA=A
Vi du: Cho mot ham sé: f= AX + AX + AX
Ap dung céc tinh chat trén ta co:

f= (AX + AX) + (AX + AX)
’ = X (A+A)+A(X +X)= X+A

Vay ham s0 sau khi dugc don gian chi con 2 gia tri
6.2. Rut gon biéu thic logic bang biéu dd Karnaugh
Dung bang Karnaugh cho phép rat gon dé dang cac ham logic chira tir 3 t6i 6 bién.
6.2.1.Nguyén tic

Xét hai t6 hop bién AB va AB, hai t6 hop nay chi khac nhau mdt bit, ta goi
chung 13 hai t6 hop ké nhau.

Taco: AB+ AB = A, bién B d dugc don gian .

Phuong phép ctia bang Karnaugh dya vao viéc nhom céc to hop ké nhau trén
bang dé don gian bién co gia tri khac nhau trong cac t6 hop nay.

Cong viéc rat gon ham dugc thuc hién theo bon bude:

- V& bang Karnaugh theo s6 bién cta ham

- Chuyén ham can don gian vao bang Karnaugh

- Gom céc 6 chira cac t6 hop ké nhau lai thanh cac nhom sao cho c6 thé rat
gon ham téi muc toi gian

- Viét két qua ham rat gon tir cac nhém da gom dugc.
6.2.2 V¢ bang Karnaugh

- Bang Karnaugh thyc chat 1a mot dang khac cua bang sy that, trong d6 mdi 6
cua béng tuong duong v4i mot hang trong bang su that.

Pé vé& bal]'lzg Karnaugh cho n bién, ngu:gl ta chia s6 bién ra lam d61, phan nura
dung de tao 2 cOt, phan ntra con lai tao 2 hang (néu n 1a s6 18, nguoi ta co thé
cho s6 luong bién trén cot 16n hon sb lugng bién cho hang hay nguoc lai cling
du’oc) Nhu Vay, v6i mot ham c6 n bién, bang Karnaugh gébm 2 6, mdi 6 twong tng
v6i to hop bién nay. Cac 6 trong bang duoc sip dit sao cho hai 6 ké nhau chi khac
nhau mdt don vi nhi phan (khac nhau mdt bit), diéu nay cho théy rat thudn tién néu
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Thi du : Bang Karnaugh cho ham 3 bién (A = MSB, va C = LSB)

B
S0 @ 110
ol el 1
1 ) J
4 5 T E

chiéu dimg.

69
chung ta ding ma Gray. Chinh sy sap dit nay cho phép ta don gian bang cach
nhém céc 6 ké nhau lai.

Vi 2 bién AB, su sip dit sé theo tht tu: AB =00, 01, 11, 10 (day 1a tht tu
mi Gray, nhung dé cho d& ta dung s6 nhi phin twong tmg dé doc tht ty nay: 0, 1, 3,

i
s, U1
_..
e a |'I
o E o
11 El_h'I'.f
| =
4l 5

76
(2
HEs

D

-

Hinh 24-01-19: Bang Karnaugh cho ham 3 bién
Véi 3 bién ABC, ta duoc: ABC = 000, 001, 011, 010, 110, 111, 101, 100 (s6
nhi phan tuong tng: 0, 1, 3,2, 6,7, 5, 4)
Luu vy 1 ta c¢6 thé thiét 1ap bang Karnaugh theo chiéu nam ngang hay theo

(77

Do céc to hop ¢ cac bia trai va phai ké nhau nén ta c6 thé coi bang c6 dang
hinh tru thang dung va céc to hop ¢ bia trén va dudi ciing ké nhau nén ta co thé coi
bang c6 dang hinh tru truc nam ngang. Va 4 t6 hop bién & 4 goc ciing 1a cac to hop

ké nhau.
Bang Karnaugh cho 4 bién.
co
A2 oo o1 41 40
w o | e
01 4 ;
_{4 I
M gl ve s 114
J
10 4
B =] 11 10

-
b
&

(FFF

9

Hinh 24-01-20: Bang Karnaugh cho ham 4 bién

6.2.3 Chuyén ham logic vao bang Karnaugh.
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Trong mdi 6 clia bang ta dua vao gi tri cia ham tuong ung véi té hop bién,
dé don gian chung ta c6 thé chi ghi céc trj 1 ma bo qua cac tri 0 ciia ham. Ta c6 cac
truong hop sau:
¢ Tir ham viét duéi dang tong chuan:

Thi dx 1 .

flA.B.C)= A BC+ ABC+ABC

1A, B,C) = BEC+HREC+ AR

o B | B BO| B
aoosgt1 10

_ (. £
1

Al |:|11;1.2
1

L L -1 I I -
IL"“'-q_p-""

#Néu ham khéong phai 1a dang chuin, ta phai dua vé dang chuan bang cach
thém vao cac sd hang sao cho ham van khéng d6i nhung cac sé hang chira du céac
bién.

Thidu?2:

Y = ABC ABD +ABC+ACD ~

Y=ABC(D+D)+ABD(C+C) + ABC(D—D ) +ACD(B+B)

Y=ABCD+ ABCD+ABCD+ABCD+ABCD+ABCD +ABCD+ABCD
Va Ham Y duoc dua vao bang Karnaugh nhu sau

oo ol
AE [
RE 01 111
a1 1 1 1
#B 10 111

#Tir dang s6 thir nhat, véi cac trong luong tuong img A=4, B=2, C=1

Thi du 3 : f(A,B,C) = X(1,3,7). Ham s6 s& lay gia tri 1 trong cac 6 1,3 va 7.

¢ Tir dang tich chuin: Ta 14y ham déo de co dang tdng chuan va ghi tri 0 vao
cic 6Thidu4:Y =f(AB.C) = (A+B+C).(A+B+C).(A +B+C).(A+B+C).(A+B ()

Y=AB.C+ ABC+AB.C+AB.C+AB.C
Va bang Karnaugh tuong tng
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#Tir dang sb thit hai:

Thi du 5 : f(A,B,C) =11(0,2,4,5,6)

Ham sé léy cac tri 0 & cac 6 0, 2, 4, 5, 6. D1 nhién la ta phai ghi cac gia tri 1
trong cac 6 con lai

¢ Tir bang su that:

Thi du 6 : Ham f(A,B,C) cho bdi bang su that

N A B C flAB,C)
0 0 0 0 0

1 0 0 1 ]

2 0 1 0 0

3 0 1 1

4 1 0 0 0

3 1 0 1 0

6 1 1 0 0

7 1 1 1

Ta ghi 1 vao cac 6 twong tmg voi cac t6 hop bién ¢ hang 1, 3 va 7, két qua
gidng nhu & thi duy 1.

¢ Truong hop c6 mdt so to hop cho gia tri ham khong xac dinh: nghia 13
ung vai cac to hop nay ham c6 thé co gia tri 1 hodc 0, do do, ta ghi d4u X vao cac 6
tuong tmg v4i cac t6 hop ndy, lic gom nhom ta st dung n6 nhu sé 1 hay s6 0 mot
cach tiy ¥ sao cho c6 duoc két qua rat gon nhat.

Thi du 7: f(A,B,C,D) = 2(3.4,5,6,7) véi cac td hop tir 10 dén 15 cho ham c6
tri bat ky (khong xac dinh)
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0 1
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Ml XA A | A
1Q b

6.2.4 Qui tic gom nhoém

Céc t6 hop bién c6 trong ham logic hién dién trong bang Karnaugh duéi dang
cac s 1 trong cac 6, vay viéc gom thanh nhom céc to hop ké nhau duoc thyc hién
theo qui tic sau:

- Gom cac sb 1 ké nhau thanh timg nhoém sao cho sd nhom cang it cang tét.
Piéu nay co6 nghia 14 s6 s6 hang trong két qua s& cang it di.

- Tét c§1 cac s6 1 phai dugc gom thér}h nhoém Vﬁ‘t mot s6 1 ¢o thé ¢ nhiéu 111<h()m.

- SO sc? 1 trong moi nhépq cang nhi~éu cang tot nhl&*ng phai le‘} boi cﬁa’ 2 (mo1
nhoém cd thé co 1, 2, 4, 8 ... s6 1). Clt mo1i nhém chira 2 s6 1 thi t6 hop bién tuong
g v6i nhém d6 giam di k sé hang.

- Kiém tra dé bao dam s6 nhom gom duogc khong thira.

6.2.5 Qui tic rut gon

- Két qua cubi cung dugc ldy nhu sau:

Ham rat gon 1a tong cta cac tich: Mdi s hang cua tong twong Gmg véi mot
nhém céc s 1 noéi trén va sd hang nay 1a tich cua cac bién, bién A (hay A) la thira
s6 cua tich khi tat ca cac

sO 1 ctia nhom chi chira trong phan nira bang trong d6 bién A c6 gia tri 1 (hay
0). Noi cach khac néu cac sb 1 ciia nhom dong thoi nam trong cac 6 cia bién A va
A thi bién A s& duoc don gian. Hinh du6i day minh hoa viéc Iy céc thira sb trong
tich

Thi du d6i voi bang (vi du 7) ta c6 két qua nhu sau:
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G

RN o w1 ow om

< | [y

01

i

1D

r.l_\'“—-_
I

nbdim 1

- Ham Y 1a ham 4 bién A,B,C,D

- Nhém 1 chira 2 s6 1 (k=1), nhu vy nhom 1 s& con 3 bién, theo hang, 2 s6 1
nay 62 06 u’ng v6i A B va AB, bién A s& duoc don gian va theo cot thi 2 6 ndy tng
Vi t6 hop C.

Két qua tng voi nhom 113:B. C.D

- Nhom 2 chira 4 s6 1 (4= 2 , k=2), nhu Vay nhom 2 s& con 2 bién, theo hang,
4561 nay &2 6 tmg v6i to hop AB va AB, bién B s& dugc don gian va theo cot
thi 4 6 nay Gmg voi to hop CD va C D, cho phép don gian bién D .

Két qua wng véi nhém 2 1j: AC. ,

- Nhém 3 chtra 4 s6 1 (4=2 , k=2), nhu vdy nhom 2 s& con 2 bién, theo hang,
4 56 1 nay & 6 Gmg v6i to hop AB, theo cot 4 s6 1 nay chiém hét 4 cot nén 2 bién
Cva D dugc don gian.

Két qua wng véi nhém 3 la: AB.

Vaham Y ratgonla: Y =BC D +AC+ AB

Du6i day 1a mot sb thi du

Th1du1 Rat gon ham

=f(AB.C)= A.B.C+ AB.C+tA.B.C+A.B.C+AB.C

0
AB o A

Qo i

o |

11 i
"@n
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choY=AB +C
Thi du 2 : Rit gon ham Y = f(A,B,C,D) = £(0,2.,4,5,8,10,12,13) v6i A=MSB

0
AE™, 0 0 11 4o

J8 [ 16
o
n

i

il

N

choY=BC + BD
Thi du 3 : Rat gon ham S cho béi bang sy that:

N A B C D 5
0 0 0 0 0 0
1 0 0 0 1 0
2 0 0 1 0 1
3 0 0 1 1 1
4 0 1 0 0 1
5 0 1 0 1 1
& 0 1 1 0 0
7 0 1 1 1 0
g 1 0 0 0 0
9 1 0 0 1 0
1015 x (Khéng xac dmh)
Béang Karnaugh:
Ch
b= o a4 11 40
oju) 1 1

oD
NODE
10 (-i";_

IDE

Kétqua:S=BC + BC
7. Thiét ké mach logic
7.1. Bai toan thiét ké
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- Tir yéu cau c6 thé 1a do chirc niang, dang tin hiéu ra, tinh nang ky thuat....xay
dung so d6 mach thuc hién bang céc phan tir cho trude.

7.2. Cac budce thuc hién

Péi véi truong hop thiét ké ding cac phan tir roi rac va cac vi mach ¢d nhé thuc
hién tuan ty nhu sau: Bai toan — Viét ham— Pon gian ham — Viét ham phl hop
véi céc linh kién yéu ciu —Vé mach

7.3. Thiét ké mach hai ting

Viéc thiét ké mach dua theo bang sau:

Tang 2
AND OR NAND NOR
Tﬁng 1
1.CTH
AND X CTT X 2. E,Ap
dung D
1.CTH
OR CTH X 2. E,Ap X
dung D
1.CTH 1.CTH
NAND 2. TP, Ap X 2. F,Ap X
dung D dung D
1.CTH 1.CTH
NOR X 2. TP, Ap X 2. F,Ap
dung D dung D

Hinh 24-01-21: C4c thiét ké mach hai tang véi cac phan tir da cho trude
D : Quy tac Demogan; TP: lay dao ting thanh phan 2 lan; F : Pao hai lan ca ham
sb; CTT: chuan tic tuyén; CTH: Chuan tic hoi
Vi dy: Cho ham logic 4 bién f(x3,x2,x1,x0), toi gian ham sé va tir d6 thiét ké mach
2 tang.

F(x3,x2,x1,x0) = (0, 2, 5,7, 8, 10, 13, 15)

F(x3,x2,x1,x0) = [[(1, 3, 4, 6,9, 11, 12, 14)
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x1x0
00 01 11 10
X3X2
0 1 3 2
00 1 1
4 5 7 6
01 1 1
12 13 15 14
11 1 1
8 9 11 10
10 1 1
a)
x1x0
00 01 11 10
X3X2
0 1 3 2
00 0 0
4 5 7 6
01 0 0
12 13 15 14
0
11 0
10 9 11 10
10 0 0
|
b)

Hinh 24-01-22: Biéu dién ham f trén bang Karnangh
Sau khi don gian ham F trén bang Karnangh ta co:
I:CTH = (Xz +X0)(X2 +Xo)
Ferr =X, X + XX,

Vi yéu cau xay dung so do mach véi tng voi ting 1 va tang 2 cho trude nhu sau:
* Tang 1 dung AND tang 2 duing NOR.

Tu thuat toan dé néu & bang hinh 3.4 ta cé:

Viét phuong trinh ham F dué6i dang CTH
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FCTH = (Xz + Xo)(xz + Xo) = (Xz + X0)+(X2 +Xo) =X X + X5 X

+ Tang 1 dung NAND, tang 2 diing AND
- Viét ham duéi dang CTH
Fern = (Xz + X‘o)(xz + Xo) . .
Phu dinh 2 lan tirg thanh phan roi &p dung Demorgan

Forn = (X, + X)) (X, 4+ X,) = X, Xg.X,.X,

* Tang 1 dung NOR, tang 2 ding OR

Fer = (% + %) (X2 +X5) = (X, + %, )(X, +Xo) = (X, +Xo) + (X, +X,)

* Tang 1 ding ham NAND, tang 2 ding ham NAND
- Viéet ham dudi dang CTT
Fern = (‘Xz Xp) + X, ?(o .
Phu 2 lan ham s6 roi 4p dung Demorgan

F = X, X + Xy Xg = X, Xg.X,.X,
*Tang 1 ding NOR ting 2 diing OR

Fory = (X, X) + X, X0 =X, Xg + Xy +Xg = X, 4+ Xg + X, + Xy = Xy + Xy + X, + X

CAU HOI VA BAI TAP
1.1. Trinh bay biéu thirc, ky hiéu, bang trang théi ciia cac cong logic co ban?
1.2. Mot hoi dong giam khao gom 3 nguoi. Lap bang chéan ly cho ham bao hiéu néu
da s6 ty vién trong hoi dong giam khao bo phiéu thuan
1.3. Biéu dién ham sau trén bang Karnaugh:
F(x3,x2,x1,x0) = Y(0, 1, 3,7, 8, 10, 12, 15)
F(x3,x2,x1,x0) = ](1, 3, 5, 8,9, 10, 13, 14)
1.4. Hay ching minh cac dang thuc sau:
a)A+AB=A+B
b) AB + AC + BC = AB + AC
C) AB + AC = (A+C)(A+B)
1.5. Pon gian cac biéu thirc sau:
a)Y = A+ ABC + (A+ ABC)(A+ ABC)
b)Y = AB +CD)(AC + BD)
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BAI 2: FLIP-FLOP
Ma bai: MD 14-02
Gidi thiéu:

Cac mach s6 duge chia thanh hai loai: mach tuan ty va mach to hop. ta khao
sat mach t6 hop trong chuong sau, & mach tuan ty trang thai 16i ra khong chi phu
thudc su thay doi trang thai dau vao ma con phu thudc vao trang thai dau ra trude
d6. Ngoai ra khi trang thai dau vao thay ddi, trang thai dau ra khong thay dbi ngay
ma doi cho dén khi c6 xung ddng hd tac dong moéi thay dbi. Vay mach tuan tu co
tinh nhé va tinh dong b (cac bd phan hoat dong dong thoi khi 6 xung 1énh)

Muc tiéu:
- Trinh bay duoc cau tric, nguyén tic hoat dong cua cac Flip - Flop
- Rén luyén tac phong lam viéc nghiém tuc ti mi, can than, nghiém tic trong cong
viéc.
N0i dung chinh:
1. Flip— Flop S-R
- Trinh bay duoc ciu tric, nguyén tic hoat dong cua Flip - Flop S-R
1.1. FF RS khong dong bo
RSFF khong dong bo dung cong NAND (so d6 Hinh 24-02-1)

— \'u
R = S TR
4T D
r;/{ 0 | 1 ]
= L \W 5 1 | o | o
- ] 1 Q"
a) b)

Hinh 24-02-1: a) So db logic ding 2 cong NAND; b) Bang chan Iy
Dua véo bang chéan ly ciia cong NAND:

][0 vx; =1
V=

) 1 EIXi =0

Taco:

-8 =0, R =1 = Q=1 hoi tiép vé cong NAND 2 nén cong NAND 2 c6 hai ngd
vao bang 1 vay Q =0.

- S =0, R=1= Q =1 hoi tiép vé cong NAND 1 nén céng NAND 1 cé hai ngd
vao bang 1 vay Q = 0.

-S =R =0= Q =Q=1 day la trang thai cAm.
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- S = R=1: Gia st trang théi truéc d6 c6 Q =1, Q = 0 = hdi tiép vé céng NAND
1 nén cong NAND 1 c¢6 modt ngd vao bang 0 vdy Q = 1 = RSFF giir nguyén trang
thai ci.
Nhu vay goi 1a FF khong dong bd béi vi chi can mot trong hai ngd vao S hay
R thay dbi thi ngd ra ciing thay d6i theo.
V& mat ki hiéu, cac RSFF khong déng bd duoc ky hiéu nhu sau:

ol

—

S
_,S- ﬂ E

a) b)
Hinh 24-02-2: Ky hiéu qui udc
1.2. FF S-R sir dung cong NOR
Dang 1: RSFF khong dong bd dung cong NOR (Hinh 24-02-3)

| . : S R |
) ) — 0
[ Z— D U Q
— 0 ! 0
[+ 2 | | 1
) 2 - X

a) :

Hinh 24-02-3: a) So db logic diing 2 cong NOR; b) Bang chan ly

Dua vao bang chén Ii caa cong NOR, ta co:
-S=0,R=1=>Q=0, hoi tiép vé cong NOR 2 nén cong NOR 2 c6 hai ngd
vao bang 0 = Q =1
-S=1,R=0=> Q =0, hoi tiép vé cong NOR 1 nén cong NOR 1 c6 hai ngd
vao bang 0 > Q=1 .

-Giasirbandau: S=0,R=1=Q =0va Q =1. (%)

Néu tin hiéu ngd vao thay doi thanh: S =0, R = 0 ta ¢6 (dua vao so do dé
phan tich cac trang thai xay ra lién tiép. Cu thé ban dau nhu dau (*) sau d6 R=0
va Q =1thi Q=0): _

+S=0vaQ=0=>0Q=1
+R=0va Q =1 = Q=0 = RSFF giir nguyén trang thai ci.
-Giastrbandau: S=1,R=0=>Q=1vaQ =0
Néu tin hiéu ngd vao thay d6i thanh: S =0, R = 0 ta c6:
+R=0vaQ=0=0=1
+S=0vaQ=1= Q =0 = RSFF gilt nguyén trang thai cii.
1.3. FF RS dong bo
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Xét so d6 RSFF dong bo vé6i so dd mach, ky hiéu va bang trang thai hoat dong nhu
hinh v¢:

S T, R
N
| | S 1 T
Ck ’ [(— _ 0
T _ ek
| . ~ z = N o _
R | * ) _,/' R 0 —
a) b)
s | R | ek | Q
X | X | 0] Q
0 | o | 1 [ Q
0 1 1 0
1 0 | 1 1
] ] ] X
c)

Hinh 24-02-4: a) So d6 logic ; b) Ky hiéu qui udc; ¢)Bang chan Iy
Trong d6: Ck 1 tin hiéu diéu khién déng bo hay tin hiéu dong hod (Clock). Khao sat
hoat dong cuia mach: i
- Ck = 0: cong NAND 3 va 4 khoa khong cho dir li€u dua vao. Vi cong NAND 3 va
4 déu co it nhat mot ngd vao Ck=0= S = R =1 = Q = Q (FF gilt nguyén trang
thai cii). q 0
- Ck = 1: cong NAND 3 va 4 m¢. Ngo ra Q sé thay doi tuy thudc vao trang thai ctia
SvaR.

