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LOI NOI DAU

“Mach dién 1 - Tap 27 12 guyén ba trong bd gido trinh Dién
k¥ thudt gdm 4 quyén la:

1) Linh kién dién t
2) Mach dién tif - Tdp !}
3) Mach dién tif - Tap 2
4) Mach 111'611}; w
Trong “Mach dién tf - Tdp 27 ¢6 bdy chudng gidi thiéu cdc

mach rdt cd bin va thong dung trong cdc thi€t bi dién ¥ din dung
cang nhu chuyén ding,

Chudng 1 gidi thi¢u OP — AMP 13 phin ¢d ban cta mén hoc
Analog.

Chuang 2 - 3 - 4 gidi thiéu cdc mach loc, mach cong hudng
va mach dao ddng hinh sin 13 cdc loai mach rit phd bién trong
Ampl - Radio - Cassette - TV.

Chuong 5 gidi thi€u vi mach dinh thi dwge Ung dung rong rai
trong Jinh vure tr ddng diéu khién cong nghi€p, tv déng héa.

Chuong 6 14 cdc mach dac biét wng dung vi phan va tich
phin trong diéu khién.

Chudng 7 1a nhitng Ki€n thie ¢d bdn cia mén ky thudt sg rat
¢dn thi€t cho cice nganh Pién va Bién t hién nay.

Tdce gid chiin thinh cdm on ban doc di ¢6 nhidu ¥ ki€n dong
g6p d€ 1an tdi bin nay sach duge hodn thién hon.

TP.HCM, thing 7 nim 2008
Tdc gia
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CHUGNG 1
MACH KHUECH PAI THUAT TOAN

§1.1- DPAI CUONG

Mach khuéch dai thudt todn, thusng dwde goi tit 13 OP-
AMP (Operational-Amplifier), duge thiét k& dé thue hién cdc phép
todn nhut ¢dng. trir, nhiin, chia, vi phin, tich phan.. trong cdc may
tinh tudng w. Trong gud trinh phit tri€n OP-AMP can ¢6 thém
nhi¢u @ng dung khic va trd thanh linh kién tich cue quan trong nhit
trong ¢dc mach khuéch dai AC, mach khuéeh dai DC, mach so
sénh. mach dao ddng, mach two xung, mach do...

Trong cic loai OP-AMP di dude san xuit vi siy dung hién nay,
IC741 duge xem 1d OP-AMP ticu chuin, 1 loai vi mach don khdi
tich hop 160 dudge ché tao theo e¢ong nghé mang mdng. Nhi khi
niang tich hdp 1dn nén 1C741 duge tng dung rat rong rii va da
dang,

Trong chuong nay chii y&u chi gidi thiéu dic tinh k§ thuat
va cde mach dng dung ¢d bin cia IC741.
OP-AMP ¢6 ngd vio kiéu vi sai, duge ky hicu nhu hinhl.1a.

Cdc chin ra:

+ - . - o +V
- In": ngd vao khong dio A
- In": ngd vao ddo
- IOy r~
Out: n%n ra Iin+ 3 I~ out
- +V:n0t ngudn dudng * ’ g ~4
o 2 2
--V:ndi ngudn dm A——
- GND: diém chung, di€m OV (mass) 10~ «
\
-V

Hinh 1.1a: Ky hi¢u clia OP-AMP
va cdceh ¢dp ngudn ddi xiing



Mach dién ot — Tap 2 Neuyén Tan Phudc

Theo tiéu chuin OP-AMP phai dugc c¢ip bdi hai ngudn ddi
Xing £V nhu hinh vé. Tuy nhién, trong nhiéu truting hgp OP-AMP
cling ¢6 thé 1am viée vdi ngudn don nh trong hinh 1.1b.

| P +V .
rj_ ¥ : Out 4
In _ >__‘ T

v GNDY v,
' [

. Hinh 1.1b: OP-AMP dung ngudn don

Truting hgp OP-AMP dung ngudn doi, tin hiéu ra ¢6 thé
bién ddi vé phia dién dp dudng hay dién dp Am so vdi mass.

Trucing hgp OP-AMP ding nguén ddn thi tin hidu ra chi ¢6
muc dién dp duong nhung sé bi€n déi chung quanh mot gid tri trung
binh thudng 13 1/2 ngudn +V.

§1.2- DPAC TiINH KY THUAT CUA OP-AMP
1) Cédc thong sé dic trung ciia OP-AMP

Mot OP-AMP 1y tudng 12 mach ¢6 tong trd vio vo cang [6n,
tOng trd ra vo ciing nho, do 1gi dién dp vi bing thdng cling vo cling
tdn, t6¢ d6 bdm gilta tin hidu ra vdi tin hiéu vao khdng bi han ché.

Trong thuc 1€, OP-AMP ¢6 d6 lgi, bing théng, (dag trd vio..
hitu han va ¢é ¢ dé badm bi han ché gilta tin hi¢u vio va ra. Do
dé, khi st dung OP-AMP foai ndo, can thi€t phdi biél cac thdng 50
dic trung sau day:

) BG khulch dai dién dp vong hd: Avg

Mach khuéceh dai khong ¢d dudnyg hdi 1i€p duge goi 13 mach
khu€ch dai vong hd. Ave 12 ti s gitta dién dp tin hiév ra va dién dp
1in hiéu vio.



Chudny | Mach khuéch dai thuil todin

Ay thuting dudgce bidu dién biing don vi dexiben (dB).
D0 khuéch dai dién dp theo don vi dB dude dinh nghia:
A (dB) = 201gA
Thi du: Avo = 10.000 cho ra A (B} = 201g10.000
| =20 x 4 = 80dB
Avo = 100.000 cho ra A (dB) = 2012 100.000
=20 x 5= 100dB
h) Tong trd ngd vao: Z;

Zy 1 sO do trd kKhdng nhin trie Giép f cdc ngd vao cia OP-
AMP. Z; duse tinh biing don vi dién rd va thudng Z; ¢6 tri s§
khodng vai chuc MQ. D3i vdi cdc tin higu ¢d tan sd cao thi tdng trd
Z bl gidm i s0.

o) Tong tro ngd ra: Z

Zo 12 s0 do trd khing nhin true GEp il ngd ra v ciing dude
tinh biing ddn vi di¢n trd, Zg thudng ¢d i s& tir vai € dén 100Q.
D61 vai cdc tin hiéu ¢o tin 8 cao thi tdng rdf Zg tang tri s4.

d) Dong dién phdan cue npd vao: I

Ngd vao clia OP-AMP thutng diung transistor ludng ndi nén
can mot dong dién phian cue cho cue B ¢ mdi ngd vao, Dong dién
phin cye ngd vio I ¢ ui s khodng dudi 1 pA.

e} Ngudn dién cung cap:

Thuiing ding ngudn doi xitng =V, ngudn cung cdp phii

trong gidi han nhd nht vi Idn nhat. Néu ngudn dicén dp qud cao s&



Mach di¢n ur - Tap 2 Nguyén Tin Phude

dé lam hdéng OP-AMP, dién dp qud thip thi OP-AMP hoat ddng
kém, khong thyc hién diy du va chinh xdc cde chife niing cia né.
M gidi han ciia ngudn dién cung cip la: + 3V dén £15V.
[l M dién dp tin hiéu vao: Vi,

Khong duge vugt qud muce dién dp ngudn cung c¢ip. Tri s§
Vmax thitong nho hon ngudn iy 1V dén 2V,

g) Muc dién dp tin hiéu ra; Vo,

N&u dién dp tin hi¢u vao qud ldn thi & ngd ra sé ¢o trang
thii bdo hoa. Bi¢n dp tin hi¢u ra Vo phy thude vio dién dp
ngudn va thuking nhd han 1V 3¢n 2V.

hy Biéndp léch ngo vao vi sai: Vi
Pién dp vao vi sai Vi, 1 hi¢u s6 gidtn hai dién ap V| va V..

Truting hagp OP-AMP 1y twing, ndu ngd vio ¢d V) = V, thi
dién dp vao vi sal Vp =0, dién dp ra vi sai Vo = 0. Trong thuc (&, cic
transistor & ngd vao it kho ché tao d€ ¢6 cic thdng 3 hoan toan
gidng nhau, do do s¢ ¢d mdt dién dp 1¢ch rat nhd giita cdc ngd vao.

Bi¢n dp 1éch ngd vao vi sai ¢6 tri s& kKhodng vai mV nhung
do OP-AMP ¢6 d6 khuéch dai ridt 160 nén dién ap ¢ ngd ra cha OP-
AMP ¢4 the ¢ trang thii bio hoa.

D¢ tranh dnh hudng cia dién dp 1éch ngd vio vi sai, ngudi
ta phii dung mach did¢u chinh bu tlr - goi 13 chinh OFFSET - <&
duge gidi thiéu trong phin sau.

) TP s& nén dong pha: CMRR (Common Model Rejection
Ratio)

OP-AMP Iy wedng ¢ dién ip ra Vo il 1€ vdi hiéu sd hai dién
dp vao ¥V va V,. Khi hai tin hi¢u & hai ngd vao biing nhau (goi 13
tin hi¢u dong pha) thi V| - Va=0, & ngd ra ¢ ¢ Vi, = 0.

10



Chudng | Mach khuch dai thuit odn

Thuyc t&€, khi ngd vao ¢6 tin hiéu ddng pha thi ngd ra viin ¢o
tin hiéu ra nhéd. Khi ning gidm tin hiéu dong pha ca OP-AMP duise
dinh nghia 13 (i s& gifta dd khuéch dai tin hidu vi sai v3i A6 khuéch
dai tin hiéu ddng pha.

Av Vi sl
CMRR =

A, déing pha

CMRR ciing co thé tinh theo 11 1¢ dexiben theo cOnyg thife:

CMRR = 20lg —viwi

v lding pha

Ti 1& nén ddng pha CMRR <6 the dat tir R0dB dén 100dB.
J) Tan s6 edt: fr

OP-AMP ¢4 d9 khuéch dai dién dp vong hdt rat Idn, thue ¢
Avp = 100dB, khi lam viéc & tin s0 thip. PO khuéch dui ndy s¢ gidm
khi tin s& ting. TAn sO cdt fr 13 tin s ma d6 khuceh dui Ay = 1.

OP-AMP ¢6 dip tng tdn s6 nhu hinh 5.2. Thong thuong dip
tng cuia tin 88 clia OP-AMP sé& suy gidm 6dB Ung vdi mdi octave
hay 20dB mdi decadc.

M

+100 : Cdc duding rii adt 1 diap ang
1in s& cla mach vong kin (mach

khucch dai hdi uép)

(10.000) +80 [
(1.000) +60

C1O0Y 440 Jor e )
Bip ¢ing (in s0 ctlia
mach vang hd

(1th +20

(1Y 40
(171 -20

N > H
1 10100 [ 10 100K IM 10M

Hinh [.2: Dip dng tan s clia OP-AMP



Mach dién tr— Tap 2 Nguy&n Tan Phudce

* Octave: khodng tin s& tr £ dén 2f goi 13 mdt octave. Thi
Jdu: 1kHz dén 2kHz 1a | octave. Theo 1y thuy&t Am nhac thi octave
goi 13 mo badt dd.

* Decade: khodng thn 06 1 1T dén 10f goi 13 mét decade.
Thi du: LkHz dén 10kH7 12 1 decade.

Pdp @ng tin s6 hinh 1.2 cho thiy & tin sd thap (f < [0OHz) th
a0 khucch dai vong hd Avo = 100dB, & tan so = 1kHz thi 36
khuéch dai Avo=60dB vi ¢ tdn s0 £ = IMHz thi do khuéch dai Ave
=0dB (= ! lin). Nhu vay: ty = IMHv.

Néu OP-AMP dung trong mach khuéch dai vong kin
(khuéch dai hoi ticp) thi bing thong cda mach s& thy d6 khuéeh dai
vong kin. Tin s& ¢dt chinh i tich 6 cta bing thong v do khuéch
dai vong kin.

- oyt “!J - ~
Taco: Ihr=B.Ay vl 4, =2 (khong diing dB)
v

i

Thi du: OP-AMP ¢6tr=1MHz = B= :’
Sy

1ATHz

NEucd Ave=10 thi B= 1 =100/

Néu cd Avp= 1000thT B= IM{{: = 1kH-
1000

Nhu viy, mudén md rong bing thong thi phidi gidm @6
khuéch dat hdi GEp v ngude lai.

k) Toc do quér: S (Speed)
Do qudn tinh cda linh kign v dnh hudng cta 1w dicn bo
chinh tin s6 trong mach ma e dé thay ddi dién dp ra s¢ khong
theo kip td¢ dd thay a0 dién dp ngd vao - goi 1a e db quét. Toe

do quét dude tinh bing gid tri 101 da véi don vi tinh 12 V/us, thuding
S = 1V/us dfn 10V/ps.

12



Chuong | Mach khu€ch dai thuit todn

Do bi gidi han bdi tdc do quét nén ddi vdi tin hiéu ra nhd <&
¢ bing thdong réng hon. Khi tin hiéu ngd vio ¢6 toe do ting ldn
hon t6e do quét thi tin hidy ra sé bi méo dang. Thi du: tin hiéu vio
1& hinh sin thi 3 ngd ra s& ¢ tin hi¢u hinh tam gidc.

2) Cic théng s6 k¥ thuit ctia OP-AMP 741

- Avo: D3 khuéch dai dién dp vong hd  100dB

-Zi: Tong rd ngd vio IMQ

- Zo Tong trd ngd ra 1500

- In: DOng phin cue ngd vio 0.2pA
- Vo Dién dp ngudn i da +]18V

- Vimax: Dién dp vao 18i da +13V

- Vo Pién dp ra 01 da +(4V

- Via: Di€n dp 1éch ngd vio vi sai 2mv

- CMRR: Ti & nén ddng pha 90dB

- fr: Tan s cdt IMHy.
-8 Toe do quét t1di da 0.5V/us

§1.3- MACH TiCH HGP CUA OP-AMP 741
1) $6 d6 mach tich hgp OP-AMP 741 (hinh 5.3)
OP-AMP 741 diing transistor Iuting ndi ¢ cde khdi chite ning:

a) Khéi diu gém cde transistor tr Q; dén Q. Haj
transistor Q-Q, 14 mach khu&ch dai vi sai ¢6 ngd vao khong ddo
(chdn 3) va ngd vao ddo (chiin 2). Tin hiéu ra ctia khdi ddu w cye C
cla Qp d€ dua sang khéi sau. Qx vd Qy 12 ngudn dong dién cho Q-
Q>. Hai transistor Q3-Qy 1a mach guung dong dién cla Q-Q, (Q-Q,



Mach di¢n v — Tdp 2 Nguy€n Tin Phudc

loai NPN, Q3-Qy toal PNP). Qs va Q7 12 mach guong dong dién cho
Qs. Hai cuc E clia Qs vd Qg (ndi ra hai chin 1 va 5) d€ chinh
OFFSET, bu trir cho dong dién [€ch ngd vao vi sai.

b} Khoi giita ¢G hat transistor Q6-Qy7 rdp kiéu Darlington dé
diéu khién ting cong sudt. Qz dé bio vé qud tdi cho Q4-Qy7.
Transistor Q;, dude xem 1a dién trd tdi cia Q7.

39k

Hinh 1.3: So dd mach tich hgp pA 741

¢) Khdi cudi 1a khdi khuéch dai cong suit rip kiéu bd phu vdi
Q4 (Joai NPN) va Qo (Ioas PNP) vGi ngd ra la diém gitta (chin 6). Qs -
dé bdo vé qua tai cho Qy, diod Q)3 v Q9 d€ bao vé qui tdi cho Q.

Hai transistor Q»-Q1z 14 ngudn dong chung cho khéi giita vi
khai cudi. Qp vad Qi 1a mach guong dong dién dé didu hoa giita
hai ngudn dong cda khai ddu va hai khéi sau. Tu C, = 30pF dé



Chuong 1 Mach khufch dai thuat toidn

chdng dao dong ty kich. Do ¢6 tu C, nén t6c dd quét cda OP-AMP
bi gidm xudng.

Chin 7 ¢ia OP-AMP dugce ndi ngudn duong, chin 4 dudge
ndi ngudn dm. Chan 8 ta chin du, khong diang, ky hiéu la NC (No-
Connect).

2) Ky hi€u va cédc hinh dang théng thutng

NC
OFF- SET g
NULL
I 7+Y
C [, 2 ¢ o Out
@ '3 3
4  OFF-SET
v NULL
Hinh 1.4 2 Hinh 1.4b: V§ duang tron
OFF- SET
' 1
o ] B we
In_ Z ™ :% +V
3 6
In+ + —  Out
4 5
Vo — OFF- SET

NULL

Hinh 1.4¢: Vo dang chiy nhit dep

3) Cdc phueng phap can bing diém O (chinh OFFSET)

PE trinh dnh hudng dién 4p léch ngd vio vi sai, phdi ding
mach di€u chinh bi trlf - goi [a phudng phdp cin biing diém O.

a) Piéu chinh di¢n dp bic & mdt ngé vao:
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- - - L] -~ k9 . . [ -
Hinh 1.5 14 mach di¢u chinh ¢dn bing diém O bang dién dp
bt 3 ngd vio vdi cdc tri O linh kién tiéu biéu.

Hai ciu phan dp 22kQ-1kQ d¢ tao dién dp V4 v Vi 13 hai
dién dp dOi xWng ¢d tri s& thip khodng £0,5V dé diéu chinh dua
vio ngd I, N&u dién dp ngd ra Vo > OV thi diéu chinh bién trd
10KCY vé gﬁn diém A dé gidm Vg vé 0V, Néu dién dp ngd ra Vg <
OV thi diéu chinh bi€n trd 10kQ vé& gin di€m B d€ ting Vo, 1én OV.

1

= 12V

Hinh 1.5: Ba & ngd vao

Hinh 1.5 12 mach diéu chinh can biing di€m O bing dién dp
bl & ngd vio vdi cde tri sd linh kién tiév bicu.

Hai c¢iu phin dp 22kQ-1kQ) dé tao dién dp V, va Vg 1a hai
dién dp 441 x@ng ¢d tri s§ thip khodng £0,5V dé diéu chinh dua
vao ngd 1, Néu dién dp ngd ra Vo > OV thi diéu chinh bién ud
10kQ vé gin diém A aé gidm Vo vé 0V, N&u dién ap ngd ra Vi <
OV thidiéu chinh bién trd 10k vé gan diém B d€ tang V(, 1én OV.

b} Biéu chinh bu vai hii tiép dm dong dién:

16



Chuong 1 Mach khuéch dai thuit todan

+V+
&
in" 4 ,
17 | Hinh 1.6a: Bi biing
ul A emm o
I 2 >'§—u mach hdi tuép im
T - 4 Vo dong dién
!
VR = 10kQ2

Hinh 1.6b: Mach tuong
dudng cia hinh 1.6a

Trong s¢ d6 mach tich hop ¢ hai transistor Qs vii Qg ndi hai
cite Era chin 1 va 5 d€ dicu chinh ¢in bing diém O nhé nguyén Jy
héi tiép am dong dién.

Hinh1.6a la mach dp dung chinh ¢in bing di¢m O cho OP-
AMP 741 bing cdch dat thém bién rd VR = 10kQ giita hai chin |
vi 5, di€m gifta bi¢n trd ndi vio ngudn -V d€ diédu chinh.

Hinh 1.6b 13 mach twsng duong cho tha'y dnh hudng cta viée
di¢u chinh. Khi diéu chinh bién trd VR tifc 1a thay ddi Rg cia T, va
T, d€ bl trir cho sy mét ¢én biing gitra hai transistor do ¢hé two.

Ciic bi€n trd trong hai phutdng phap trén dude diéu chinh sao
cho khi & ngd viio ¢6 V=0V thi ngd ra Vo= 0V,

17
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§1.4- CAC MACH UNG DUNG CO BAN
1} Mach khué'ch dai khong dae

R,

L — g

RZ \’I';(}
}

Ri ¥
L

<

Hinh !.7a: Mach khu€eh dai khdng ddo

Mach khuéch dai khdng ddo cd dién dp ngd vao V; ndi dén
ngd 1," qua dién trd ngd vao R;. Ngd [, nhin tin hiéu hdi tiép wr
ngd ra qua cau phan d4p R;-R; (hinh 1.7a).

P6 khuéch dai hdi ti€ép (con goi [a do khuéch dai vong kin)
duye tinh theo cong thire:
_ R +R,
Rl

A

NS
Pién trd R, & ngd vao I," ¢6 tic dung On dinh nhiét, trinh
khéng cho dién dp ngd ra trdi d€n trang thdi bao hda.
Qua bi¢u thite tinh Ayr cho thdy:
e néu giam R, = 0Q thi Ayg = 1

e néu gidm R, = 0Q thl Ayg — o« (thuc & thi Ayy s€ tién
dén gidi han 1a do khué€ch dai vong hd cia OP-AMP).

Mach khuéch dai khdng ddo ¢6 wu diém 13 tdng r§ vao rit
lin. Theo 1y thuyét: dng trd vao la tich 8 tdng ird vao cha OP-
AMP trong mach vong hd (Z;= 1IMQ) nhin v6i 86 cta do Igi vong
hd trén dd lgi vong kin.



Chuong | Mach khuéch dai thuit todn

Tri s0 Zy ¢6 thé 1én dén hang trim MQ.

Trong phin gidi thiéu cdc thong s§ dic trung cua OP-AMP,
Vi tn s0 cdt fy nhit dinh, néu Ayr cang Idn thi bang thong B cang
hep va npudc lai.

G day ta ciing thily, néu Avp cang 16n thi Z; cang thip va
nguije lai.

Di¢n trd ngd vao Ry thudng dude chon ¢ tri s&-
R, =R IR,
2) Mach khué&'ch dai ddo (hinh 1.7b)

Much khuéeh dai ddo ¢6 dién dp ngd vao V, ndi dén ngd Iy
qua dién tré ngd vao Ri= Ry Bién rdf Rs 12 dién wd hdi tidp am (con
gor 1 Ry). Digén trd Ry ndi ngd L' xudng mass ¢6 tdc dung &n dinh
nhi¢t, trinh khong cho dién dp ngd ra tréi dén trang thai bio hoa.

Ri= R,

:'\é

Hinh 1.7b: Mach khuéch dai ddo

Do OP-AMP ¢6 ng trdf vio rdt lén nén dong dién ngd vio
iy it nhd. Ngd 1% ¢ Ry ndi mass nén 6 dién Ap Vi = 0V, Ngo I
¢ di€n dp chénh 1é¢ch vdi ngd I," vt nhd nén V,, = 0V va ngd Iy
dude xem nhu di€ém mass gid.



Mach dién 1 — Tap 2 Nguyén Tan Phuse

Da tin hi¢u Vi vao ngd I, nén tin higu ra Vg, s& ¢o di€én dp
ngude diu. N€u V> 0V thi Vi < OV va ngutde Jad,

Theo hinh 1.7, dong dién i) qua Ry di t¥ ngodl vio la do V, >
OV. Nhu vy, d&i€n ap Vo< OV v dong dién i3 s€ di (0 ngo 1, qua
Rz d&n ngd ra. Thue (€, dong iy chinh 12 dong dién i» =i, = ia.