+S=0,R=0= g = ﬁfl =>Q:Q0(gifr nguyén trang thai cii).
+S=0,R=1=35=1,R=0=0Q=0
+S=1,R=0=> SiO, R=1=>0Q=1

Trong truong hgp nay Ck tac dong mutrc 1. Trong truong hop Ck tdc dong
murc 0 thi ta mac thém cong dao nhu sau (Hinh 24-02-5):

80



—1, ‘\,‘r___ _ N 0
— S ' |
Ckr— ~— o — S 0 —
—t — - '
L/ | — '“-‘ _ —{Ck
—_— —_— ™
0 _
L
a) b)

Hinh 24-02-5: a) So db logic ; b) Ky hiéu qui udc;
Nhu vay, tuy thudc vao murc tich cuc cua tin hi¢u déng bd Ck, chiing ta c6 céc loai
tin higu diéu khién:
- Ck diéu khién theo murc 1.
- Ck diéu khién theo mirc 0.
- Ck diéu khién theo suon 1én (sudn trude).
- Ck diéu khién theo suon xudng (suon sau).

T L I yu N R o A

a.Mhfe 1 b.Mafe 0 c.Sufan lén d.Suén xudng
Hinh 24-02-6: Cac dang Ssuon xung
a. Xét FF c6 Ck diéu khién theo swon 1én (swon trude):

Suon 1én va muc logic 1 ¢6 mdi quan hé véi nhau, vi vy mach tao suon 1én
12 mach cai tién ctia mach tac dong theo muc logic 1.

Suon 18n thyc chat 13 mot xung duong co thoi gian ton tai rat ngan. Dé cai
tién cac FF tac dong theo muc logic 1 thanh FF tac dong theo sudn 1én ta mic vao
trude FF @6 mot mach tao suwon 1én nhu hinh Hinh 24-02-5.

O mach tao sudn nguoi ta 1gi dung thoi gian tré cua tin hiéu khi di qua phﬁn
tor logic. DPdi voi mach tao suon nguoi ta lo1 dung thoi gian tré cua tin hiéu khi di
qua cong NOT.

Ck
A
Ck| Mach S t
tao siudn R 0 >
A
Xung sau khiqua 1 ] ] t
v 1a >
mach tao suon lén 0

Hinh 24-02-7: Dang xung dudi tac dong Ck
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Xét S0 dd mach tao suon 1én va dang song nhu: hinh Hinh 24-02-6: Mach tao suon
lén gém mot cong AND 2 ngé véo va mot cong NOT. Tin hiéu X, tir cong NOT
dugc dua dén cong AND cung véi tin hi¢u X di tryc tiép (x2 = Ck). Do tinh chat trd
cua tin hi¢u Ck kh} di qua cong NOT nén X, bi tré mot k’hoang thoi gian, vi V§1y tin
hiéu ngod ra cta cong AND c6 dang mot xung duong rat hep voi thoi gian ton tai
chinh bang thoi gian tré (tré truyén dat) ctiia cong NOT. Xung duong hep nay duoc
dua dén ngd vao dong bd cua FF diéu khién theo murc logic 1. Tai cac thdi diém c6
suon 1én cua tin hiéu xung nhip Ck s& xuat hién mot xung duong tac dong vao ngd
vao dong bo cua FF diéu khién ngd ra Q thay doi trang thai theo cac ngd vao. So dd
mach FF ¢6 tin hi¢u Ck diéu khién theo sudn 1én nhu hinh Hinh 24-02-8.

M Clk

t
0 >

Ck « AR
=0 N ¥ t
...................................... j b }

X

X
t
—l s >

y

— Ck L

— R N

Hinh 24-02-8: So @ mach FF c6 tin hi¢u Ck diéu khién theo sudn 1én
b. Xét FF ¢6 Ck diéu khién theo suon xudng (swon sau):

Mach tao suon xuéng 12 mach cai tién tac dong muc logic 0. So dd mach va
dang song nhu sau (Hinh 24-02-9):
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NCk
t
0 >
A X2
-t
0 X, >
ﬁ [t
0 >
Ck X A y
D=3 "\ ¥ ‘ " 4
— 7 0 :
a) So d6 mach b) Dang song
Hinh 24-02-9: Mach tao Suon xuong
S
D v ) S
o 0

L] R T .

R 4 P J
Hinh 24-02-10: FF c6 tin hiéu Ck diéu khién theo suon Ién
Trén Hinh 24-02-111a ky hiéu trén so d6 mach va so do thuc hién Flip-Flop

tac dong theo suon xuodng.
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b)

84

Hinh 24-02-11: a) So ¢4 mach; b) ky hiéu trén so db

Y nghia ciia tin hiéu dong b Ck:

Pbi voi cac FF dong bo, cic ngd ra chi thay doi trang thai theo ngd vao
DATA khi xung Ck ton tai muc 1 (d6i véi FF tac dong muc 1), hodc xung Ck ton
tai muc 0 (déi voi FF tdc dong muc 0), hodc xung Ck ¢ suon 1én (déi voi FF tac
dong suon 1én), xung Ck & sudn xubng (ddi voi FF tac dong suon xudng), con tat
ca cac truong hop khéac cta Ck thi ngd ra khong thay d6i trang thai theo cac ngd

vao mdc du luc do cac ngd vao co thay doi trang thai.

2. Flip - Flop J -K
Muc tiéu:

- M0 ta dugc ky hiéu, bang chén li ctia Flip - Flop J-K
FF JK duoc tao ra tir FF RS theo so d6 nhu (Hinh 24-02-12a).

D_

:D_

—d:}[:ll[

!
J— fr Q
-Gy
K1 _a ©
I

b)
(Hinh 24-02-12b) 14 ky hiéu FF JK cua ngd vao Prva Cl tac dong thap.
Bang chan li 2.1 (B¢ don gian, ta bo qua cac ngd vao Pr va Cl)
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TYK I Q1 |s=10 |IREKQ! Cx | Q-
orol ol1 0 0 J Q
0jo|1]o0 0 0 l Q
0j 147071 0 0 + | Q=0
011 1 |0 0 1 l 0
1 :-0:0 -1 [ 1 0 ) 1
1.0 .1 .0 0 . 0 .| |Q=
1111011 1 0 ! 1
1+ 1110 0 | 1 l 0
Bang 2.1




] K Cx Q-
0 0 L+ Q
0 1 4 0
1 0 < 1
1 1 L 7
Béng 2.2

Bang 2.2 la bang rUt gon, suy ra tir bang 2.1
Két qua tir bang 2.2 cho thay:
FF JK dé thoat khoi trang thai cam thay vao d6 1a trang thai dao (khi J=K=1 th
Q+=Q). Nguoi ta loi dung trang thai dao nay dé thiét ké mach dém
Do 1a FF ¢6 ngd vao va ngo ra ky hi¢u nhu hinh vé :
Trong do:
- J, K 1a cac ngd vao dir licu.
- Q, Q la cac ngd ra.
- Ck 1a tin hiéu xung dong bo.

— 17 0
—3 Ck
K o0 |—

. Hinh 24-02-13: JK FF
GoiJ 4 K nl& trang thai ngd vao DATA cua J,K ¢ xung Ck thir n.
Goi Q, Q Ia trang thai ngo ra Q ¢ xung Ck thur n va thir (n+1).
Luc d6 ta c6 bang trang thai mo ta hoat dong cua JKFF:

J K Q™
0| 0 |Q
0| 1|0
1o | 1
1|1 | o

Phuong trinh logic cua JKFF:

Ql‘.—l — J'ﬂQﬂ 4 I{L‘L .Qn
Tu bang trang thai = JKFF khéc phuc duogc trang thai cAm cua RSFF.
Pé tim bang dau vao kich ctia JKFF ta khai trién bang trang thai:
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Jn Kn Qu Q11+1
0 0 0 0
0 0 | 1

0 1 0 0
0 | | 0

1 0 0 1

1 0 | 1

1 | 0 1

l | | 0

Tir bang khai trién trén ta xay dung duoc bang dau vao kich cho JKFF nhu
Sau:

Qli Qu+l Sn Ru
0 0 0 X
0 1 X
1 0 X |
1 1 X 0
D6 thi thoi gian dang song cua JKFF:
Afk
0 l\# 2V ?’w ']'w ;'w I
U !
(N T R A S b l
A Y I I T ¢
L S M mm p —>
G N A
SRR IEEIEE ¢
QA 5 : : :
0 : 5

Hinh 24-02-13: Bo thi thoi gian dang song JK FF
Nhan xét: JKFF 1a mach dién c6 chic nang thiét lap trang thai 0, trang thai 1,
chuyén doi trang thai va duy tri trang thai can ctr vao cac tin hi¢u dau vao J, K va
xung nhip dong bo Ck. Nhu vy co thé néi JKFF 1a mot FF rat van ning.
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Trong thyc té, chung ta co thé dung JKFF dé thyuc hién chirc nang cua cac FF
khac: JKFF thay thé cho RSFF, JKFF thuc hién chirc nang cua TFF va DFF, céc so
d6 thuc hién duoc trinh bay trén hinh 3.67:

s 11 ob— Led1 o D. 11 o}
O,
@ Ck —T1T9Ck Ck _
Rk o} K 0} — KoL
Hinh 24-02-13: Dung JK thuc hién chire nang cua RS FF, T FF, D FF
3.Flip-Flop T
Muc tiéu:

- Mo ta duoc ky hi€u, bang chan li cia Flip —Flop T

Flip — Flop T ¢0 ky hiéu va bang chén li nhu hinh Hinh 24-02-14

T Q - T= Qn-l
e 0| @
o | L] e

Hinh 24-02-14: a) Ky hiéu quy udc; b) Bang chan li

Trong do:

- T: ngd vao dir liéu

-Q, Q:cacngdra

. - Ck: tin hiéu xung ddng bo.

Goi T la trang thai cua ngd vao DATA T ¢ xung Ck thir n.
Goi Q ,Q latrang thai ciia ngd ra & xung Ck thr n va (n+1).
Luc d6 ta c6 bang trang thai hoat dong khai trién cua TFF. Tir bang trang thai nay
ta c6 nhan xét:
+ Khi T=0: mdi khi c¢6 xung Ck tac dong ngd ra Q duy tri trang thai cii trudc do.
+ Khi T=1: mdi khi c6 xung Ck tac dong ngd ra Q dao trang thai.
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Tn Q" Qn—l
0 0 0
0 1 1
1 0 1
| 1 0

Tir bang trang thai khai trién ctua TFF ta tim duoc bang dau vao kich cua TFF nhu
Sau.

Q' Q! T
0 0 0
0 1 1
1 0 1
1 1 0

Phuong trinh logic cia TFF: L
Q*'=T".Q"+T".Q" (dang chinh tic 1)
Hoic: Q*'=(T*+Q*)T*+Q") (dang chinh tic 2).

:Qn+l _ Tn ® Qn
(Ta ciing c6 thé 13p bang trang thai rdi dung so d6 Karnaugh dé tim phuong
trinh logic cua TFF).
4. D Flip-Plop
Muc tiéu:
- Mo ta duoc ky hi€u, bang chan li cua Flip - Flop D
Flip-Flop D c6 ky hi¢u va bang chan i nhu hinh Hinh 24-02-15

D_OCkLat)l—El O O
© 1 1
a) b)

Hinh 24-02-15: a) Ky hiéu quy udc; b) Bang chan li
5. FLip-Flop v6i dau vao Preset va clear
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Nhap dir liéu vao FF bai chan Preset (Pr): (Hinh 24-02-16)

A
Hinh 24-02-16

- Khi Load = 0 : Cong NAND 3 va 2 khéa — ngd vao Pr=Clr =1 — FF ty do =

dir liéu A khong nhap vao dugce FF.

- Khi Load = 0 : Cong NAND 3 va 2 khda— ngd vao Pr = Clr = 1 — FF ty do =

dir liéu A khong nhap vao dugce FF.

- Khi Load = 1 : Céng NAND 2 va 3 mé. Luc d6 ta cé: Pr=A, Clr = A.
NéuA=0—-Pr=1,ClIr=0=Q=A=0.
NeuA=1—-Pr=0,Clr=1=Q=A=1
Véy Q = A = dir liéu A khong nhép vao duoc FF.

B¢ khac phuc nhirng nhugc diém d6 ta dung mach nhu trén Hinh 24-02-16

Pr Clr

Al

Loa

A

Hinh 24-02-17
- Chan Clr dé trong twong duwong véi muc logic 1.
- Khi Load = 0 : cong NAND kha — Pr = CIr =1 — FF tu do. Dir liéu khong duoc
nhap vao FF.
- Khi Load = 1 : cong NAND mé — Pr = A,
Gia str ban dau: : Q = 0.
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NéuA:O—>Pr:1,Clr:1:,~Q:QO:O.
NéuA=1—-Pr=0,Clr=1=Q=1.

Vay Q = A = Dir li€u A duogc nhap FF.

Chu y: Phuong phéap nay doi hoi trude khi nhap phai xa FF vé 0
CAU HOI ON TAP

2.1. Trinh bay FF RS khong dong bo?

2.2. Trinh bay FF RS dong bo?

2.3. Néu céac loai FF: JK, T, D?

2.4. Trinh bay FF véi dau vao Presset va clear?
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BAI 3: MACH LOGIC MSI
Ma bai: MD 14-03

Gidi thiéu:
Céac mach MSI ngay cang dugc sir dung rong rai, gia thanh ngay cang ha. Phuong
phap thiét ké mach s6 dung MSI khac hoan toan véi mach sé dung SSI. Gia thanh
clia mot mach sb gan nhu ty 1¢ thuan véi sé IC dung trong mach. Do vy ngudi
thiét ké can giai quyét bai toan: thay thé mot s6 16n cac mach SSI bang mot so it
cac mach MSI mic du khong sir dung hét kha niang nay nhung nhu vdy van kinh té
hon.
Muc tiéu:

-Trinh bay duoc cau tric, nguyén 1y ctia hé théng ma héa va giai ma.

- Trinh bay duoc cac phép toan logic, tao kiém va cac loai IC thong dung.

- Rén luyén tac phong lam viéc nghiém tic ti mi, can than, nghiém tdc trong
cong viéc.
Noi dung chinh:
1. Mach ma hoa
Muc tiéu:
- Trinh bay duoc ciu trac, nguyén 1y cta hé thong ma héa va giai ma.
1.1 So' @b khoi tong quat
- Khai niém: M3 hoa 13 qué trinh dung vin tu hay ky hiéu dé biéu thi mot d6i
tuong. Néu dung ma nhi phan dé biéu thi ddi twong (1a mot tin hiéu) ta co qua trinh
ma hoa nhi phan.Mot ky tu nhi phan c6 2 gid tri (hai trang thai) 0 va 1 tuong Ung
v6i viée biéu dién 2 tin hiéu, hay néu dung n ky tu nhi phan (n s6 ty nhién nguyén)
s& biéu dién dugc 2"tin hiéu khac nhau. Diéu kién dé ma hoa N tin hi¢u 1a:
2">N

- So d6 khbi tong quat:
X0 — | ‘ A
X, T N—2" L
Xn — 2"

Hinh 24 -03-1: So d6 khdi tong quat mach ma hoa
1.2. Mach ma hoa tir 4 sang 2

91



92

X X X X3 [ B A
X, 1 0 0 O 0 0
< B x 1 0 0 |0 1
X, 42 A x x 1 0|1 0
X3 x x x I 1 1
a) b)

Hinh 24 -03-2: a) So d6 khdi; b) Bang chan Ii

Phuong trinh t6i gian :

A=X.X,.X; +X;7X,.X, +X;

B=x,xXx;+X;=X,+X;

x1 2 x3
Q Q Q

YV

)

\.—.
L

BB

Hinh 24 -03-3: So d6 logic mach ma hoa tir 4 sang 2

1.3. Mach ma hoa tir 8 sang 3

Xét mach mi hoa nhi phan tir 8 sang 3 (8 ngd vao va 3 ngd ra). So d6 khoi

cua mach duogc cho trén Hinh 24 -03-4.
X,

M-

C

— B

A

Hinh 24 -03-4: So db khéi mach ma hoa 8 sang 3

Trong do:
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- Xo’ X1" - X7 la cac ngd vao tin hiu.
- A, B, Clacac ngo ra.
Mach ma hoa nhi phan thyc hién bién ddi tin hiéu ngd vao thanh mdt tr ma nhi
phan tuong Gmg & ngd ra, cu thé nhu sau:
0—0003—>0116—100
1—->0014—1007 — 111
2— 0105 — 101
Chon mtrc tac dong (tich cuc) & ngd vao la muc logic 1, ta cd bang trang thai mo ta
hoat dong ctia mach :

Bang 3.1
X X X, X, X, X- x, x,|C B A
1 0 0 0 0 0 0 O0OjO0O O O
o 1 0 0 0 0O O O0j0 O 1
o 01 0 0 0 O 00 1 O
O 0 01 0 0 O 00 1 1
O 0 0 0 1 O 0 01 0 0
o 0 0 0 0 1 0 01 0 1
o 0 0 0 0 0 1 Oof1 1 0
O 0 0o 0 0 0 0 1|1 1 1

Giai thich bang trang thai: Khi mot ngd vao ¢ trang thai tich cyc (muc logic 1) va
cac ngd vao con lai khong dugc tich cuc (muc logic 0) thi ngd ra xuat hi¢n tor ma
tuong ung. Cu thé 1a: khi ngd vao x0=1 va cac ngod vao con lai bang 0 thi tr ma &
ngo ra la 000, khi ngd vao Xl=1 va cac ngd vao con lai bang 0 thi tir ma nhi phan &
ngd ra la 001, ..v..v..

Phuong trinh logic tdi gian:

A=X +X +X +X ,B=X +X +X +X ,C=X +X +X +X

1 3 5 7 2 '3 6 7 4 5 e 7
So d6 logic (Hinh 24 -03-4):
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x1 x2 x3 x4 x5 xf 7
o 0 0O QO O 0O

[0 ]
* j C
Vi _
\
[ | =]
i

Hinh 24 -03-5: Mach mé& hoa nhi phéan tur 8 sang 3
Biéu dién bang cong logic dung Diode (Hinh 24 -03-5):

X l
- D—
X, —
X, >
%4 D
A l m- L
% DH D
X, L I—[F

o ]

> —» — A

Hinh 24 -03-6: Mach ma hoa nhi phan tur 8 sang 3 str dung diode
Néu ching ta chon mirc tic dong tich cuc & ngd vao 1a muc logic 0, bang
trang thai mo ta hoat dong ctia mach luc nay nhu sau:
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Bang 2.2
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Phuong trinh logic tdi gian :

A=X,+X,+x,+
B=x,+Xx,+X,
C=x,+X;T x4+ x,=

So dd mach thuc hién cho trén Hinh 24 -03-7

¥ x2 x3 x4 x5 x0 =7

o 0 0 0 0 0 0

X7 = X X3XsX7
+ X, = XoX3XgX7

KgXgXgXy

o

J

ﬁx}b—————()ﬁ
J/

L\J}—{}A
J

Hinh 24 -03-7: Mach ma hoa nhi phan tir 8 sang 3 ngd vao tich cuc mac 0

1.4. Mach ma hoa uu tién

O cac bd ma hoa da xét khong ton tai tinh hudng c6 dong thoi tir 2 dau vao trd 1én
c6 gia tri 1. thuc té lai gdp phai tinh hudng c6 nhiéu dau vao nhan trj 1, lic nay
mach chi thyc hién m3 hoa tin hiéu dau vao nao co c?ip (uu tién) cao nhat xét lai
ching cuing luc thc dong. Ta xét voi bd ma hoa wu tién 4 bit véi 10 dau vao cho
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cac tin hiéu Y, dén Y, véi tinh chat néuy = 1 thi s& bé qua moi Y =lkhij<i(
1, =0,1....,9) tc la chi c6 dau vao ting véi muc uu tién (i) cao nhat dugc ma hoa
(quy€t dinh t61 dau ra) tat ca cac dau vao co Y =1 (j <1) s€ ko tac dong gi toi dau
ra.
IC 74147 thuc hién ma hoa wu tién c¢6 bang chan lyscho trén bang (2.3). Vi mach
c6 10 dau vao tur Y, dén Y, va4 daura D,C,B,A tuong Gmg véi cac trong sb
8421 ctia ma BCD tu nhién , cadc dau vao va dau ra déu c6 mure tich cuc thap , nghi
1a khi tai cic dAu ra xudt hiénmd D =C = B = A =1 ({ing véi dduvao Y, =0
hayY0=1)thit1‘J:m51éD‘=C=B=A=O. ‘

Tuong tuy nhu vay khi dau vao xuat tin hiéu , vi du Y =1 lic d0 tac dong t6i dau
Y ,= 0 (mirc tich cyc thap ) tai cic dau ra theo bang chan 1y (2.3) c6 to hop D =1,
C =B = A = 1. T nhan xét d6, ma BCD 8421 tai dau ra chinh 1a s6 bu 1 cua cac

gia tri ham ra ¢ bang chén ly 2.3. , A
Bang 2.3. BANG CHAN LY BO MA HOA UU TIEN BCD 8421

Céc ham bién vao Y_I %82 .

D|C|B

>
=<I
.
=
=
=
=
=
> |

o
(2]

X | X ><><><><><><><H_<
| X ><><><><><><><H_<
I—‘I—‘><><><><><><><H_<
I—‘I—‘I—‘><><><><><><H_<
Bl Rl XXX X X e
e R e R R RN I ol P
e e e e R Rl Rl Rl ol P
e e e e Bl T RS I ol P
e e e e B e ISR ol P
e e e e e N R S e P
A R E=1E=1

R R k| o o o O k| k| KL

R ol o k| k|l o O »r| k| KL

ol ~r| O k| Ol k| O| k| O] K,

2. Mach giai ma
Muc tiéu:
- Trinh bay dugc ciu triic, nguyén 1y ctia hé thong ma héa va giai ma.
2.1. Pac diém chung

B6 giai ma nhiém vu tiép nhan chuyén d6i 1 tir ma nhi phan dau vao ( khi
chling tac dong dong thoi t6i cac dau vao) thanh mot tin higu logic duy nhat & mét
dau ra nao d6 twong Gmg véi ma nhi phan d4 tic dong. Nhu vay voi N dau vao co
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thé nhan gia tri 0 hay 1, s& c6 2" t6 hgp ma dau vao. V6i mdi t6 hop ma dau vao
chi c6 mot dau ra twong g véi biéu dién cia ma du vao duge kich hoat 1én muc
tich cuc, Cac dau ra con lai & mire ddi lap véi mue tich cue. Khi khong dung hét cac
t6 hop ma dau vio, bo giai ma duoc thiét ké loai bo cac to hop nay dé ching khong
tac dong t6i bat ky dau ra nao.

2.2. Mach gidi ma 2 sang 4

Xét mach giai ma nhi phan 2—4 (2 ngd vao, 4 ngd ra) nhu trén hinh Hinh 24 -03-8.
Chon muc tich cuc & ngd ra 1a muc logic 1.

B Alv, ¥ ¥, ¥
Yo 0 01 0 0 0
B__| . 0 1/l0 1 o0 0
A 24|y, 1 0/0 0 1 0
Y3 1 1/0 0 0 1

a) b)

Hinh 24 -03-8: a) So d6 khdi; b) Bang chan Ii
Phuong trinh logic tdi gian :

Yo =BA vy =BA
y,=BA y;=AB
So d6 logic:
B A
& L.
s s
I
| Em—
./
I
Ly
./
™
2
./
I
2
./
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Hinh 24 -03-9: So d6 logic

Biéu dién bang cong logic dung Diode.

= Yo
e _|<f J— )
Lp - Y1
— ¥z
K
- Vs
g
B B A A

Hinh 24 -03-10: So d6 cong logic dung diode ’
Trudng hop chon muc tich cuc ¢ ngd ra 1a mirc logic 0 (murc logic thap L):

. B Alv, vi v» V;
- Yo - -
B " . 0 0j/0 1 1 1
) — 2l
4 N 0 1|1 0 1 1
A o——— ¢ 1 0|1 1 0 1
—— v, I 1|1 1 1 0
a) b)
Hinh 24 -03-11: a) So do khéi; b) Bang chan li
Phuong trinh logic:
y,=B+A=BA
y,=B+A=BA
y,=B+A=BA

y; =B+A=BA
So dd logic:
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/\I/\
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A

Hinh 24 -03-11: Mach giai ma tir 2—4 v&i ngd ra mic tich cuc thap
- Phan thue hanh:
A.THIET BI SU DUNG.
1.Thiét bi chinh cho thuc tip co ban vé dién tir s6 BE-D02.
2.Pong hd van nang.
3.Khéi thi nghiém BE-D021 (Gin 1én thiét bi chinh BE-D02).
4.Phy ting : Day c6 chét cam hai dau.

B.MUC DPICH THI NGHIEM.
Tim hiéu nguyén tic bién d6i mi co sd 2 thanh cac duong diéu khién riéngbiét.
C.THUC HANH
Cha y: Bo giai ma Hinh 24 -03-12:¢6 cac duong diéu khién 16i ra tac dong & muc
cao (=1).
1. Cép ngudn +5V cho mang so do Hinh 24 -03-12:
+5 —1 2 A ] %_2 1 Y0 4
Ill_'a'/ LSS - - Es—’zA ® © LI§|D 4
; 74LS11 vi 5
t5e—d T B 3 4 a3 2B ) © © ‘|
— @—"—@’ B LED 5
0 0\ Y2 6 ¥
Tt 3A) ® o—P—
+5 ._'.1' 0 F 13 12 3 fﬁ?}B 74LSH@Y3 @7 LZDL
I— LOSO © %l/\: i LED7 =
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2.Nbi theo so @6 hinh Hinh 24 -03-12::

*L61 vao (Input): ndi véi bd cong téc SWITCHES/BE-02.

- Néi 161 vao A (bit thip) v6i cong tac logic LS6.

- Néi 161 vao B (bit cao) véi cong tic logic LS7.

- Néi 16 vao E (cho phép) véi cong tic logic LSO.

*L0i vao (Output): ndi vdi bo cong tic DISPLAY/BE-02.

- Noi 16i ra YO v6i LED4.

- Néi 16i ra Y1 véi LEDS.

- Noi 16i ra Y2 v6i LEDS.

- Néi 16i ra Y3 véi LED7.

3. Pat cac cong tic logic LS6, LS7 va LSO twong tng vdi cac trang thai ghi trong
bang 2.4

Theo doi trang thai den LED chi thi . Pén LED sang, ching t6 muc ra 1a cao (=1),
den LED tit - 1a mic thap (=0). Ghi két qua vao bang 2.4.

Bang 2.4
LOI VAO LOI RA
INPUT OUTPUT

LSO LS7 LS6 Y3 Y2 Y1 YO
E B A
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

4.Trén co sO s0 dd nguyén 1y va nguyén tic hoat dong ctia cong logic hay giai thich
két qua cho timg hang cua bang 2.4.

e A=0, B=0, E=0

“A=0=> (1A/2) = e, YO= (2A/12) =,

-B=0=>(1B/4) =, => Y1= (2B/6) oo

“E=0=>(1F/12) =ooeooooo.... Y2= (3B/6) =,
Y3= (BA/12) =i

o A=1, B=0, E=0

“A=1=> (1A2) = e, YO= (2A/12) =,

-B=0=>(1B/4) = => Y1= (2B/6) oo

“E=0=>(1F/12) =ooeooooo.... Y2= (3B/6) =,
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Y3= (3A/12) =,
e A=0, B=1, E=0
“A=0=> (1A/2) = oo, YO= (2A/12) =
“B=1=>(1B/M4) =, => Y1z (2B/B) S,
“E=0=>(1F/12) = Y2= (3B/6) oo,
Y3= (3A/12) =i,
e A=1, B=1, E=0
“AS1=> (1A2) =, YO= (2A/12) =
“B=1=>(1B/M4) =, => Y1z (2B/B) S,
“E=0=>(1F/12) =erroovero.... Y2= (3B/6) oo
Y3= (3A/12) =,
e A=0, B=0, E=1
“A=0=> (1A/2) = o, YO= (2A/12) =
“B=0=>(1B/4) =, => Y1z (2B/B) S,
“E=1=>(1F/12) = Y2= (3B/6) oo,
Y3= (3A/12) =i,
e A=1, B=0, E=1
“A=1=> (1A2) = e, YO= (2A/12) =
"B =0=>(1B/4) =, => Y1z (2BIB) S,
“E=1=>(1F/12) = Y2= (3B/6) oo,
Y3= (3A/12) =i,
e A=0, B=1, E=1
“A=0=> (1A/2) = o, YO= (2A/12) =
“B=1=>(1B/M4) =, => Y1z (2BIB) S,
“E=1=>(1F/12) = Y2= (3B/6) oo,
Y3= (3A/12) =,
o A=1, B=1, E=1
“A=1=> (1A2) = e, YO= (2A/12) =
“B=1=>(1B/M4) =, => Y1z (2B/B) S,
“E=1=>(1F/12) = Y2= (3B/6) oo,
Y3= (3A/12) =,

5. Nhén xét khi 161 vao E = 1, tat ca cac 16i ra Y0:Y3 ludn & trang thai nao ?

6.Trong truong hop E =0, So do giai ma co s6 2 thanh ma diéu khién 16i ra nhu thé
nao?
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2.3. Mach giai ma 3 sang 8
- G161 thiéu IC 74L.S138
- Hinh dang IC :
Cac chan A,B,C la cac ngo vao s6 nhi phan

, vy bl o
* B 13
Y2 p2—x
11
E 7415138 Y4 X
3 1 ~ 10
E H—— Y5 P=—X
2 —O
9
E, Y6 PT—x
O v7 pLl—x

Céc chan Y0 - Y7 la cac ngo ra.
E1,E2,E3 la chan Enable
- Bang trang thai :
Bang 2.5

RRPrRPrIRPROOCIOCOO
|| O 0| |kr|o|o|@
=1 = = =D
HHHHHHHO'g
HHHHHHOHQ
HHHHHOHHQ
|—\|—\|—\|—\O|—\|—\|—\g
|—\|—\|—\O|—\|—\|—\|—\g
|—\|—\O|—\|—\|—\|—\|—\g
I—\OI—\I—\I—\I—‘I—‘I—"g
c:ol—\l—\|—\|—\|—\|—\|—\'9l

- Mach dién :

Tir bang trang thai va theo chuan Minterm(chuén tic tuyén) ta xdy dung dugc
ham ngo ra nhu sau : (xét ngd ra khong dao)

Q0 = ABC, Q1 =ABC, Q2 =ABC, Q3=ABC,

Q4 = ABC, Q5 =ABC, Q6 =ABC, Q7 =A.B.C

Ttr biéu thirc ham logic ta v€ dugc mach dién nhu hinh dudi.
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3>2
B
A 3>2
]3>az
E1
=P
E3—O o []
—O ol | olad ol olad wle] olal wlal olad o] olal wle] e o<l olal  wl<] ol

NN N N N N N N

— — - -

Qo0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
2.5. Mach giai ma BDC sang Led 7 doan
- G161 thi¢u IC 7447 :
- G161 thiéu Led 7 doan :
o Hinh dang bén ngoai :
o Mach dién :

ki 1

14 -—-

3379 [TriiLs

D
a) b)
o of 4 o 2 ol <«
Ll il Ll i (2] | Ll
~ < 0 O 0O w w o
< ogd/19 — 0
<
N~ 199 H—mn
— S
O < - o~ ©
mI N\l '\i H\l o\l

Hinh 24-03-13: Cé&c hinh dang cua IC 7447
Pé led 1am viéc ta can c6 dién trd han dong.
Hinh dang IC 7447 :
Nhiém vu ting chan linh kién :
1,2,4,8 ngd vao s6 BCD,
Cac ngod A,B,C,D,E,F,G cac ngo ra ndi néi Led 7 doan.
LT : Lamp test.
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RBI : x04 s0 khong vo nghia & ngd vao.
RBO : xo04a s6 khong v6 nghia ¢ ngo ra.

Bang 2.6
D C B A b c d e f g
0 0 0 0 0 0 0 0 0 1
0 0 0 1 0 0 1 1 1 1
0 0 1 0 0 1 0 0 1 0
0 0 1 1 0 0 0 1 1 0
0 1 0 0 0 0 1 1 0 0
0 1 0 1 1 0 0 1 0 0
0 1 1 0 1 0 0 0 0 0
0 1 1 1 0 0 1 1 1 1
1 0 0 0 0 0 0 0 0 0
1 0 0 1 0 0 1 1 0 0

- Phén thye hanh:

A.THIET B] SU DUNG.

1.Thiét bi chinh cho thuc tip co ban vé dién tir sé BE-D02.

2.Khéi thi nghiém BE-D021 (Gan 1én thiét bi chinh BE-D02).

3.Phuy tung : Day c6 chét cam hai dau,cap bang

B.MUC biCH THI NGHIEM.

Tim hiéu nguyén tic bién d6i ma BCD thanh 7dudng diéu khién dung dé chi thi
LED.

C.THUC HANH

Ghi nhé: ma BCD thuong dugc hinh thanh trén 4 duong ra (4 bit) nhu Bang 2.7.

Sau 10 xung, cac trang thai 1 ra tr& vé trang thai ban dau.
Bang 2.7
A

@]

OO NO OB WINFL O

el i ilelleollellellellellelellw)
elleliiell il i lielie] o))
ellellel] i Jlellell i llellealivv)
O O FrR OO ok o

[HEN
o
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B0 giai ma 4 bit thanh 7 dwong diéu khién loai vi mach : Hinh 24-03-14

+5
®
Bl 0 +5
50 16
+ “ A 4
}—Ov LSO Vee
0 A A X
e 5 1yo 3 o~ 14— LEDA
45— 1 B 1
- » 1Y1 B A
| 12
g~ Lsi ©—— 4 |LEDB
9. 1Y2
1 P C.. 2 IC1 11 C -
—§ Ls2 D 6 10 -2 ¢ LEDD
Yl'
e 3 LT 2Y0 9 +£ ¢ |LEDE
‘H—d.o, LS3 o O ILAMIEST 2y
|l 1 15 F ‘
1 : LED F
4500 5 RBI 4|0 2Y2 ) ) \M
|—& 5 S y
| LS7 RBO_ RO, 2Y3 < LEDG
71‘ 7 —
+5 e—o " % 3

g Lss 0 HED 0
Cha y : bo giai ma cho ra duong diéu khién tac dong ¢ murc thap (0).
1. Noi mach cua so d6 hinh 24-03-14 véi mach cua thiét bi chinh BE-DO2 nhu sau
* L6i vao (Input): ndi vdi bo cong tac SWITCHES / BE-DO02. Str dung cap bang
ndi jéc Cnl/ khéi D02/ D2-2 voi jac 8chan cua cong tac logic LSO.
-Lbi vao A (bit thap nhat ) ndi véi cong tic logic LSO.
-L4i vao B noi voi cong tac logic LSI.
-L4i vao C nbi voi cong tac logic LS2.
-L4i vao D (bit cao nhat ) nbi véi cong tic logic LS3.
-Lbi vao LT (Lamp Test - kiém tra dén) n01 vGi1 cong tac logic LS7.
-L4i vao RB1 (16i vao diéu khién sang) ndi véi cong tic logic LSS,
* L6i ra (Output):
- Cac 161 ra A-G cua IC1 (7447) da n01 voi cac LED /a- LED /g tuong ung, bb tri
theo dang cac doan (Segment) cua s6 thap phan. Cac LED duoc cip ngudn theo cac
anode duoc ndi qua diod 1én ngudn +5V.
- Néi 16i ra RBO (bao gia tri ma zero) v&i LEDO cua bo chi thi logic/ BE-DO02.
2.Pit cac cong tac logic LSO =+ LS6 tuong tmg voi cac trang thai ghi trong bang 2.3
Theo ddi trang thai dén LED/a- LED/g, néu tat - ghi chit T, con néu sang - ghi chir
S vao hang va c0t tuong Uing cua bang 2.8.
Pén LED 0 cua BE -D02 khi sang chi thi 1a muc cao (ghi =1), néu tit - muc ra la
mirc thap (=0).
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Bang 2.8
PIEU KHIEN LOI VAO LOI RA
CONTROL INPUT OUTPUT
LS5 | LS4 | LS |LS2|LS1|LS 71 6 5 |4(3]2]|1
3 0
LT RB1L | D| C | B |A|RB|g| f | e |[dic|b]a
0
1 1 0 |0 0 0
1 0 0 |0 0 0
1 1 0 |0 0 1
1 1 0 |0 1 0
1 1 0 |0 1 1
1 1 0 |1 0 0
1 1 0 |1 0 1
1 1 0 |1 1 0
1 1 0 |1 1 1
1 1 1 |0 0 0
1 1 1 |0 0 1
1 1 1 |0 1 0
1 0 0 |1 0 1
0 1 X |[X |[X [X

* X: Gid tri chon tuy y.

3. Két luan tom tat vé bo gia ma da khao sat khi so sanh gia tri thap phan cia mi
vao v6i chi sb chi thi hinh thanh trén bo LED:

e KhiLT =1, 15i vao nay co tac dong hay khong ?

e Khi RBI=0, c6 tic dong dén chi thi twong tmg véi trang thai ndo cua cac 16i
vao AB,CD?

Vay khi muén khong chi thi s6 0 khong c6 nghia, can dat RBI=....................

e Khi LT =1, RBI =1 hay nhan xét vé cau hinh chi thi LED theo ma vao ?
2.4. Mach giai ma BCD sang thap phan

- Giai ma deén NIXIE
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Dén NIXIE 1a loai dén dién tur loai Katod lanh (Katod khong dugc nung nong
boi tim dén), co cau tao gdbm mdt Anod va 10 Katod mang hinh cac s6 tir 0 — 9.

So db khai trién ctia dén dugc cho trén hinh 24-03-15:
Anod

g
ﬂ12345b?89]

RRARRRARRR

Hinh 24-03-15: So dd khai trién cua dén NIXIE
So d6 khoi ciia mach giai ma dén NIXIE

1) 0 — }'D

C SO
—1 4-10

B Oy == ====-

A — ¥,

Hinh 24-03-16: So d6 khéi ctia mach giai ma dén NIXIE
Chon muec tich cyc ¢ ngd ra 1a muc logic 1, luc do6 bang trang thai hoat dong
cua mach nhu sau:

Bang 2.9
D C B A|lv ¥, ¥ ¥+ ¥ ¥ ¥ ¥ V3 Yo
o 0 o o0oj1 0 O O O 0O 0 0 0 O
o o0 o0 170 1 0 0 O O O O O O
o o 1 0j0 0 1 0 O O O O O O
o o 1 170 0 O 1 0 0 0 0 0 O
o 1 o0 o0jo0o 0 0 0 1 0 0 0 0 O
o 1 o 1}j0 0 O O O 1 O 0 O O
o 1 1 O0j0O O O O O O 1 0 0 O
o 1 1 170 0 O O O O O 1 0 O
I 0 0o 0j0 0 O O O O O 0 1 O
l1 0 0 1]0 0 O O O O O O 0 1
Phuong trinh logic:
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y,=DCBA y,=DCBA y,=DCBA y,=DCBA
y,=DCBA y,=DCBA  y,=DCBA y,=DCBA
ys =DCBA vy, =DCBA

So dd thuc hién mach giai ma dén NIXIE duoc cho trén Hinh 24-03-17:

i) =] -] A
L* & o

YIYIV Y

T

L=
[X]

;T\T

L

=
R
L:.[

Y

D K < }—o.s

B K ok ok e e o e ke —

c —H <H <H KH P

C__rKH ricH rikH i rkH j}_ﬂ

B < < =H i h —

R_rkH K KH K rKH K *}—q

A <H < < +H <

yrill Kl &kl &l &l s }“ﬁ
Yo ¥+ 0¥ ¥Yu ¥s Y YVr V2 Y

Hinh 24-03-17: So d6 thuc hién bang cong logic
3. Mach ghép kénh
Muc tiéu:
- Trinh bay ciu tao, nguyén 1y hoat dong cac mach don kénh (MUX) théng
dung.
3.1. Tong quat
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- Pinh nghia: Bo don kénh (MUX) 1a mach c6 2" dau, n dau vao diéu khién, 1 dau
vao chon mach va mét dau ra

- So dd khéi cia DEMUX

E, —

Xo

X;— MUX

| A

_______ 1 — Y(dau ra)

T
Ani1An21 Ao

(n dau vao diéu khién)
Hinh 24-03-18: So d6 khéi caa b don kénh
- Phuong trinh tin hiéu ra cia MUX 2"— 1 nhu sau:
Yo = Xo( At Anze A Ao)F X1 (Ana Anz. A AcA ) AX T ALA, L ALAA)

3.2. Mach ghép kénh 2 dau vao

DO Pau ra
- dit lidu

| I
Pau vao chon lua E
dia chi 1 trong N : )
! G Z

S (vao chon lya)
Hinh 24-03-19: Bo don kénh 2 dau vao dit liéu
Bo ghép kénh 2 dau vao (N=2) cho trén hinh v& hoat dong theo mirc logic ctia
S: khi S=0 thi G, m& va Z= Dy , con khi S=1 céng G, s& mé cho phép D; qua va
Z=D,
3.3. Mach ghép 4 kénh sang 1

Xét mach chon kénh don gian c6 4 ngd vao va 1 ngo ra nhu hinh 4.23a.
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Xy
Ny —— y
X3 4—=1
Ny — |
€1 C,
a)

Trong do:

+ X1’ X2, X4 : Cac kénh dir li€u vao.