Hai dién od Ry vl R; tao thinh ¢iu phian dp ¢6 di€ém giita 13
ngd I, vdi diénap V,, =0V,

Suy ra: = vi o i, =
R, . R,
- F b, i h = i)
------ = - Viofp = i>
R R, ! k

R

Qua bidu thife tinh Ayy cho thiy:
o néu 2iim R> =R, thi Ay = -1

e néu giam Ry = 002 thi Avpr — o (thue 1€ thl Ay s¢ e
tdi ¢iGi han bdo hoa 1a dd khuéch dai vong hd Avg).

Khi thay doi tri s6 Ry s& [am thay doi t6ng twd ngd vio, khi
thay déi tri s& Rs chi lam thay ddi do khu¢ceh dai con tdng trd vio
khong ddi. Tuy nhién, gid tri R, phdi dudge chon trong gidi han cho
phép. Néu chon i 80 Ry qud nhd, dong ngd ra ctia OP-AMP s&
VUL quid 11 88 Tome V1 dOng ngd ra 1a dong ra tdi va dong hdi Gép
qua R NE&u chon Rs ¢6 tri s& qui ldn thi mach khuéch dai dé bi
nhi¢u va khOng dn dinh.

Thong thutng Ry duge chon trong khodng 2k dén 2MQ).
Dién trdd On dinh nhiét R thuding chon ¢6 trj so
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Chuuny 1 Mach khuéch dai thuit todn

R, =R, /R,

Tmng mach Khu€ch dai ddo hinh 1.7b, tong trd vao cia
mach Z; chinh I3 R, {\al ngd [, duge xem 1a di€m mass gid). Mudn

ting tdng trd vio Z; thi phdi ting R, diéu nay s& 1am gidm do
khuéch dai hoi tiép Avg.

P& ¢6 tdng 1rd vao cita mach Z; 16n ma d) khu€ch dai hdi
ti€p vin ldn, ¢ thé ding mach khuéch dai ddo theo sg dd hinh 1 8.

Cong thie tinh d6 khu€ch dai hdi ti€p cia mach hinh 1.8:
R, R, +R,

Rl. R,

1

Hinh 1.8: Mach khuéch dat ddo ¢é dng trés vao Z, Ign

V@i cdc tri s6 dién rd trong mach, dd khuéch dai:
Ayr= - 100
Bién rd R| = IMQ nén 8ng trd ngd vio Z; vin o tri s& 1.
3) Mach ldp hay mach dém (hinh 1.9)

Mach lip 1a mach khuéch dai khong ddao ¢d dd khuéch dai
Avp = 1. Trong mach nay, tin hi¢u vio dua d&€n ngd 1, nga 1, dugc



Mach dién (¢ — Tap 2 Nguyén Tin Phudc

ndi true ti€p dé€n ngd ra. Nhur vy, dién dp hoi 1iép Vi bing dién dp
ra Vg (mach hédi ti€p am 100%).

C1
- 3 ._‘ 3
2 " 2
Vi \ji vy ™
Hinh 1.94: Mach lap DC Hinhi.9b: Mach lip AC

i R Vo
P§ khuéch dai hoitiép: Ay = 7 =1

f

Téng rd vao clia mach:
: Ay . N
Zi =Z},71~-—=Z;.Am (rat 1dn = vai trim MQ)

b

Trong mach lap AC ¢6 w lién lac C;-C; d€ cdch ly dién dp
mdt chidu gilta cdc khai. Dién trd IMQ d ngd I," nGi xudng mass
¢6 tdc dung On dinh nhiét cho OP-AMP va dé tao dong nap xa cho
tu C,. Do ¢6 dién trd IMQ nén tdng trd vao s¢ gidm va bing 1MQ.

Pic diém clia mach 13 tdng trd vio rit 1dn, 10ng ud ra rat nhd (=
vai Q) nén mach lip duge dung lam mach ddi tdng trd tr 16n ra
nhd.

4) Mach tao Ié€ch pha (hinh 1.10)

Hai OP-AMP (1) va (2) la hai mach khu€ch dai ddo ¢6 do
khué&ch dai hoi tiép bling 1.

Avri = Avpa =1
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Chuung | Mach khué&ch dai thuit todn

R2 100K RS 100K
AN
AN 1 5 .
3 6
Vl ' 3 v
v
62 o1
R3 (50K R6<50K

Hinh1.10: Mach tao tin hiéu dio pha

Do trong mach ¢6 dién trd ngd vio Rj= R, = Ry = 100k vi
dién trd hoi iép Ry = Ry = Ry = 100kQ nén dién dp ra ddo dau
nhung ¢6 cing bién dd vaéi dién dp vio.

Nhu vdy, dién dp ra V,,; dio diu véi V;, dién dpra Vy dido
ddu véi V,) nén V,; cling ddu vai V;. Bién dp ra Vo, va Vi, 13 hai
di€n dp ru ¢Ong bién dd nhung ddo pha cin bing.

$1.5 CAC PHEP TOAN CO BAN

1) Mach céng (hinh 1.11)

Vo I; R1 I f R4

11 - NN AN

[. R2

j.2 ;_.:_.__._/\/v\...

, I, R3 2

13 -_:.__./\/\/L,. 5 5]

I,+1;+15=1 Vo
A =
1 2 3 f R5

Hinhl.11: Much ;:Ong ddo pha

.EH_.
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Mach dién 1t — Tap 2 Nguyén Tian Phudc

Pé thyc hién phép cong nhiéu tin hiéu thi OP-AMP ¢6 nhiéu
dién trd ¢ ngd vio noi chung vio ngd 1, hay 1,". N&u cho vao ngd
I, 12 mach ¢ong ddo ddu, vdo ngd 1," 12 mach c¢dng kKhong ddo diu.

Pién trd R, 1a dién trd hdi ti€p, dién urd Rs dn dinh nhiét cho
OP-AMP. Néu xét riéng tiing ngd viio, mOi dién twd cling vdi Ry tao
thanh mach khué&ch dai ddo vai do khu€ch dai dién dp héi tiép:

Khi cing hic ¢6 tin hiéu vao cd 3 ngd, cdc dong di¢n ¢ mdi
ngd vao dén qua dién trd hdi tiép. Vi vdy, dong qua Ry chinh [a
tGng cha 3 dong dién vio clda Ry - R; va R

bién dp ra dudce tinh theo cong thire:

Vo =V +V,, +V,

(3
R, R R,
Vo = Vu*"i 1;* : Vn_4
I 1 R.‘\
1 V I
V. =-—R A_Fi_{._‘i
! i RI Rz R;)

Do Igi dién d4p cia mach vin duge tinh theo cbng thife clia
mach khuéch dai ddo:

Ay =——— (Rp = Ry}

o

J cdc ngd vao thudng chon: Ry =R, =R; =R,

Néu chon: Ry = Ri=R; =Ry =R va chon: Rs =R, // Ry // R;
// R4 thi mach ¢6 d6 khuéch dai dién dp 12 1 va dién dp ra:

Vo=-(Vu+Vip+Vy)
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Chuong | Mach khuéch dai thudt todn

Sd d6 mach hinh 1.12 13 mach ¢dng khong ddo didu. Ciu
phin dp Rs - Ry 1 mach hoi tiép tir dién dp ra Vo trd vé ngd 1,
Xétriéng timg ngd, do khuéch dai hdi ti€p cla mach viin 1a:
_ R+ R,
R,

A

(NS

Khi chi ¢6 ngd viio Vi (Vi2 = 0) thi Rj-R; 13 ciu phin dp ¢ ngd
vao nén di¢n dp tdc dung €n ngd [,*:

RE
"R +R,

/= (R; xem nhu ndi mass)

Khi ¢hi ¢d ngd vao Vi (V= 0), dién dp tdc dung 1én ngd
R

I, : V, =V, = (R) xem nhu ndi mass)
"R, +R,
Khi cling lde ¢6 ¢d hai tin hiéu Vi; va Vi3 thi dién dp & ngd
, R, ., R
vio: V, =V, —+V, '
R +R, "R +R,
R1
Vi
) R2
Vi2 3 [
6 Pl
2 >—‘
R3
AN

01

Hinhl.12: Mach ¢c6ng khong ddo diu

Bién dp J ngd ra; V, =V, A,
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Mach dién ur — Tap 2 Nguyén Tin Phude

Vi Ry + VR R+ R,
R +R, R,

0}
Truting hop ¢6 3 tin hiéu cing vio ngd 1," th ¢ong thife tinh
dién dp ra s¢ phuc tap han.
2) Mach trif (hay mach khuéch dai vi sai)

Mach trlf ¢6 hai tin hiéu vao 3 hai ng6d 1," va I, Dién 4p ra
ti {& vdi hiéu s& dién dp clia hai tin hiéu vio nén mach ¢é chice
niing thue hién phép trir,

) R1 R2
Vil
| e A
2 i
Vi2 R3 4 E 1l o
Vo
R4

Hinh 1.13: Mach trir

1

e} ngd vao I, hat dién trd R-R> tao thanh mach hoi Hép
cho mach khuéch dai ddo 13 - R#/R;.

o] ngd vio [,", hai dién rd R3-Ry tao thanh ciu phin dp lam
giam dién dp vio OP-AMP theo ti 1€:

R,
"R 4R,

Trudng hgp nay 1a mach khuéch dai khong ddo vai ¢iu phin
dp R;-Ry 13 mach hoi 1i€p vé ngd 1,7, PO khuéch dai khong ddo:
_ R+ R,

A
1 RI



Chirong 1 Mach khu€ch dai thuit todan

N&u xét riéng titng ngd vao, dién dp ra cho ngd vaol, :

R. . R,
Vm:VH(“__):_I' —

R, "R,

Pién dp ra cho ngd vao 1,7 :

vo_y R RAR,
o !2'R3+R4. R

Khi ciing B¢ ¢d tin hi¢u vdo ¢d 2 ngd thi dién dp ra 13 Ong
hai dién dp trén:

L.{) = I/{JI + L.r}:

R R +R, R,
Vo =V, o B -V, =
R, +R, R, R,
' R +R, R,
Hay: Vy=V,.— R R V, —

"Ro+R,R R

Tuy theo yéu ciu vé dd khuéch dai ¢d thé chon tri s& cdc

.. a2 u . - .. R] R\
di€n trd nhung phdi theo diéu kién: ra = -}—?——
2 4

Vdi diu kién trén do 1di dién dp cda mach:

R, R,

R, R,

Y

Bién dp ra cia mach trir duge tinh theo ¢dng thite:

R,
vV, =V, —-V,). =~
J i2 fl) Rl

2} Mach tich phan (hinh 1.14)



Mach di¢n tr — Tip 2 Nguyén Tdn Phugc

II R1

Vi : l ‘/\
B—4--—4'
J ...... 3.

R2

Hinh 1.14: Mach tich phin ddo

Mach tich phan ¢6 tin hiéu vio ngd ddo I, mach hdi tiép tir
ngd ra vé ngd I, 12 tu C. Pién trd Ry 1A dién urd nap xa cua tu, dién
trd R, On dinh nhiét cho OP-AMP . Thutng chon: Ry = R; =R.

Do tinh ¢hat ctta OP-AMP nén dong dién I, vaio OP-AMP
xem nhu biing 0, diém [, xem nhy diém mass. Ta ¢o:

p
=1, =2
» Y . . ~ v dl/{)
Dong Ie la dong nap vaotunén: /, = —( ;
)
, V dV,
Suyra: L =-( Y = dv., =——1*V;d"
R dt RC
Lay tich phin ta ¢G: V, = 20 V, .

RC chinh 1a hiing s& thdi gian nap xd cla tu C. DAu trif trong
¢Ong thie 1a do mach ddo diu.
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Chuung | Mach khué&ch dai thuit todn

Do dic tinh nap xd cda w dién, khi Ngo vao ¢o tin hi¢u dang
xung vuong thi ¢ ngd ra s& 6 tin hicu dang rang cuwa hay tam gidc
vi ngude diu.

Mach tich phin sé duge phin tich k§ hon trong chuong
“Mach loc™

4) Mach vi phiin (hinh 1.15)

Mach vi phin ¢6 tin hiéu vao ngé dio 1, qua tu C, mach hoi
LEP 1 ngd ra vé ngd 1, 14 dién ud R (edch lip RC ngude lai vaéi
mach tich phin). Dién tvd Ry ndi ngd 1," xudng mass dé Sn dinh
nhi¢t cho OP-AMP,

I ct Iy R
'—b——‘l i—-—--?——b—W—~ —

L
J Hp

Vo Hinh 1.135:
R1 Mach vi phin

Do tinh chit clia OP-AMP., dong diénvaoly = Onénl, =1Ip

Dong dién 1 1d dong nap qua tu C dude tinh theo cong thite:

i,
[I = ('(__
dt
Do ngd [, xem nhu di€m mass nén dong dién hdi Gép:
I
)
R
dV V
Suyra: (—L=_"0
di R
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Mach dién wt — Tip 2 Nguyén Tin Phudc

- i = ~RC _dl/
dt

RC chinh Ia hiing s6 thifi gian nap xd cla ty C qua R, Diu
wit trong cdng thite 13 do mach ddo du.

Do dic tinh nap xd cta ty, khi ngd vio c¢d xung tam gidc thi
ngd ra ¢é xung vudng va ngude diu,

5) Mach khuéch dai phi tuy&€n (semi-log)

Cdc mach trén 13 ¢de mach khuéch dai tuyé€n tinh. Mych
khué'ch dai phi y&n ¢6 dién dp ra ti 1¢ vdi dién dp vio theo ham
logarit nha mach héi ticp phi tuyén diing diod (diod ¢é dong dicn
thudn ti 1§ logarit vdi dién dp dit vio chin AK).

Trong mach dién hinh 1.16, dudng hdi t€p 12 hai diod
silicon mic song song ngude chiéu. Khi diod ¢ dién dp Vi, = 0V,
Jdiod <6 noit 1rd £4t 13n nén ¢ do L cao. Khi ¢d dién dp vao ldn,
diod ¢6 ndi trd nhd nén ¢d do i bi gidm nho,

Bién trdd R~ on dinh nhiét cho OP-AMP. Thuding chen R(=R..
Pi¢n dp ra duge tinh theo ¢dng thic:

VU_ -"‘i()ln%\m

L

V% :; }_‘

R2

Hinh !.16: Mach phi tuy&n
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Chuing | Mach khu€ch dai thuit todn

Néu dién dp tin hiéu vao ¢é dang hinh sin thi tin hiéu ngd ra
¢O dang gin nhu vudng.

§1.6- MACH TAO XUNG DUNG OP-AMP
1) Mach Flip-Flop diing OP-AMP

Mach F/F ding OP-AMP nhu sd db hinh 1.17, ¢6 hai OP-
AMP [am viéc nhu hai mach khuéch dai so sinh. OP-AMP s& &
trang thdi bio hoa duong néu ¢d:

V[+ >V, = Vu= +Vic
hay & trang thdi biio hoa dm néu ¢o:

V[_ > V|+ D Vo= + 0V
+VL'(_‘
100k

Vor =2+Vee

V()3 = UV

100K

Hinh 1.17 : Mach F/F diing OP-AMP kich ddi
trang thidi biing xung am
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Machdiéntr - Tip 2 Nguyén Tan Phudc

Gia thidt mach ¢6 trang thdi nhu hinh vé vét Vi = +Ve va
V(}3= {]V

OP-AMP @ dude hdi ti€p tf Vo = OV vé ngd In” qua dién
trés 10kQ nén vin co V" > Vv Vo, = +Vee On dinh.

OP-AMP @ dudc hodi iép tit Vi, = +Vee vE ngd In” qua dién
rd 10kQ (10kQ << 100kQ) nén vin ¢d V" > V|7 vi Vg, = 0V on
dinh.

Pay la trang thdi dn dinh thif nhat ¢iia mach F/F, OP-AMP
@O & trang thdi bdo hoa duong va OP-AMP @ ¢ trang thidi bio hoa
am. BE ddi trang thdi ¢ha F/F, cho ¢Ong tic S ndi vo ngd In clia
OP-AMP @ dang bio hda am. Lac dé, Vi7 = 0V va V' >V nén
OP-AMP @ chuyén sang bdo hoa duong, Vo = +Vee qua dién ud
hodi iép 10K s& lam déi trang thdi clia OP-AMP @ tr bio hoa
duong sang bio hda dm vi hic do OP-AMP @ ¢o V" > V("

L ¥ Dicn wrd hdi tiép phdi ¢6 i s6 khid nho so vdi dién
trds ndi ngd In® 1én ngudn +Vee.

Cong tdc S ¢ diém chung ndi mass xem nhu xung am kich
diéu khién F/F. Cong tdc S ¢d thé ndi 1én ngudn +Vee qua dién trd
dé kich d6i trang thdi cda F/F nha xung dudng kich diéu khién F/F.
Truding hop ndy xung duong phdi dude dua vio OP-AMP @ dang
bio hoa dugng. S dd hinh 1.18 1 mach F/F ddi trang thdi bing
xung duong.

Nhu viy, dé d6i trang thdi ctia F/F ¢ thé dimg mot trong
hat phitsng phip sau:

~ Cho xung am (hay mtc dién dp thip) viio ngd In” cia OP-
AMP dang bio hoa am,

— Cho xung dudng (hay mic dién dp cao) vio ngd In cva
OP-AMP dang bdo hoa dudng.
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Chudng | Mach khuéch dai thuit todn

+Vec
00kQ
+Vee +® Vor = +Ver
[OkQ -
18149
S
_@ 10kQ) Vop = OV
+
100k
+Vee

Hinh 1.18 : Mach F/F diing OP-AMP kich ddj
trang thdi bing xung 4m
2) Mach Flip-Flip hoi ti€p biing diod

Mach Flip-Flop hinh 1.19 ding hai diod D,-D, dé nhin xung

kich & ngd vio va hai diod Ds-D, dé tay dién dp hoi tiép.
+V e

100kQ

10kQ2

v, ._[>|_r,w___ .

Vo =0V

100k

+Vee
Hinh 1.19 : Mach Flip-Flop hdi ti€p bing diod
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Mach di¢n tif — Tap 2 Nguy&n Tin Phude

Mach Elip-Flop hinh 1.19 diing hai diod Dy-D» d€ nhin xung
kich & ngd vio va hai diod Dy-Dy d€ 18y dién dp hoi tiép.

Gid st mach dang ¢6 trang thdi On dinh nhu hinh v&, OP-
AMP @ dang bdo hda dudng, Vo, = +Vec ; OP-AMP @ dang bdo
hoa ?.HiITI.., V()z =0V.

Truting hdp nay n€u cho xung Am vaoe ngd Vi; cia OP-AMP
dang bio hoa am thi diod D; bi phin cue nguge nén xung dm khong
tic dong dugc vao mach F/F va mach khong déi trang thdi.

Muén ddi trang thdi cia mach F/F phdi cho xung dudng vao
ngd Vi cda OP-AMP dang bdo hda duong. Lic dé, diod Dy dufge
phin cyc thudn s& cho xung dudng vao mach F/F va lam mach ddi
trang thdi.

Nhu vay, khi st dung diod nhu hinh 1.19 thi 2 mach F/F chi
con mot cdeh kich ddi trang thdi 12 cho xung dudng (hay mifce dién
dp cao) vao ngd In” clia OP-AMP ® dang bio hoa duong

3) Mach dao déng tich theat
a) Nguyén Iy:

Mach dién hinh 1.20 12 so d4 mach dao déng tich thodt ding
OP-AMP dé€ cho ra tin hiéu vudng,.

R
— AW
Coup Ve
- — Vo=+Vce
;T L
4 -Vee =Ry
c T—

R;

Hinh 1.20 : Mach dao ddng tich thodt -
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Chuung 1 Mach khuéch dai thuir todn

S¢ db ¢ hai mach hdi tié'p tir ngd ra vé hai ngd vao. Ciu

phiin d4p RC hdi tiép vé ngd In", cdu phin dp R(-R; hdi tiép vé ngd
In",

D¢ gidi thich nguyén Iy mach, ta gid sttty C chua nap dién va
OP-AMP dang & trang thdi bio hoa duong. Lic nay, ciu phin dp
Ri-Ry dua dién dp duong vé ngd In* vdi mie dién dp 1a: Vo = +Vec.

R,
VI?I = +VC(‘ RI +“R2 = VA (V]-:.—] > OV)

Trong khi d6, & ngd In” ¢6 dién dp tang din 1&n tr OV, dién
dp tdng do m C nap qua R theo qui ludt ham mi vdi hing s& thdi
gian 1d 1 =RC.

Khi tw nap v ¢d Vi, < Vi thi OP-AMP vin & trang th4i
bao hoa duong. Khi tu C nap dén mic dién dp V,, > V,;, thi OP-

1n

AMP ddi thanh trang thdi bio hoa am, ngo ra ¢6 Vg = —~Vee. Lie

nay, ciu phén dp R;-R; dva dién dp am vé ngd In" véi mic dién ap
la:

Rz
R +R,

V! = Ve = Vi (Vi <0V)

Trong khi d6, ngé In” vin con dang & mie dién 4p dudng

Vi tri s8 Vi, > +Vc do ty C dang con nap dién. Nhur vy,
]+' 2

OP-AMP s& chuyén sang trang thdi bao hdoa 4m nhanh cho canh

vudng thing ding. Tu C biy gity s¢ xd dién dp duong dang nap trén

tu qua R va tai d ngd ra xudng mass.

Khi tu C x4 dién dp duong dang c6 th V. van d mdc dién
dp Am nén OP-AMP vin & trang thdi bio hoa 4m. Khi tu C da xa
hét dién 4p duong sé& nap di¢n qua R d€ ¢6 dién dp 4m do ngd ra

dang ¢ trang thdi bio hoa 4m, chiéu nap di€n bdy gid ngude vdi
chiéu dong dién nap trén hinh vé,

R



Mach dién tir - Tap 2 Nguyén Tin Phudc

Khi tu C nap dién ap am dén mifc Vi, < Vi, (ngd In” nh6 hon
ngd In*) thi OP-AMP lai d3i thanh trang thdi bio hoa dueng vé& ngd ra
ch V() = +VOC-

Mach da trd lai trang thdi gid thi€t ban ddu va hién tugng
trén cif ti€p dién lién tyc tuin hoan.

b) Dang séng ¢ cdc chdn:

LA A

v

m

+VCC

Hinh 1.21 : Dang séng ngd vao va ngo ru

Mife gidi han dién ap ngd ra:
VOmux = +VCC va V()min = _V(‘C‘

Mite gidi han dién dp & hai ngd vao:
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Chuong | Mach khué&ch dai thuit toiin

R R
V=4V 2 Vi Vg=_V 2
A “R+R, "R vk,

Dang dién dp d ngo In~ 1a dang tam gidc. Thdi gian dién ip
G ngd In” ting tr Vi 1én V4 12 thos gian OP-AMP bdo hoa duing,
thai gian dién dp ngd In~ gidm tir Vi xudng Vi la thdi gian OP-
AMP bido hda dm. Dang dién dp ¢ ngd In* va ngd ra 1 trang thdi
xung vudng ddi xing,

Chu ky ctia tin hiéu: T = 2RC.In %&
|
A e 1
Suy ra tan s ¢da tin hicu: f = }—
Trudng hdp dic biét
*Ry=2R, = T=2RC.In2 =2RC.06Y {In2 =0,69)
: I 1
=1t = - = :
2069RC 14.RC
*Ri=Ry = T=2RC.In3=2RC.1,] (In3=1.1)
=f= I
22.RC

. A at
o) Mach doi tin 64

Theo ¢ong thite tinh chu k¥ vi tdn 6 dao ddng nhy trén ta
¢ thé ddi tin si dao dong bling cic phwing phip sau

* Thay ddi tf s6 cdu phan 4p mach hi ti€p duong (R, vd Ry)
* Thay ddi tri s& dién tré R hay tu C trong mach hdi i&p im.