+ Ngé ra y : Puong truyén chung.

+ c,Cr Céc ngo vao dicu khién

Vay mach nay giong nhu 1 chuyén mach:
2

Hinh 24-03-20: a) So d6 khoi; b) Bo don kénh dang chuyén mach
D¢ thay doi lan luot tu X=X, phai c6 di€u khién do d6 doi véi mach chon

kénh dé chon lan lugt tr 1 trong 4 kénh vao can c6 cac ngd vao diéu khién c,C,

Néu c6 N kénh vao thi can c6 N ngd vao giiéu lghién thda man quan hé: N=2n. Noi
cach khac: So t6 hop ngd vao di€u khién bang s lugng cac kénh vao.

Viéc chon dir liéu tir 1 trong 4 ngd vao dé dua dén duong truyén chung la tuy
thudc vao to6 hop tin hi¢u di€u khién tdc dong dén hai ngd vao di€u khién c,C.

+c=c=0=y=x (x duge nbi t6i ngd ra y).

+c = 0,c =1=y=x (X du’qcn(t)itéing()ray).
*+C = 1,c=0>y= X3 (X3 duogc n(t)i to1 ngd ra y).
+c =1,¢c =1=y=X (X dugc nodi tdi ngd ra y).

Vay tin hiéu diéu khién phai lién tuc dé dir liéu tir cac kénh duoc lién tuc dua
dén ngd ra. Tur d6 ta 1ap dugc bang trang thai (Bang 2.10) mé ta hoat dong cua
mach chon kénh.

Bang 2.10
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0 [0 X,
0 1 C,
1 0 C3
1 1 C,

Phuong trinh logic moé ta hoat dong cuia mach :

V=0 Cy.X, T C[Cp.X, T € Cy X3+ C1.Cp.Xy

So do logic cua mach:

X

]

\_/

Ny
| ™ ]
\/
~
/

— =

o
W
|
J
¥

K

¢
-/ \

|

=

.

Hinh 24-03-21: So db logic mach chon kénh tir 4 —1
Giai thich hoat dong cua mach:

+c¢,=¢,=0>= ¢;=c, =1

= cong AND 1 ¢6 hai ngd vao diéu khién & murc logic 1, cling tuong tng véi
1 ngd vao diéu khién & murc logic 1 nén cong AND 1 m¢ cho dir lidu X, dua vao.

+¢,=0,,=12c¢=1,6,=0>
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cong AND 2 c6 hai ngd vao di€u khién & murc logic 1, cling twong trng voi 1
ngo vao diéu khién ¢ mirc logic 1 nén cong AND 2 m¢ cho dir ligu X dua vao.

+¢,=l,6,=0>c¢,=1,¢c,=1=

cong AND 3 c6 hai ngd vao di€u khién & murc logic 1, cling tuong trng voi 1
ngo vao diéu khién & murc logic 1 nén cong AND 3 m¢ cho dit liéu x dua vao.
3

T Clzl. szl :> Clz C_‘: :I. :’

cong AND 4 c6 hai ngd vao di¢u khién ¢ mirc logic 1, cling twong ing voi 1
ngo vao diéu khién ¢ mtrc logic 1 nén cong AND 4 m¢ cho dit lidu X, dua vao.

- Phan thye hanh:

A.THIET B] SU DUNG.

1.Thiét bi chinh cho thuc tip co ban vé dién tir s6 BE-D02.

2.Khéi thi nghiém BE-D021 (Gan 1én thiét bi chinh BE-D02).

3.Phy tung : Day c¢6 chét cam hai dau.

B.MUC biCH THI NGHIEM.

Tim hiéu nguyén tic chuyén diéu khién logic tir phia nhiéu dudng thanh it duong.
C.THUC HANH

Vi mach hop kénh 74LS153 c6 hai bd 16i vao 4 bit ¢6 16i ra riéng.

1. Cép nguodn +5V cho mang so do Hinh 24-03-22: .

SU +5
IR 16
g~ Lso A 14
& A Ve
+5_ '
B
b LS o 2 8
1 _
T —® 1G 7 0 P
5 T e 26 15 1Y . oM
g~ LS2 ®—2G 1Y LED 0
'5 R 4 1C3 - 3 1C3
e 1C2
— e 4o
450 5 Toi p ig(l) 0 L
(®)
\\}—«,O, LS5 2C3 13 2Y * e >
B Sy 2C3 v
450 6 12509 LED 4
| 2C1 11 ey
4 Lse omiy
o 2C0 10 >C0
g~ Ls7 18 A

'Hinh 24-03-22: Bo hop kénh 416i vao - 1 16i ra (4 In/1 Out Multiplexer).
2. No6i mach cua so d6 Hinh 24-03-22 véi cac mach cuia thié€t bi chinh BE-D02 nhu
Sau:
* L6i vao (Input): ndi v6i bo cong tic SWITCHES &DISPLAY cia BE-DO02.
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- Néi 161 vao1C3 nbi voi cong tic logic LS4.

- N6i 16i vao 1C2 ndi véi cong tac logic LS5.

- N6i 16i vao 1C1 ndi véi cong tic logic LS6.

- N&i 16i vao 1C0 ndi véi cong tac logic LS7.

- Néi 161 vaoA nbi véi cong tic logic LSO.

- N6i 16i vaoB ndi véi cong tac logic LS1.

- N6i 16i vao 1G véi cong tic LS2.

* Li vao (Output) ndi véi cac LED ctia bo chi thi logic cua BE-D02

- Noi 16i 1Y ndi véi LEDO.

- Noi 16i 2Y ndi véi LEDA.

3. Pit cac cong tic logic LS0:LS2,L.S4:LS7 twong mg véi cac trang thai ghi trong
bang 2.11. Theo ddi trang thai déen LED chi thi. BPén LED sang, chirng té mtc ra la
cao (=1), dén LED tat - murc ra 1a mic thap (=0). Ghi két qua vao bang 2.11, trong
doé cot trang thai ghi 0 hodc 1 theo chi thi cua déen LED tuong Ug.

Bang 2.11

MA CHON DU LIEU VAO CONG LOI RA
SELECT IN DATA INPUT STROBE ouT

B A |[ICo |ICcl1 |1C2 | IC3 | 1G6 | 26 | 1Y | 2Y

X X X X X X 1 1

0 0 0 X X X 0 1

0 0 1 X X X 0 1

0 1 X 0 X X 0 1

0 1 X 1 X X 0 1

1 0 X X 0 X 0 1

1 0 X X 1 X 0 1

1 1 X X X 0 0 1

1 1 X X X 1 0 1

* X : gia tri bat ky
4. Néu nhitng nhan xét vé hoat dong ctia bo hop kénh 74LS153:
e Khi 1G =1, Ldi ra ctia bo hop kénh & trang thai nao ?
Vay 16i vao 1G duoc st dung 1am nhiém vu gi ?

4. Mach tach kénh
Muc tiéu:

- Trinh bay c4u tao, nguyén 1y hoat dong cic mach tach kénh (DEMUX) théng
dung.
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4.1. Téong quat

- Binh nghia: B6 phan kénh (DEMUX) 1a mach ¢6 1 dau vao, n dau vao diéu khién,
1 d4u vao chon mach va 2" dau ra.

- So dd khéi cia DEMUX:
En YO
(chon mach) DEMUX —— VY,
1-2" [
X —_—
Dﬁu vao | | T | an-l
AniAn21 Ao

(n dau vao diéu khién)
Hinh 24-03-23: So d6 khéi cua bo phan kénh
- Phuong trinh tin hiéu ra cia DEMUX 1—2" nhu sau:
Yo =X Kn—lz\n—z....z\i ...Ro
Y, = X.Kn_lﬂn_z....ﬂi...Kvo

4.2. Mach tach kénh 1 sang 2

T
2 ) .y,
_D—J

Hinh 24-03-24: So db logic bo phan kénh mot dau vao
Trong d6: D: Pau vao dit liéu
S : Pau vao chon dia chi
Y1, Ys: Paiu ra
4.3. Mach tach kénh 1 sang 4

Xét mach phan duong don gian c6 1 ngd vao va 4 ngo ra ky hiéu nhu sau :
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Y1 ° ¥
LS Y RN S *——:
- —— 3
f_\_ C]
Hinh 24-03-25: So d6 mach phan kénh don gian tir 1— 4

Trong do:

+ x 1a kénh dir liéu vao.

YV, Y, Y, cac ng(")‘ra dir }iéu.

+ C, C_cac ngod vao dicu khién.
Ta c6 thé théy mach nay thyc hién chic nang nhu lchuyén mach (hinh vé 24-03-
25).
Tay thudc vao o hop tin higu diéu khién tac dung vao mach ma lan luot tin hiéu tir
ngod vao x s€ chuyén dén ngo ra Y Y Y,Y, mot cach tuong tng.

Luc do bang trang thai mo ta hoat dong cuia mach :

Bang 2.12
G 6 |y M Vs W
0O 0| x 0 0O 0
0 1 0 x 0 0
1 0|0 0 x 0
1 1 0O 0 0 X

Phuong trinh logic cac ngo ra:

Y4 =€ CX
So dd logic dugc cho trén hinh 24-03-26:
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¢, c,
7|V
__\L v,
- _'I'__’_/"
b N A
X _I/’
+ N V3
3
- ‘H‘\ Vs
-I__f,-r

Hinh 24-03-26: So d6 logic thyuc hién mach phan duong
Giai thich hoat dong:

+c,=6=0—>c=c,=1
nén cong AND (1) ¢ hai ngd vao diéu khién & muc logic 1, tuong duong véi 1 ngd
vao diéu khién ¢ muc logic 1 nén cong AND (1) mo dua dit lidu tir ngd vao x dén
ngo ra Y, Pong thoi luc d6 cac cong AND 2, 3, 4 ¢6 it nhat mot ngd vao diéu khién
& muc logic 0 nén khong cho dit liéu tir dau vao x dén cac ngd ra.

+e =0, w=1>¢=10c=1

nén cong AND (2) ¢6 hai ngd vao dleu khién & muc logic 1, trong duong véi 1 ngo
vao diéu khién & muc logic 1 nén cong AND (2) mo dua du lidu tir ngd vao x dén
ngdray .

2

+¢,=1,c;=0—>c, =1, ¢c,=1
nén cong AND (3) c6 hai ngd vao diéu khién & mic logic 1, twong duong véi 1 ngd
vao diéu khién & muc logic 1 nén cong AND (3) md dua dir liéu tir ngd vao x dén
ngbrav .

_Clzfzzl_:’fl:f.‘zzl

nén céng AND (4) c6 hai ngd vao diéu khién & mic logic 1, tuong duong véi 1 ngd
vao diéu khién & muc logic 1 nén cong AND (4) mé dua dit lidu tir ngd vao x dén
ngod ra Y,
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Néu x = 1 va hoan d6i ngd vao diéu khién thanh ngd vao dit liéu thi mach
phan duong chuyén thanh mach gidi ma nhi phan. Vi vay, nha san xuat da ché tao
IC dam bdo ca hai chirc nang: gidi ma va giai da hop (Decode/Demultilex). Vi du:
cac IC 74138, 74139, 74154: giai ma va phan duong tuy thudc vao cach ndi chén.

Trong trugng ho’p tong quat, mach‘ phin dwong co 1 ngo yz‘w va 2 Qg@
ra: dé tach N=2 nguon dir liéu khéac nhau can c6 n ngd vao diéu khién, lac dé so td
hop ngd vao diéu khién bang sé luong ngd ra.

CAU HOI ON TAP

3.1. Trinh bay dinh nghia, so d6 khi mach ma héa?
3.2. Trinh bay mach mé& hoda 8 sang 3

3.3. Trinh bay mach giai ma 2 sang 4

3.4. Trinh bay mach giai ma BCD sang thap phan
3.5. Trinh bay mach dén kénh?

3.6. Trinh bay mach phan kénh?
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BAI 4: MACH PEM VA THANH GHI
Ma bai: MD 24-04

Gidi thiéu:

Mach dém 1a mach diy don gian, cling nhu cac mach diy khac, mach dém
dugc xay dung tir cac phan tir nhé 1a cac Flip-Flop va cac phan tir to hop.

Cac mach dém 1a thanh phan co ban cta hé théng sb, chung dugc sir dung dé
dém thoi gian, chia tan sb, diéu khién cac mach khac. ..

Thanh ghi dich c6 kha nang ghi gitr va dich thong tin (dich phai hodc dich
trai)
Muc tiéu:

- Trinh bay duoc ciu tao, nguyén 1y hoat dong cac mach dém va thanh ghi
thong dung.

- Rén luyén tac phong lam viéc nghiém tic ti mi, can than, chinh xéac
Noi dung chinh:
1. Mach dém
Muc tiéu:
- Trinh bay duogc cAu tao, nguyén 1y hoat dong cac mach dém
1.1. Mach d¢ém 1én khong dong bo

Pay 13 bd dém c6 ndi dung dém tang dan. Nguyén tic ghép ndi cac TFF (hodc
JKFF thyc hién chirc nang TFF) dé tao thanh b dém néi tiép con phu thudc vao tin
hiéu diéu khién Ck. C6 2 truong hop khac nhau:
- Tin hiéu Ck tac dong suon 1én: TFF hoic JKFF dugc nghép ndi véi nhau theo qui
luat sau:

Cki+1 = Qi
- Tin hiéu Ck tac dong suon xubng: TFF hoic JKFF dugc nghép ndi v6i nhau theo
qui luat sau:
Ck;, = Q;

Trong d6 T ludn ludn gitt & mirc logic 1 (T = 1) va ngd ra cua TFF dung trudc ndi
vo1 ngd vao Ck cua TFF ding sau.
Pé minh hoa ching ta xét vi du vé mot mach dém nbi tiép, dém 4, dém lén, dung
TFF.
S6 lugng TFF can dung: 4 = 2° = dung 2 TFF
Truong hop Ck tac dong theo suon xudng (Hinh 24-04-1a):
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A Q:
1[5 I L
Ck > Ck, l O Ck
ce | |
a)
Truong hop Ck tac dong theo suon 1€n (24-04-1Db):
ckd L
22 Q,
e i I
Ck > Ck, o Ck,
Clr T 1
b)

Hinh 24-04-1: a) Ck tac dong theo suon xudng ; b) Ck tac dong theo sudn 1én

Trong cac so dd mach nay Clr (Clear) 1a ngd vao x6a ctiia TFF. Ngd vao Clr
tac dong murc thap, khi Clr = 0 thi ngd ra Q cua FF bi x6a vé 0 (Q=0).

Gian d6 thoi gian cia mach ¢ Hinh 24-04-1a :

I p) 3 4 5 7 8
.::‘ k W W W W W W W \l/

| —{] ]' W D ]- W D ]. W D 1 :,

0 0 1 1190 0 [T T]

Q
Hinh 24-04-2: Gian d6 thoi gian caa hinh 24-04-1a
Bang trang thai hoat dong cua mach hinh 24-04-1a:

Bang 4.1
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Xung vao | Trang thai hién tai Trang thai ké tiép
Ck Q, Q, Q Q
| 0 0 0 |
2 0 | 1 0
3 1 0 1 |
4 1 | 0 0

Gian d6 thoi gian mach hinh 24-04-1b:
1 2 3 4 5 7 8

A i M A M A A

Ck T

Q 1 0 ] 0 1 0 1 0

Di[\I {]r"xl Da"'-.l U“’h‘*l

0o 7 110 0 [T T7o0

Hinh 24-04-3: Gian d6 thoi gian caa hinh 24-04-1b
Bang trang thai hoat dong cua mach hinh 24-04-1b:

isY

&

Bang 4.2
Xung vao | Trang thai hién tai Trang thai ké tiép
Ck Q, Q, Q, Q,
1 0 1 1 0
2 1 0 1 |
3 1 1 0 0
4 0 0 0 |

1.2. Mach dém xudng

Pay 1a bd dém c6 ndi dung dém giam dan. Nguyén tac ghép cac FF ciing phu
thudc vao tin hiéu diéu khién Ck:
- Tin hiéu Ck tac dong suon xudng: TFF hodc JKFF dugc nghép ndi véi nhau theo
qui luat sau:
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Ck., = Q;

- Tin hiéu Ck tac dong suon xudng: TFF hodc JKFF dugc nghép ndi véi nhau theo
qui luat sau: Cki+1 = Qi

Trong do T ludn ludn gitt & muc logic 1 (T = 1) va ngd ra cua TFF dung trude
nbi voi ngd vao Ck ciia TFF ding sau.

Vi du: Xét mot mach dém 4, dém xudng, dém ndi tiép dung TFF.

S6 lugng TFF can dung: 4=2° = dung 2 TFF

So dd mach thuc hién khi st dung Ck tac dong suon Xuéng va Ck tac dong
suon 1én 1an lugt dugc cho trén hinh 24-04-4a va hinh 24-04-4b:

ckl L Q,

A Q,
LT i J

T > C.kl a —(:> Ctk:

) O

Clr | [

Hinh 24-04-4a; So 6 mach thuc hién khi st dung Ck tac dong suon xuéng
ckf L
an Q,
i[5 e
r> Ck, > Ck,

Clr 1 T

Hinh 24-04-4b: So dd mach thuc hién khi st dung Ck tac dong suon 1én
Gian d6 thoi gian ciia mach hinh 24-04-4a:
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1 2 3 4 5 8
Cl-ﬁ \J,r W W \IJ W W W \l/
Q [1 o [ 1 o[ o [T1]0
0, V0 Ly 0o T} 0o [T ] 0TI
Bang trang thai hoat dong ctia mach hinh 24-04-4a:
Bang 4.3
Xung vao | Trang thai hién tai Trang thai ké tiép
Ck Q, Q, Q, Q,
| 0 0 1 |
2 1 | 1 0
3 | 0 0 |
4 0 1 0 0
Gian d6 thoi gian cia mach hinh 24-04-4b:
1 2 3 4 5 7 8
Cl JT! M A e A A A
Q, 0 T 1 0 4 1 0 1+ 1 0

Hinh 24-04-5: Gian d6 thoi gian ciia mach hinh 24-04-4b
1.3. Mach dém 1én, dém xudng
Goi X 1a tin hiéu diéu khién chiéu dém, ta quy udc:
+ Néu X = 0 thi mach dém 1én.
+Néu X = 1 thi dém xudng.
Ta xét 2 truong hop cua tin hié¢u Ck:
- Xét tin hiéu Ck tac dong suon xudng:
Luc d6 ta c6 phuong trinh logic:
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Cki =X.Q +XQ; =X&Q;

- X¢ét tin hiéu Ck tac dong suodn lén:
Luc do ta c6 phuong trinh logic:
Ck,,, =XQ, +XQ,=X@Q,

1.4 Mach d¢ém khong dong bd chia n tan sd
Pay 1a bo dém ndi tlep, theo ma BCD 8421 c¢6 dung luong dém khéc 2
V!_dg. Xét macb dém 5, demzlen, dém ndi tleB.
SO luwong TFF can dung: Vi2 =4<5<8=2 = dung 3 TFF.
Vay bd dém nay s& ¢6 3 dau ra (cha y: S6 luong FF tuong Gmg véi sé dau ra).
Bang trang thai hoat dong cua mach:

Bang 4.4
Xung vao | Trang thai hién tai | Trang thai ké tiép
Ck Qi Qz Ql QE Q*- Ql
1 0 0 0 0 0 1
2 0 0 1 0 1 0
3 0 1 0 0 1 1
4 0 1 1 1 0 0
5 | 0 0 1/0 0 1/0

Néu dung 3 FF thi mach c¢6 thé dém duoc 8 trang thai phan biét (000 — 111
tuong img 0—7). Do do, dé su dung mach nay thuc hién dém 5, dém 1én, thi sau
xung Ck thar 5 ta tim cach dua td hop 101 vé 000 cb nghia la mach thyc hién viéc
dém lai tir t6 hop ban dau. Nhu vay, bo dém s& dém tir 000 — 100 va quay vé 000
tré lai, néi cach khac ta da dém duogc 5 trang thai phén biét. Bé x6a bo dém vé 000
ta phan tich: Do t6 hop 101 ¢6 2 ngd ra Q Q dong thot bang 1 (khac véi cac to
hop trudce do) — day chinh 14 dau hiéu nhan biét dé didu khién x6a bo dém. Vi vay
dé x6a bo dém vé 000:

- Bdi v6i FF ¢6 ngd vao Clr tac dong murc 0 thi ta dung cong NAND 2 ngd vao.
- Bdi v6i FF ¢6 ngd vao Clr tac dong muc 1 thi ta ding cong AND c6 2 ngd vao.