Tan s3 clia mach dao déng tinh thodt hinh 1.22 dudgc tinh
theo ¢dng thic:
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Mach din tir — Tip 2 Nguy&n Tian Phude

7 )
T=2(R+ VR, Cin R, + 2R, +1R,)

D w
VR, | R xi 5 é._mwb_
W | K= VR
~ +Vo nup +WV i
+
c - +

it

Hinh1.22 : Mach dao ddng tich Hinh 1.23 : Mach dao ddng tich

thodt doi tan sO thodt ddi chu trinh lam vice

d) Mach doi chu trinh lam viée:

Trong sd d6 mach dao ddng tich thodt ¢d bin dung OP-
AMP, tu C nap dién va xi dién déu qua dién trd R nén hiing 50 thii
gian nap va xi bing nhau. BDi¢u nay ¢6 nghia 14 thdi gian xung
vudng ¢6 dign dp cao vi ¢6 dién dp thip dai biing nhau. Xung
vudng ra 12 xung Aot xdng ¢d chu trinh lam viée [a D = 30%.

Pé thay d6i chu trinh lam viée, mach dao dong tich thoat ¢o
s¢f d8 nhu hinh 1.23, bicn trd VR s& 1am thay d8i thoi gian nap va
thti gian 3 cla t theo hai hudng nguge nhau, nén ting that gian
nap s& lam gidm thai gian xd v ngude lai.

Khi tu C nap dién dp duvng, ur ngd ra s& nap gua dién trd R.
bidn trd VR (phin dudi) v qua diod D,. Khi gy C xd dién dp dudng
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Chudng 1 Mach khuéch dai thual todn

v suu do nap dién dp Am s& x4 qua R, bién g VR (phin trén) va
qua diod Dy,

Khi di€u chinh bién trd VR chi lam thay d8i chu trinh lam
viéc ma vin gilt nguyén tin s6 dao dong.

3) Mach tao xung vudng va tam gidc

Ry

VR,
-~
Vn] -
1

Hinh1.24 : Mach tao xung vudng vi tam gidc

Mach dao ding tich thodt ¢d bin tao xung vudng doi xitng &
ngd ra. Néu két hdp mach tich phan tich cye ding OP-AMP thj
mach ¢G thé cho ra xung tam gidc,

OP-AMP @ 12 mach dao dong tich thodt dé ta0 xung vudng
theo nguyén ly wén. Xung vudng duge 13y trén bién rd VR, dé
thay ddi bién d6 ngd ra.

OP-AMP @ la mach tich phin tich cuc nhin xung vudng tir
ngo ra clia OP-AMP @ d6i thanh dang xung tam gidc. Xung tam
gide dude 1ay trén bi€n trd VR, d€ thay d&i bién do ngd ra.
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Mach dién wr — Tip 2 Nguyén Tan Phudc

§1.7- HAI TRANG THAI BAO HOA CUA OP-AMP
1) Hai trang thdi bao hoa cua OP-AMP

Pb¢ thue hién chic ning chuyén doi trang thdi clia mach,
ngoai transistor, ¢6 thé diing OP-AMP nhd vio 2 trang thdi biio
hoa ciia nd trong mach khuéch dai so sdnh.

+V co

Ve

inh 1.25 : Mach khuéch dai so sanh

S¢ dd hinh 1.25 1a mach khué€ch dai so sinh ¢o ban ding hai
ngudn doi xiing +Vee. Dién dp vao ngd khdng dio (ngd +) goi la
V" va dién dp vao ngd dio (ngd —) goi la V.

Tay thude dién dp ¢ hai ngd ndy so vdi nhau ma OP-AMP
$& (3 mOt trong hai trang thai sau:

Né&u: V' =V, tht Vi = +V e 1a trang thdi bio hoa dudng
Néu: Vi > VT thi Vo = =Vee gol 1a trang thidi bio hoa dm.

Trong thue 1€ mach khu€ch dai so sdnh s& nhin mat dién dp
3 ngd vao V) d€ so vdi dién dp chuin Vi. Ty theo yéu clu cda
mdi mach ma ta cho dién dp ngd vio V; vio ngd dio hay ngd
khong ddo va dién dp chudn Vi vao ngd ¢on Jai.

a) Pién dp Vi ¢ nga ddo, dién dp chuan Vi & ngd khong ddo:
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Chudng | Mach khu€eh dai thual todn

+v(.f. ry V()
+V(-(-
—
Vo -
l ‘ Vee _L Vi v
Hinh 1.26a: Mach so sanh Hinh [.26b: Pién dpra Vg

theo dién dp vao V,
Theo sd d&, mach so sdnh hinh 1.26a cd dién dp ngd vao v,
dua dén ngd dido d& so vdi dién dp chudn Vi & ngd khong dio.

Ham truyén dat cta mach hinh 1.26b, theo do, néu V, < Vi
(hay Vi < V") thi Vi = +Vee v ngude lai néu V> Vi (hay V| >
V1+) thi V() = "'-V(_‘(*_

b) Bién dp Vivao ngé khong ddo, Vi vao ngé ddo

Mach so sdnh hinh 1.27a ¢6 cdch cho dién dp vio nguge lai
v3i mach so sdnh hinh 5.26a nén ¢6 ham truyén dat ngude lai nhu
hinh 5.27b. Néu V, < Vi (hay V" < V|") thi V = —Vce nguge lai,
néu V> Vi (hay V"> V) thi Vo = +Vee.

+V o s Yo

¥

- - Ve

Hinh 1.27a : Mach so sdnh Hinh 1.27b : Pi¢n dp ra Vi, theo
dién dp vao V,
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Mach dién i — Tap 2 Neuyén Tan Phudce

Hai trang thdi ngit va din bdo hoa cda transistor hay hai
trang thdi bio hdoa ducng va bio hoa dm cua OP-AMP duge dong
dé cho ra hai dién dp mic cao va mic thip tao ra tin hi¢u xung
dién.

$1.8- CAC UNG DUNG KHAC CUA OP-AMP

OP-AMP c¢On rit nhiéu dng dung trong cdc linh vue khic
nhau nhu:

- Mach loc tich cuc (két hgp R-C)
- Mach dao ddng tao tin hi¢u hinh sin
- Mach dn dp (k€1 hgp véi diod Zener)

- Mach ddong ngdt diéu khién ro-le.

42



CHUONG 2
MACH LOC

$2.1- PAI CUONG

Mach loc 1a mdt bd phin rdt quan trong trong k¥ thuidt mach
di¢n uf. Mach loc ¢6 tde dung cho mOt déi tin 3 di qua vi chin dai
tan & con lai, do d6, mach loc duge ding d€ chon loc dn sd hay
loai bd 1dn 88 clia cdc tin hiéu dién.

Trong k¥ thudt mach dién wr ngudii ta phin loai mach loc
nhi sau:

1) Phan loai theo linh kién
a) Mach loc thu dong:

La nhitng mach loc chi gdm ciic linh kién thy ddng nhu dién
trd R, tw dién C v cudn diy L.

Co cic loai mach loc thu ddng nhir:
- Mach loc RC, RL, RLC
- Mach loc hinh n, hinh T
b) Mach loc tich cye:

L nhitng mach loc k€t hop cic linh kién thu dong R-L-C
vdi cac linh kién tich cuce nhit transistor, OQP-AMP...

Mach loe thy dong ¢d ohude diém 12 Jam suy gidm ning
Iwdng gua nd, khong ¢d tinh khu€eh dai va kho phdi hdp 1dng trd
v cac mach khic.

Mach loc tich cuye dung transistor, OP-AMP.. d€ ¢o thé
khu€ch dai, phoi hep tong wd, diéu chinh do suy gidny. nhiim cdi
thién nhuge di€m cta mach loe thy dong.
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2) Phanloai theo tdc dung

Tuy theo tic dung chon loc hay loai bd tin s cha mach loc,
ngudi ta chia ra cde loai mach foc nhu sau:

- Mach loc ha thong (cho tin s3 thip qua, bd tin s cao)

- Mach loc thugng thong (cho tin 8 cao qua, bo tan s thip)
- Mach loc ddi thong

- Mach loc dai tnét

- Mach vi phin, mach tich phin.

§2.2- DAP UNG TAN SO (Frequency reponse)

Mach loc eling 1a mdt loai mach tf cue ¢d hai eye & ngd vao
vi hai cue & ngd ra nhu hinh2.1. Bién dp ¢ ngd vao fa Vi, diéndp ¢
ngod ra ld v,

P¢ khido sdt dic tinh cia mach loc theo in 53, ngudi
dung tin hiéu hinh sin (1 tin hiéo tiéu biéu cho loai tin hiéu tuyén
tinh) dit & ngd vao, réi do dién dp J ngd ra.

Vi Mach loc \%

1 1T

Hinh 2.1: Mach loc dang 1 cuc

Bip tng tdn sd cda mach loc dude dinh nghia 1a 4 sd gitta
dién dap tin hi¢u ra Vo trén dién dp tin hiéu vao Vy, theo biéu thitc:
]—V“ V.V, 1a gia tri hi¢
= I_ (F,.¥, 1a gia tri hi€u dung)

!

A con duge goi 1a ham truyén clia mach loc.
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Chuony 2 Mach loc

A A A
A
2 Z 1A bo
L - ] t
a) ha thong b) thugnyg thong ¢} loc ddi d) loe ddi tnét
thdng

Hinh2.2: Pap dng tdn s& clia mach loc

Do mych loc thy dong ¢6 diy di cdc tinh ning ¢d bin ciia
bd loc, mach lgc tich cye chi dung d€ cdi thién nhudge didm cia
mach loc, do d6, khi phin tich tinh ning cta cdc b loc thudng
ngudi ta phai khdo st rwde trén cdc mach loc thy ddéng RC, RL

hay RLC.
§2.3- MACH LQC THU PONG DUNG RC
1) Mach loc ha théng (hinh 2.3)

a) Sa dé - Pdp ng tan s

]
'_VVV‘I_“ I+joCR
(r}CR ..............
) X ]
:T[ l 1 >
] Real
Hinh 2.3 Hinh 2.4

Do tu C ¢6 dung khdng: «JXC vdl X¢ = HoC nén trong mach
RC vira ¢6 s6 thue (real) vita ¢6 8 do (imaginary) dudc goi 1a s&
phic (complex).

Tif cau phin 4p R v -jXc, tinh dién 4p ra V,, theo ¢cOng thite:
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- !
V=)
Vo= el

rl I

R—-J

e

Suy ra dip Gng tan s& cla mach loc ha thdng:

o / ! ! jowC
1= ¥, - wl _ / e
g ] N
+ R- (R-— } froC
/ e’ ! ' /

Ta da bi€t; jj=j" = -1 nén suy ra:
]

p——
1+ jooCR

Miu s8 1 + joCR 12 s8§ phite duge phin tich nhu hinh 7.4
trong d6 truc hoanh s& thyce 13 1, true tung 6 do 1a oCR, canh
huyé&n tam gidgc vuong la bién dd cua s phie, @ 14 goe pha, Do do,
ddp tng tin s34 con duge phan ra ddp dng bién db va dip ung pha
theo tan s0.

b) Ddp vng bién dj:
Theo hinh2.4, bién do cida so phte 1 canh huyén nén ta ¢6:
'l + .,!'(u('R‘ = J1+ (wCR)

Piép tng bién do cia mach lo¢ ha thong:

\A‘ ! ‘ l (o =2nt)

Tl jeRCl I (0RC)

Nhin xét: - dtAn so thip: >0 nén ©->0

A= - = V=V

J1+0

A



Chudng 2

Mach loc

-dldnsdcay oo nén m— ot

Jit+x
- ¢ 1dn 6 dic biét e (hay m¢) sao cho:
1 1
Re =
o0 C 270
1 . 1
W =—=f =—
R( 2xRC
)

Thay w = RC vao ddp Ung bién dd A ta ¢6:

A=

l = 1_ =0.707

L+ ( 1 RCY V2
RC

Tan 80 ndy duge got 1 tAn so cdt fe (hay o¢). O tdn s6 nay

A La - L o]
bi¢n dj tin hiéu ngd ra bi gidm di —

vao (hinh 2.4).

5 1an so vdi bién d6 tin hitu
2

Hinh 2.4: Pdp tng bién 46

te

Hinh 2.5: Bdp tng pha

¢} Pdp itng pha: (hinh 2.5)

Pha ¢ cla A =

I+ joRC.

———— ¢hinh 1d pha cda 1 trir di pha ctia
I+ joRC
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Ta cd: @ =0 - arctgoRC = -arctgwRC
G thn s thiptf > 0nénw — 0
= ¢ = -arctgd = 0°
G tAn s cao f > nén o —> o«
= ¢ = -arclges = - 90"
G tin s clt f = e, o = oc thi
= p = -arctpl = -45"

Nhu vily, tin hi€u ra bi ¢chdm pha so vdi tin hi€u vao. J tin
& thip mde cham pha nhd, ¢ tin s6 cao mifc chim pha Idn hdn va
& tin s6 cdt mde cham pha 13 45, Sif chdm pha ndy ¢ nhicu trudng
hep s& Tam cho tin hiéu ra bi méo dang so vdi tin hi€u vao.

d) Pdp ting bién di tinh bang deciBel:

Tuong v nhu dd khuéch dai dién dp cda OP-AMP thudng
duge tinh bing don vi deciBel (dB), ddp dng bién dd A clia mach
Joc cling thudng dude tinh biing ddn vi dB theo cong thite:

1
A, =20lg4 =20l ————
’ L+ (@RCY?
Suy ra: A, =201g]-201gy/1+(@RCY
Ay = 0=201g 1+ (wRCY

Khif=20. 020 = Ap= -20lgl =0

Khif 2o, 0—>x = Ags = -201gec = -oc
s s e 1 . 1
Khi¢dtanso et o= =—= f = f = ——
) ‘ 2aRC
1
A, ==-201g2 = -20-1g J2 = -3dB (1g2 = 0.3)
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f}\dB £ Aus £
ol 01 12 10 10 __ Jfc a 10 L fc
_6 b v rare e aricmacas -6
-10 -10
-20 -20
Hinh 2.6: Bdp ing bién d6 Hinh 2.7: Bdp 1tng bién do
tinh biing dexiben theo gidn dd Bode

Tri sO trén truc hodnh 1a ¢ s6 ciia tin 8 5o v8i thn s8 cit fe
va dudge ghi theo giai logarit cd s& 10.

Khif=t, thi -f— =1 = Ap=-3dB
e

Khi t= 2¢, thi I =2 = Ap=-6dB
)

Khi 1= 10f, thi —I- =1 = Agp=-20dB
1.

Khi {= 100t,  thi fL =1 = Ap=-40dB

Nhin xét:

e Khi tdn s§ f tdng lén gdp d6i thi A gidm xudng 6dB goi 1 -
6dB/octave (octave = quing 8 trong 4m giai).

e Khi tin s§ f tdng 1én gdp mudi 1dn thi A gidm xudng

20dB goi la -20dB/decade (decade = quing 10).

B¢ dan gidn trong tinh todn, ngudi ta diing hai duding tiém
cin d€ bi€u dién ddp dng bien dd A (dB) goi 1a gidn dd Bode (hinh
2.7).
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2) Mach loc thugng thong

a) So dé, ddp vng tdn s6: (hinh 2.8)

—i) i

[ A R A A

+h

Hinh 2.8 Hinh 2.9

Tt ciu phidn dp -jXc va R nhu hinh 2.8, ta tinh dudge dién dp

ra Vg theo cong thife:

-V—V:: =

R—j |
! o’ J wRC

Suy ra ddp dng tin s0 clia mach loc thigng thong:

Jeto 1
v, iy 1
@R(’

b) Bap ting bién do:

Tach: A= Iq‘ —— l _ 1

1
1- 1
‘ ! (‘)R('\ : +[a)R(']

Nhin xét: - ¢ tin s thip: f > 0, » > 0

2

1 1 —

A=i=——>0 nén
1y @
J1+( J
]

-3insdcanif = o, 00— «
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1 1 Pra
/1:——-—-_-——:—-:1 ]‘lén I’, :I"’
[y !
l+( ]

o0

y

W s .o . ) 1
-3 tinshedt f=f = hay mv=m = —
=1 TRC y
| 1
— 1= — =——-=0.707

2

1+ | I
RC

RC

O tin s& ¢at bién do tin hiéu ra bi gidm di 0,707 1an so vii
hién 40 tin hiéu vio (hinh 2.10).

l f( . i i(
Hinh 2.10: Bdp tng bién dd Hinh 2.11: Ddp dng pha

c) Bdp vng pha: (hinh 2.1 1)

. 1 X ) \ . ,
Pha cua 4 = ———— i pha cua | triv di pha ¢cual— g
.y 1 oR(

" wRC

*

Taco: p=0- arr:fg(— —L—) =arclg

aR( @R

G tinsd thipf > 0nén e - 0

5i

A 3
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1
O = uarcly o = arcigos = 90°
3 tdn sd caof — % nén » — o
l ]
0 =arclg] — |=arctg) =0
0]

G tin sd catf = fe, w = oc thi
¢ = arctgl = 45"
Nhu vy, tin hiéu ra bi sdm pha so vdi tin hiéu vao, G tin s
cao mife sdm pha nhé, § tin 86 thdp mic sédm pha 1én hon va & tin

sO ¢t thi mite sém pha 13 45°. Sy sém pha nay @ nhiéu truting hop
$€ 1am cho tin hi¢u ra bi méo dang so vdi tin hiéu vao.

Tudng wr, ta ciing ¢d thé tinh ddp ing bién do theo JB, v
gidn dd Bode vi ¢6 nhin xét:

e khi tin O { biing tAn s§ ¢dt f=f = thi bién do tin

27RC
hidu ra bi giam 3dB (-3dB/octave).
e khi tin s& f gidm con 172 thi A gidm 6dB (-6dB/uctave).
okhi tdn 0 { gidm con 1/10 thi A gidm 20dB (-20dB/decade).

3) Mach loc dai thong

Ha thong Ay Thugng thong As
Hinb 2.12: Mach loc ddi thong

h
[



Chugng 2 Mach loc

Mach loc ddi thong chinh 1a mach loc ha thdng ghép ndi
ti€p vai mach loc thugng théng nhu hinh 2.12.

Pdp (dng thn sd cda mach loc ddi thong chinh 12 tich 6 clia
hai ddp dng tin s& mach ha thong va thugng théng.
A A hathéng  thugng thing

/* ddi thong

et

,f
Hinh 2.13a: fc| < fcg
A thugng théng

A ha thong

-V

fer=1teo
Hinh 2.13b: fe) = fes

ha thong  thuon

thong

fea fo fey t

v

Hinh 2.13¢: fo> e
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Pip ting tin s& cla mach loc ddi thong:

|

d-letu Ve
J’: J/r] Vr}

Nhu viy, dip tng bién dé chinh 13 tich sd cla hai ddp dng
bién dd.

A=ALA

Goi tan s6 cit clda A, 1A fop v As 13 feo, ta ¢6 ba truding hop
nhu hinh 2.13.

Pudng rdi nét chinh 13 ddp tng tin ¥ cia mach loc dii
thong.

Trudng hdp feo < fep thi ddp tng bién dO A rit thip, néu fe
> fea thi ddp tng bién d6 A 1Gn hon va bing thdong rong.

M1 ciach khde d€ ¢6 mach loc ddi thdng duge thie hién nhy
mach dién hinh 2.14, trong 46, & ngd vio ¢é R-C ndi ti€p, ¢ ngd ra
¢ R-C ghép song song.

Vdi ludn by tuong we, 3 ngd vao ¢6 Zy = R - jXc¢, § ngd ra ¢o:

_R(-4x))
POR-jX.

Tinh trén cdu phin dp Z; va Z;ta s€ c6:

JwRC

A= : .
(ijC +1Y + joRC

::||‘<|

Khia)z(o‘:—l—:bf:f;.z t
RC 27R(C 3

A an o - .1
-thi bién dd ngd ra giam con 3 SO

5 x - . i
J tin 0 _fz_ftz,)

v@i bién dj ngd vao.
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R I({ M A
VW1 | 25 Ay
Vv, ‘J_ Vo LI N : dai thong
+ Al R ( ) 3 :
i = = = : 5 'r_
Zs 1 {c
Hinh2.14: Mach loc ddi Hinh 2.15: Pdp dng bién do

thdéng dang khic

4) Mach tge dai triét

Muach Joc ddi tri€t chinh 1a mach loc ha théng ghép song
song vd mach loc thugng thdng nhu hinh 2.16.

Trong mach loc dii triét, R)-C, 12 mach loc ha thong s& cho
tin hi¢u tin s3 thap qua, R>-C; 12 mach loc thugng théng s& cho tin
hiéu tan s& cao qua. TAn s cdt cla hai mach loc 1a fe, va fe,. Nhu
viy. khodng tan 5§ giita fe; va fe, s€ khéng qua duge ¢a hai mach
loc nén bi foyi bd. Buding rfi nét chinh 1a ddp dng tAn s& cia mach
loc didi trét.

thugng thong

dai

R, A A
o ha thdn
VWV T A &

O C2C|—|—_
vi L =

Il 4

fer  fo fex

Hinh 2.16: Mach loc dai triét Hinh 2.17: Pdp ng tin s¢
mach loc dai triét

Do hai mach loc rdp song song nén ta ¢6 Z, = R, // Co,Zy=
R, // C, 12 hai tdng trd ctlia cau phin dp.
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Suy ra: A==
V. Z,+74,

Cdc bude phin tich twong w0 nhu trén nhung viée tinh todn
xde dinh ddi triét wong doi phue tap hon.

Mot cdch khdc d€ ¢6 mach loc ddi triét 1a mach loc cau T
déi nhu hinh 2.18.