Nhu vay so do mach dém 5 13 so d6 cai tién tir mach dém 8 bang cach mic
thém phan tir cng NAND (hoidc cong AND) c6 hai ngd vao (tiy thudc vao chan
Clr tac dong mirc logic 0 hay mirc logic 1) dugc ndi dén ngd ra Q1 vaQ ,vangodra
ctia cong NAND (hodc AND) s& duge ndi dén ngd vao Clr ctia bd dém (Scﬁng chinh
1a ngo vao Clr cua cac FF).

123



124

Trong trudng hop Clr tic dong muc thap so d6 mach thyc hién dém 5 nhu

trén hinh 24-04-5:
. L e
J
1
— T Y 1T

P Ck, > Ck, D ks

[ ] [4

o 7 ] I

Hinh 24-04-5: Mach dém 5, dém 1én
Gian d6 thoi gian ciia mach:

1 2 3 4 5 6 7 8 9 10

CL{J i W W W W W W A Jj \l/

Qlolvﬂ'lvo 0 lvﬂ' lvD

0 0 0 1 0 0 0 1 14 0
0 0 0 0 0
Q; 0 0 1 0 1

Hinh 24-04-6: Gian do thoi gian mach dém 5, ¢ém 1én

Chuay:

Do trang thai ctia ngd ra 1a khong biét trudc nén dé mach co6 thé dém tir trang
thai ban dau 1a 000 ta phai dung thém mach xo6a ty dong ban dau dé xo6a bo dém vé
0 (con goi 1a mach RESET ban dau). Phuong phap thyuc hién 1a dung hai phan tir
thu dong R va C.

VCC

R

' l"'f""l".-'l —)

= 1

Hinh 24-04-7: Mach Reset mac 0
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Trén hinh 24-04-7 1a mach Reset mtrc 0 (tac dong murc 0). Mach hoat dong
nhu sau: Do tinh chét dién ap trén tu C khong dot bién duoc nén ban dau méi cép
nguén Vcc thi VC =0 = ngod ra Clr = 0 va mach c6 tac dQng Reset x6a bd dém, sau
dé tu C duogc nap di¢n tir nguon qua dién tro R voi thoi hang nap 1a = RC nén dién
ap trén tu tang dan, cho dén khi tu C nap day thi dién 4p trén tu x4p xi bang Vce =
ngd ra Clr = 1, mach khong con tac dung reset.

Chu y khi thiét ké: Véi mot FF, ta biét duoc thoi gian xda (cé trong
Datasheet do nha san xuét cung cip), do d6 ta phai tinh toan sao cho thoi gian tu C
nap dién tir gia tri ban dau dén gid tri dién ap ngudng phai 16n hon thoi gian x6a
cho phép thi méi dam bao xo6a dugc cac FF.

Mach cho phép x6a bo dém tu dong (Hinh 24-04-8) va bang tay (Hinh 24-04-9):

Q an Q"'h
=D
1 1 1
we 1T =T t T

1 |

< Ri O T
i Clr 1 T
! .
ci] L

Hinh 24-04-8: Mach cho phép x6a tu dong
Q. Q. A Qs th

B
A
1
— T =T [t

? Tﬂ>( k, >.(f'l:2 -—|:>('];3

Hinh 24-04-9: Mach cho phép x6a ty dong va bang tay
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U'u diém ciia bo dém ndi tiép: Pon gian, dé thiét ké.

Nhwoe diém: Voi dung luong dém 16m, sé luong FF sir dung cang nhiéu thi
thoi gian tré tich Iiy kha 16n. Néu thoi gian tré tich lity 16n hon mét chu ky tin hiéu
xung kich thi luc béy gio két qua dém sé sai. Do d6, dé khic phuc nhuoc diém nay,
nguoi ta str dung bd dém song song.

1.5. Mach dém ddng bo
1.5.1. Khai niém

Bo dém song song 1a bd dém trong d6 cac FF méc song song v4i nhau va cic
ngd ra sé thay doi trang thai dudi su diéu khién cua tin hiéu Ck. Chinh vi vay ma
nguoi ta con goi bd dém song song 1a bo dém dong bo.

Mach dém song song dugc s dung voi bat ky FF loai nao va co thé dém theo
qui luat bat ky cho trudc. Vi viy, dé thiét ké bo dém ddng bo (song song) nguoi ta
dwra vao céc bang dau vao kich cua FF.

1.5.2. Mach thuc hién

Pbi voi bo dém song song du dém 1én hay dém xudng, hodc 1a dém Modulo
M (dém 1én/dém xudng) déu cé cach thiét ké chung va khong phu thudc vao tin
hiéu Ck tac dong sudn 18n, suon xudng, muic 0 hay mirc 1.

Cac budc thuc hién :

- TUr yéu cau thyc té xay dung bang trang thai hoat dong ctia mach.

- Dya vao bang dau vao kich ctia FF tuong tng dé xdy dung cac bang ham gia tri
cua cac ngd vao dir liéu (DATA) theo ngd ra.

- Dung cac phuong phap t6i thiéu dé toi thiéu hoa cac ham logic trén.

- Thanh lap so d6 logic.

Vi du: Thiét ké mach dém dong bo, dém 5, dém 1én theo ma BCD 8421 duing
JKFF. , ;

Trudce hét xac dinh sé JKFF can ding: Vi2 =4<5<8=2 = diung 3 JKFF
= co3ngdra Ql, QZ, QS.

Ta c6 bang trang thai mo6 ta hoat dong ciia mach nhu sau:

Bang 4.5
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Xung vao | Trang thai hién tai | Trang thai k& tiép
Ck | Q| Q |Q [Q]Q]|Q
1 0 0 0] 0 0 1
2 0 0 1 0 1 0
3 0 1 0 0 1 1
4 0 1 1 1 0 0
5 1 0 0 0 0 0

O phén trude chung ta di xay dung dugc bang dau vao kich cho cac FF va da
c¢6 duoc bang dau vao kich tong hop nhu sau:

Bang 4.6
Q" Q'] s R'J]JT K'|T|]D"
0 oo X100 X]107]10
0 L 11 0 1 X |1 1
| 0 o 11X 11 0
| 1 X 0 X 0 0 1
Tur d6 ta suy ra bang ham gia tri cua cac ngd vao data theo cac ngd ra nhu sau :
Bang 4.7
Xung | Trang th:ii hién tai | Trang thii ké tiép
Vil Q Q Q10 Q Q) K|Jh K|J K
1 o o o]0 0 1]0 X0 X[I X
2 0O 0 1[0 1 0|0 X|1 X|X 1
3 0O 1 0|0 | 1 10 XX 0]1 X
4 0 1 1 1 0 0|l X|X 1[|X 1
5 1 0 o0 O 0|X 1|0 X|[0 X

Lap bang Karnaugh dé t6i thiéu hoa ta dugc:
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I, Q30 K, Q1Q:
o~ 0 0 1 1 Q. 0 0 1 1
0 1 x| o0 O x | x| x| x
1l = 5 5 e 1] 1 1 X X
I, =Q, K =1=Q,
Q:Q: K NQsQ:
Q.0 0 1 1 Q. 0 0 1 1
odolxlxlol o x| olx|o|
Giai thich hoat dong :
- Ban dau dung mar:h RC xéa vé 0 = Q,=Q,=Q,=0.
Jl Kl—l Q':- 'DL_J3:0,,K3:1.
3 - Khi Ck4T: C ac trang thal ngéd ra déu thay déi theo trang tha
3
\é ngo vao DATA tnide do.
J,=K, =1 —Q,=Q/= 1.
L=K;=1 = Q,= Q3=
J;=0,K;=1 = Q; =1 bat chap trang thai tniéc dd.
{HOE‘iC J3: 0, ng 0= Q_J, = Qg =0) = Q_?,Qng =001.
Licdo: J=K=0Q;=1; 1=K, =Q,=1:J:=Q,.Q,=0, K; = 1.
Luu §: {H(.)E_lt‘ Ks=Q5=0).
. - Khi Ck, 4 T
phuong trink oK -1 =0 -0
dwK =11 R =
2Qdé tranh ¢ L=K=1 =Q==1
Jq:{} K;ZI:’QE;:O
(Hoac =0, Ks=0=Q3=Q —0] = Q3;Q,Q;=010.
Lucdo:J, =K, =Q;=1;1,= I\ =Q,=0;13=0,K;=1.

(Hoac K5 = Q,=0).
- Khi Cks4 T:
=K =1 —Q,=Q/=1.
L=K,=0 =Q,=Q}=

JgZG,K3:l :’Qg
Hinh 24-04-10: So db logic

=0 bat chap trang thai triide do.

128



129
(HoacJ;=0,K5=0=2>Q;=Q; =0) = Q;Q,Q,=011.

Lic d6: J=K=Q,=1;1,=K,=Q,=1;1;=Q,.Q=1,K5=0.
(Hoac K5 =1).
- Khi Ck4 T
=K, =1 =Q=Q~=0.
L=K,=1 =Q,=Q=0

J3=0,Ks=1 = Qs =1 bat chap trang thai tritéc dd.
(Hoac I3=0,K;=0=Q3=Q; =0) = Q53 Q, Q,=100.
]—_,1:]‘: dlj ]l: Klz Q3: l, J-lz K2: Ql: 0, J3 = QE'QI = 0., K.3 = J.
(Hoac K3 =Q;=0).
- Khi Ck4 T:
I,=K, =1 =Q,=Q/=0.
JEZKEZJ. :’lengﬂ
J;=0,K3=1 = Q3 =0 bat chap trang thdi tridc do.
= Q3Q2Q1=000.
]—_,1:]‘: d'j ]l — K1:Q3 = l, Jl = KQ: Ql: 0._., J3 = QE'QI — 0., K3 = l
Mach tré vé trang thai ban dau.
1.6 Mach dém vong
Thuc chét 13 mach ghi dich trong d6 ta cho hdi tiép tir mot ngd ra nao do vé
nga vao dé thuc hién mot chu ky dém. Tuy dudng hoi tiép ma ta co cac chu ky dém
khac nhau
Sau day ta khao sat vai loai mach dém vong phé bién.
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1. Ho1 tigp tu QD velJ vaQ,veK

130

0, Q. Qe Qo
L A . C b J
J o J Q J 3 dJ Q
C,. R —— Gy — Gy
—\K g @ Ko W K g @ K @
nm : ; . T W
I

Hinh 24-04-11: So d6 hoi tiép tr Q_ve J va Q,ve K

Pbi voi mach nay, sy dém vong chi thay duoc khi c6 dit trude ngi ra
- bat trude QA=1, ta dugc két qua nhu bang 4.9.

Cx Qo Qc Q[ Qa| SoTP
Preset 0 0 0 1 1
1+ 0 0 1 0 2
24 0 1 0 0 4
3l 1 o]0l o0 8
4l 0.0 .0 1 1
Néu dit trude Q,=Q_=1tactbang 4.10
Ck Qo | Qc Qg | Qa | SoTP
Preset 0 0 1 1 3
1w 0 1 1 0 i)
24 1 1 0 0 12
3l 1{o]o |1 9
4.4 0 0 1 1 3
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2. Hoi tiép tir Q, veJ, va Q_ve K, (Hinh 24-04-12)

Q. Q- U Qg
L A B C (1]
J Q J Q J i J e
Er: —r Gy — |—c:rL_'..E
—K g @ K @ Ko @ K o 9
= = T ‘ l:lv
[

Hinh 24-04-12: So do hoi tiep tr Q, veé J vaQ_ve K

Mach nay con cé tén 1a mach dém Johnson. Mach c6 mét chu ky dém mic
nhién ma khong can dat trude va néu c6 dit trude, mach s& cho cac chu ky khac
nhau tiy vao t6 hop dit truéc d6. Bang 4.11 13 chu ky dém mic nhién.

Ck | Qp 1 Qc Qs Qa| S6TP
Preset 0 0 0 0 0
1+ 0 0 0 1 1
2 0 0 1 1 3
34 0 1 1 1 7
4w 1 -1 -1 1 15
5 1 .1 .1 .0 14
fd 1 -1 -0 .0 12
7l 1 -0 -0 0 8
gl 0 -0 -0 0 0
3. Hoi tiep tir Q, vé J, va Q_ve K, (Hinh 24-04-13)
Q. Qe Qe ﬂ.;|
A B c D J
—J Q J Q J Q Q
Cy —¢ Gy o G —er e
Ko @ Kg @ Kg @ ]
H R Y - [=] (o]
Gl

Hinh 24-04-13: Hoi tiép tir Q, vé J vaQ, vé K,
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Bang 4.12
Cx Qo Qc Qs Qa So TP
Preset 0 0 0 0 0
1J 0 0 0 1 1
2) 0 | 0 | 1 1 3
3l o | 1 1 1 7
44 1 1 1 0 14
v 1 1 0 0 12
6l 1 0 0 0 8
71 0 0 0 0 0
2. Thanh ghi

Muc tiéu:

- Trinh bay duoc ciu tao, nguyén 1y hoat dong cua thanh ghi.
2.1. Thanh ghi vao ndi tiép ra song song dich phai

Thanh ghi dugc x4y dung trén co s& cac DFF (hoac cac FF khac thuc hién
chirc niing ctia DFF) va trong d6 mdi DFF s& luu trit 1 bit dir liéu.
Pé tao thanh ghi nhiéu bit, nguoi ta ghép nhiéu DFF lai véi nhau theo qui luat

nhu sau:

- Ngd ra ctia DFF dimg trude duoc ndi voi ngd vao DATA cia DFF sau (Diy; = Qi)

= thanh ghi c6 kha nang dich phai.

- Hoac ngd ra ciia DFF dtng sau dugc ndi voi ngd vao DATA ciia DFF dung trudce

(Dj = Qi+1) = thanh ghi ¢6 kha nang dich trai.
2.2. Thanh ghi vao ndi tiép ra song song dich trai

Phan loai theo sb bit dit liéu luu trit: 4 bit, 5 bit, 8 bit, 16 bit, 32 bit. D6i véi thanh

ghi 16n 8 bit, nguoi ta khong dung ho TTL ma dung ho CMOS.
Phén loai theo huéng dich chuyén dif liéu trong thanh ghi:

- Thanh ghi dich trai.

- Thanh ghi dich phai.

- Thanh ghi vira do1 phai vira doi trai.
Phan loai theo ngd vao dir liéu:

- Ngb vao dit liéu nodi tiép.

- Ngb vao dit liéu song song: Song song khong dong b, song song dong bo.

Phan loai theo ngo ra:
- Ngb ra nbi tiép.
- Ng0 ra song song.

- Ng0 ra vira noi tiép viura song song.

2.3 Thanh ghi vao song song ra song song
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Nhap dir liéu vao FF bang chan Preset (Pr): (xem hinh 24-04-14)

PJ‘. [:11

Load 1] H—f
A

Hinh 24-04-14: So d6 nhap dit liéu vao FF bang chan Preset

- Khi Load = 0 : Céng NAND 3 va 2 khoa — ngd vao Pr=Clr =1 — FF ty do =

dir liéu A khong nhap vao dugce FF.

- Khi Load = 1 : Céng NAND 2 va 3 mé. Luc d6 ta co: Pr= A, Clr = A.
NéuA=0—-Pr=1,Clr=0=>Q=A=0.
NéuA=1—-Pr=0,Clr=1=Q=A=1.

Vay Q= A = dir liéu A dugc nhép vao FF.
Tuy nhién, cach nay phai ding nhiéu cong logic khong kinh té va phai ding
chan Clr 13 chan x6a nén phai thiét ké dong bo.
Pé khic phuc nhitng nhugc diém d6 ta dung mach nhu trén hinh 24-04-15:

Pr Clr

1]
LMT‘ \

Hinh 24-04-15
- Chan Clr d¢é tréng tuong duong voi muc logic 1.
- Khi Load =0 : céng NAND khoa — Pr=ClIr =1 — FF tu do. Dir liéu khong duogc
nhap vao FF.
- Khi Load =1: céng NAND m¢ — Pr=A.
Gia st ban dau : Q =0.
NéuA=0—->Pr=1,Clr=1=2Q= Q 0.
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NéuA=1—-Pr=0,Clr=1=0Q=1.
Vay Q = A = Dit liéu A duoc nhép vao FF.
Chu y: Phuong phéap nay doi hoi trude khi nhap phai xéa FF vé 0.
Vi du: Xét mot thanh 4 bit ¢6 kha nang doi phai (Hinh 24-04-16).

A
Load 1] 1 1

| k g il
o L0 o] Pl

v 1 D I, Q. E Qs Is Qs
L0 | B0k | D0k | HCk
‘ K, &l K, & K &Ll o
Clr — ] |
Hinh 24-04-16: Thanh ghi dich phai
Trong do:

- DSR (Data Shift Right): Ngé vao Data ndi tiép (ngd vao dich phai).
- Ql, QZ,QS, Q4: cac ngo ra song song.

bé giai thich ‘hoat dong cuia mach, ta dua vao bang trang thai cia DFF.

Gia st ban dau : Ngo vao nhap Load =1 — A, B, C, D duoc nhap vao thanh
ghi dich — le A, Q2: B, Q3: C, Q4: D.

Hoat dong dich phai cua thanh ghi:

- Xét’ FFl: D= DSRl, Q1 = A.,

NeuDSR =0—-Q=0;néuDSR =1 —-Q=1.
Két luan: Sau mot xung Ck tdc dong suon xubng thi Q1 = DSRl.
- Luc do FFz’ FFS,FF4: Q2 =A, Q3 =B, Q4: C.

Tuc 14 sau khi Ck tac dong suon xudng thi ndi dung trong thanh ghi dugc doi
sang phai 1 bit. Sau 4 xung, dit liéu trong thanh ghi duoc xut ra ngoai va ndi dung
DFF duoc thay thé béng cac dir li€u tr ngd vao DATA ndi tiép DSRl, DSRz’ DSR3,
DSR4.

Ta c6 bang trang thai hoat dong ctia mach:

Bang 4.13
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Xung Trang thai hién tai Trang thai ké
vao | Q Q, Q; Q, Q, Q, Q. Q.
1 A B C D DSR, A B C
2 DSE, A B C DSR, | DSR, A B
3 DSR, | DSR, A B DSR, | DSR, | DSR, A
4 DSE,; | DSR, | DSE, A DSR, | DSR, | DSR, | DSE,
Trudng hop ngd ra Q bang ngd vao dit liéu ndi tiép DSR (hinh 24-04-17).
Pr Plr T Pf
Pl o o o o
—rpC | DOk | D0k |k
K, @| K, G@ll[Ks © K. @
Clr | 1
Hinh 24-04-17
Ta c6 bang trang thai hoat dong ctia mach hinh 24-04-17:
Bang 4.13
Xung Trang thai hién tai Trang thai ké
vao | Q 1 Q 1 Q1 Q1 Q |Q | Q | Q
1 0 0 0 0 1 0 0 0
2 1 0 0 0 1 1 0 0
3 1 1 0 0 1 1 1 0
4 1 1 1 0 1 1 1 1
5 1 1 1 1 0 1 1 1
6 0 1 1 | 0 0 1 |
7 0 0 1 1 0 0 0 1
3 0 0 0 1 0 0 0 0

Pay la mach dugc ing dung nhiéu trong thuc té.
CAU HOI VA BAI TAP
4.1. Trinh bay mach dém
4.2. Khai niém va phan loai thanh ghi
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4.3. Dung FF JK thiét ké mach dém 6, dong bd
4.4. Thiét ké mach dém 7 khong ddng bo, dung FF JK c6 ngi vao xung dong ho tac
dong boi canh lén cua Cy.
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BAI 5: HQ VI MACH TTL - CMOS
Ma bai: MD 14-05
Gioi thiéu:

Mbi mot ho IC ¢ nhimg dic diém, tinh chat khac nhau. Khi sir dung cac IC
trong ciing mot ho dé 1ap rap mach thi khong cé van dé gi xay ra. Tuy nhién, khi
can phai str dung cac ho IC khac nhau trong ciing mdt mach dién, IC nay nay sinh
van dé giao tiép: “ tuong thich vé dong va ap giira cac ho”.