R R R Vv, R
VW VY VWY VW
J‘ ‘L :'IE2C
—t —t4 > — - ——
\Y
Vi | | ] Vo \Y ]} =} Vo
C C C Rr C
, R . — ]
L L 2 L
Hinh 2.18a: B&n mach loc Hinh 2.18b: Loc cdu T ddi

ghép thanh hai nhdnh

Nhdnh thi nhat gdm hai mach loc ha thong ghép ndi tiép
ngude diu nén ¢6 ty twong dudng 1a 2C. Nhanh thit hai gdm mach
loc thugng thong ghép ndi (i€p nguge dau nén ¢d dién trd twdng
duong la R/2. Hai nhdnh loc ha thdng va thugng thong ¢6 dang hinh
chit T lai dudgc ghép song song nhau nén dude goi 12 mach loc cdu T
don.

P& phin tich ddp dng tan s6 ctia mach ddi triét ciu T doi, ta
¢6 thé tinh dién ap Vyva Vi, sau dé khe Vy, V), d€ ¢o V, s0 vdi V.

1
27RC

Tin s6 cong hudng cla machia: [ =

Mach loc ddi triét don hinh 7.16 ¢ ddp Ung tin «& nhy hinh
2.19. 3 tin s6 1 = 0,1 f, hay £ = 10f, ddp dng bién do A = 0,9. Do
c6 do doe 1n nén mach loc cdu T ddi ¢o dai tan triét hep han mach
loc dai triét dan.
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AN
0,33

: ST i
0,1 | 10~
Hinh 2.19: Bidp tng bién do
mach loc dai triét don
A A
&
0,1 ] w - T

Hinh 2.20: Bdap tng bién dd
mach loc ddi iét ciu T ddi

5) Hai mach lo¢ RC ghép néi tiép

- Trong mach loc hy thdng ding RC, néu tan s0 ting 1én 10
lan thi bién do gidm 20dB (-20dB/decade). N&u ta midc hai mach
loc ha thong ghép ndi ti€p, khi tin s6 ting €n 10 lin thi bién do
giam 40dB (-4H) dB/decade).

- Tuang t, trong mach [oc thugng thong dung RC, néu tan
sO gidm xudng con 1710 thi bién dd gidm 20dB. N&u ta mdc hai
mach loce thugng thong ghép ndi Gép, khi tdn sd giam xudng con
1/10 thi bién dd gidm xudng 40dB.

Nhu viy, khi s§ tang midc ndi ti€p cang nhiéu thi ddp tng
bién d) s& gidm nhanh, Tuy nhién, cich mdc nay khdng thuye (€.

57



Mach dién ut - Tap 2 Nguyén Tin Phudc

§2.4- MACH LOC THU DPONG DUNG LC

Ngoai mach loc thy ddng dung RC, ngudi ta cOn dung mach
foc thy ddng LC. Tuy nhién & 1dn s6 thdp thi cudn diy L ¢6 kich
thude 16n nén it dudge sit dung, mach loc LC thich hop § tan s3 cao.

1} Mach loc ha théng dung L.C
a) S dir - Pdp ting tdn s6-

TU céu phin dp jX. vd -jXc nhu hinh 2.21, dién dp ra Vo
tinh theo cong thide:

- .)"‘Xr : i
_}"Y;_ - .f‘\/f'

-

t

JXL /

A . .
N - | fthip /i

_ , \Y : fcao
\'F iXe 0

|
1 11

v

fy
Hinh 2.21: Loc ha Hinh2.22: Bdp tng tin s§
thong dang LC '

.
Piap tng tan s6: A ==4 :_T_L(_,
V 1’/\ f __[A:,.

1 hd
Thay X, =—va X = oL vi dun gian:

el
*}4‘ _ / ol _ 1
jol-j |- LC
wl’

Trong trudng hdp ndy 4 chi la s§ thue vi khong ¢6 j.

b) Nhdn xét: V_ = E
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Chuong 2 Mach loe

-3tinsothip:t 2 0. 0 > 0= A=1va ?zi_r

-gtansdcan: f >, 0 —>x=>A=0vAV, =0

-3 tin s6 sao chomiusd | - @'LC=0 = A —

Tin s& ndy dude goi 12 tin sO cOng hudng cla mach LC va
ky hi¢u la wy:

. 1
Ta co: Wy =— Vi f,=———
" JLC Y NIE

Pip tng tin s& mach ha thong diing LC hinh 2.22 cho thay
6 khofing lfll"l Sﬁ’ f< ll(] thi A = ], f= 1‘[]. thi A — o, khi f > f[; thi bién
do gidm nhanh vi A t 1€ v&i nghich ddo binh phuong clia o.

2) Mach loc thugng thong dang LC

a) So dd — Pdp ung tdn s6-

A
'jXC
L
\Y
1 jXL Vn
L == f
Hinh2.23: Loc thugng thong Hinh 2.24: Ddp tng tin s3

dung LC

Tir ciu phin dp —jX¢ va jX_ hinh 2.23, dién dp ra Vg tinh
theo cong thie:

X, —JX V.o X, - X,
Thay X, = oL, X¢ = l/oC viao A vi don gidn, ta ¢
i Jool — = 1 l
‘ol — f -
/ © ol w LC
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Mach dién ¥ - Tip 2 Nguyén Tin Phude

Truding hgp ndy 4 ciing chi 1a s6 thue vi khong 6 .
bh) Nhin xét:

-G tnsothip: f 50,0 50=>A=0va V, =0

1.

-Gansdcao: fsc,0o>x=A=1val =V

L

- & tan sO sao cho miu sé 1- =0 4d=w

w LC

Tan & ndy duge goi 1a tin s ¢ong hudng cha mach LC, ky
hiéu wy.
——L— va | [ = ——-——1
NITE TN

bip ng tan s& mach loc thugng théng ding LC hinh 2.24
cho thdy & khodng tin sG> fythi A=1,f={,thi A — «, khi f < fy
thi bién do gidm nhanh vi A i 1€ vifi binh phudng ctia .

Ta co: @, =

Vdi cdch phin tich va 1y ludn twang ty, ta cling ¢6 thé khio
sdt dip itng tdn 0 cla cdec mach loc déi thong va dai triét dung LC.

§2.5- MACH TiCH PHAN VA VI PHAN

Mach Toc ha thong ding RC con ¢dng dung khidc trong ky
thudt dién t Ia mach tich phan. Tuong tf mach loc ha thong dhng
RC cling ¢On ¢Ong dung khdc 12 mach vi phin.

Khi nio thi goi [a mach loc ha théng, mach loc thuung
thong, khi ndo thi goi [a mach tich phdn, vi phan?

Chiing ta ¢6 th€ tam phin biét mdt cich don gidn nhu sau:

- Mach RC 1a mach loc ha thdng, thugng thdng khi ngd vio
tin hiéu cé nhiéu tan sd va thudng khio sdt véi tin hiéun hinh sin.

- Mach RC 1a mach tich phan, vi phdn khi ngd vao tin hiéu
chi ¢6 mdt tdn s8 va thudng khio sat vai tin hiéw xung vudng.
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Chudng 2 Mach loe

Mach tich phin, vi phin diing dé bién déi dang séng cla tin
hi¢u, dude sit dung nhiéu trong ky thuit xung dé dng dung trong
linh vire ty ddng didu khién.

1) Mach tich phin

Theo dinh nghia, mach tich phiin 13 mach ma dién apra vu(Y)
ti 1¢ vddi tich phin theo thai gian ciia dién ap vao vi(t).

Tacod: vil)=Kk I\-’i(l)cll (trong d6 K 1a hé so i 18

Mach tich phin ohy hinh 2.25 chinh 12 mach loc thip qua

1
2ARC

diing RC. Tan & cdt ctia mach loe 1a: £ =

Do di€én dp vao v, 1a him bién thién theo thdi gian nén dién
: £ -
ap trén R va Ccling 14 ham bién thién theo thi gian.

a) Mach tich phin RC:

R
WA
V, _t Vo
“ =

Hinh 2.25 : Mach tich phan RC

Ta co: vi (1) = vr(t) + ve(t)

X¢t mach dién & wrudng hgp ngudn dién dp vao v, ¢6 tin so
fi rdt cao so vdi tin s§ et fe. Lic d6, dung khdng X¢ sé ¢6 i 6 rat
. 1
nho (do X, = ——).
27 (

2rRC 20 C
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Mach dién w - Tip 2 Neuyén Tan Phude

Suy ra:  vg(l) >> ve(t)  (vi dong i(t) qua R va C bang nhau)
Poi vt C, dién dp wrén tu duge tinh theo ¢Ong thife:
1.
v (1) = - j:(r)df

bién dp trén ty C cling 1a dién dp ra nén:

v =v ()= ! ji{r)ch
(

Al
trong do: ity = 1’:{ ) (vi R>> X nén bd qua X¢)
. . B 1 v, (4)
Suy ra "’U}_FIMFM

. 1
v, (1) =—1v,()dt
(=—]
Nhu vy dién dp ra v (1) 12 tich phin cuua di€n dp vdo vi(1)
. o a e 1s 1 A e e .
viihésdotlékla: k= Z2C khi tan s¢ 1 rdt 1dn so vii te.
Diéu ki¢n clia mach:

[0 =1 >

2aRC
oo - : ! [
Ndétcdch khactla: RO > — =D >> — = -——
2, 2nf, 2w
trong dd: 1 = RC Ia hiing s8 thdi gian, T; 12 chu k.

Trudng hgp dién dp viio vy 1a tin hiéu hinh sin thi:

v; (1) = V,sinomt

V
v ()= L JVH, siN e off = ——2— cosmt
Dicn dip ra: RC wRC
i¢n ap ra: )
» () =—"—sin(wf — 90"
ot WRC (« >

Nhu vday, néu théa min diéu kién cla mach tich phan thi
iy - - = i) « - - + ] ar e - PR
dién dp ra bi tré pha 90" va bién dd bi giam xudng véi h¢ sO 11 1€ 1a:

1/ mRC.
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Chuuny 2 Mach loc

b} Dién ap vao la tin hiéu xung vudng:

Khi di€n dp vao la tin hiéu xung vudng ¢6 chu ky T, thi ¢6
thé xét 1y 1¢ hiing s& thivi gian © = RC so vdi T, dé gidi thich cdc
dang séng ra theo hién twgng nap x4 cida tu.

Gid thi€t dién dp ngd vdo 1a tin hiéu xung vudng doi xing
¢d chu k¥ T; (hinh 2.26a).

N&u mach tich phin ¢6 hiing s8 thifi gian t© = RC rat nhd so
vGi T, thi tu nap vd xd rat nhanh nén dién dp ngd ra v, (1) co dang
gidng nhu dang dién dp vao vi(1) (hinh 2.26b).

Né&u mach tich phin ¢6 hiing s3 thdi gian T = = thi ty ngp

N

va xa di€n dp theo dang him 6 mi, bién d dinh clia dién dp ra
thip hon V, (hinh 2.26¢).

Néu mach tich phin ¢6 hiing s thiti gian T rat 1dn so v T,
thi w C nap rit chdm nén dién dp ra ¢6 bién do rat thip (hinh
2.26d) nhung dudng tdng gidm dién dp gin nhu dusng thing.

Nhu viy, mach tich phdn n€u chon tri s& RC thich hdp thi ¢o
thé stra dang xung vudng & ng6 vao thanh dang séng tam gidc §
ngd ra. N€u xung vudng ddi xing, xung tam pide ra [ tam gide ¢in,

Trudng hgp tin hi¢u ngd vio 12 mét chudi xung vudng
khdng ddi xdng vai tuy > tu- Trong thoi gian t,, ngd vao ¢6 dién dp
cao nén tu C nap dién. Trong thdi gian tyy ngd vao cd dién dp OV
C xd dién nhung do thdi gian tyy nhd hon t,, nén tu chua xd dién hél
thi lai nap dién ticp lam cho dién dp rén ty td ng din (hinh 2.27).
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Mach di¢n tir - Tip 2 Nguylén Tin Phudc

V(I(l )
&
VP
a) Dang sdng ngo vio
>
Vit
Y ¥
Vo
b) Dang séng ngd ra khi 1 << T;
>

¢) Dang song ngd ra khit=

tn |

d) Dang séng ngé ra khi t>>T;

Hinh 2.26: Diang séng vao vi ra cua
mach tich phin nhin xung vudng.
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Chuong 2 Mach loc

Volt)

hnnnn.

N
RO

Lort

Volt)

P
™

t

Hinh 2.27: Chudi xung vudng vao
c) Mach tich phin RL:

Mach ioc thidp qua ding RL ciing ¢6 thé dung [am mach tich
phin nhu hinh 2.28. L

> OII)] o
vi(t) volt)

1 1

Hinh 2.28: Mach tich phan dung RL
Chéng minh twong t ahy mach tich phin ding RC 1a ¢
di€ndp ra v, () ti 1€ tich phan vdi dién 4p vio v (1) theo thdi gian.
R . R
Tacé: v, (r)=—L- [y, (e)ar (trong 86 hé 551116 & =)
2) Mach vi phan

Theo dinh nghia, mach vi phin 12 mach ¢6 dién ap ngd ra
vo(0) 11 1€ vdi dao ham theo thifi gian c¢lia dién dp ngd vio v,(1).

d ‘o ia
Ta ¢o : vn(z)zk—}—v!(r) (trong d6 k 12 hé sO 018}
it
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Mach dién i - Tap 2 Nguy&n Tan Phuidc

Trong k¥ thudt xung, mach vi phin ¢d tdc dung thu hep dd
rdéng xung tao ra cdc xung nhon dé kich cdc linh kién diéu khicn
hay linh kién c¢Ong sudt khdc nhur thyristor, triac ...

a) Mach vi phdn diang RC:
Mach dién hinh 2.29 chinh 1i mach loc cao qua dung RC.

s e s . , 1
Tan 6 catcia mach loe: f = ,
2nRC

v,
1

Hinh 2.29 : Mach vi phdn RC

Dong dién i{t) qua mz_ich cho ra sy phin dp nhu sau:
vi(t) = ve(t) + V(1)

Xét mach dién & trudng hgp ngudn dién dp vao vi(t) ¢6 tin
sG f; rat thap so vdi tan s& cit fc.

Lic d6: f << f, -l Viddnss nay thi dung khang
2aRC

Xc s€ ¢6 tri 88 rat 16n (vi X . =—1—~u )
2.C

Nhu vdy: R<<X, :L

2aC

Suyra: vr(t) << v () (vidongi(t) qua R va C biing nhau)
hay :  vi(t) = v ()

P3i vai tu C, dién dp trén ty coOn dugce tinh theo céng thitc:
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Churdng 2 Mach loc

vf.(f)z%f) (trong dé q(t) 1a dién tich nap vaoe )

T d6é ta o

dt d  C dt C
hay Ja: f(r):(?de(’)
dt
Pién dp trén dién trd cling 1a dién 4p ra:

v, (f ): Vi (" ): R‘:(! )

v, {t)=R( ()

dt
Bién dp ra chinh 13 vi phin (dao ham) theo thoi gian cha
dién dp vao vdi hé O ti t¢ k 12 k = RC khi tAn 6 f; rd't thip so vdi
fc.

Pi¢u kién clia mach vi phin Ia:

' 1
f, <<t ha <<
‘ Y 7 2aRC
N&éi cdch khic:
1 1 T
RC << — hay TS — =
217, 21, 2n

trong d6: 1 =RC i hiing 58 thdi gian, T; 13 chu k¥.
Trudng hdp di€n dp vao vi(t) 12 tin hiéu hinh sin thi:

vi(1) = Vsino(t)

) d
di€én dpra: volt) = RCd—(Vmsinmt)
t

= oRCV  cosot
= oRCV sin(ot + 90"

Nht vy, n€u thda diéu kién clta mach vi phian nhu trén thi
dién dp ra sdm pha 90" vii bién d6 nhin vdi hé 8 tf 1 12 wRC.
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Mach dién (¥ - Tap 2 Nguyén Tan Phude

b) Pién dp vao la tin hiéu xung vuong:

Khi dién dap vao 1a tin hi€u xung vudng ¢ chu ky T, thi ¢o

th€ xét ti 1& hing s& thdi gian v = RC so vdi T; d€ gidi thich cdc
dang séng ra theo hién tugng nap xd cda tu.

V'l(l) 11

h J

T, . t

a) Dang song ngo vao
Vo(t) 4

~

v

TC

b) Dang song ngd ra khi v = —

Va(t)

v

| V V |
c) Dang séng ngd ra khi 1 <<T,

Hinh 2.30 : Dang s6ng vao va ra cia mach vi
phidn nhin xung vudng.

Gia thi€t dién dp ngd vao la tin hiéu xung vudng ddi xifng
¢6 chu k¥ T; (hinh 2.30a).
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Churing 2 Mach loc

N¢u mach vi phin ¢4 hiing 88 thdi gian 1 = ?' thi tu nap va

xd dién tao dong i(t) qua dién trd R tao ra dién dp gidm theo haim
s0 mi. Khi dién dp ngd vio bing 0V thi diu duong ctia tu ndi mass
vty s€ xd dién dp am rén dién ud R, O ngd ra sé o6 2 Xung ngudc
dau nhau bicn do gidm din (hinh 2.30b),

Nhu vy, n€u thoa diéu kién ciia mach vi phan, mach RC s¢
déi tin hiéu tir xung vuong ddn cue ra 2 xung nhon lu@ing cuc (hinh 2.30¢).

NE&u mach vi phin ¢6 hiing s& thisi gian © rit nhd so vai T, thi
s€ nap v xd dién rit nhanh cho ra 2 xung nguce dde nhung ¢6 do rong
xung rit hep dudge goi 12 xung nhon.

o} Mach vi phdin ditng RL:

Mach loc cao qua ding RL ciing ¢6 thé lam mach vi phan nhu
hinh 2.31.
Ching minh tudng tv nhu mach vi phin ding RC ta ¢6 dién
ap ra v(t) 11 }¢ vi phin vdi dién dp vao vi(t) theo thdi gian.
L dv (1)
dt

Tacd: v ()=

Trong d6, hé sd i 1¢ 1a: k = =

Hinh 2.31: Mach vi phian RL
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Mach dién t¥ - Tip 2 Nguyén Tan Phudc

§2.6- MACH LOC TICH CUC
1) Pai cuong

Mach loc thu déng ¢é nhuge diém 12 tin hiu bi ton hao trén
R nén ddp ing bién do thudng thip va bi 1€ thudc vio phu tai.

B¢ trinh nhude diém cda mach loc thu ddng ngudi ta kel
h¢p mach loe véi linh kién tich cye va dat mach loc RC nim trén
duting hoi i€p d¢ tang hé so truyén dat, ting hé 0 phdm chdt, DE
khong bi 1¢ thude vao phu tdi ngudsi ta ding mach khucch dai dém
dé phdi hap trd khing.

2) Mach loc ha thiong

a) Mach loc ha thong khuéch dai khéng ddo:

Hinh 2.32: Loc ha thong khuéch dai khdng dido

Trong sd d& hinh 2.32, OP-AMP dudc riip ki€u khuéch dai
khong ddo nén ¢é dd khuéch dai dién dp mot chiéu:

4, = R +R,
R,
Mach RC ¢ ngd vao I," 1a mach loc ha thong thy ddng nén
F - - - < ] . . 1
vincotinsdeadt: @ =— v f = -
RC 27R(
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Chudng 2

Mach loc
. v, 1
bap tng tan 6 machloc: 4, ==<L=-——
vV, 1+ joRC
Pdp tng tin sd cla toian mach:
1 R +R,
A= 4,4, = 25

I+ joRC R,

b) Mach loc ha thong khuéch dai ddo:

Trong s¢ dd hinh 2.33, OP-AMP duge rdp ki€u khuéch dai
ddo nén ¢6 dd khu€eh dai dién dp mét chiéu:

R, oo
A ==-— (R, hoitiep Am)
Rl
[ 1
| IC
R, i

Vi =

Hinh 2.33: Mach loc ha thdng khuéch dai dio

Mach héi ti€p Ry//C 1l ngd ra vé ngd I, ¢6 téc dung cla
mach loc ha thong, vi & tin s8 cao Xc ¢6 tri s6 nhd nén midc hdi
tiép am I3n s& lam gidm bién d6 cda tin $8 cao.

Tan s0 ¢it cdia mach loe vin duge tink theo cong thice:

1

. . 1
fo=- , va @ =
2mR,C R,C
PO A A ’:‘) 1
Pdp dng tan $6 cda mach loc: A4, =

Ay

77;_ s JoR,C
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Mach dién t&r - Tap 2 Nguyén Tan Phudc

Bip ting tin sd cita todn mach:

1R
1+ jooRk,C R,

A=A A, =—

3) Mach loc thugng thong

Hinh 2.34: Mach loc thugng thOng tich cuyre

Trong s dd hinh 2,34, OP-AMP dudc rdap kiéu khuéch dai
ddo nén co Ao khuéch dai dién dp mot chiéu:

Mach loc R)-C ¢ ngd viio 1a mach loc thu dong RC nén van
¢d 1dn s8 cdt duge tinh theo cong thife:

—

= Vi @ L
27R,C " RC

£
Biép tng tin s6 cia mach loc:
1

1
1+
JoR,C

+4

A = -I:-’_Q- =
V,

Ddp ifng tan 8 cda toan mach:
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Chudng 2 Mach loc

4) Mach lgc ddi thong

Mach loc ddi thdng tich ce ¢6 thé chon mdt trong hai so dd
sau theo ki€u hai mach ioc ha thong va thugng thdng mdc ndi tiép.
Tan s& trung binh cla mach loc ddi théng vin dude tinh theo
1

cong thire: /= ey

*‘M’,—[lR ;2 |C , —wt |
Vi CI }R—%;V(, Vi ¢l
L [y !

Hinh 2.35: Hai ki¢u loc déi théng

5) Mach loc dai triét

Mach lo¢ ddi triét dp dung mach loc cau T doi két hap OP-
AMP, ¢ mach hdi tié'p duong (hinh 2.36).

i { 1 a3
[ R R
v, VYW VW
1

Hinh 2.36: Mach loc ddi triét tich cuc
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Mach dién ur - Tap 2 Nguyln Tin Phude

Tén s& trung binh ¢da mach loc ddi triét:

. I
1= 27RC

Ly thuyét vé mach lo¢ ¢on rdt nhiéu va rat phite tap. Trong
khudn khé mdt chudng cla gido trinh “Mach dién 1" khong th¢
trinh bay hét duge. G diy chi gidi thiéu nhitng phin thit ¢in bin va
thong dung trén cic mach loc bic 1.
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CHUONG 3
MACH CONG HUGNG

$3.1- LINH KIEN THU PONG TRONG MACH XO0AY CHIEU

Ba linh ki¢n thy dong ¢d bin la R - L - C, khi dp dung vao
dong di¢n xoay chiéu thi quan hé giita dong dién va dién dp trong
mdi linh kié¢n khdng gidng nhau.

Xét dong dién xoay chiéu ¢6: [ =1, sinwt kKhi di qua cac linh
kién trén.