K§ thuat thuc hién viéc giao tiép giita cac ho IC sb thong dung chu yéu 1a
“than thién” vé dong va vé ap, khi cac IC khac nhau gép phan trong cing mot hé
théng mach dién.

Muc tiéu:
- Trinh bay duogc cAu tric, cac dic tinh co ban caa IC sd.
- Phan loai dugc cac phuong thic giao tiép gitra cac loai IC s.
- Rén luyén tac phong 1am viéc nghiém tac ti mi, can than, chinh
Noi dung chinh :
1. Cau triic va thong sé co ban TTL
Muc tiéu:
- Trinh bay duogc cAu tric, cac dic tinh co ban caa IC sd.
1.1. C& s cua viée hinh thanh cong logic ho TTL
1.1.1 Loai 74 tiéu chuan
- Nam 1964, hing Texas Instrument giéi thiéu ho TTL chuan mang mi sé 54XXX
va 74XXX 1a mot ho IC sir dung ph 6 bién nhat.
- Day dién &p va nhiét do lam viéc:
+ Loai 54XXX: dién ap ngudn: 4.5V=5.5V; nhiét d6 lam viéc -55°C + 12.5°C.
+ Loai 74XXX: dién ap ngudn: 4.75V=+5.25V; nhiét d6 lam viéc 0°C + 70°C.
- Cac murc dién ap
Bang 5.1: Murc dién ap ho 74S

Min Tiéu chuan Max
VOL - 0,1 0,4
VOH 2,4 3,4 _
VIL - - 0,8
VIH 2 - -

1.1.2 Loai 74L (Low Power: Cong suat thap)
- Céc mach dién cua loai IC cong suét thap dugc thiét ké giéng nhu loai ticu
chuan, co cong suat tiéu thu giam nhung lai c6 thoi gian tré truyén dan ting. Cong

137



138

NAND thudc ho nay cé cong suét tiéu thu trung binh khoang 1mV, thoi gian tré
truyén dan trung binh 33ns.

- Loai IC thich hop cho nhiing tmg dung doi hoi cong suat tiéu thy thap, hoat
dong o tan sb thap.

1.1.3. Loai 74H (High Speed: toc d6 cao)

74H 14 loai TTL tdc d6 cao, mach dién co ban cua loai nay giéng nhu TTL
chuan, nhung c¢6 mot sé diém khac 1a chuyén mach nhanh hon véi thoi gian tré
truyén dan trung binh khoang 6ns, nhung cong suat tiéu thu khoang 23mW cho mot
cong NAND trong ho nay.

1.1.4. Loai 74S — Schottky TTL

- T4t ca cac loai TTL 74, 74H, 74L déu hoat dong dung chuyén mach bao hoa,
trong d6 cac tranzitor khi dan s& dugc dan trong bio hoa sau. Hoat dong nay sé giy
ra thoi gian tich trir khi tranzitor tir trang thai dan sang trang thai khoa> Diéu nay
lam giuro61 han tdc do chuyén mach.

- Loai 74S lam giam thoi gian tré tich trir bang cach khong cho tranzitor di
sau vao trang thai bao hoa, diéu nay duoc thuc hién béng cach st dung mot diot rao
chan Schottky SBD (Schottky Barrier Diode) nbi giita
1.1.5. Loai 74LS (Low Power Schottky)

Loai nay c6 cong suét thép hon, téc d6 chdm hon 74S. Céng NAND trong ho
74LS c6 thdi gian chuyén mach trung binh 9,5ns, cong suit tiéu thy trung binh
2mW. N¢ gibng nhu TTL chuén vé téc do chuyén mach nhung cong suit tiéu thu
thap hon.

1.2. C4u tric co ban cua TTL

Léy céng NAND 3 nga vao lam thi du dé théy cAu tao va van hanh cia mot

cong co ban

Hinh 24-05-1: So @b cAu tric co ban cia TTL
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Khi mét trong cac ngd vao A, B, C xudng mutc khong T1 dan dwa dén T2
ngung, T3 ngung, ngd ra Y 1én cao; khi ca 3 nga vao lén cao, T1 ngung, T2 dan, T3
dan, ngd ra Y xudng thap. Do chinh 1a két qua ctia cong NAND.

Tu C, trong mach chinh 1a tu ky sinh tao boi su két hop giita ngd ra ctia mach
(tang thuc) voi ngd vao cla ting tai, khi mach hoat dong tu s& nap dién qua R (lac
T ngung) va phéng qua T, khi transistor nay dan do d6 thoi tré truyén cua mach
quyet dinh boi R va C khl R nhdé mach hoat dong nhanh nhung cong sut tiéu
thu luc do 16n, muon glam cong sudt phal tang R4 nhung nhu vy thoi tré truyén sé
16n hon (mach giao hoan cham hon). Dé giai quyét khuyét diém nay dong thoi thoa
man mot sd yéu cau khac , ngudi ta dd ché tao cac cong logic véi cac kiéu ngi ra
khac nhau.

1.3 Nhan dang, dac diém, cac thong s6 co ban

Céc IC s6 ho TTL duoc san xuit 1an dau tién vao nam 1964 boi hang Texas

Instrument Corporation cua MY, léy s6 hiéu 1a 74XXXX & 54XXXX. Su
khac biét gitra 2 hg 74XXXX va 54 XXXX chi ¢ hai diém:

74:V_=5+0.5 V vi khoang nhiét o hoat dong tir 0 C dén 70 C

54: V__=5+0,25 V va khodng nhit d{ hoat dong tir -55 C dén 125 C

Cac tinh chat khac hoan toan giéng nhau néu chung c6 cing so.

Trude sd 74 thuong c6 thém ky hiéu dé chi hing san xuat. Thi du SN cua
hang Texas, DM cua National Semiconductor, S ctia Signetics

Ngoai ra trong qua trinh phat trién, cac thong s6 k¥ thuat (nhat 1a tich s6 cong
suat van téc) ludn dugc cai tién va ta c6 cac loat khac nhau: 74 chuan, 74L (Low
power), 74 H (High speed), 74S (Schottky), 74LS (Low power Schottky), 74AS
(Advance Schottky), 74ALS (Advance Low power Schottky), 74F (Fast, Fair
Child).

Bang 5.2 cho thay mot so tinh chat ctia cac loat ké trén:
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Théng sb ki thuat 74 | T4L | 74H | 748 | TAL | T4AS | T4ALS | T4F
S

Thoi tré truyén (ns) 9 133 | 6 | 3 |95 L7 4 3

Cong suat tiéu tan (mW) 10 1 23 20 2 g 1.2 6

Tich 533 cong suat vantoc (pl) | 90 | 33 | 138 | 60 19 13.6 48 18
Tén s0 xung Cx max (MHz) 35 3 50 | 125 45 200 70 100

Fan Out (cting loat) 10| 20 | 10 | 20 | 20 | 40 20 33
Pién thé

Vou(min) 24124 | 24 | 27| 27| 23 2.5 2.5
Vor (max) 04| 04 | 04|05 |05 ] 03 0.4 0.3
Vi (min) 20020 (20|20 (20 20 2.0 2.0
Vr (max) 0807 |08 [ 08|08 | 08 0.8 0.8

- Loat 74S: Cac transistor trong mach du’qc- ;néc thém mdt Diod Schottky gitta hai
cuc CB voi muyc dich giam thoi gian chuyén trang thai cua transistor do do lam
giam thoi tré truyén.

- Loat 74AS va 74ALS 1a cai tién ciia 74S dé lam giam hon nira gia tri tich s6 Cong
suat - Van tde.

- Loat 74F: Dung k¥ thuat dac biét lam giam dién dung ky sinh do do6 cai thién thoi
tré truyén cua cong.

1.4. TTL Schottky

o N a3

Hinh 24-05-2: So d6 cAu tric co ban cua TTL Schottky
R4 trong mach co ban dugc thay thé boi cum T4, RC va Diod D, trong do RC co tri

rat nho, khong dang ké. T2 bay gio gilr vai tro mach ddo pha: khi T2 dan thi T3 dan
va T4 ngung, Y xudng thap, khi T ngung thi T3 ngung va T, dan, ngd ra Y 1én cao.
Tu CL nap di¢n qua T, khi T4 dan va phong qua T3 (d3n), thoi hang mach rat nho va

két qua 13 thoi tré truyén nho. Ngoai ra do T3 & T4 luan phién ngung tuong tng vai
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2 trang thai cta ngé ra nén cong sut tiéu thu giam dang ké. Diod D ¢6 tac dung
nang di¢n thé cuc B cua T, 1én dé bao dam khi T, dan thi T, ngung.

Mach nay c6 khuyét diém 1a khong thé ndi chung nhiéu ngi ra cia cac cong
khac nhau vi c6 thé gy hu hong khi cac trang thai logic cta cac cong nay khac
nhau.

1.5. TTL Ngi ra cuc thu dé ho

= BB
A T |f
E 1 T4
0

Hinh 24-05-3: So d6 cau tric TTL Nga ra cuc thu dé ho
Nga ra cyc thu dé ho c6 mot s6 loi diém sau:

- Cho phép két ndi cac nga ra cta nhiéu cong khac nhau, nhung khi sir dung
phai mac mot dién tro tir nga ra 1én ngudn Vee, goi 1a dién tré kéo Ién, tri s6 cia
dién trd nay co thé duge chon 16n hay nho tuy theo yéu cu ¢6 logi vé mit cong suit
hay téc do lam viéc.

Piém nbi chung cua cac nga ra c6 tac dung nhu mot cong AND nén ta goi 1a
diém AND (Hinh 24-05-4)

- Nguoi ta ciing ché tao cac IC ngi ra ¢ cuc thu dé hd cho phép dién tré kéo
1én méc vao nguén dién thé cao, dung cho cac tai dic biét hoac dung tao su giao
tiép giita ho TTL v6i CMOS dung nguén cao.

Thi du IC 7406 1a loai céng dao c6 nga ra cuc thu dé ho c6 thé mac 1én nguén 24V
(Hinh 24-05-5)
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gﬁﬂ I*W 124

Rkeolen
: = 24V,
: = - T4LB112 7406 25mA,
: —L---&\ﬂiém AND e LT )
E {4 EF R
(Hinh 24-05-4) (Hinh 24-05-5)

1.6 TTL c6 dau ra ba trang thai

B =
111140
G 0fx |£cao
. Bang sy that
(Hinh 24-05-7) (Hinh 24-05-8)

Mach (Hinh 24-05-7) 1a mot cong dao c6 ngd ra 3 trang thai, trong d6 T4 & T5
dugc mac Darlington dé cap dong ra 16n cho tai. Diod D ndi vao ngi vao C dé diéu
khién. Hoat dong ctia mach giai thich nhu sau:

- Khi C=1, Diod D ngung dan, mach hoat dong nhu m{)t’céng dao ‘

- Khi C=0, Diod D dan, cuc thu T2 bi ghim ap & muc thap nén T3, T4 & T5 déu
ngung, nga ra mach & trang thai tong trd cao.

Ky hiéu ciia cong dao ngi ra 3 trang thai, c6 nga diéu khién C tac dong mirc
cao va bang su that cho ¢ (Hinh 24-05-8)

Ciing c6 cac cong dao va cong dém 3 trang thai v6i nga diéu khién C tac dong
mirc thap ma SV c6 thé ty v& ky hiéu va bang sy that.

(Hinh 24-05-9) 1a mot ung dung cua cong dém co6 ngi ra 3 trang thai: Mach
chon dir liéu
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(Hinh 24-05-9)
Van chuyén: Ung v&i mot gid tri dia chi AB , mot ngé ra mach giai ma dia chi
duoc tac dong (Ién cao) cho phép mot cong mo va dit lidu ¢ ngd vao cong do dugc
truyén ra ngi ra. Thi du khi AB = 00, Y = 1 (Y Y Y =0) G md, D truyen qua

G1 dén nga ra, trong ldc Gz’ G3, G4 dong, congarao trang thal Z cao, khong anh
hudéng dén hoat dong ctia mach.
2. Céu tric va thong s6 co ban ciia CMOS
Muc tiéu:
- Trinh bay duogc cAu tric, cac dic tinh co ban cua ho CMOS
2.1. Bdc trung cua cac vi mach s6 ho CMOS

Gom céac IC s6 dung cong nghé ché tao cua transistor MOSFET loai ting,
kénh N va kénh P. Véi transistor kénh N ta ¢c6 NMOS, transistor kénh P ta co
PMOS va néu ding ca hai loai transistor kénh P & N ta ¢c6 CMOS. Tinh ning k¥
thuat cta loai NMOS va PMOS c6 thé néi 1a gidng nhau, trir ngudn cap dién co
chiéu nguoc voi nhau do do ta chi xét loait NMOS va CMOS.

Céc transistor MOS dung trong IC s ciing chi hoat dong & mot trong 2 trang
thai: dan hodc ngung.
- Khi dan, tiy theo ndng d6 pha cta chit ban din ma transistor c6 ndi tré rat nho
(tir vai chuc Q dén hang traim KQ) tu0’ng duong VOI mot khoa dong.
- Khi ngung, transistor ¢6 ndi trd rt 16n (hang 10 Q) tuong duong véi mot khoa
ho.
2.2. Céu triic CMOS ciia cong logic co ban

Ho CMOS su dung hai loai transistor kénh N va P voi muc dich cai thién tich sO
cong suit van tdc, mic du kha nang tich hop thip hon loai N va P. (Hinh 24-05-

10a), (Hinh 24-05-10b) va (Hinh 24-05-10c) 1a cac cong NOT, NAND va NOR ho
CMOS
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Hinh 24-05-10
Bang 5.3 cho thay quan hé dién thé cua cac ngd vao , ra cong NOT

"liu."].: Tl TE E-TG.J
Vop (logicl) | Rorr=10""Q | Row=1KQ | OV (logic 0)
OV (logic0) |Rgy=1KQ |Ror=10""Q | Vop (logic 1)

2.3. Cac thong sb co ban cua cac vi mach sé ho CMOS

Mot sd tinh chat chung cta cac cong logic ho MOS (NMOS, PMOS va
CMOS) ¢6 thé ké ra nhu sau:
- Nguon cap dién : VDD tr 3V dén 15V
- Muc logic: V_ (max) =0V V_ (min) =V

oL OH DD
V (max) =30% V__V (min) =70%V
oL DD = IH DD
-Lénhicu:V_ =30%V__V =30%V
NH DD AL DD

V&1 ngudn 5V, 1€ nhiéu khoang 1,5V, rat 16n so vo1 ho TTL.
- Thoi tré truyén twong ddi 16n, khoang vai chuc ns, do dién dung ky sinh ¢ nga vao
va tong trd ra cua transistor kha 16n.
- COng suat tiéu tan tuong d6i nho, hang nW, do dong qua transistor MOS rat nho.
- S6 Fan Out: 50 UL

Do tong trd vao cla transistor MOS rat 16n nén dong tai cho cac cong ho
MOS rat nhé, do @6 s6 Fan Out ciia ho MOS rat 16n, tuy nhién khi mic nhiéu tang
tai vao mot tang thiic thi dién dung ky sinh ting 1én (gém nhiéu tu mac song song)
anh huong dén thoi gian giao hoan ctia mach nén khi ding & tan sd cao nguoi ta
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gidi han s6 Fan Out 1a 50, nghia 1a mot cong MOS c¢6 thé cap dong cho 50 cong tai
cung loat.

- Nhu d3 néi & trén, CMOS c¢6 cai thién thoi tré truyén so voi loai NMOS va
PMOS, tuy nhién mat do tich hop caia CMOS thi nho hon hai loai nay. Du sao so
v6i ho TTL thi mat do tich hop ciia ho MOS néi chung 16n hon rat nhiéu, do d6 ho
MOS rét thich hop dé ché tao dudi dang LSI va VLSI.

3. Giao tiép TTL va CMOS
Muc tiéu:
- Thyc hién viéc két ndi dau ra cia mot mach hay hé théng voi dau vao ctiia mach.

Giao tiép 1a thuc hién viéc két ndi ngd ra ciia mot mach hay hé théng véi nga
vao ctiia mach hay hé thong khac. Do tinh chat vé dién khic nhau giita hai ho TTL
va CMOS nén viéc giao tiép giira ching trong nhiéu truong hop khong thé ndi truc
tiép duoc ma phai nho mot mach trung gian ndi giira ting thuc va tang tai sao cho
dién thé tin hiéu ra ¢ ting thuc phu hop voi tin hiéu vao ctia ting tai va dong dién
tang thac phai du cip cho tang tai.

CMOS (Npp= TTL
5V)

Thong 56 4000B T4HC 74HCT 74 T4LS T4AS T4ALS
Viz(min) 3.5V 3.5V 2.0V 2.0V 2.0V 2.0V 2.0V
NVp(max) 15V 10V 08V 08V 08V 08V 08V
Von(min) 495V 49V 49V 24V 2,9V 2.7V 2.7V
Vor(max) 0,05V 0.1V 0.1V 04V 0,5V 0,5V 04V
Im{max) 1uA 1pA 1A 40uA 20pA  200pA 20uA
n(max) 0 lpA IpA IpA 16mA O4mA  ImA  100pA
Iox(max) 0.4 mA 4 mA 4 mA 04mA 04mA 2mA 04 mA
Igr(max) 0.4 mA 4 mA 4 mA 16 mA SmA 20mA 8 mA

(Bang 5.4)

C6 thé néi diéu kién dé thuc tryc tiep
- Khi dong dién ra ciia tang thuc 16n hon hodc bang dong dién vao cua tang tai o ca
hai trang thai thap va cao.
- Khi hiéu thé nga ra cua tang thiic & hai trang thai thap va cao phu hop véi dién thé
vao clia tAng tai.

Nhu vy, trude khi xét cac trudng hop cu thé ta xem qua bang ké cac thong s6
cua hai ho IC
3.1. TTL kich thich CMOS
- TTL thic CMOS ding di¢n thé thap (V__=5V):
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Tir bang 5.4 dong dién vao ctia CMOS c6 trj rat nho so vdi dong ra cta cac
loat TTL, vay vé dong dién khong qé van dé , ’

Tuy nhién khi so sanh hi¢u theé ra cia TTL v6i hiéu the vao cuia CMOS ta thay
VOH(max) cua tat ca cac loat TTL déu kha thap so véi VIH(min) cua TTL, nhu vay
phai c¢6 bién phap nang hiéu thé ra ciia TTL 1én. Piéu nay thyc hién dugc bang mot
dién trd kéo 1én mac ¢ ngd ra cua IC TTL (Hinh 24-05-11)
- TTL thac 74 HCT:

Nhu da néi trude day, riéng loat 74HCT 1a loat CMOS duoc thiét ké tuong
thich v&i TTL nén c6 thé thuc hién két ndi ma khong can dién tré kéo 1én.
- TTL thiic CMOS ding ngudn cao (Vpp = +10V)

Ngay ca khi dung dién tré kéo 1én, dién thé ngd ra mic cao ciia TTL van
khong du cap cho ngd vao CMOS, nguoi ta phai dung mot cong dém c6 ngi ra dé
hé ¢ thé dung ngudn cao (Thi du IC 7407) dé thyc hién su giao tiép (H 3.34)

A

1 SRp 74107 I\I <hp
— Y1 [ — a | e
— — . o—

—TTTL - —pCk 1407 — Liimos

CMOS _
— K OF— ]
e o
(Hinh 24-05-11) (Hinh 24-05-12)

3.2. CMOS kich thich TTL
- CMOS thuc TTL ¢ trang thai cao:

Bang 5.4 cho thiy dién thé ra va dong dién ra muc cao cia CMOS du dé cap
cho TTL . Vay khong c6 van dé & trang thai cao
- CMOS thiic TTL & trang thai thap:

Dong dién vao & trang thai thap ctia TTL thay d6i trong khoang tir 100 pA
dén 2 mA. Hai loat 74HC va 74HCT c6 thé nhan dong 4 mA . Vay hai loat nay c6
tl}é giao tiép %y m(f):[ IC TTI7 ma khong cé van deé. Tuy nhién, véi loat 4000B, IOL
rat nho khong du dé giao ti€p vdi ngay ca mot IC TTL, nguoi ta phai dung mot
cong dém dé nang dong tai cua loat 4000B trudc khi thuc vai IC 74LS (Hinh 24-
05-13)

- CMOS dung nguén cao thac TTL:

C6 mot s6 IC loat 74LS dugc ché tao ddc biét c6 thé nhan dién thé nga vao
cao khoang 15V cé thé duoc thuc truc tiép bai CMOS dung ngudn cao, tuy nhién
da s6 IC TTL khong c6 tinh chat nay, vay dé co thé giao tiép véi CMOS ding
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ngudn cao, ngudi ta phai dung cong dém dé ha dién thé ra xubng cho phu hop voi
IC TTL (Hinh 24-05-14)

T+5f

JTE- T —

A

A " :\: ! . _'l - |\ [,

P B o0ip | /008 —_
— 7ALS00

F77 TALS Inpuls s
(Hinh 24-05-13) (Hinh 24-05-14)

5.1. Trinh bay c4u trlc va céc thong s6 co ban ciia TTL?
5.2. Trinh bay cau trdc va cac théng sé co ban cia CMOS?
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BAI 6 : BO NHO
Ma bai: MD24-06

Gidi thiéu:

Bo6 nhé 13 mot thiét bi co kha nang luu trir thong tin (nhi phan). Mudn st
dung bo nhg, trudce tién ta phai ghi dir liéu va cac théng tin can thiét vao no, sau do
lGc can thiét phai goi (ay) duoc dir liéu hoic thong tin da ghi trude d6 ra st dung.
Thu tuc ghi vao va doc ra phai duge kiém soat chit chg, tranh nham lan nhd dinh vi
chinh xé&c tung vi tri nhd va noi dung cia nd theo mot mé dia chi duy nhat dé tim
kiém dé nguoi sir dung biét rang: vi tri nhg xac dinh d6 con dang tréng(chua duge
str dung t6i) trong thi tuc ghi vao va biét rang dir liéu thong tin can tim dang nam ¢
dau? vi tri ndo? Khi lam tha tuc lay ra(doc)

Muc tiéu:
- Trinh bay duogc cAu tric, hoat dong, phan loai va pham vi trng dung céac bo nho.
- Rén luyén tac phong lam viéc nghiém tic ti mi, can than, chinh xac
N§i dung chinh:
1. ROM
Muc tieu :
- Trinh bay duogc cAu tric, hoat dong cia ROM
1.1. Cau tric ROM
CAu trac chung ciia ROM.

NN Khéi bo
Kénh dia chi nb
/
A ¥ i tri nhd duoc
\ B 6 ______ »_\i\f_\l\_AIcI_AItI_RIA_l*/ Ch()l’l theO mﬁ
glél sTxTxTxTxIXTxTxTN dlachi
/ ma dia
Ao chi T
CE; |
M:.a‘ch E .
CEj dieu [~ Mach dau
/‘ khién ra
------ >
CF3
Kénh
diéu Kénh dir
khién D\/‘D/“
7 0
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Hinh 24-06-1: Cau trlc bén khéi co ban bén trong cua 1 bo nho chi doc ROM
1.2 . C4u triic ma tran nhé

X - ENABLE

Hinh 24-06-2: Cau trlic bo nhd kiéu ma tran huéng bit

1.3. Cau triic t¢ bao ROM

bay la loai ROM duogc ché tao dé thuc hién mot cong viéc cu thé nhu cac
bang tinh, bang luong gidc , bang logarit . . . . ngay sau khi xuat xuéng. N6i cach
khéc, cac té bao nhG trong ma tran nhé da duogc tao ra theo mot chuong trinh da xac
dinh trudc bang phuong phap mit na: dua vao céc linh kién dién ttr ndi tir duong tir
qua duong bit dé tao ra mot gia tri bit va dé trong cho gia tri bit nguoc lai.
- (Hinh 24-06-3) 1a m6 hinh cua mdt MROM trong d6 cac 6 vudng la noi chira (hay
khong) mot linh kién (diod, transistor BJT hay MOSFET) dé tao bit. Mdi nga ra
ctia mach giai ma dia chi goi 1a duong tir va dudng ndi té bao nhd ra ngoai goi 1a
duong bit. Khi dudng tir 1én murc cao thi té bao nhd hoic tir nh dugc chon.

Biding i

M
By Cadi L Eudng D £l
Bia md
chi dia | M
21 ! | 0. Ewing it g it
o chi JTva bao nhd oaea o 1
I
-I-'.l'm
Bung|bit ; ﬁ
o H
CE | - - Eing b F
— : E'}Clc-g:.cl—bl Bém ngd 1 | 1
—_— g +h
OE l l _7%_3 ﬂ}; -
Enatreg bil e Lit
] On- 4 _
0 n 1 Logic @
D liéu o =

(Hinh 24-06-3)
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Néu té bao nhd 13 Diod hodc BIT thi sy hién dién cua linh kién tuong ting véi
bit 1 (ltc nay dudng tir 1én cao, Transsisstor hoic diod dan, dong dién qua dién trd
tao dién thé cao & hai dau dién trd) con vi tri nhd tréng tuong ung vai bit 0.

Déi vé6i loai linh kién MOSFET thi nguoc lai, nghia 1a sy hién dién cda linh
kién twong tmg vé6i bit 0 con vi tri nhé tréng twong tng véi bit 1 (mubn co két qua
nhu loai BJT thi thém ¢ ngi ra cac cong dao). (Hinh 24-06-4) 1a mét thi du bd nhé
MROM c6 dung lugng 16x1 véi cac mach giai ma hang va cot (cac mach giai ma 2
duong sang 4 duong cua hang va cot déu dung Transistor MOS va cé cung ciu
trac).

Q

Al
Al
Al
Al
Al
Al
1l

o+

E,
)
]
oH
H

g HE'L -45

=l HS: "-"i “J:j? T D& i

ey WIS; '—E st
*w——E_ ] [ [ ¢

5 b

A o——

3iz ma rang g m e oot

Bop |
(Hinh 24-06-4)

Trong thuc té, dé don gian cho vi¢c thuc hién, & mdi vi tri nhé nguoi ta déu
cho vao mot transistor MOS. Nhung & nhiing vi tri Gimg véi bit 1 céc transistor
MOS dugc ché tao voi 16p SiO, diy hon 1am ting dién thé ngudng cta né 1én, két
qua 1a transistor MOS nay ludn luén khong dan dién (Hinh 24-06-5), Céc transistor
khéac dan dién binh thuong.

7 Yoo 7 Voo ? Yoo ? Voo
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Puing bit  |Duwingbit | Dudng bit Duding bit
o 1 1 0
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1.4. Cau truc té bao PROM
C6 chu tao gibng MROM nhung ¢ mdi vi tri nhé déu c6 linh kién ndi véi cau chi.
Nhu vay khi xuit xuong cac ROM nay déu chira cung mét loai bit (goi 1a ROM
trang), lic str dung nguoi 1ap trinh thay d6i cic bit mong mudn bang cach pha v&
cau chi & cac vi tri twong tmg véi bit d6. Mot khi cau chi di bi pha v thi khong thé
ndi lai dugc do d6 loai ROM nay cho phép 1ap trinh mét lan duy nhat dé sir dung,
néu bi 161 khong thé stra chira dugc (Hinh 24-06-6)

o
SR

Budtg i

151
(Hinh 24-06-5)

Gl chi

Diing bt

e

e

Cau chi
HMing bit

(Hinh 24-06-6)

—TU—‘_U—E

Eing U

g bit

Nguoi ta c6 thé dung 2 diod mic nguoc chiéu nhau, mach khong dan dién, dé
tao bit 0, khi lap trinh thi mdt diod bi phd héng tao mach ndi tat, diod con lai dan

dién cho bit 1
1.5. EPROM

Pay 1a loai ROM rat tién cho ngudi sir dung vi c6 thé dung dugce nhiéu lan
béng cach xo0a va nap lai. Cau tao cta té bao nhé cia U.V. EPROM dya vao mét
transistor MOS c6 ciu tao dic biét goi 13 FAMOS (Floating Gate Avalanche

Injection MQOS)

-F'+ T-F+

(Hinh 24-06-7)
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Trén nén chit ban dan N pha lodng, tao 2 ving P pha dam (P ) ndi ra ngoai
cho 2 cuc S (Source) va D (Dram) Trong 16p céach di¢n SIO gitra 2 cuc ngu:m ta
cho Vao mot thoi Silicon khong nbi VOI bén ngoai va dugc g01 1a cong noi. Khi
nguon Vpp, phan cyc nguogc gitra cuc nén va Drain con nhd, transistor khong dan,
nhung néu ting Vpp du 16n, hién tugng thac dé (avalanche) xay ra, electron du
nang lugng chui qua 16p cach dién t&1 bam vao cong no6i. Do hién tuong cam ung,
mat dlen 16 P hinh thanh ndi hai ving ban dan P , transistor tr& nén dan dién. Khi
cit ngudn, transistor tiép tuc din dién vi electron khéng thé trd vé dé tai hop véi 16
tréng. 7 ) ’

Dé x6a EPROM, nguoi ta chiéu tia U.V. vao cac t& bao trong mot khoang thoi
gian {(ac dinh dé electron trén géng ndi nhan du nang luong vuot qua lé'p cach dién
tro vé vung nén tai hop vai 16 trong xo6a dién 1o P va transistor tr¢' vé trang thai
khong dan ban dau.

o

_| E—
—
Dudrna ty  [Trens. chan

1

Ftrhd

Pdng bit  FAMDIS

(Hinh 24-06-8)

Mbi té bao nhd EPROM gdém mot transistor FAMOS ndi tiép véi mot
transistor MOS khac ma ta goi la transistor chon, nhu vay vai tré cua FAMOS
gidng nhu 1a mot cau chi nhung ¢ thé phuc hoi dugc.

Pé loai bo transistor chon nguoi ta dung transistor SAMOS (Stacked Gate
Avalanche Injection MOS) ¢6 cau tao tuong tu transistor MOS nhung c6 dén 2
cong nam chong 1én nhau, mot duoc ndi ra cuc Gate va mot dé noi. Khi cong noi
tich dién s& lam gia ting dién thé thém khién transistor tr& nén kho din dién hon.
Nhu vay néu ta chon dién thé \A 0 khoang gitra VT, va VT2 la 2 gia tri dién thé
thém tuong Gng voi 2 trang thai cia transistor (VT1<VC<VT2) thi cac transistor
khong duoc 1ap trinh (khong c6 16p electron & cong nodi) sé dan con cac transistor
duoc lap trinh s& khong dan.
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(Hinh 24-06-9)

Diém bét tién ctia U.V EPROM la can thiét bj x6a dic biét phat tia U.V. va
mdi lan x6a tat ca té bao nhd trong mot IC nhd déu bi x6a. Nhu vay nguoi sir dung

phai nap lai toan bo chuong trinh

2. RAM
Muc tiéu:

- Trinh bay duogc cAu tric, hoat dong cia ROM

2.1. CAu traic RAM

CAu trac chung cia RAM

Bus dia

\

chi

Mang 6 nhd

A7

Ao

CE;
CE,

R/W

B|£ diéu

khién

Giai L. D A A A
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chi
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1
1
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153

bia chi
duoc chon
R/W

Kénh dir liéu

—_vao/ra



154

Hinh 24-06-10: Cau trlc 4 khéi cua 1 chip RAM c6 8 bit dit liéu va 8 bit dia chi
Trong do:
CE: tin hi€u cho phép chon (choose Enable)
R/W: Read- Write
RE: Read Enable: cho phép doc
WE: Write Enable: cho phép ghi.
2.2. Céu tric té bao RAM
MGdi té bao RAM tinh 1a mot mach FlipFlop dung Transistor BJT hay MOS

Ha"g e

Hang

agzity

Buang bt Dithg bit

a) b)
(Hinh 24-06-10)

(Hinh 24-06-10a) 1a mdt té bao nhd RAM tinh dung transistor BIT véi 2
duong dia chi hang va cot.

Khi mot trong hai duong dia chi hang hodc cot & mirc thap cac té bao khong
duoc chon vi cuc E c6 dién thé thép hai Transistor déu dan, mach khong hoat dong
nhu mdt FF. Khi ca hai dia chi hang va c6t 1én cao, mach hoat dong nhu FF, hai
trang thai 1 va 0 cua té bao nhé duogc dic trung boi hai trang thai khac nhau cua 2
dudng bit va bit.

Gia su khi T dan thi T ,hgung, duong bit c6 dong dién chay qua, tao dién thé
cao 6 R , trong khl dé duong blt khong c6 dong chay qua nén & R c¢6 dién thé thap.
Néu ta qu1 udc trang thai nay tuong ung voi bit 1 thi trang thai ngu:O’c lai, 1a trang
thai T , hgung va T2 dan, hiéu thé ¢ dién tro R thap va o R cao, s¢€ 1a bit 0. R va R4
co tac dung blen d6i dong dién ra dién thé. ,

Déi voi té bao nhé dung MOS, hai dudng tir ndi véi T5, T6 va T7, T8 nén khi

mot trong hai duong tir & muc thip T1 va T2 bi ¢6 1ap khoi mach, té bao nhé khong
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dugc chon. Khi ca hai 1én cao mach hoat dong twong tu nhu trén. Trong mach nay
R, va R thay boi T, va T, va khong can R, va R, nhu mach dung BJT.
(Hinh 24-06-10) 1a mach diéu khién chon chip va thuc hién tac vu doc/viét
vao té bao nhd.

Doy

Dats
(Hinh 24-06-10)

OPAMP giit vai trd mach so sanh dién thé hai dudng bit va bit cho ¢ ngi ra
murc cao hodc thap tiy két qua so sanh ndy (twong Gmg vdi 2 trang thai ciia té bao
nhéd) va dit liéu duoc doc ra khi cong dém thir 2 mo (R/W 1én cao).

Khi cong dém thir nhat md (R/W xudng thap) dir liéu duoc ghi vao té bao
nhé qua cong dém 1. Cong 3 tao ra hai tin hiéu ngugc pha tir dir liéu vao. Néu hai
tin hiéu nay cung trang thai véi hai dudng bit va bit ctia mach truée dd, mach sé
khong doi trang thai nghia 13 néu té bao nhé dang luu bit gidng nhu bit mubn ghi
vao thi mach khong thay doi. Bay gid, néu dir liéu can ghi khac véi dit liéu dang
Iwu trit thi mach FF sé& thay doi trang thai cho phu hop véi 2 tin hiéu nguoc pha
duogc tao ra tur dir liéu. Bit méi da dugc ghi vao.

- Chu ky doc cuia SRAM

Gian do thoi gian mot chu ky doc cia SRAM tuong ty nhu gian d6 thoi gian
mot chu ky doc cua ROM thém diéu kién tin hiéu R/W 1én muc cao.

- Chu ky viét cia SRAM
(Hinh 24-06-11) 1a gian d6 thoi gian mot chu ky viét cia SRAM

Mot chu ky viét toc bao gom:

- t, . (Address Setup time): Thoi gian thiét 1ap dia chi : Thoi gian dé gia tri dia

chi 6n dinh trén bus dia chi cho t6i luc tin hiéu CS tac dong.

-t (Write time): Tho1 gian tir luc tin hiéu CS tac dong dén luc dit lidu co gia
tri trén bus dir ligu.

- tDS va t. Khoang thoi gian dit li¢u ton tai trén bus dir li€u bao gom thoi
gian trudc (tDS) va sau (tDH) khi tin hiéu CS khong con tac dong

-1, (Address Hold time): Thoi gian gitr dia chi: tir luc tin hi¢u CS khong con
tac dong dén luc xuat hién dia chi méi.
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ia chi o >< Bia chicd gid tri ><
R
CcS
Dala in

(Hinh 24-06-11)

3. M6 rong dung lwgng by nhé
Muc tiéu:
- Biét duoc pham vi tng dung bd nhd
3.1. Phuong phap mé rong dia chi

Nhu di néi trén, do dung luong cia DRAM rét 16n nén phai ding phuong
phap da hop dé chon mdt vi tri nhé trong DRAM. MJdi vi tri nhé s& duge chon boi
2 dia chi hang va cot lan luot xuit hién & nga vao dia chi.

Thi du vo1 DRAM c6 dung lugng 16Kx1, thay vi phai dung 14 duong dia chi ta chi
can dung 7 dudng va mach da hop 14 — 7 (7 da hop 2—1) dé chon 7 trong 14
duong dia chi ra tit CPU (Hinh 24-06-12). Bo nhd c6 ciu triic 1a mot ma tran
128x128 té bao nhd, sip xép thanh 128 hang va 128 cot, c6 mot ngd vao va mot
nga ra dir liéu, mot ngd vao R/W . Hai mach chdt dia chi (hang va cot) 1a cac thanh
ghi 7 bit ¢6 nga vao ndi voi ngd ra mach da hop va ngi ra ndi voi cac mach giai ma
hang va cot. Cac tin hiéu RAS va CAS dung lam xung dong hd cho mach chét va
tin hiéu Enable cho mach gidi ma. Nhu vay 14 bit dia chi tir CPU s¢& lan luot duge
chét vao cac thanh ghi hang va cot boi cac tin hidu RAS va CAS rdi dugc giai ma
dé chon té bao nhé. Van hanh cua hé théng s€ duoc théy 0 hon khi xét cac gian dd
tho1 gian cia DRAM.
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(Hinh 24-06-12)

3.2. Phuong phap mé rong duong dit ligu

DRAM phai duoc 1am twoi véi chu ky khoang 2ms dé duy tri dir liéu.

Trong phan trudc ta di thay té bao nhd DRAM dugc lam tuoi ngay khi tac vu
doc duoc thuc hién. Liy thi du vé6i DRAM c6 dung luong 16Kx1 (16.384 té bao)
noi trén, chu ky lam tuoi 1a 2 ms cho 16.384 té bao nhd nén thoi gian doc mdi té
bao nhd phai 1a 2 ms/16.384 = 122 ns. Pay 1a thoi gian rat nho khong du dé doc
mot t& bao nhd trong diéu kién van hanh binh thuong. Vi 1y do ndy cac hing ché
tao da thiét ké cac chip DRAM sao cho mdi khi tac vu doc duogc thuc hién ddi véi
mét té bao nhd, tit ca cac té bao nhé trén cung mot hang s¢ dugc lam tuoi. Diéu
nay lam giam mot luong rat 16n tac vu doc phai thuc hién dé lam tuoi té bao nhd.
Trd lai thi du trén, tac vu doc dé lam tuoi phai thuc hién cho 128 hang trong 2 ms.
Tuy nhién dé vira van hanh trong diéu kién binh thuong vira phai thyc hién chirc
nang lam tuoi ngudi ta phai ding thém mach phu tro, goi 1a diéu khién DRAM
(DRAM controller)

IC 3242 clia hang Intel thiét ké dé sir dung cho DRAM 16K (Hinh 24-06-13)

Ngi ra 3242 1a dia chi 7 bit ¢4 duoc da hop va ndi vao ngd vao dia chi cia
DRAM. Mot mach dém 7 bit kich béi xung dong ho riéng dé cip dia chi hang cho
DRAM trong sudt thdi gian 1am tuoi. 3242 ciing ldy dia chi 14 bit tir CPU da hop
no6 véi dia chi hang va cot da dugc dung khi CPU thuc hién tac vu doc hay viét.
Murc logic &p dung cho cac ngd REFRESH ENABLE va ROW ENABLE xac dinh
7 bit ndo cua dia chi xuat hién & ngd ra mach controller cho bdi bang
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FEFEESH ROW Controller
ENABLE ENAELE output
HIGH X Eefresh address (tir mach dém)
LOW HIGH Pia chi hang (A, . . . Ag tir CPL)
LOW LOW Dia chi cdt (A7 .. At CPU)
A0 Aot
TeCPU A Dia ch [0A7
Aqs dd'da ho -
3242 Agh13
DRAM | pata | DATA
Eﬁ':ﬁ;—h Controller | —|y— 4116 OuT
R o
" _
Enakble it H—E o1k
—— Counter CAS—C
TUL .
FAnd
(Hinh 24-06-13)
CAU HOI ON TAP

6.1. Trinh bay ngin gon cau tric ROM?
6.2. Trinh bay ngan gon cau trdc RAM?
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BAI 7: KY THUAT ADC - DAC
Mai bai: MP14-06

Gidi thiéu:

C6 thé noi su bién doi qua lai giita cac tin hiéu tir dang twong tu sang dang s6
1a can thiét vi:

- Hé théng sb xir 1y tin hi¢u s6 ma tin hiéu trong tu nhién 1a tin hiéu tuong tu:
can thiét c6 mach doi tuong tu sang sb.

- Két qua tir cac hé théng sb 1a cac dai luong sb: can thiét phai d6i thanh tin
hi¢u tuong tu dé c6 thé tac dong vao cac h¢ théng vat ly va thé hién ra bén ngoai
(thi du tai tao Am thanh hay hinh anh) hay dung vao viéc diéu khién sau d6 (thi du
dung dién thé twong tu dé diéu khién van tdc dong co)

Muc tiéu:

- Trinh bay duogc ciu tao, nguyén 1y hoat dong, pham vi tng dung cac bd chuyén
doi A/D va D/A.