1) Pién trég R
Theo dinh ludt Ohm, di¢n §p trén dién trd:
“vr (ty=R.(1y =R I, sinmt (1}
Nhu viy: di€én dp v vd dong dién i tring pha.
2) CudndayL
Pi¢n dp gidm trén cudn diy:

di(t)
dt

v, =L

£

Thay: i(t) = 1, sinmt vao v roi 14y dao hiim ta co:
vi.=m L [, cos ot = w LI, sin(omt +90) (2)
Nhv vay: dién dp v sdm pha hdn dong dién 1 90"

So sanh hai bicu thdc (1) va (2) ta thiy oL ¢d y nghja nhu R
la sife cdn dién cia cudn diy vi dudge goi 1 cdm khidng X

Taco . Xe=wL=2nfL
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Mach dién wy - Tap 2 Nguyln Tin Phude

3) TudiénC
Pién dp giam trén e dién:

1 e
v, = F{;[f“}d{
Thay: i(t} = L, sinot vao ve roi 13y tich phiin ta ¢6:;

1’ .
v, =— J‘I,” sin ot
|

(. 1
1 ] " r
Voo = —— 1, (~coswt) = —1  sin{an —90") (3)
X (

Nhu viy: dién dp ve tré pha hon dong dién i 90,

. 2 . R ool - -
So sdnh hai bicu thie (1) va (3) ta thdy pve ¢O y nghia nhu
(.
R Ja stre cdn dién cua tn dién va dude goi 1a dung khdang X

1
Tacd: X = L ——

CT e éi_l;‘('

§3.2- MACH Ri.C GHEP NOI TIEP
1) S¢ dé

S N
WY | |
= VR =V, —Z V(=

oo /

Hinh 3.1: Mach RLC néi G€p trong ngudn xoay chidu
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Chuong 3 Mach cdng huding

Trong s¢ d6 hinh 3.1, dong dién i 1a dong dién chung qua ci
ba linh kién.

BPi¢n dp vg, vi. vi ve ¢d gée pha khong triing nhau nhif phin
tich trén nén dé tinh di¢n dp trong mach ngudsi ta phii ding sd phic
hay gidn db veetd.

2) Gidn d6 vecty

|

=l ﬁ. + f

—

Ta cé:

3

Trong do: V, tring pha vai ]

s

V, sémphahon 7 90°

V. tré phahon / 90

} 12 bién d6 hiéu dung clia dién dp ngudn

a} Trudng hop

I/J’ .

>,

&5 o
v Ve VL

%\?

25
Vr
Hinh 3.24: Tam gidc dién dp

&

Khi > V.| dién dp ngudn V sém pha hon dong dién |

I/f.
mot goc ¢ va ¢ 13 goc duong.

7 X

IXI,- Xc

R
Hinh 3.2b: Tam giiic tOng trd

77



Mach dién i — Tip 2 Nguyén Tin Phudc

T phép cdng vectd ba di€n dp Vi, Vi, Ve ta ¢6 dudge tam
gidc dién dp nhu hinh 3.2a. Tuong wf ta ¢6 thé v& duge tam gidc
tong trd nhu hinh 3.2b.

7= R + (X, - XY

X, -X,

Goc @ ¢ gy = 2

b) Truong hop |V, | <V, ]

-
VL

2
N -
\' Ve

Hinh 3.3a: Tam gidc dién dp

Khi |, | <|V,.|: dién dp ngudn V tr& pha hon dong dién I goc
¢ va ¢ la goc am.

TU phép cOng vectd ba di¢n dp Vg, Vi, Ve ta ¢6 duge dién dp
nhtt hinh 3.3a. Tuong tr ta c6 thé v& duge tam gidc tdng trd nhyu

hinh 3.3b.
XL
a|

~F_{[xe

Z Xc
Hinh 3.3b: Tam gidc t8ng trd

‘Z\ = \/R2 +(Xt’ _Xf,)z

X{' -—X,‘

Goce ¢ chd: rgp = 2

7R



Chudng 3 Mach ¢dng hudng

§3.3- MACH CONG HUGNG LC GHEP NOI TIEP
1) Tan sd cong hudng

Mach RLC ghép ndi ti€p nhy hinh 3.1 khi ¢6 didu kién V, =
V¢ hay Xi. = Xe thi goi 13 mach ¢ong hudng.

Khi mach REC cdng hudng, dién dp V va dong dién [ ddng
pha. Tdn 53 cGa dong dién xoay chiéu khi mach cong hudng 13 o
hdy f[].

J diéu kién nay ta ¢6:

1 - hay  2af L= 1

Xe=Xc 5 @,L=—o0 —_—
o, C 2, C

1
Suyra: f, = ! hay @, :—]L_(:T

2rLC

Téng tr& cda mach khi ¢dng hudng:

A=V T <R o xsxo
Gdc 1éch pha ¢ = 0.
Khi cdng hudng, dong dién I qua mach s& c¢6 tri s& cuc dai
Imax V1 lic A6 t8ng trd clia mach 1a cue tiéu Z,,, = R.
V

Ta co: ly=1_ =—
' - R

Khi ¢4ng hudng vin ton tai dién dp V, =V¢ ngugce pha nhau
va ¢6 thé ¢ tri s6 1dn.

Z Xe XL
RE >

Hinh 3.4: Khi X; = X¢ thi
mach c¢dng hudng
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Mach dién 1 — Tap 2 Nguyén Tan Phade

2) Hé sd chon lgc

Trong mach RLC ghép ndi 1i€p, cudn diy L tich trit ning
ludng dudi dang ning lugng or trudng, ty dién C tich rf ndng tugng
dudi dang dién trudng, chi ¢é dién trd R lam gidi han dong dién va
tiéu tan ning lugng.

P& ndéi 1én tinh chon loc tin $6 ciia mach ¢dng hudng ngudi
ta goi hé s3 chon loc clia mach cdng hudng LC ndi tiép 1A 6 s8 cia
X, hay Xcsovdi R d tin sO cOng hudng fo.

Ta c6: Qzﬁzm
R R
X,

Hay: o=SFc_ 1
R 24,RC

Khi dién trd R nhd thi Q 16n, mach ¢6 tinh chon loc thn sd
cing cao, dudng ddp (ng tan s& cia mach ¢dng hudng cing nhon.

3) Bo rong bang thong

O 1dn sd cong hudng fo= _dong dién qua mach

1
2nyLC

RLC ¢ tri s& cue dai (dinh):

Theo dinh nghia, tin s cdt 1a tin s& ¢ ddp tng bién do:
A =0,707

Trén ddp tng tin s& ctia mach ¢dng hudng, vé duiing thing
song song {ryc hoanh & tri s0: 1 = 0,707.1; sé cit dudng ¢Ong hudng
& hai tin sd fey v fe hai bén tin s8 cOng hudng f, (hinh 3.5).

Khoidng cich gitta fo) va {e2 1a bing thong cia mach ¢dng
hudng ky hiéu td B (Bandwidth) duge tinh theo ¢Ong thifc:
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Chuong 3 Mach chng hudng

p=tv

0

IU
0,707 1y

v

fcr to 1cz

Hinh 3.5: Bing thong ¢lta mach
céng hudng

$3.4- MACH RLC GHEP SONG SONG
1) So dé

Hinh 3.6: Mach RLC ghép song song trong
ngudn xoay chiéu

Trong s¢ d6 hinh 3.6, V 1a dién dp xoay chiu chung trén c
ba linh kién. '

—

Dong dién 7, ~1, -1 ¢6 g6c pha khong tring nhau nén dé
tinh dong dién tong trong mach ngwivi 1a cling phai dung s6 phitc
hay ding gidn déd vecto.
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Mach dién tr — Tap 2 Nguy&n Tan Phudc

2) Gian db vectd

Ta ¢ ?:H+Z+Z

l

Trong dé: 1, tring pha vdi v

B

/

-

ré pha hon ¥ 90°

1, sdm pha hon v o90°
¥ 11 bién d6 hiéu dung ciia dién 4p ngudn
I 1a dong dién hiéu dung tif ngudn cip

a) Truomg hop |1, > \]E.W

—
Ik —
—_3 Y

Q

T p|-
ICT IL
Hinh 3.74: Tam gidc dong dién

Khi |7, >!,| thi dong dién I do ngudn cung ¢ap sé& tré pha hon
V g6c ¢ va ¢ 1d goe dm.
Tir phép cdng vects ba dong dién Ig 1), I ta ¢ dude tam gidc

dong dién nhu hinh 3.7a.

Trong mach RLC song song ngutdi ta khong thé vé tam gidc
tdng trd nén phdi dung khdi niém tong din 1a nghich dio cla tdng
trd.

V V V
Ta ¢d: ]REE [, =— I. =




Chuung 3 Mach cong hirdng

Suy ra: 1=V L+T];,_+;
R X,

A WL
Xe Xy,

Hinh 3.7b: Tam gidc tOng din

Tong din Y dugce tinh theo cdng thifc:

== () ()

l .- 1 .
X X,
Gaoc 1éch @ ¢d6: tgp = _.._f-l_f
R
b} Truong hop |1, ] <1, ]
—

Hinh 3.8a: Tam gidc dong dién
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Mach di¢n u¥ — Tap 2 Nguyén Tan Phude

Khi |7, <|7,] Icithi dong dién T do ngudn cung cip s& sém
pha hon V gdc ¢ va ¢ 1 géc duong.

Tit phép cOng vectd ba dong dién Iy, I, Ic ta ¢d duge tam gidc
dong dién nhu hinh 3.8a.

Tuong 1y ta cling ¢6 tam gide tSng dan.

V . J/}
Tacd: I,=— I, = d f.o=—
R X, X,
Suyra:?:? —L+—~i—.+;
R X, X,
= I1=VY vdi: ¥ = é+:]_.—+—}— =;
R X, X, Z
—> —
Y L
Xc
—
1
Xy,

Hinh 3.8b: Tam gidc tong dan

Téng din Y dudgc tinh theo cong thic:

, il‘ \/(1]3 [1 1}3
V=5l=di5 ]| *| =5
1zl W®) Ty X

I3

1 1

X, X,
g = -

Goc Iéch @ ¢
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Chuoang 3 Mach ¢ong hudng

§3.5- MACH CONG HUGNG LC GHEP SONG SONG
1) Tan s& cong hudng

Mach RLC song song (hinh 3.6) khi ¢6 diéu kién I, = Ic hay
— = —g— thi goi la mach cOng hudng.
IR ry

Khi mach RLC cdng hudng, dong dién 1 va dién dp V dong
pha. Tdn s3 clia dong dién xoay chiéu khi mach cdng hudng 1a o,
hay fu

G diéu kién nay ta ¢6:

1 1 1

S
X, X. 4L o€
Suyra: f = ! hay o, = 1
2rLC NLC

Tdng din cda mach khi cong hudng:

()

Goc léchphaog=0

Khi cong hwdng, t8ng din cda mach nhd nhit nén tong trg
ctia mach Idn nhat,
1 1
Y| = _l=— = Z=R
Zi R
Lic d6, dong dién I do ngudn cung cdp cho mach s& ¢6 gla
tri cuc ti€u Ln.

Il

Ta c6: I, =1

min

v
R



Mach dién 1§ — Tép 2 Nguyén Tan Phudc

Khi cong hudng vin t6n tai dong dién Ic vd 1| ngudc pha
nhau va ¢ thé ¢ tri s& 1dn,

R "
¢ -
y ||
Xc XL

Hinh 3.9: Khi }1—— =1 ihi mach cong hudng
I ¢
2) Hé s6 chon loc
Trong thyc 1€, mach cOng hudng chi cé L va C.

Trong mach cdng hudng LC ghép ndi ti€p, dién trd R chinh
1 dién trd chia ddy quan cudn L. Trong mach c¢Ong hudng LC ghép
song song, dién trd clia ddy quin cudn L s& dudce quy ddi ra dién trd
song song nhu hinh 3.10a va 3.10b.

¢ I

Hinh 3.10a: Mach L.C song song

ST

Hinh 3.10b: Mach tudng dudng cia LC song song

30



Chuong 3 | Mach cdng hudng

bién rd Ry cda cufn diy L duge quy ddi ra Ry theo cong
thite:
X 2 2
R!' — I — R{ — X.f,
R, - FTR,

Heé sd chon loc cda mach LC song song ciing dudc tinh then
cOng thuc:

R, R, TR,
R, R,
Suy ra: Q=L =1
X, 2L
R,
Hay: Q:X—’=27;fuR,,C'

e

Khi di€n trd Ry nhd thi Rp Idn nén Q 18n, mach ¢6 tinh chon
loc tn 5§ cang cao, dudng ddp ting tan s cda mach chng hudng
cang nhon.

3) B¢ réong biang thong
G tin s§ cong huéng 7 = . .dong dién [ qua mach

2rN LC
V

6 gid tri cue i€u: [ =1 = =

Biéu nay dwge hidu 1a dong dién Ly, s& khong tao gidm 4p
Idn trén ndi trd cha ngudn nén dién dp c6 duge trén mach LC sé ¢6
gid tri cvc dai nhu hinh 3.1ta va 3.11b.

Xét ddp iing tin s6 Vi ¢/ f (hinh 3.11b).
Theo dinh nghia tan s& cdt 1a tin s§ ¢6 ddp tng bién do:

A =10,707.
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Mach dién tr - Tap 2 Nguyén Tan Phudc

Trén ddp ing tan s6 hinh 3.11b, vé dudng thing song song
true hoanh § tri $8: V = 0,707 Vi ey 88 ¢t duding cong hudng J hai
tdn s8 fey va fep hai bén tin sd cong hudng th,.

Khodng cdch giita fo; va fc; 12 bang thong ¢ida mach cong
hudng LC song song va cling dudc tinh theo ¢Ong thite:

p=lo
o
I
¥ |8
To b

: Imin .
: > |
1'(].

Hinh 3.1ia: Pdp dng tin sd I/ f

>

ter fo fe2

Hinh 3.11b: Pdp ting tAn s V o/
§3.0- T6NG KﬁfT Vﬁl MACH CONG HU6NG

Mach cOng hudng LC ndi ti€p vd LC song song déu ¢6
chung cdng thifc tinh tin s6 cong hudng:

8%



Chudng 3 Mach cong hudng

. 1 1
fo = —— o, = ——
°2aLC " JIc
Hé sd chon loc: Q= X _Xe
R, R,
D0 rong biang thong: B = faﬂ

G tin s cong hudng, cdc thong 6 k§ thudt cda hai mach ¢6
g1d tr1 khdc nhau nhu bing sau:

Pic tinh
k¥ thudt

Cong hudng LC
ndi ti€p

Cong hudng LC
song song

Tong G

Cuc tidu Zmin =R =R

Cyc dai Zn.« =R =P,

bidp dng I
tin s&
I/t

I{] = Imax I

bdp ung
tin sO
Vicf f

Nhin xét:

-Hai mach céng hudng LC ndi ti€p va song song déu ¢6 tdce
dung chon loc tan s& dai hep.
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Mach dién 1y~ Tap 2 Nguyén Tan Phude

-Khi ¢dn 18y dong dién cda tin hiu & tdn s& cAn chon thi
ding mach LC ndi tiép vi d £, s& ¢6 dong:
%
[U = J{Imaw ZE
-Khi can 13y dién dp cta tin hiéu & tdn s3 ¢in chon th ding
mach LC song song vi ¢ f, sé& ¢d dong:

V
][l = ]mln =
R,

nén dlén ?:lp VL(‘ G f() la Vy =Vmux-

Y}



CHUONG 4
MACH DAO PONG HINH SIN

§4.1- PAI CUONG

Trong linh vue dién - dién t, dong dién xoay chiu hinh sin
rat quan trong vi nhitng dic tinh riéng cta né nhu:

- ddng dién hinh sin dé phat sinh.

- cdce dong dién xoay chiéu khdc ¢é tinh tudn hoan déu ¢é
thé phén tich ra mot chudi cdc tin hi¢u hinh sin. Piéu nay thuin lgi
cho viéc phin tich, tinh todn nhd ¢6 nhiéu cong cu todn hoc.

- dong dién hinh sin thudng dude diing dé khdo sdt dic tinh
- k¥ thudt ¢tia cdc mach dién tit nhu mach loc, mach khuéch dai ...

Mach dao dong dudge hi€u ld mdt mach khuéch dai nhung
khong ¢o tin hi€u vao ma né tu tao ra tin hi¢u,

Mach dao dfng xung vudng nhd hién twgng nap xa cia mach
RC két hdp trang thdi bio hda v ngung din ¢ia linh kién tich cue.

Mach dao ddng hinh sin duta trén hién tugng ¢ong hudng cla
mach LC k€t hgp véi mach khuéch dai hdi tiép d€ 1ao tin hiéu.

P& ¢6 tin hiéu hinh sin ra, mach khuéch dai héi tiép phii
théa di€u kién sau:

DU Vi . ) v
Vi —>@ > khuéch dai > Oy
)
DU - — Vo
hdi ti€p dudng |

Hinh 4.1: Mach khu&ch dai hbi tiép

lj'



Mach dién 14 - Tap 2 Nguy&n Tan Phude

+ Xét rieng mach khuéch dai ¢6 tin hiéu vao v, tin hiéu ra
vo. B9 khu€ch dai vong hd clia mach khuéch dai:

vrl
Am = ? = v, =v, 4,

+ Xét riéng mach héi ti€p dudng: tin hidu vao 1a v,, tin hiéu
ra vr. Hé s& hdi ti€p hay do 1di clia mach hdi tiép:

b=— = v, =hv,

Do ¢6 hdi ti€p duong nén v, vi vy ciing pha. Tin hi¢u v, chinh
13 tdng clia v, va vy.

Tacod: vi=vi+v; = V= V-V
+Xét mach khuéch dai ¢6 hdi ti€p duong (dudng i nét) bao
gom cd mach khuéch dai va mach hdi ti€p duong. Tin hi¢u ngd vio

A v, tin hiéu ra 1a v,. P& khuéch dai cda toan mach goi 1a do
khu€ch dai hoi tép:

v, A v Ao

v —bv, v —byv A

A

i+
i}
Bon gidn tdt ca cho vita co:

Ai'“
1-b.4,,

¥

Do ddy 1a mach khuéch dai ddng pha nén b va Ayg c6 tri s
dudng nén b.Avg cling ¢6 tri s6 duong,
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Chuuny 4 Mach dao ddng hinh sin

Tich 83 b.Ayo chinh 13 tich s6 ¢la hai do 1gi, A6 Igi vong ha
cia mach khu€ch dai va dé Igi clia mach hdi tiép. Tich s& b.Aye
con duge goi 1a do 1gi vong (loop gain).

Khi d8 lgi vong b.Avo = | hay | — b.Ayg = 0 thi:
A

i}

A, =

Ldc d6 mach ¢6 do khu€ch dai vo cling 1dn va mach sé dao
dong, mach & ty tao ra tin hi€éu ma khong cin tin hiéu vio v,

+ Diéu kién cla mach dao dong 12
o 43 131 vOng b.Avg = |

43 1 pha clia toan mach 13 0 dé ¢o héi ti€p dudng.

§4.2- MACH DAO PONG HINH SIN DUNG RC
1) Mach dao déng sém pha (hinh 4.2)

Trong sd d6 hinh 4.2, transistor duge rip kiéu E chung nén
13 mach khu€ch dai ddo pha 180°. Mach hdi tiép tir cue C vé cue B
gdm ba mach loc RC loai loc thugng thong, O ddy mach loc RC
dude ¢hon tri $6 sao cho mdi mach 1am sdm pha 60" (tinh chit clia
mach vi phin). Nhu vily, qua ba mach loc RC sé& 1am sdm pha 180",
Tin hicu tir cye C qua mach hdi tiép sé& tring pha vdi tin hidu vio
cye B, tao thanh hdi tiép duong.

PE ¢6 do 16i vong b.Avo = 1, ngudi ta ¢6 thé thay dét tri 50
di¢n rd Rp d€ ¢6 do khuéch dai dién dp cda transistor thich hap.

Mach loc RC thd ba trén dutng hdi ti€p ¢6 ty C k&t hop vdi
di¢n trd R chinh 1a mach wong duong cia Ry, /#/ Rys // t; ¢Ga mach
khuéch dai T). Do tri 53 cha ba dién trd nay song song nhau ¢é gid
tri nho nén phdi ghép ndi tiép thém Ry dé ¢4 gid trj chung bling cic
dién trd R phia trudc.
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Mach di¢n ti - Tip 2 Neuyén Tan Phude

—
Vo
L

Hinh 4.2: Mach dao ddng sdm pha

Tian s6 dao ddng ctia mach duge tinh theo cong thite:

1

27RC 6+ 4 Re
R

Transistor T2 13 mach khuéch dai dém rdp kidu C chung, ¢6
tic dung lam gidm tdng trd ra cda mach, dung hdp vdi tdng trd clia
tdi thuding ¢o tri s nhé va khong 1am dnh hudng dén mach dao
déng dung transistor T.

I, =

2) Mach dao dong tré pha (hinh 4.3)

Trong s¢ dO hinh 4.3, transistor T; 12 mach khuéch dai dém
rdp ki¢u C chung d€ ¢d 16ng trd vao Ién ¢6 tin hiéu vao va ra dong
pha.

Transistor T, rap ki€u E chung 13 mach khuéch dai dio pha.
Tin hi€u vao cye By va tin hiéu ra d cye C; 1a hat tin hiéu ddo pha.

Mach hdi tiép tir cye Cy vé cue By gbm ba mach loc RC loai
loc ha thong. G diy mach loc RC duge chon tri s8 sao cho mdi
mach 1lam ¢ pha 60" (tinh chat ctia mach tich phin). Nhu vy, qua
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Mach dao dong hinh sin

Chuunyg 4

ba mach loc RC s& lam tré pha 180", Tin hiéu hdi tiép ti¥ cue C; vé
cuc By s& tring pha vdi tin hiéu vao & cyc B, tao thinh hdi tiép

dudng,
+Veo
T

1.
1

||!—-=<=!l

EEE)
[ 11 Lo

Hinh 4.3: Mach dao dong tré pha

ull——ww——'ww—
@
A

Tan s0 dao dong cda mach dugce tinh theo cong thic:

6

1= R

3) Mach dao dong diing ciu Wien
a) Mach loc ding ciau Wien: (hinh 4.4)
R ¢ 12
ARAA % FTT,
Vi Yo
1 N CI L

Hinh 4.4: Mach fo¢ ciu Wien

:
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Mach dién tf - Tap 2 Neuyén Tan Phudc

Trong so d6 hinh 4.4 chia ra hai cp linh kién, dién trd R ndi
ti€p véi tu C ¢6 tdng trd chung 12 Z1, dién trd R song song vdi tu C
¢6 t6ng trd chung 1a Z2.

Ta co: Zh =R+ X¢
RX.

7, = e

TR+ X,

Hai 18ng trd Zy v2 Z, tao thinh ciu phan dp cho ra dién dp
tin hiéu v, tinh theo ¢dng thifc: '
Z,
vu = vJ e —
Zi+Z,

Nhin xét:

- Khi ¢6 tan s6 £ thip — 0 thi X¢ & « nén t6ng ird Z, >,
dién dp ra v, bi gidm rat nho.

- Khi ¢6 tin 8 f cao — « thi Xc — 0 nén tdng trd Z,—0,
dién dp ra v, ciing bi giam rat nhd.

Biing phudng phdp phin tich va tinh todn nhu phin mach
loe, ngudi ta chiimg minh ring tin 6 ¢6 bién do dién dp v, ra Idn

nhit la:

1
2aRC

t.=

. s e R
Otinsdfy:  Z, =v2R vd Z,=—

Np)

] s pia aa :
= Vo= 14 hien dd ra cyc dai.

b) Mach dao dOng ciu Wien: (hinh 4.5)

Hai transistor T, vd T, déu rdp kiéu E chung nén la mach
khu€ch dai ddo pha. Tin hiéu viio cufe By va ra cye Cp $& 13 hai tin
hiéu dong pha dé 1ao hdi tiép dudng.

96



Chudng 4 Mach dao déng hinh sin

T,
i
®  ®

Hinh 4.5: Mach dao ddng hinh sin diing cdu Wien

Z: 72

~
|
ES

— AW — W —

||[»—-°<l

III—W?;\«—
™
I

Mach héi ti€p 1Y cuc C; vé cue By 12 mach ciu Wien dé
chon loc tan s6-

, i
fo = 27RC

Theo phin tich trén, mach ciu Wien ¢é 46 1gi hdi ti&p:

h =~ = v o=y

3 [ 3 ¢
Theo di€u ki¢n cda mach dao déng phii ¢6 d6 1¢i vong:

b‘A\a'i]. =1

Do h= &n chi ¢dn ¢S Avp = 3 thi di d€ cho mach dao

Led | —

ddng dude. Avg 1a d6 khu€ch dai cia T, va T,.
4) Mach dao déng cau T doi
a) Mach loc cdu T doi: (hinh 4.6)

Theo nguyén 1y cda mach loc, mach loc (1) 1d mach loc ha
théng, mach loc (2) la mach loc thugng thong.
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R R

AW AW o

v; |(D fzc Vo

L]l ¢ ™ ¢ |1
St
R/2

Hinh 4.6: Mach loc cau T doi

Nbhu viy, tin hiéu tdn sd thdp va tin higu tan sd cao déu cé
bién dd ra 18n. Tin hiéu cé bién d6 ra nhd nhat duge tinh theo ¢ong

1
thuc: =
/, 27RC

b) Mach dao dong cau T dbi:
+Vcc
T

||I—- §

Hinh 4.7: Mach dao dong cau T ddi
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Chuong 4 Muach dao ddng hinh sin

Trong sd dd hinh 4.7, transistor T, rdp ki€u E chung khué&ch
dai ddo pha, transistor Ty rdp ki€u C chung nén khuéch dai ddng
pha. Do d¢, tin hi€u vio cuc By va tin hiéu ra & cuce E; 1a hai tin
hi¢u dao pha.

Mach loc cdu T dbi trong sd d6 nay 1a mach hdi ti€p Am tir
cue Bz vé cye By, Cdc tin hiu ¢d tin s cao va tin s& thap hon f,
déu duge hdi ti€p am vé cye By nén cic tin hiéu nay s& bi loai bd &
ngd ra. Riéng tin hiéu f, bi mach loc cdu T d6i gidm bién d6 nén
khdng dude hot ti€p am s& duge khuéch dai va ¢6 bién d6 ra 1dn
nhat.

Cédc mach dao ddng RC trén thudng chi thich hgp cho céc tin
hiéu hinh sin tan s§ thip, tr vai chuc Hz dé€n vai chuc kHz. P& tao
dao ddng hinh sin & tin G cao ngudi ta thudng ding mach dao ddng
cOng hudng LC.

$4.3- MACH DAO PONG CONG HUGNG
1) Mach dao déng cdng huéng LC ¢d bin

+Vcce
T

Hinh 4.8: Mach dao ddng cOng hudng L.C song song
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Mach dién tr - Tap 2 Nguyé&n Tin Phude

Nhu di bi¢t, mach ¢ong hudng LC ¢6 tinh dao dong. Khi
duge ¢dp ngudn, tu C nap v xd qua cudn L, cudn L nap s& xi
ngude lai qua tu va hién tugng €p tuc. Do ning lugng bi tiéu hao
qua di¢n trd cda cudn diy nén tin hiéu dao ddng bi tdt din. Mudn
dao ddng duge duy tri phdi ¢6 mach hdi u€p duong,

Tan s§ dao ddng chinh 1A tAn s ¢ta mach ¢ong hudng LC
ghép song song theo cony thive:

l

2y LC

Trong sd dd hink 4.8, mach LC song song & cwe C d€ chon
1in s0 cong hudng ¢ ngd ra. Hai cudn diy duge ghép hd cim theo
nguyén 1y cda bi€n dp va hai cudn ddy duge quian nguge chidu diu
cudi dé 1a0 hdi ti€p duwing theo didu kién cta mach dao dong.

!, =

Dao ding s€ phat sinh va duy tri khi d0 14i vong b.Avg = 1.

Khi mach dao ddng, dién dp dm s& xuit hién & diu trén el
ty Cp v lam dién dp Vg gidm nhd hon Vi, transistor s& hoat dong &
hang C.

2) Dao dong Hartley

Mach dao dong Hartley con goi [a mach dao dong ba diém
dién ¢dm ¢6 sd dd nhu hinh 4.9,

Transistor dude rdp cue E chung nén ¢d tin hiéu vao cuyc B
va tin hi¢u ra @ cue C 1a hai tin hi€u ddo pha nhau. Mach LC song
song 12 mach ¢dng hudng d€ chon tan s& dao ddng trong do:

L=L;+L;+2M L) - Ly hé 80t cadm
M: hé s hd cdm

1
2 LC

Tin s6 dao dong 1a: [, =
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Chuung 4 Mach dao déng hinh sin

bidu ki¢n phidt sinh dao donyg:

i
/f o h){i.i

L, +M

1
A
Hinh 4.9: Mach dao ddng Hartley

3 tin 6 dao dong fy mach LC ¢6 tdng trd cure dai nén dién
dp cla tin hidu fy ¢6 tri 6 16n nhit sé duge dua vio cue B cla
transistor d¢ khu&ch dai.

Nhd cudn day L ¢6 diém giita ndi mass nén tin hi¢u ra trén
cue C qua dudng hdi ticp vé cuc B 1a mach LC song song s¢ tao lai
tin hiéu ddng pha vdi tin higu & ngd vao dé ¢6 hoi ti€p duong theo
diéu kién cvua mach dao ddng.

Cudn ddy L gom hai phin Ly va Ly o6 diém giia ndi mass
nén mach duge goi 1d mach dao dong ba di¢m dién c¢im.
Tu CE 3 tu phiin dong d€ loc tin hiéu wén cuc E, bod tdc

dung hdi llt,p adm cda Re. Cdcw C, - C, — Cs la w lién lac thuting
cG tri 80 khd 1dn so véi w C.
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Mach ditn tr - Tip 2 Nguyén Tan Phudc

3) Dao dong Colpitts

Mach dao ddng Colpitts ¢on goi 1a mach dao ddng ba diém
dién dung ¢ s dd nhu hinh 4,10,

Trong mach dao dong Colpitts, transistor rdp kiéu E chung [a
mach khu€ch dai ddo, mach LC song song 14 mach ¢dng hudng dé
chon tdn s dao ddng, trong d6, w1 C ¢d dién dung twong duong dién
dung ty C, va C, ghép ndi iép.

Tin s8 dao ddng:

1 C.C,

= \r"(ji: (1 = ; =
27LC C, +C,

]

Mach dao ddng Colpitts ¢ nguyén ly tudng e mach dao
dong Hartley nhung thay hai cudn diy Ly — L, no1 tiép bing hai w
C, ~ C, 81 1iép d€ ¢6 diém gilta mach ¢dng hudng ndi mass. Nhd
d6, mach LC song song ¢4 hai tin hiéu & hai ddu 1a hai tin hi¢u ddo
pha nén tao ra hdi i€p dudng theo diéu kién cda mach dao dong.

. C
Piéu kién phiit sinh dao dong 1 g >= EJ

2

+VYcc

A C
13
C1=
L c .
i
\V/ b

Hinh 4.10: Mach dac d6ng ki€u Colpitts
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Chugng 4 Mach dao ddng hinh sin

§4.4- BO DAO PONG THACH ANH
1) Mach tuong duong vé hiéu ing #p dién ciia thach anh

Tinh thé thach anh 13 loai dd trong m& ¢6 ¢Au tao sdu mat
va ¢6 hai thap & hai diu (hinh 4.11a).

Ngudi ta cit tinh thé thach anh theo mdt phuong vi gde xdc
dinh theo dang tron, dang vudng dai hay dang thanh ... Dién tich caa
kit thach anh khodng vai cm® v bé diy rit méng khodng vai mm.
Hai mit lat thach anh duge mai that phding, ma 1€n 1dp kim loai
thitding 13 bac va ndira cde dién cye. Cudi ciing Lt thach anh duce
bo trong hdp ¢6 chifa bdt cdch dign va dude noi ra hai chan (hinh
4.11b vd 4.11c¢). Tinh thé thach anh ¢6 ky hi¢u nhu hinh 4.1 1d.

ma bac '

> =
|

Hinh 4.11a: Hinh 4.11b: Hinh 4.11c¢: Hinh 4.11d:
Tinh thé Cau tuo Hinh ddng Ky hiéu

Tinh thé thach anh ¢6 dic tinh 13 khi bi kich thich b3t mot
lue €p cd hoc thi thach anh s¢ phét ra dién trudng, giita hai bdn cyc
$& xudt hién mot dién dp go1 la hi¢u Wng dp dién. Ngudc lai, khi
kich thich tinh th€ thach anh bing ngudn dién AC, tinh thé thach
anh s€ rung 3 tan s khdng ddi va hién tudng rung nay giy ra hiéu
Ung dp di¢n, thach anh lai phdt ra dién trudng va cho ra tin hiéu
xoay chiéu ¢6 tn s khong doi.

Tinh thé thach anh ¢6 mach twang dudng va dic tinh 1d
khdang nhu hinh 4.12a v 4.12b.
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XL 4
*Cam
Rs -
:||: Cp
lJS
:’_ Cs

Hinh 4.12a: Mach tudng dusng Hinh 4.12b: Dic tinh trd khdng

Cdc thdng s§ cda tinh thé thach anh ¢6 tri & thy thude mit
¢t thudng trong khodng:

Rs = vai chuc €2 + vii kG2
Ls = vai chuc mH + vai ngan mH
Cs = nhd han 1pF
Cp = vii pF + vai chuc pF
Tinh thé thach anh ¢Ong huBng & hai 1An s& khdc nhau.
- cHng hudng ndi tiép ¢ tn 8 fsdo Ls v Cs theo c¢ong thie:
1

Js = 2L C,

- ¢dng hudng song song & tin s8 fp do Ls vd Cs (Cs song
song Cp) theo cong thie:

1

fy = -
27 L. GG
Co+C,
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Chuunyg 4 Mach dao déng hinh sin

Do Cp >> Cs nén: (7 =C

Nhu vy fs va fp ¢6 tri s6 gan biing nhau.

Thach anh ¢on ¢ Xi, >>» Rg vt X¢, »> R nén dao ddng
thach anh ¢6 hé & phim chit Q rit Ién. Diéu ndy ¢6 nghia 1 tinh
thé thach anh trong mach dao dong ¢6 do én dinh tdn &§ rit Lin
khodng vai trim ngan.

Cdc thong 4 cta tinh thé thach anh rit it thay dditheo nhiét
do va thdi gian nén thudng duge diing trong ¢dc mach dao ddng cin
33 6n dinh tan so cao.

Bd dao dong thach anh ¢6 thé cho mach dao dong d tin 56
fs, lic do trd khidng cong hudng Z — 0Q. Naurde lai cling ¢6 the cho
mach dao dong 3 tin sO tp, lde d6 rd khdng cong hudng Z — o« Q.
Nhu vy, b6 dao dong thach anh dudge chia ra hai loat 1a dao ddng
ndi tEp v dao ddng song song.

2) B§ dao ddng thach anh ndi ti€p

Trong s¢ dd 4.13, thach anh X nhu 13 mach ¢dng hudng LC
ghép ndi ticp k€t hop vdi hai g C; = C; dé tao tin hiéu ddo pha.
Nguyén Iy nhu mach dao ddng Colpitts (dao ddng ba di€m dién dung).

+Vcc

A A AF—

ez B %

\v
Hinh 4.13: Dao ddng thach unh Colpitts ¢ii ti€n
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Mach di¢n ttr - Tip 2 Nguyén Tin Phudc

Thach anh X nim trén dusng hdi tiép ¥ cue C vé cuce B nén
chi ¢6 tin hiéu & tdn s cong hudng duye hdi tiép d€ tao dao dong
ra ¢ tin s0 nay.

+Vcc
?

L J

@ Vo
l

C2
I_L I
Sl
X

Hinh 4.14: Thach anh néi ti€p trén duting hdi tiép

Trong mach dién hinh 4.14, thach anh X niim trén dudng hdi
E€p tif cyfe Cy vé cye By, nhu mach cdng hudng LC ghép ndi tidp.
Nhd hai transistor 13 mach khuéch dai ddo ghép lién ti€p nhau nén
tin hi¢u vao cye B va tin hi€u ra & cye C2 12 hai tin hiéu ddng pha,
mach héi GEp 1a Toai héi iép duong dé€ 1ao dao dong & tin s§ cong
hudng fs cda thych anh X. Hai tu C) va Cy 12 tu lién lac d€ cdch ly
dién dp mot chidu gifta hai tang,

3} B§ dao dong thach anh song song

Trong mach dién hinh 4.15, thach anh X nhu mach ¢dng
hudng song song & ngd ra d€ chon tén s3. Tan s§ cong hudng chinh
1a tin s& fp cGa thach anh.
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Chudng 4 Mach dao ddng hinh sin

+Vcc

A .Cl
K, lCl Vo
X

Cs

——
S

i
Il

Hinh 4.15: Dao ddng thach anh song song 3 ngd ra

P& tao hdi G4dp, hai tu €, va C, 1a c¢iu phian dp xoay chiéu
18y tin hiéu ra ¢ cwe C hdi tiép vé cure E. Nhy vy, transistor dugc
rip kidu B chung nén 1d mach khuéch dai ddng pha. Tin hi¢u vio
cue E va tin hicu ra & cue € 13 hai tin hiéu ddng pha nén mach hdi
ti&p nhdt ¢du phin dp C; - C» 12 mach hdi ti€p dudng dding theo dicu
kién ctia mach dao dong.

Thue chidt mach dao ddng nay cling 1& mach dao ddng
Colpitts ¢ii ti€n (Joai mach ba diém di¢n dung).

Hién nay dao dong thach anh dude itng dung rat rong rii
trén cde thi€t bi dién wf dan dung hay chuyén diing nhd do 6n dinh
tin s& rat 1dn. Tuy nhién, thach anh chi duge ché tao ¢6 tdn s§ dao
dong tir 100kH7 trés 1¢n, & tin s& thdp rdt kho ¢hé o vi cdn thach
anh ¢¢ kich thude Lidn.
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CHUQONG 5
VI MACH DINH THI 555

§5.1- PAT CUGQNG

Vi mach dinh thi 555 vi ho cla né dude ing dung rat rong
rii Imng7 [inh vye digén tir dan dung cling nhv dién cong nghiép,
vi n€u k&t hygp vai cde tinh kién RC i bén ngoai mt ¢dch thich
hdp thi no ¢6 thé thute hién nhiéu chie nang nhu dinh thi, tao xung
chudn, tao tin hi¢u kich hay diéu khi€n cdc linh kién bdn din cong
sudt nhu transistor, SCR, Triac ..

Trong chudng nay sé& gidi thiéu ciu nic, nguyén ly caa IC

355 va cde dng dung cd bdn clia n6, ddng thisi gidi thiéu cdc kidu
giuo ti€p vdi tdi & ngd ra.

$5.2- S0 PO CHAN VA CAU TRUC

8 7
|
Hinh 5.1: Cdch ra chin
) NE 555 ¢clu IC 555
1Tl
1 3

Vi mych 555 dude ché tao thong dung nhit 13 dang vé plastic
nhit hinh vé 5.1,

Chin 1: GND (ndi dit)

Chin 2: Trigger Input (ngd vao xung ndy)
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Chuung 5 Vi mach dinh 1hi 555

Chén 3: Output (ngd ra)

Chén 4: Reset (hdi phue)

Chin 5: Control Voltage(dién dp diéu khién)
Chdn 6: Threshold (thém - ngudng)

Chan 7: Dircharge (x4 dién)

Chin 8: +Vcc (nguon dudng)

Bén trong vi mach 555 ¢ han 20 transistor vi nhidu dién o
thye hi€n cdc chife niing nhir trong hinh 5.2 gdm ¢6:

1) Ciu phin dp gom ba dién trd Sk néi tir ngudn +Vee Xxudng
mass cho ra hai dién dp chuin 1a 1/3Vee va 2/3Vee .

2) OP-AMP (1} 13 mach khu€ch dai so sdnh ¢6 ngd I, nhin
dién dp chuin 2/3Vee con ngo L,* thi ndira ngoai chin 6. Toy thudc
dién dp cda chin 6 5o vdi dién dp chuin 2/3Ved ma OP-AMP (1) ¢6
dién dp ra mufc cao hay thip dé [am tin hicu R (Reset) diéu khién
Flip-Flop (F/F).

3) OP-AMP (2) 1a mach khuéch dai so sinh ngd 1" nhdn dién
dp chudn 1/3 Voo ¢odn ngd 1, thi ndi ra ngodi chan 2. Tay thude
dién dp chin 2 so vdi dién dp chudn 1/3Vee md OP-AMP (2) ¢6
dién dp ra mute cao hay thip dé lam tin hiéu S (Set) didu khién
Flip-Flop (F/F).

4) Mach Flip -Flop (F/F) 1a loai mach ludng du kich magt bén,
Khi chin Set (S) ¢d di¢n dp cao thi dién dp nay kich d3i trang thii
F/F lam ngd Q [én mdc cao va ngd @ xudng muc thip. Khi ngd Set
dang ¢ mdc cao xudng thip thi mach F/F khong ddi trang thii. Khi
chin Reset (R) ¢6 di¢n dp cao thi dién dp nay kich ddi trang théi
cia F/F lam ngo E_) I&én muc cao v ngd Q xudng muc thip. Khi ngd
Reset dang ¢ muic cao xudng thdp thi mach F/F khong ddi trang
thdi,
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Mach dién tir - TAp 2 Nguyén Tan Phudc

5) Me_lch QUTPUT Ia mach khuéch dai ngd ra d€ ting dd
khuéch dai dong ¢dp cho tdi. Py 12 mach khuéch dai ddo ¢o ngd
vio 1d chin @ cia F/F nén khi O & mic cao thl ngd ra chan 3 clia
IC s& ¢o dién dp thip (= 0V) vi ngudgc lai khi é ¢ mitc thap thi ngd

ra chin 3 cua IC sé€ ¢6 dién ap cao (= Veo ).

6) Transistor Ty ¢d chin E nGi vio mdt dién dp chudn khodng
1,4V vi loai PNP nén khi cue B néi ra ngoai bdi chin 4 ¢6 dién dp
cao hon 1,4V thi T, ngung diin, T; khong dnh hudng dén hoat dong
ctia mach, khi chin 4 ¢6 dién trd tri s6 nhé thich hgp ndi mass thi T,
din bio hda dong thai lam mach OUTPUT ciing dan bao hoa, ngd
ra xudng thip. Chin 4 duge goi 1a chin Reset nghia 13 né Reset IC
555 bt chdp tinh trang & cdc ngd vao khdc, do d6, chin Reset
diing dé k&t thic xung ra sém khi cin. Néu khong ding chife ning
Reset thi ndi chin 4 1én Vee d€ trinh mach bi Reset do nhiéu.

Ve

@ Threshold

___________________________________________ "

Conirol
Volttage
- NOT OUTPUT
F/F OUTPUT

Discharge

Trigger
Input

Hinh 5.2: Cau tric cda IC 555
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Chudng 5 V1 mach dinh thi 555

7) Transistor Ty ¢6 cuwe C dé hd ndi ra chian 7 (Discharge = xd).
Do cye B duge phin cye bdi mife dién dp ra O cda F/F nén khi 0d
mutc cao Ty bdo hoa va cue Ch col nhu ndi mass, lice do ngd ra chan
3 ¢ling ¢ mifc thip; khi @ & mire thip thi T agung dan cuc Co bi
hd, lic d6, ngd ra chin 3 ¢4 dién dp cao. Theo nguyén 1y trén cuc
C; ra chin 7 ¢6 the 1am ngd ra phy ¢é mic dién dp giong mic dién
dp cta ngd ra chin 3.

§5.3- MACH PA HA1 PHI ON DUNG 555

1. Mach phi én co ban

[N‘c,ip +Vr(‘:—'12v
I |
8 4
|_+ 7
ng In 6 555 3
2 R,=1.2kQ
V4

s

= C J

Hinh 5.3: Mach da hai phi n

S¢ d6 mach hinh 5.3 1a ng dung ctia IC 555 lam mach da
hai phi 6n d€ tao xung vudng.

Trong mach, chin ngudng (Threshold) s& 6 dude ndi vdi
chdn ndy (Trigger) 6 2 nén hai chin nay cé chung dién ip 1a dién
dp trén tu C dé so vdi dién dp chudn 2/3Vee va 1/3Vee bdi OP-
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Mach dién ur - Tip 2 Nguyén Tan Phudc

AMP (1) vd OP-AMP (2). Chiin 5 ¢6 w1 nhd .01 ndi mass loc nhiéu
tin s& cao ¢6 thé am dnh huGng dién dp chuiin 2/3Vee. Chiin 4 ndi
ngudn +Vee nén khdng ding chite nang Reset, chin 7 xi dién duge
ndi viio gitta hai dién trd Ra va Ry tao dudng xd dién cho . Ngd ra
chin 3 ¢6 dién trd gidi han dong 1,2k vd Led d¢ biéu thi mitc
dién dp ra (chi ¢4 thé diing trong trudng hop tin s& dao dong thip
tit 20H7 trd5 xudng vi & tin s& cao hon 40H2 trang thidi sdng v tdt
cla Led kho ¢6 the nhin bidt biing mat thutig).

D¢ phin tich nguyén 1y clia mach can k&t hdp mach tng
dung hinh 5.3 va s dd ¢du trie hinh 5.2.

Khi mdi dong dién ty C bt diu nap tir OV 1én nén:

- OP-AMP (1) ¢0 Vi" < Vi, ngd ra Vo, = mifc thip, ngd R =0
(mife thip).

- OP-AMP (2) ¢6 V" > Vi, ngd ra Vi = muic cao, ngd S=1 {muc
E

can).

-Mach FfFcongd S=1néenQ =1 va E) = (). Luc do, ngd ru
chin 3 ¢d Vi, = Vee (do gua mach dido)y 1am Led sdang.
- Transistor T; ¢ Vi = 0 do E) = 0, T; ngung dian vi d€  C
duge nap dicn.
Tu C nap di¢n qua Ra vd Ry vdi hiing s6 thai gian khi nap:
Thap = {RA + Rp) C

Khi dién dp trén ty ting d&€n 1/3Vee thi OP-AMP (2) déi
trang thdi, ngd ra ¢d Vo2 = mdc thip, ngd S= 0 (mirc thap). Khi S
xuOng muc thap thi F/F khdng ddi trang thdi nén dién dp ngd ra vin
¢ mufe cao, Led van sdng.