- Gi6i thiéu duge mot s6 IC chuyén d6i thong dung

- Rén luyén tac phong lam viéc nghiém tc ti mi, can than, chinh xac

Noi dung chinh:

1. Mach chuyén déi s6 - twong tw (DAC)

Muc tiéu:

- Trinh bay duogc ciu tao, nguyén 1y hoat dong, pham vi tng dung cac bd chuyén
doi A/D

1.1 Tong quat vé chuyén d6i DAC

1.1.1. So d6 khi :

Dbién ap nhi ’ Dién ap tuong
phanngdvao < ——>| DAC ——> tungdraV,
e

Hinh 24-07-1: So db khéi bo chuyén d6i DAC
Bang 7.1: Mbi quan hé giita dau ra va dau vao

T6 hop ma nhi | Pién 4p &
phéan ngb vao ngod ra
000 ov
001 1V
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010 2V
011 3V
100 4V
101 5V
110 6V
111 v
1.1.2. Dang tin hi¢u ra
v 4 v ‘/\
t
t
a)Dang dién ap b)Dang dién épA
thu dugc sau bd thu dugc sau bo

Hinh 24-07-2: a)Dang dién ap thu dugc sau b b)Dang dién ap thu dugc sau bo

1.2. Thong sb k¥ thuat cta bd chuyén doi DAC

1. Bit ¢6 ¥ nghia thap nhat (LSB) va bit c6 y nghia cao nhat (MSB)

Qua cac mach bién d6i DAC ké trén ta thay vi tri khac nhau ciia cac bit trong
s6 nhi phan cho gia tri bién doi khac nhau, néi cach khac tri bién ddi ciia mét bit
tuy thudc vao trong luong cua bit do.

Neéu ta goi tr1 toan giai la VFS thi bit LSB c6 gia tri 1a:

n
LSB = VFS/ 2 -1
n-1 n
va bit MSB = VFS 2 12 -1)

Diéu nay duoc thé hién trong két qua cta thi du 2 & trén.
(Hinh 24-07-3: ) 1a dic tuyén chuyén ddi ciia mot s6 nhi phéan 3 bit
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tuong tu ra tuong tu ra

7 e T 115 1= ——

6LSE I 11 ;

I BLSB|. .

ALSB |- e o I ALSB}-oevoeveoeeoesioone I '
JLSBlrr ;| —

o/ N— % U TR 17 . O

A0 b b1 |nh|phan Lo ) -nhi phan

000 001010011700101110 111¥20 g nn1n1uu111un1n111u111 L

(Hinh 24-07-3a) 1a dic tuyén ly tuwong, tuy nhién, trong thuc té dé duong
trung binh ciia dic tinh chuyén d6i di qua diém 0 dién thé twong tu ra dugc lam
léch (1/2)LSB (Hinh 24-07-3b). Nhu vay dién thé twong tu ra dugc xem nhu thay
d6i ¢ ngay giita hai ma sb nhi phan vao ké nhau. Thi du khi ma sb nhi phan vao 1a
000 thi dién thé twong tu ra 1 0 va dién thé twong tu ra s& 1én nac ké 000+(1/2)LSB
r0i nac ké tiép & 001+(1/2)LSB.v.v....Tri tuong tu ra tmg véi 001 goi tat 1a 1LSB
va tri toan giE}i VFS = 7LSB tuong tmg voi s6 111

2. Sai sO nguyén lugng hoa (quantization error)

Trong su bién d6i, ta thdy ung véi mot gia tri nhi phan vao, ta c6 mdt khoang
dién thé tuong tu ra. Nhu vay c6 mét sai sd trong bién doi goi 1a sai sb nguyén
lugng hoa va =(1/2)LSB
3. B0 phan giai (resolution)

D0 phan giai dugc hiéu 1a gia tri thay d6i nho nhat cua tin hiéu tuong tu ra co
thé c6 khi s6 nhi phan vao thay d6i. P phan giai con duoc goi 1a tri budc (step
size) va bang trong luong b1t LSB.

S6 nhi phan n bit c6 2 gid tri va 2 - 1 bude
Hiéu thé tuong tu ra xac dinh boi v, = =k. (B)

Trong d6 k chinh 1a d¢ phan giai va (B) 1a s6 nhi phan
Nguoi ta thuong tinh phan trim phén giai:

%res = (k / V )100 %

Véi s6 nhi phan n bit

%res =[1/ (2 1)]100 %

Céc nha san xuat thuong dung so bit ciia s6 nhi phan co thé dugc bién doi dé
chi 6 phan giai. SO bit cang 10n thi d6 phan giai cang cao (finer resolution)
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4. o tuyén tinh (linearity)

Khi dién thé tuong tu ra thay d6i déu véi s6 nhi phan vao ta néi mach bién do6i
c6 tinh tuyén tinh
5. Do dung (accuracy)

Do dung (con goi 1a do chinh xéc) tuyét ddi cuia mot DAC 14 hiéu sb gitra dién
thé twong tu ra va dién thé ra 1y thuyét twong Gng véi ma s6 nhi phan vao. Hai sb
nhi phan ké nhau phai cho ra hai dién thé twong tu khac nhau ding 1LSB, néu
khong mach c6 thé tuyén tinh nhung khong dung (Hinh 24-07-4)

sw S . |uonglur

1] I i ] ,.’: ?LEE'E'S ......................... s al"‘sgg
ELSBl oo f ' 6LSB 4;1
ALEBL e ' ' ELSH . :
LGB ot R O B .
a1 el
LR S S N T - s o S S A

A0 0 8 b 1 !nhiphan A - ! -nhlphun

000 607010011100101110 111 YaD 000 00T 010011100101 110 111 Y20 )

a/ Tuyén tinh b/ Tuyén tinh nheag khéng ding

Hinh 24-07-4: a)Dang truyén tinh b) Tuyén tinh nhung khong dling
1.3.Mach DAC dung mang dién tr¢ co6 tri s6 khéc

by LSB b, b, b, MSB

] R 5|2 4p 'EJ;H >R R
1
b o

Hinh 24-07-4: So d6 mach DAC dung mach dién tro
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Trong mach trén, néu thay OP-AMP bo1 mdt dién tro tai, ta co tin hiu ra Ia
dong dién.
Nhu vay OP-AMP git vai trd bién dong dién ra thanh dién thé ra, dong thoi
n6 1a mot mach cong
Tach V——RI—(2b+2b+2b+b)VrR/2R

-1 2
=2 b _+2"b_+...t2b +b)VLR /2" R
NeuR_= R thi:
n-1 n-2 n-1
V=2 b +2 b _+...t2b +b)Vr./2
0 n-1 n-2 1 0

Thi du: ’
1/ Khi s6 nhi phén 1a 0000 thi v, = 0

1111 thi v, = -15Vr/ 8
2/ V6&i Vr=5V ; R=RF: 1kQ
Ta c6 két qua chuyén d6i nhu sau:
Bang 7.2: Két qua chuyén doi

b3 b2 b by v (V)
0 i 0 ] 0

0 0 0 1 0625 «— LSB
0 0 1 0 -1.230

0 0 1 1 -1.875

0 1 0 0 -2.500

0 1 0 1 -3.125

0 1 1 0 3,730

0 1 1 1 4375

1 0 0 0 -5.000

1 { 0 1 5625

1 { 1 0 -6, 250

1 { 1 1 -6.875

1 1 0 0 -7.500

1 1 0 1 -8.125

1 1 1 0 -8.730

1 1 1 1 9375 « Full Scale (Vgg)

Mach c6 mét sd han ché:
- Su chinh xéc tuy thudc vao di¢n tré va mac do 6n dinh cua nguén tham chiéu Vr
- Vi s6 nhi phan nhiéu bit thi can cac dién trd ¢ gia tri rat 1on, khé thuc hién.
1.4. Mach DAC sir dung ngudn dong
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Hinh 24-07-5: So @6 mach DAC sir dung nguon dong
1.5. Mach DAC dung dién tré R va 2R

by LSB By by by MSB

—?

Hinh ?4-07-5: So dd mach DAC dung dién tré6 R va 2R

Cho R_=2R va lan luot

Cho b3= 1 cac bit khac = 0, ta dugc: v, = -8(Vr 124)

Cho b2 = 1 céc bit khac = 0, ta duogc: v, = -4(Vr [24)

Cho bl =1 cac bit khac = 0, ta dugc: v, = -2(Vr [24)

Cho b0= I céc bit khac = 0, ta duge: v = - (Vr [24)

Ta thay v, ti 1€ v&i gid tri B cua to hop bit

B= (b3 b2 bl b0 )2 =V =- B(Vr /24)
2. Mach chuyén doi twong tu - so (ADC)
Muc tiéu:
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- Trinh bay duogc ciu tao, nguyén 1y hoat dong, pham vi tng dung cac bd chuyén
doi D/A.
2.1. Tong quat vé chuyén d6i ADC
2.1.1. So dd khoi :

Dién 4p tuong DAC Dién 4p nhi
tu ngd vao V, ’ ' —> phan ngo ra
—

Hinh 24-07-6: So d6 khéi bo chuyén d6i ADC
2.1.2. Dang tin hi¢u ra :

010 | 010 | 101 011 | 010 t

v

~_ Hinh 24-07-7: Dang s6 thu duoc
2.2. Van d¢ lay mau va gitr (sample anh hold)

Pé bién dd6i mot tin hiéu tuong ty sang tin hi¢u 30, nguoi ta khong thé bién
ddi moi gia tri cua tin hiéu tuong ty ma chi co thé bién doi mot sb gia tri cu thé
béng cach lfiy mau tin hiéu d6 theo mot chu ky xac dinh nhd mot tin hiéu c6 dang
xung. Ngoai ra, mach bién doi can mot khoang thoi gian cu thé (khoang 1ps - 1ms)
do d6 can giir mirc tin hiéu bién do6i trong khoang thoi gian nay dé mach co6 thé
thue hién viéc bién doi chinh xac. P6 12 nhiém vu ctia mach ldy mau va gii.

Hinh 24-07-8 1a dang mach 14y mau va giit co ban: Dién thé twrong tu can bién
d6i duoc 1dy miu trong thoi gian rit ngin do tu nap dién nhanh qua tong trd ra thap
ciia OP-AMP khi cic transistor dan va giit gia tri nay trong khoang thoi gian
transistor ngung (tu phong rat chdm qua téng trd vao rat 1on caa OP-AMP)

165



166

5 D _E'n
Ay W ey
Lo g 'L D s 5 D
" ol ! b g ok g b
T . 11 AD;_—Ir 1 T
o 1 ,
III‘I|: 11*[:
(2] [b]
(Hinh 24-07-8)
2.3. Mach ADC dung dién 4p tham chiéu nac thang
Start
J-l' Stanﬂ
t
I A
1 I SEREREEN
— .|
a0 asey | T
DAC n -bit ?L5R |’-’mc5
Ma EOC s8] | | ;
F“@E{ lech =
ra 1/7 LsB
Mach dem n-hit _(:_ = i Ve .
Fecel | -
EQC

Hinh 24-07-9: So d6 mach ADC dung dién ap thqm chiéu nac thang
Mot cach don gian d€ tao dién thé tham chiu c¢6 dang nac thang 1a dung mét mach
DAC ma s6 nhi phan vao dugc lay tir mach dém 1én (H 8.8). Khi ¢ xung bt dau
FlipFlop va mach dém duoc dit vé 0 nén ngéra Q cua FF Ién 1, m¢ cong AND cho
xung CK vao mach dém. Ngi ra mach dém ting dan theo dang nac thang (VDAC),
day chinh la di¢n thé tham chiéu, khi Vr con nhé hon v, nga ra mach so sanh con &
muc thip va Q van tiép tuc & mirc cao, nhung khi Vr viia vuot v nga ra mach so
sanh 1én cao khién Q xudng thap, déng cong AND khong cho xung C qua va mach

dém ngung. Dong thoi nga ra Q 1én cao bao két thuc sy chuyén doi. So dém & mach
dém chinh 1a s6 nhi phan tuong tmg voi dién thé vao.
Goi thoi gian chuyén dbi 1a t. Thoi gian chuyén doi tuy thudc dién thé can

chuyén doi. Thoi gian lau nhat Gng véi dién thé vao bang tri toan giai:
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n n
t(max)=2 /f_=2 .T
c . CK . CK . .
Mach doi nay c6 toc d cham. Mot cach cai tién 1a thay mach dém 1€n boi mot

mach dém lén/xudng (Hinh 24-07-10). Néu ngi ra mach so sanh cho thay Vr nho
hon v, mach Logic s& diéu khién dém 1én va nguoc lai thi mach s& dém xudng.

Néu Va khong doi Vr s& dao dong quanh tri v v6i hai tri s6 khac nhau 1 LSB

¥r

DAC n -bit

Ma 3
ra %5‘

Dem + N
lenfeuong |, Logic

G [fc]

(Hinh 24-07-10)
2.4. Mach ADC gén ding léy lién tiép

a‘kl"r & Sta ”J-l .
t

DAC n -bit 100

0o

start ||

Hlnh 24-07-11: So d6 mach ADC gan dung lay lién tlep
Mach d6i lay gan dung ké tlep dung cach tao dién the tham chiéu mot cach c6
hiéu qua hon khién viéc chuyén ddi ra ma s6 n bit chi ton n chu ky xung C Mach

nay bao gom. mot mach so sdnh, mdt mach ghi dich dic biét (SAR) va m(_)t mach
DAC (Hinh 24-07-12).

167



168

Va  Lamléch1/21SE

W .
MachDAC 4 bit
- +
L ] M2E
AL T3l T2~ 11— > 1=
Cy W Cy “ Gy @ Cy U
s R SCIR SCR SCIR
| | | |
|6 ||
I l
A B G o] E F
—D Q DQ D Q D OQ DQ D O
C}: CK Crc C:rc ':K ck
o i, s s P P,
| | | | | | 1l
G}C

Hinh 24-07-12: So d6 mach SAR

Mach SAR (Hinh 24-07-12) 1a mach ghi dich c6 két hop diéu khién Logic.
Mach gdm 6 FF D mac thanh chudi, nga ra FF cudi (F) héi tiép vé FF dau (A) ,
khéi diéu khién gom 4 cong AND va 4 FF RS c¢6 ngi vao tac dong muc cao, cic
ngi ra Q cia cac FF RS duoc dua vao mach DAC dé tao dién thé twong ty Vr
(dung so sanh v6i dién thé ra tir mach 1ay mau va giir v ) ddng thoi day ciling 1a ma
s6 ra khi su bién doi da két thuc.

Hoat ddng: Luc c6 xung bit dau, mach SAR dugc dit vé 0. Ngi ra DAC
duoc 1am 1éch 1/2 LSB dé tao dic tinh chuyén ddi nhu di noi trong phﬁn truge, ké
d6 SAR dua bit MSB 1én cao (bang cach preset FF A), cac bit khac bang 0, s6 nay
dugc dua vao mach DAC dé tao dién thé tham chiéu Vr dé so sanh véi V. Tuy theo
két qua so sanh, néu Vr > v, thi nga ra mach so sanh & murc cao khién SAR bo di bit
MSB khi co xung C ké tlep xuat hién, con néu Vr < v thi ngd ra mach so sanh &
mirc thap, khién SAR gilr bit MSB lai (FF RS 4 gitr nguyen trang thai) dong thoi
dua bit co nghia ké tiép 1én cao (do FF 3 duoc set tir gia tri 1 & ngd ra FF B, tri 1
nay dugc chuyén tir FF A sang). Mach so sanh tiép tuc 1am viéc va két qua s& duoc
quyét dinh theo cung cach thurc nhu dbi véi bit MSB... Tiép tuc nhu Vﬁy cho dén
bit cubi cung cua SAR, luc do v gan Vr nhit va ta dugc két qua chuyén doi trong
thoi gian tdi da 1a n chu ky xung dong hd. Mach chuyen d6i cham dut khi ngi ra FF
F 1én mirc cao cho phép md cac dém dé cho ma s ra.
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2.5. Mach ADC gan dtng lay lién tiép chuyén d6i song song

bay la mach ddi c6 toe do chuyén ddi rat nhanh, c6 thé dat vai triéu 1an trong
mot gidy, ap dung vao viéc chuyén doi tin hiéu hinh trong k¥ thuat video. Thi du dé
c6 mach ddi 3 bit, nguoi ta dung 7 mach so sanh & nga vao va mot mach ma hoa vu
tién dé tao ma sO nhi phan ¢ ngd ra (Hinh 24-07-13). , ,
- Khi v < Vr /10, cac nga ra mach so sanh déu Ién cao khién ma so ra 1a 000
- Khi Vr /10 v < 2Vr /10, ngi ra mach so sanh 1 xudng thap khién ma s6 ra 1a 001
- Khi 2Vr /10 <V < 3Vr /10, ngd ra mach so sanh 2 xudng thap khién ma s6 ra la
010

Cr nhu thé, ta thidy ma s6 ra ty 18 véi dién thé twong tu vao

3R TV n c?
17
Rz -
BYr10 . Cg :
- b
Fl§ Ma
C
= Ishoa ——C g4
RZ
C uu - B S0
+ 4 Id tiﬂn AI ra
RS '
. C3 I3
RZ
V10 ~.Co :
_ P
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Hinh 24-07-13: So d6 mach ADC gan dung 14y lién tiép chuyén dbi song song
CAU HOI ON TAP
7.1. Trinh bay tong quat va thdng sé ki thuat caa mach DAC?
7.2. Trinh bay tong quat va thdng sé ky thuat caa mach ADC?
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TRA LOI CAU HOI VA BAI TAP

Céc phan cau hoi hé thong bai c6 trong sach giao khoa

1.3. F(x3,x2,x1,x0)=>(0, 1, 3,7, 8,10, 12, 15)

Xo 00 01 11 10
X3Xo
0 1 3 2
00 1 1 1
7
4 5 6
01 1
15
12 13 14
11 1 1
11
8 9 10
10 1 1
F(x3,x2,x1,x0)=T](1, 3, 5, 8, 9, 10, 13, 14)
Xo 00 01 11 10
X3X2
0 1 3 2
00 0 0
7
4 5 6
01 0
15
12 13 14
11 0 0
11
8 9 10
10 0 0 0
1.4. a) A=A
b) AB=AB
c) AB=AB
1.5 a) Y =A+BC

b)Y = A+B+CD)

4.3. Bang trang thai va ham chuyén mach dém 6:
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N | Qs B | Qc | Qa § Q- | Qc- | Ha | Hs | He
0 0 0 0 0 0 1 0 0 1
1 0 0 1 0 1 0 0 1 1
2 0 1 0 0 1 1 0 0 1
3 0 1 1 1 0 0 1 1 1
4 1 0 0 1 0 1 0 0 1
5 1 0 1 0 0 0 1 0 1
H=1=J =K =1
Xac dinh J K J K
Bang Karnaugh cho ha1 ham chuyén H & H_
SeQc QeQe
Gn 00 01 11 10 QN 00 0111 10
0 (1) 0 D m
IHGDIE INNOE
Ha= QsQcQ, +QcQa He= Q, Qc Q:+QcQs
= Ja=Q8Qc:Ka=Qc =J3= Q4 Qc: Ks=Qc
Mach:
O Qg Ca
. ] A
J Q2 J L d i
> 2k ——ar — C
K o K o O
Ci —‘

4.4. Thiét ké mach dém 7 khong dong bo, dung FF JK c6 ngi vao xung dong ho tac
dong boi canh 1én cua Cy.
Béng trang thai
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N |Qai Qs Qc Is Kg Jc Kc
oflololol] o X 1 x
17T 0 0 1 1 X X 1
27T 0 1 0 X 0 1 X
3T 0 1 1 X 1 X 1
4T 1 0 0 0 X 1 X
51 1 0 1 1 X X 1

1 1 0 X 1 0 X
61 0 0 0

Nhan xét bang trang thai ta thay mdi 1an Q thay d6i tir 1 xubng 0 thi Q d6i
trang thai, ma FF c6 xung dong ho tac dong boi canh 1én nén ta co thé iy BQlam
xung dong hd cho FFA va J K =1.

FF B va FFC sé¢ dung xung d6ng hd hé thdng, dung phuong phap MARCUS
dé xéc dinh J & K cua cac FF nay.

Ta thay ngay KC:1

Qe LeQe QeQc
Cas_ 00 01 11 10 CQa\_ 00 01 11 10 Cas. 00 01 11 10

] Fq » o) x TT U|[1 x| x 1)
1 1| x|l x 1(:: x | x 1] 1 1| x|| x
S 2 —

J5=Qc Kp=Qa+Qc J=Q, +Q,
':r_ ] Dﬁ-

—F

JopQ igQ

-

15 —FCk

s
a ale |:>G{
o O] i L ;J K
mn {

[+

T:Il
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