Khi dién dp trén ty ting d€n mifc 2/3Vce thi OP-AMP (i)
ddi trang thdi, ngd ra ¢d Vg, = miic cao, ngd R=1.
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- Mach F/F ¢6 ngd R=1 nén Q =1, lic d6 ¢hiin 3 ¢6 Vo = 0V [am
Led tit. Khi ngd Q=1 s& 1am T, din bio hda va chin 7 ndi mass
lam tu C khong nap ti€p dién dp duge md phdi x4 dién qua R§ va
transistor T» xuf)’ng MAass.

Tu C xd dién qua Ry vdi hilng & thdi gian:

Txa = RBC

Khi di¢n dp trén ty (ufe 1a dién dp chin 2 vi chin 6) gidm
xudng dudi 2/3Vee thi OP-AMP (1) ddi trd laj trang thii i 12 Vo,
= mifc thip, ngd R = 0. Khi R xuding muc thip thi F/F khong ddi
trang thii nén dién dp ngd ra viin ¢ mite thip, Led vin tit. Khi dién
dp trén tu gidm xudng d&én mic 1/3Vee thi OP-AMP (2) lai ¢6 V,* >
Vi nén ngd ra Vo = mife cao, ngd S = 1. Mach F/F ¢6 ngd S = 1
nén Q= 1va @ =0, ngd ra chin 3 qua mach ddo ¢6 Vo =+Vee lam
Led lai sdng, 3ong thiti ldc d6 T, mat phin cuc do E) = nén ngung
dan dong thdi chdm dit giai doan xd dién cha . Nhv viy, mach di
trd lai trang thii ban diu va t lai nap dién tr mie 1/3Vee 1én mife
2/3Vee , hién wgng ndy sé 1iép dién lién tuc va win hoan.

Lo ¥: Khi md dién tu C & nap dién «r OV 1&n 2/3V e 161 sau do
tu xd di¢n tlf 2/3Vee xudng 1/3 Ve chit khong xa xuéng OV. Nhitng
chu k¥ sau tu nap tr 1/3Vee 1én 2/3Vee chi khong nap tir OV nira.

Thasi gian w ngp 1a thdi gian Vo = +Vee, Led sang. Thai
gian tu xd 1 thdi gian Vg = 0V, Led tit.

Thoi gran nap va xi ctia ty duge tinh theo cong thie:
* Thah gian nap: thap = 0,69Tp,p

tnap = 0,69(R4 + Ry) C
*Thdi glan xa: tg = 0,691,

txs = 0,69R, C
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bién dp J ngd ra chin 3 ¢6 dang hinh vudng vdi chu k¥y:
T=0,69(Rs + 2Rp) C

Do thdi gian nap va thai gian xd khdng biing nhau (t,,, > ;)
nén tin hiéu hinh vudng ra khdong d6i xting. Tan sd ¢la tin hi€u hinh

vudng: f= 1 = ! -
T 0,69R,+2R,)C

2. Dang séng ra tai cac chin

Ve

4 Chin2-6
(2/3)Wee

(173) Ve

b

Vo |
' Chan 3

ol

Hinh 5.4: Dang dién dp tai cdc chan
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Hinh 5.4 la dang dién dp tai ¢dc chin 2-6, chin 7 va chin 3 trong
dd khodng thdi gian di¢n dp tang 12 thdi gian tu nap, khodng thdi
glan dién dp gidm LA thdfi gian tu xd.

Khi khdo sdt dang dién dp tai cdc chdn cin lwu ¥ khi md
dién thi ty C s€ nap dién tr OV [&n dén 2/3Vce nhung khi xd chi xd
dén 1/3V¢c, do d6, nhitng tan nap sau tu chi nap tir 1/3 dén 2/3Vec.
B¢ tinh ¢chu ky cta tin hiéu ngudi ta chi tinh cdc lin nap sau chit
khong xét 1an nap diu tién.

Khitu nap thi chdn 7 ¢6 dién dp cao hon chin 2-6, nhung khi

i xd thi chdn 7 gidm nhanh xudng OV (do I, trong IC chay bao hoa)
¢ht khong gidm theo ham 6 mi teén ty C.

2. Mach phi én d6i xiing
Trong mach phi 6n, do théi gian nap va thdfi gian xd cda w
khong bing nhau nén dang dién dp vudng & ngd ra khdng ddi xdng.
Ta ¢o: thap = 0.69(R A + Rp)C
;= 0,69 RB .C
BéE cho dang séng vudng & ngd ra ddi xing ngudi ta ¢6 the
thyc hién bing nhi¢u cdch.

Cdch thir 1: Chon dién trd Ra ¢6 tri s3 rdt nhd so vdéi Ry thi lic
d6 sadi s8 gilfa tyyp v t coi nhu khing ding k&, Piéu ndy Kho thife
hi¢n n€u 1am viée & tAn $6 cao. Pién trd Ry ¢d i 80 30 thiéu
khodng vai k€ thi Rg phdi 6 tri s6 rat 1dn khodng vai tram kQ, Vi
cde tri s6 dién tré nay thi n s8 dao dong khong thé cao dudc.

Cdch_thit 2: Ding diod D ghép song song Rg theo chiéu hudng
xudng (hinh 5.5a). Khi ¢é diod D, thdi gian w C nap l[am diod D
dudge phiin cye thudn ¢6 dién ted rit nhd nén coi nhue ndi it Ry,
Thasi gian nap dién cia ty C duge tinh theo cong thie:

In“l—, E (),69RAC
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Mach dién vy - Tap 2

Khi ty C xa dién thi didt duge phin cuc nguoe nén tu vin xi
dién qua Rg. Thoi gian xd dién cia tu duge tinh theo cdng thic:

ta = 0,69R,.C
Néu chon tri 88 Ra = Ry thi mach tao ra tin hiéu hinh vudng

dd) xdng.

+Vee
In: R l
Ny A 8 4
.
RB;E 6 855 3
R;
5
J l ’
.
= C I
Hinh 5.5a
+V
Ing %R;\ 3 il‘
7
Ry R’
D4 6 355 3
Dy
2 R,
i 5
l J 1 “é
I C IG.O!
Hinh 5.5b
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Thit ra trong mach dién hinh 5.5a, khi ty nap dong dién phdi
qua Ry va di€n trd thudn cia diod nén thdi gian nap vin 1dn hon
thti gian xd mot it. BE cho tin hiéu thit ddi xing thi ghép thém
diod ndi ti€p vdi dién trd Ry nhu hinh 5.5b. Nhu vay, ¢ hai trudng
hop nap va xd déu ¢6 diod. Diéu kién ctia hai mach trén 1a Ry phai
¢O tri 80 kha 1dn so vdi dién trd thudn cda diod.

4. Mach phi 6n diéu chinh tin s& va chu trinh lam viéc
Hai yéu cau thuddng ¢6 trong thi€t k&€ mach da hai phi én la:
- Thay d0i tin s§ f ma vin git nguyén chu trinh lam viéc (d6i
xtng)
- Thay ddi chu trinh lam viée ma viin giit nguyén tin s§ f.

b€ ¢6 thé thay ddi tin hi¢u hinh vudng ra ma vin ¢6 tin hiéu
d8i xung thi hai dién trd R, v Ry phai duge didu chinh sao cho
ciing tdng hay gidm tri s6. Lic d6 trong mach dién ¢6 hai dién trd
VR4 va VRy ghép ndi ti€p nhu trong so db hinh 5.6a.

Ra
VR,\%
78 4
Rg
DASZVRI% 6 555 3|
DHl s
T C l fo.m

Hinh 5.6a: VR - VRg chung truc, chinh déng hudng
Mach thay ddi tin s6

+Vee

-~
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+¥Veo

; 78 4
DASZVR'§ 6 555 3V
1"

T

Hinh 5.6b: VR - VRy chung truc, chinh nguge huidng
Mach thay ddi chu trinh

b€ thay d8i chu trinh lam viéc tife 1A thay ddi ti 1& thdi gian
tin hiéu c6 dién dp cao va thdi gian tin hiéu ¢6 dién dp thip (hay Ja
thofi gian nap vi thifi gian X cda ty) nhung vin gilt nguyén tin s8
nghia 12 chu k¥ T bing hiing s0, hai dién trd Ra vi Rg phai duge
diéu chinh sao cho khi Ra ting thi Ry gidm ciing mt gid tri thay
d8i. Lic d6, trong mach ¢6 hai bién trd VR, vad VRg ghép ndi ti€p
nhir sd dd 5.6b nhung hai bién trd duge dicu chinh nguge hudng.

§5.4- MACH PA HAI PON ON DUNG 555
1. Mach da hai don 6n cd ban

D& ¢6 thé phin tich nguyén 1y clia mach dan 6n mdt cdch dé
hidu, cdn stt dung hai s¢ dd hinh 5.7 v 5.8. So dd hinh 5.7 v& mach
ap dung IC 555 lam mach ddn dn, su dd hinh 5.8 k€1 hdp vdi sd do
cdu tric bén trong 1C.
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+V}-(
oL
1 6 555 3 e

+V('('

lOk: l i

Hinh 5.7: Mach don &n diing IC 555

|||—/

®
Rr3 ST £ B Pk i e At St oot St e et
| SkQ
©r
C=— 3 i
1: fOil UV
0.01 |
+Vee ' SKOQZ
10kQ ;
O
K | U:I WV
| SKQF
l {90 v

Hinh 5.8: Mach don &n va sd dd cdu tric ctia IC 555

Trong mach nay chin ngudng s6 6 va chin x4 dién sd 7
dugce ndi vao di€ém chung ctia mach dinh thi RtC. Chan 2 nhin xung
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kich duge ndi 1én ngudn +Vee gua dién trd 10k€2 sao cho chin nay
¢ dién dp 16n hdn 1/3V (.

Bic diém ctia mach don 6n 1a khi ¢6 xung 4m hep tic dong
tirc thai & ngd vao Trigger ¢chdn 2 mach s& ddi trang thdi va tai ngd
ra chin 3 s& ¢é xung dudng ra. PO rdng xung & ngd ra ¢é thdi gian
ngin thy thudc mach dinh thi R7C, sau d6 mach s& trd lai trang thdi
ban diu.

Nguyén ly mach don én duge gidi thich nhu sau:

Khi md dién, tu C ndi chidn 7 va chin 7 xu()'ng mass lam OP-
AMP (1) ¢6 ngd 1", nhod hon ngd ', nén ngd ra Vg, =0V, ngd R &
miuc thffp‘ Lic d6, OP-AMP (2) ¢6 ngd I*, cfing nhd hon ngd I, nén
ngd ra Vogz = 0V, ngd S cling & mic thip. Mach F/F ¢6 hai ngd R va
S déu d muc thap va nhd cdu tric cda mach chi tiét nén F/F ¢6 ngd
ra @ & mic cao, qua mach ddo ngd ra chin 3 s& c¢6 mifc thip gan
0V. Khi Q & mitc cao tao phin cuic bio hda cho Ty, T, din ndi chan
7 xudng mass chidn 6 ciing bi ndi mass nén tu C khdng nap dién
dwge mach sé 6n dinh & trang thdi ndy néu khong ¢é tic ddong khdc
tr bén ngoai.

Khi déng khéa K s& ¢6 xung dm kich vdo chdn Trigger s6 2
lam OP-AMP (2) déi trang thdi cia ngd S 1én mdc cao. Ngd S cao
diéu khién F/F d8i trang thai lam ngd ¢ xudng mic thip, ngd ra
qua mach dido sé& ting [&n mitc cao va xung dudng ra. Liic d6, Q &
mitc thdp nén T, ngung din dé w C nap dién qua Rr. Trong thoi
gian tu C nap dién mach van gilf trang thdi nay nén ngd ra tiép tuc
3 mifc cao .

Dién dp nap trén ty ¢d i s6 ting theo lAm s6 mi va khi dién
ap dat 2/3V¢c thi OP-AMP (1) ddi trang thdi, ngd R ting 1én mic
cao. Ng& R ¢6 mife cao s& diéu khién F/F urd lai trang thdi cil, ngd @
1én mic cao s& lam ngd ra mach ddo s& xudng mitc thip chim diit
xung dudng ra. Pong thifi, lic do T dude phan cue bio hoa nén
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Chudng 5 Vi mach dinh thi 555

chin 7 ndi mass lam ty C x4 dién. Mach s& On dinh & trang thdi nay
cho d€n khi ¢6 xung 4m khdc tdc ddng vao chin Trigger (s& 2).
Thah gian xung dudng ra tire 1a thaoi gian nap dién tr OV 1én
213V ¢ dude tinh nha sau:
Dién dp nap trén tu tiing theo him s& mi:
V. =V. . (1-e") (trong dé t=R1.C)
Thast glan t nap di€én dp tr OV nén 2/3 Vee 12ty dudce tinh:

-t

r r r 2
I’(' :I/E'('(]_e ' ):EV('V

N 2 i
Suy ra: l—er =§ hay l—gzer
P
- —:gr -
3 !
el’
= er =3

Cudi cung ta ¢ ham s& nguge cda him sd mia 1a In.
Nhu viy: ty=71.In3 {(In3=1,1)
ty = 1,1RtC

2. Dang séng ra tai cic chin

Hinh 5.9 13 dang song tai cdc chan 2 (Trigger), chin 3
(Output) va chiin 6-7 (Threshold - Discharge).
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(Chan2) Vi

Fy
3
) : t'
(Chan 3) v,
F 3
—

Hinh 5.9: Dang séng ra

Binh thudng chin 2 phdi ¢6 di€n dp 1dn hdn 1/3V ¢, khi ¢d
xung dm thi bién d¢ xung phai lam dién dp chiin 2 nhdé hon 1/3Vcc.

Khi vira ¢ xung am & chan 2 thi ngd ra bt diu ¢ xung
duang va tu C bdt dau nap dién. Thai gian xung dvong ra t, khong
tuy thude dé rOng xung 4m & ngd vio ma chi phy thude hing s&
thdsi gian T cda mach dinh thi. N€u ddng bién trd VR thay cho Ry ta
¢6 thé thay ddi do rong xung ra, cich khdc thay ddi tu C bing cdc
dién dung ¢4 tri s0 khdc nhau.

3. Mach tri hoiin diing ki€u don dn

Mach don dn dudge dng dung rit rong rdi trong finh vue ty
dong di¢u khién v dic biét 1a mach tri hodn. Trong thuc 1€ ngudi
ta khong ¢in tao xung diéu khién cho vao chin s& 2 (Trigger) ma
mach ty tao xung khi ¢6 dién. Nhu vy, khi mdi md dién & ngé ra
cling bdt dau ¢6 xung ra.
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Mach dién hinh 5.10 1a s¢ dd mach wf tao xung khi md dién.
Trong s¢ dd chin s 2 (Trigger) duge ndi d€n chin sd 6 (Threshold
= thém) nén s& ¢4 chung dién dp giita cic mach nap RC dé€ so vii
hai dién dp chudn trong IC 1a 1/3Vce va 2/3Vcc.

+Vee
1l
|
8 4 h
Rré 7
6 5585 3 Ry
Vo
2
1 5
- c —0.01
L L1

Hinh 5.10: Mach tri hodn don én

Khi md& dién tu C bit diu nap tir OV 1én nén OP-AMP (2) ¢
ngd 1," 16n hon ngd [, nén ngd ra Vo, § mibc cao, ngd S ciling ¢ mife
cao, mach F/F ¢6 ngd O & mie thap va ngd ra cta IC ¢6 Vo = Ve
¢d nghia 13 e thdi ¢6 xung ra. Luc d6 OP-AMP (1) cd ngd I, nhd
hon ngd 1, nén ngd ra Vo & mite thip, ngd R ciing & mifc thip.

Khi tu dién nap dién dp dén mifc 1/3Vece thi OP-AMP (2)

déi trang thdi, ngd S xudng mic thap nhung mach F/F vin giff
nguyén trang thdi vd xung vin dang con ¢ ngd ra.

Khi tu dién nap dién d4p dén 2/3Vcc thi OP-AMP (1) déi
trang thii, ngd R 1&n midc cao 1dm mach F/F ciing ddi trang thdi ngd
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QO ting 1&n mdc cao lam ngd ra cla IC gidm xudng mic thdp Vv, =
OV va chdm dudt xung ¢ ngd ra.
Thai gian ¢6 xung ra hay d¢ rdng xung chinh 13 w C nap tw
OV 1én d€n 2/3V e vi cling duge tinh theo cOng thifc:
ty = 1,1R+C
Trong mach nay chin 7 (Discharge = x3 dién) dé trong,
khdng ndi vio mach nap RrC nén tu khong x4 dién va mach sé g
mii trgng thdi ndy. Mudn ¢6 xung ra ti€p thi phdi Wt dién rdi md
laa.
Tri 88 dién trd Ry va t C duge gidi han trong khodng:
Ry = 10kQ2 + 14MQ
C = 100 pF + 1000pF
Vdi cdc tri s rén clda Ry va tu C, mach ¢6 thé cho ra cdc
xung ¢6 do rdng ngdn nhat khodng vai micro gidy d€n vai gid.
Nhu viy, khi md dién rg-le RY khong ¢6 dién do Vg = Ve,
sau khi chim dit xung tdc 12 sau thifi gian t, thi ro-le RY ¢6 dién vi
Vo = 0V. Khi ro-le ¢4 dién s& dong hay md cic tiép diém d€ diéu
khi€n mach khdc thuding 13 mach cong suat,
Thit ra IC 555 va ho IC dinh thi cta né ¢6 tng dung rit da

dang, trong chudng nay chi gidi thiéu hai dng dung ¢o bdn nhit cla
né 1a mach da hai phi én va da hai don 8n.

§5.5- 1C 555 GIAO TIEP V61 CAC LOAI TAI

IC 555 ¢6 th€ giao t€p vdi nhidu loai 4i khdc nhau va thy
trucig hgp mai loai tdi déu ¢ thé mic theo hai cdch:
- Tdi duge cdp dién khi ngd ra ¢6 dién dp thip. Luc dé IC ¢
nhin dong dién tdi theo chiéu tir ngudn qua tdi rdi vao IC. Dong
dién tdi trudng hgp nay goi 1a 1 nhin.
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+V(.(.
+V(,(.

s ]

] Tai 111_

555
T,

‘\@

INha‘u‘.

Hinh 5.1 1a: Dién dp ra mite thap

- Tdi duge ¢dp dién khi ngd ra ¢6 dién dp cao. Ldc do IC sé
¢dp dong dién cho tdi theo chiéu W ngudn qua 1C rdi qua 1di. Dong
dién tdi trudng hop nay goi 1a T ngudn.

+V(-(-

555 ® 1
T

e Tai
¢ |

Hinh 5.1 1b: Bién dp ra mic cao
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Khi niing ¢ap ddng dién va dién dp cda IC 555 nhu sau:
1) Dién d4p ra ¢ miic thap

V31 Vee = 15V, Bién dp Vg chinh 1d Vg khi T bdo hoa:

[L=10mA => Vo=0,1V
I = 50mA => Vo=04V
[L= 100mA == Vo=2V

I = 200mA => Vo=2,5V

2) Pién 4p ra ¢ midc cao
Vi Vee = 15V, Bién dp Vo chinh 13 Ve - Vg khi Ty bio hoa:
[L = 1(mA => V=133V => Ve =17V
IL = 200mA => Vg=12,5V == Ve = 2,5V
3) Taila Led
+Ve

) +V(,(.

L_|< R
335
T

allg
0

Vie =Vt +V010)
R

Hinh 5.12a: Dién dp ra mifc thip, /, =
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Néu tdi la Led thi phdi ding dién trd ghép ndi ti€p vai Led
dé€ gisi han dong qua Led. Tay theo cdch mic tdi ma dong dién qua
Led ¢6 chng thie tinh khdc nhau,

VYo

T
555 O
T /1/"
R AN
R
7
Ve =V, + V.

Hinh 5.12b :Dién dp ra mife cao, [, = —€ R L7

4) T4i la ro-le

IC 555 ¢6 thé giao G&€p vdi cic loai ro-le didu khién. Cic
loal rd-le ndy ¢6 dong thutdng nhd dudi 100mA vi dién dp cling
thuding & mic thip nhu 6V - 12V - 24V,

Trong mach tdi rd-le ¢é diod D ghép song song dé ndi (dt
dién dp ngute do cudn diy cia ro-le tao ra khi bi mat dién dot
ngdt. Ti€p di€m OA hay OB ctia ro-le dung d€ diéu khién cic mach
¢cOng suat i6n.
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+ V..

Hinh 5.13a: Bién dp ra mifc thip

e
P

Hmh 5.13b: Bién dp ra mifc cao
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CHUONG 6
MACH TICH PHAN - VI PHAN - MACH PID

$6.1- MACH TIiCH PHAN
1) Mach tich phan ddo (hinh 6.1)

Mach tich phén ¢6 tin hiéu vao ngd ddo I,, mach hdi tiép tir
ngd ra vé ngd L, 1a tu C. Pién trd Ry 1a dién trd nap x3 cda ty, dién
trd R, Gn dinh nhiét cho OP-AMP. Thudng chon: R, = R; = R.

1, R1

11- o
—_— AN - !

|
B
Vi 2 >—ﬁ—a
Vl'l
R2

Hinh 6.1: Mach tich phdan ddo

Do tinh ¢hdt clia OP-AMP nén dong dién I; vao OP-AMP
xem nhu bang 0, di€ém I,” xem nhe di€m mass. Ta ¢6:

V
I =1, = _,é-
\ R R o LdV,
Dong Ir 1 dong nap vio wnén: [, =-C 7
t
V, .dV, 1

Suyra: -~ ==
Y R

= dVy, =——V,dt
dt RC

Y * * a wn e — 1
Lay tich phdnta cd: V, = “RC JV, At
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RC chinh 13 hiing s& thdi gian nap xd cta ty C. Dau trit trong
¢Ong thic 13 do mach ddo diu.

N&u v; 1a dién dp xoay chiéu thi:

l 1max

: v
vV, = — —— f V. SiNotdt = —— cosot
RC # ' wRC

Nhu viy, bién dd dién dp ra v, ti & nghich vdi tin s6 . Pac

- < n & ~ - ” - - v .
tuyén bién dd theo tdn s6 clia mach tich phan la: A = —= = f(w) ¢6
v

i

do doce -6dB/ Octave (xem chuong 2 “Mach loc™).

2) Mach tich phin khéng dao

RI
I'\«'...'\;'..‘\«
RI
[ R AV - VU
- Vl TATAY +
R
R
c —

Hinh 6.2: Mach tich phan
khéng dao

Xét 3 ngd vao khong ddo (I,"):

+
R R dt
Theo sd d& va do tinh chit cia OP-AMP ta ¢6:

. 1 \ . +
v, = —v va v, =V
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Chuung 6
2 RC d vu
nén: V., — Vo +V, — =V = —X
2 2 2 dt
RC dyv,
!1 = X
2 dt
RC 2 v.dt

= v, dt=—dv, = v, = —
2 RC

| 3) Mach tich phin ti1é PI (Proportionat Integrated)

Trong Iinh vye diéu khi€n ngudi ta thudng st dung mach
tich phin tt 1¢ (PD). Mach PI ¢6 s dd nhi hinh 6.3, dién dp ra duge

tinh theo cOng thic:
v, =AvB [vdt (1)
Do tinh chit cda OP-AMP nén v, = v," = 0V,

Dong dién vao tr ngudn tin hiéu v; 12 i; s& tao ra dién dp
trén dién trd Ry va tu C la:

R, . '
V,=—=v vil vchjvidt
R, C

’_.
If—;l

Hinh 6.3: Mach tich phan ti lé

R,
Do v =0V nén: -v,=—v, +
R, R, C

fvodt @
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Gia thi€t: vV, =V, Cosmt
R Vl"'h . .
Suyra: —v,=—%v,  CcoOsOt+———sinmwt (3)
R, oR,

X¢t ba bicu thife (1), (2) va (3) ta thdy diy 13 ba bi€u thic
. R, 1
cangdangvdi:. A=— | B=—-
R, R, C

T biéu thite (3), ¢6 the tinh duge him truyén cda mach P1 1a:

v ) RACY
!K‘:V_Ozi R, + 111=,iw @ 4‘(""1
\7 R, T ow C R, o C°
0 A A oa 1en | ]
Xéttn so dac biét: o, =—— = R, =
R,C w,, C

Khi ¢6 o <<, {{ << f,) thi

K|l = RN _1— dac tuy€n bién
R, oC

46 tn s§ cda mach ¢6 do doc -6dB/octave. Khodng tdn s3 nay

mach ¢o tic dung nhu mach tich phin (ky hiéu 13 ving I do ¢hir

Integrated = tich phin).

» log f
(w)

(wg)

Hinh 6.4: Gian 45 Bode cia mach PI
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|

Khi ¢6 0 >> o, (f >> ,)thi Kl = =2 (hiing s8), dic tuyén

=

I
bién do tan 0 ciia mach ¢4 tinh ¢hit nhu mach khuéch dai (ky hiéu
la ving P do chit Proportional = ti 1),

Khodng tan 6 ¢ gita a ving chuyén 1iép,

Gidn d6 Bode trén hinh 6.4 cho thdy hai ving I va P.

$6.2- MACH VI PHAN
1) Mach vi phan cd ban (hinh 6.54)

Mach vi phin ¢6 tin hi€u vao ngd ddo 1,” qua w1 C, mach hdi
€p tlf ngd ra v& ngd I, 12 dién trd R (cich 1dp RC nguse lai voi
mach tich phan). Pién trd Ry ndi ngd I, xudng mass dé 3n dinh
nhiét cho OP-AMP.

Do tinh chit ¢ia OP-AMP, dong di¢n viaol; = Onénl, = I

I c1 e R

v

0
R1

J

Hinh 6,5a: Mach vi phin

Dong dién 1) 1a dong nap qua w € duse tinh theo cong thi:
1
1 =cSL
dt
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Do ngd I,” xem nhu di€m mass nén dong dién hdi tiép la:

A
r R

v,

Suy ra: ('d L= 2

dt R

I

N

ot

RC chinh 1 hiing s& thdi gian nap xd cda ty C qua R. Ddu
trlr trong ¢ong thite 12 do mach ddo diu.

Gid s ngd vio ¢o: v, = Viggsinot
Ngb ra co: Vo= -RCOV [ COSML= - Vigue..COs ot
vidi: Vomax = RCOVimax
Do d¢, A0 khué&ch dai cda mach vi phan 1a:
[K|=RCw
D6 khué€ch dai K ting theo o nén diic tuyén bién dd/tan so

ctia mach ¢d dd doc 6dB/Octave. Vi dd khuéch dai cda mach 6 1é
véi tin s0 nén nhiéu 1in & cao & ngd ra clia mach ndy rdtldn,

Do ngd vio ¢6 tu C; nén tdng urd vao Z, =

—— $& gidm
JoC

xudng khi tan s0 ting. Picu niy lam bién do tin hidu vao bj gidm.,

Do cde nhude diém trén, mach vi phian duge cdi tién theo s¢
dd 7.5b.

Pé gidm nhidu tin s cao, dién ird R, duge mic ndi ti€p
thém 3 ngd vao. Nhu vdy, mach chi ¢6 tde dung vi phin khi lam
n e A e i .
vige  tan 8O thip vdi © << wp = ———. Tu C; ghép song song
H ]

dién trd hdi ti€p Ry dude chon sao cho d tin s& o, C; xem nhy hd
mach,.
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_4[
L,
VT

o |

Hinh 6.5b: Mach vi phan cai tién

Tu C; song song mach hdi ti€p nén & tdn s& cao ¢ dung
khing rat nho nén sé& ting tic dung hdi ti€p am d&i véi tn s8 cao
dé gidm nhiéu.

Né&u chon tri s8 linh kién sao cho: R,C, = R,C; thi khi 1am
viée § tn 88 cao o > wy, hé s6 khuéch dai gidm theo tin s8, dic
tuyé€n 1dn s§ trong khodng tin s6 nay ¢6 do ddc -6 dB/octave.

log k
&
Vang D
Ving 1

|
i
)
1
1
! » log f

0 f

0

Hinh 6.6: Gian d6 Bode clia mach vi phén cai tién

Gidn db Bode cda mach vi phin c¢ii ti€n ¢ dang nhu hinh
6.6, trong d6, khodng tin s§ w < oy (f < £) ¢ d6 ddc +6 dB/octave
goi 14 viing D (do chir Differential = vi phin) 12 ving vi phin,
khodng tan s6 © > oy (f > fy) ¢6 d6 doc - 6dB/octave goi 1a ving I
(do chit Integrated = tich phan).
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Pién dp ra v, duge tinh boi bidu thite: v, = —Rr,c, IV

T g
§6.3- MACH VI TICH PHAN Ti LE PID

Mach vi tich phin tf 1& PID (Proportional Integrated
Differential) ducse dung rong rdi trong linh vue didéu khién dé md
rong pham vi tan sO di¢u khién, ting tinh 3n dinh ctia hé thdng didu
khién trong mét ddi tin dng.

1) Mach PID co ban

Xét di€m I & ngd vio dio, ta ¢6 phudng trinh dong dién nat: -

v,
Tehe, 2Ny =0 1)
bdt ¢

Hinht 6.7: Mach PID co ban

Xét 3 ngd ra, ta ¢d phuong trinh dién dp 1a:

Vo =R, 1, ""CL J.iz dt (2)

Tir phudng trinh (1) suy ra:

\' dv
i, = —| -+ C, — 3
& [R, ' dl] )

136
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Thay (3) vao phuong trinh (2) 1a ¢6:

\ dv 1 \'Z dv
Vo= —(—+C, —1)R, - — [(=+C, =y at
¢ (R] e c, I(R1 a)
v dv 1 C
hay —vy={—+C, —H R, +—— | v, di+—v,
©OOR, D dt R,C, I C,
,  C dv
~vo=(—+-")v, +—— | v di+ R, — {4)
¢ 1 (2 R| ,‘[ 1

vdi dicu kién: o > o)

Khi ¢6 tan s& thip o << 0; = thi thanh phan tich

¥ 3

1 .
phan [R C I\-’I dt} ¢t tde dung 1dn han (mach tich phan la loai
| 2

Joc ha thong), nén dac tuy&n bién df tan s§ ¢6 dd doe giam (goi 1a
vang I).

Khi ¢6 tin 8 cao @ >> o) =

thi thinh phin vi phin

&l

1 |
dv, . ) NP :
R.C, I ¢6 tac dung 18n hon (mach vi phin 14 loai loc thugng
) t

théng), nén dic tuyén bién do tin s ¢o dd doc tang (goi (A ving
D).

Trong khodng 1dn s8 suo cho 0, < < o) thi thanh phin ti 1&
vdi dién dp ra ¢6 tic dyung ldn hon (goi 1a ving P do chi
Proportional).

Mach PID ¢ nhuge diém:
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Mach din tir - Tap 2 Nguyén Tin Phudc

- khodng tan s& cao, mach vi phan giy nhiéu bién do 6n

- khodng tdn s6& thap, mach tich phin ¢6 do khuéch dai l6n
¢6 thé giy dao ddng s kich.

B¢ ranh nhude diém trén, nguit ta gidi han d6 khuéch dai
khodng 1in 0 cao va khodng tdn s@ thip trong mat mite nhit dinh.

» log f
0 f

Hinli 6.8: Dédp dng bién d6 - tAn sd cia mach PID

Gidn d6 Bode hinh 6.8 cho thiy ddp @ng bién dd tin sd cla
mach PID cu bdn.

2. Mach PID cai tién

Hinh 6.9: Mach PID cai tién

Sd dd hinh 6.9 12 mach PID ¢i tién duge lip thém R; va R,
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Chudng 6 Mach tich phiin — vi phiin - PID

Dién tr Ry ghép ndi ti€p véi tu C ¢6 tic dung 1am gidm do
khuéch dai & khodng tan s§ cao cia mach vi phén.

Pién trd Ry ghép song song mach hoi ti€p Rx-C, ¢6 tac dung
lam gidm d6 khuéch dai & khodng tdn s& thip ctia mach tich phén.

Thudng chon: Ri<<R; va Ry>> Ry
Dién 4p ra vin dugc tinh theo phuong trinh (4) nhung chi ¢6
tdc dung trong dadi tin sd hep hon la:
fh<tf<ts
1 - 1

trong d6: f, = vil e
& ° TR, C, ETT W

Pdp (tng bién dd/1in s& clia mach PID duge minh hoa trong
gidn dd Bode hinh 6.10.
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CHUONG 7

MACH SO COG BAN

§7.1- PAI CUONG
1) Mach tueng ty va mach sé

Cdc tin hiéu dién ¢ bién dd thay doi theo thei gian dudc
chia ra hai loai ¢6 bdn 14 tin hi¢u lién tue va tin hiéu gidn doan. Tin
hi€u lién tuc con dude goi [a tin hiéu tuyén tinh hay twong wy, tin
hi€u gidn doan con goi 12 tin hiéu xung hay 4.

Tin hi¢u hinh sin con duge xem 13 tin hiéu tiéu bidu cho loai
tin hi¢u widng ty. Vi tin hidu hinh sin, ¢é duding hicu dién nhu hinh
7.1, 1a ¢ the tinh dugce bién do cla né & timg thai diém.

Ngudge lai, tin hiéu hinh vudng duge xem nhu 13 tin hiéu téu
bi¢u cho loai tin hicu xung hay s6. V@i tin hiéu hinh vuong, ¢6
duting bi¢u dién ahur hinh 7.2, bién do chi ¢d hai gid el la mie cao
va mute thip, théti gian d€ chuyén ir mie bién do thip I&n cao hay
bién dd cao xudng thip rdt ngin duge xem nhi tie thisi.

v
A 05
Vi
+Vp
N - - [ Pl
-Vp \/ \/
Hinh 7.1: Tin hi¢u hinh sin Hinh 7.2: Tin hi¢u xung hay s¢

Mach trong wr dé xd 1y cdc tin hicu wong wr. Cic mauch
trdng wr thong dung 1a: mach khuéceh dai, dao ddng, ddi tin ..
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Chuung 7 Mach s ¢ hén

Mach s6 ding d€ xt 1§ cdc tin hiéu xung hay s6. Cdic mach
s0 thong dung nhu mach logic ¢d bdn, mach Flip - Flop, mach ghi
chuyén, mach dém .. tng dung trong cdc Iinh vye do ludng, diéu
khién, tinh todn. thong tin ...

2) Dai s6 logic - Pai s6 Boole

Dai $8 logic 1a mdt tdp hgp chi gém cdc ddi twgng ¢6 hai
trang thdi: co hay khéng ¢é, ding hay sai, déng hay md...

Cde do1 tugng ndy dude bidu dién bling bign logic.

Khi trang thdi clia d6) twong 12 ¢6, ta gdn cho né gid tri qui
ude 14 1 v ky hi¢u 1a A. Khi trang thdi doi trgng 1a khéng 6, ta
gan cho no gid tr qui ude 13 *0” vi ky hidu 1d A.

Phudsiny phip 1y ludn ndy dp dung ¢6 k€t qud cho viée nghién
cifu o dong hoc. e} da, cac thiét bi vd mach chi ¢6 hai trang thaii.

Thi du:

- Cong tde md hay cong tic dong

- Ben tdt hay den sing

- Bdng ¢d ngitng hay ddng ¢d chay

a) Xét trong mach dién:

Trong mach di¢n, ngudi ta phin biét ra hai loai thict bi:

thi€t bi di¢u khién vi thiél bi sit dung.

ST S I

Hink 7.3
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Mach dién 1wy - Tip 2 Nguyén Tan Phudc

Trong 2 s dd trén, nit An va cong tic 1a thiét bj diéu khién,

hang dén va dong c¢o 14 thi€t bi st dung.
Thi€t bi didu khi€n ¢6 hai trang thdi:
- Bong = trang thdi 1" - H& = trang thdi ‘0’
Thi€t bi st dung ¢6 hai trang thdi:
- C6 dién = trang thdi ‘1’ (den sdng, ddng cd chay)
- Khong ¢6 dién = trang thdi ‘0’ (dén tdt, ddng cd ngimg)

Trang thdi cla thi€t bi diéu khién 1a bién logic, trang thdi
ctia thi€t bi sit dung 13 ham logic. Trang thdi cda him logic sé thy

thud¢ vao trang thdi cGa bi€n logic.
b} Xét trong mach dién ni:

Trong mach dién tf ngudi ta xét dién dp vao va &ién dp ra.

+VCC
_ v
V > Vo
v ¢ vt Vg < V
B R_T R ce
Hinh 7.4
P4i vai transistor, dién dp vao 1d Vg, diéndprala Ve
- Ng.f‘) vao Va =0V =>trang thai *()
- Ngbd vao Vg = 0,8V => (rang thai ‘1’
-Ngora Ve=V¢c => trang thai ‘1’
-Ngdra Vc=0,2V => trang thai ‘0’
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Chuang 7 Mach s ¢ bidn

bai vii OP-AMP, dién dp ngd vao V), dién dp ngd ra Vo

-Ngd vio V=0V => trang thdi ‘0’
- Ngd vio V= Ve => trang thai *1°
-NgdraVog=0V => frang thdi ‘0’
-NgdraVg=Vee => frang thii "1’

Pi¢n dp ngd vao la bidn logic, dién 4p ngd ra 13 ham logic.

Trang thdi clda him logic s€ thy thudce trang thidi cda bi€n logic,

Hai trang thdi 0 va [ dude xem tuong dng vdi hai gid tri 0 va
I trong hé¢ thong & nhi phin. Trong mach dién 1& hai mife dién dp
thap VL vd dién dp cao Vy tudng trung cho hai gid tr1 0 va 1. Nhu
viy mach dién ¥ ¢ thé x{t 1y true ti€p cde s6 nhi phin thdng gua
hai mide dién dp thip va cao.

3) Hé théng logic duong va 4m

NE&u qui uGc mde dién dp thip V. I mife logic 0, mife dién
dp cao Vy 1a logic 1 thi goi 12 hé thdng logic duong. N&u qui udc
ngugc lai midce dién dp thip Vi 12 logic 1, mitc dién dp cao Vy la
logic O thi goi 12 hé thdng logic am, Hé thdng logic 4m it dugc
diang.

boi vai cdc mach logic duge gidi thidu trong chuong nay
ngudi ta qui wéc mite dién dp thip VL = 0V = 0,8V 1a logic 0, mic
dién dp cao Vi = 3,5V + 5V 1a logic 1.

Khodng chénh 1éch 18n gitta logic 0 va logic 1 néi 1én kha
nang chdng nhiéu clia mach logic.
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Mach dién - Tap 2 Nguy&n Tan Phuse

§7.2- CAC HAM LOGIC CU BAN
1) Ham diing: (Ham biing nhau) YES
a) Phuong trinh: Y = A

b) S do mach dién va mach dién ti:

— i

Y —

Hinh 7.5

Trong mach dién: ndu cong tic A hd (°0°) thi den Y tdt (0"
N&u ¢dng tdc A dong (*17) thi den Y sdang (‘17)

Nhi viy: Y = A (trang thdi cda Y ludn gidng trang thdi A)
Trong mach dién i

NEu Vo =0V (*0') thi dién d4p Vy = OV (‘0"

NEu V, =5V "I")ythidiéndp Vy =5V (‘1")

Nhu viy: Y = A (trang thdi Y ludn giGng trang thdi A)

¢) Ky hiéu ham YES va bang suw thdt:

< | >
o |
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Chuong 7 Mach s0 ¢d ban

2) Ham dao: NOT (cdn goi 1a Bl hay Phi - do Phi dinh)
a) Phuong trinh: ¥ = A (doc 1 Y bling A ddo hay A phi)
b} St dé mach dién va mach dién i

+V

RC
A QQ Fiy

Hinh 7.7

-

Trong mach dién ham ddo ding ti€p diém thudng déng nén
ky hiGula A.NEuA=0(utcla A = 1), den sdng Y = 1; néu déng
cong the sang A thi A = 1 (Jdc d6 A =0 vi bi hd), dén 1 Y =0,

Nhitvdy: Y = A (Y ludn ngude trang thai vai A).
Trong mach dién of;

- NCu V4 =0V (*0"), transistor ngung din, Ve = Vee => Vy
=Vee (1),

- N&u Vi =5V ("1") (véi Ry thich hgp) thi transistor dAn manh,
Vez OV =>Vy 20V 07,

Nhuviy: Y = A (Y ludn ngwse trang thdi véi A).
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Mach dién 1 - Tap 2 Nguyén Tan Phude

c) Ky hiéu ham NOT va bdng su thdt:

A > y = A ALY
Hinh 7.8

0 ]
] 0
3) Ham Hoic: OR
a) Phuong trinh: Y = A + B (goi 1a 10ng logic)
b) So do mach dién va mach dién ui:
D1
L
D2 R
e =
B

Hinh 7.9

Trong mach dién, hai ti¢p diém A vi B ghép song song nhau

cing diéu khién den Y.
-NEuA=0h3),B=0(hd)thi Y =0 (dén tiv)
-NEéuA=0,B=1(déng)thi Y =1 (d&n sdng)
-NéuA=1,B=0thi Y =1 (dén sdng)
-NEuA=1,B=1thiY=1(dénsing)
Trong mach dién 0¥, hai diod D; - D; ¢6 chung catod

-NEUA=0V,B=0VihiY=0V
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Chuang 7 Mach 58 ¢d ban

-NEWA=0V.B=5V=>Dydin=>Y =5V
“NEUA=5V,B=0V=>D,din=>Y =5V
-NEuA=3V,B=5V=>D,viD,din=>Y =35V

Nhu viy, Y chi biing 0 khi ¢d hai ngd vio A vd B ddu bing 0.

¢) Ky hiéu ham OR va bang su thdt:

)
Hinh 7.10

A B Y=A+B
0 0 0
{ 1 1
] 0 1
{ 1 |

4) Ham Va: AND
a) Phuong trinh: Y = A B (goi 12 tich logic)
b) So dd mach dién va mach dién tit:

+Vce = 5V
p

R
A B Y B !
|_‘/“‘“‘/4®“ D2
Hinh 7.11]
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Mach dién 1 - Tap 2 Nguyén Tan Phudc

Trong mach dién, hai tiép di€ém A va B ghép ndi ti€p nhau

cung diéu khién dén Y:
-NEWA=0,B=0=>Y =0 (den tft)
-NEuA=0,B=1=>Y =0 (den1in
-NEuA=I[,B=0=>Y =0 (dentin
-NéuA=1,B=1=>Y =1 (den sing)
Trong mach dién td, hai diod Dy — D; ¢6 chung anod:

- Néu A = 0V, B = 0V thi hai diod déu ddn dién nén Y =
0,2V = 0,6V amic 0).

-NEuA=0V,B=5Vthidiod D dinnén vincé Y = 02V
+ 0,6V (mite ().

-NEU A =35V, B=0V thidiod D- dinnén vin o Y = 0,2V
+ 0,6V (mudc 0).

- N&u A =5V, B = 5V thi ¢d hai diod D, va D; déu ngung
dannén Y =5V (mic ).

Nhu vy, ng6dra Y chi biing 1 khi ¢d hai ngd vio A va B déu
biing 1.

¢) Ky hi€éu ham AND va bing su thit:

il
Hinh 7.12
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Chwong 7 Mach 50 cd hin

A B Y=A.B
0 0 0
0 1 0
1 0 0
1 1 ]

* Ham OR ¢6 trudng hop thit 4: 1 + 1 = 1. Néu don gidn 1 ¢

2v€thitacd 1 =01a didu vo Iy, Nhe viy “Khing cd phép triv trong

dai s& logic”
* Ham AND ¢0 truding hdp 2 ngd vao ciing trang thdi (2 tiép
diém 12 1i€p diém ddi) nén A . A = A. N&u don gidn A & 2 vé& thi ta

¢t A =112 diéu vo ly. Nhu viy “Khdng ¢ phép chia trong dai sé

L

logic”.

5) Ham Hoic - Pao: (NOR = NOT - OR)

a) Phuong trinh: Y = A+ B (ddo clia 18ng logic)

b) St dé mach dién va mach dién wir:

Trong mach dién, hai tiép di€m A va B ghép song song
nhau di¢u khién rd-le RY (12 mach Hoac — OR). Ro-le RY diing
ti€p diém thudng dong RY diéu khién dén Y (12 mach Pio -
NOT). Chi khi A va B déu hd (mic 0) thi den Y sdng (mute 1), néu
A hodc B hay cd hai déng thi dén Y tdt (muc 0).
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Mach dién 16 - Tap 2 Nguyén Tan Phudc

+Vce = 5V
—/A E— RY wc
| B | L Aoy @ !
— Y B
L X 02 =
H‘mh?.13_

Trong mach dién ti7, hai diod D, — D; thye hién chic ning
mach OR, transistor thuc hién chife ning mach NOT. Chi khi A va
B déu biing OV, transistor ngung dan va Y ¢é dién dp cao 3V (mic
1), n€u A hay B hoac ¢ hai ¢6 dién dp cao 5V thi transistor dan

bao hoa va Y =0V (muc 0).

c) Ky hiéu ham NOR va bdng sy thdt:

B .
Hinh 7.14

A B Y=A+1HB
) 0 1
0 1 0
1 0 0
1 1 0
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Chugng 7 _ Mach s8 cd bdn

6) Ham Vi - Pao: (NAND = NOT — AND)

a} Phuong trinh: Y = AB (ddo cida tich logic)

b) Sor d6 mach dién va mach dién ni:

Trong mach dién, hai ti€p di€m A vd B ghép ndi ti€p nhau
diéu khi€n ro-le RY (la mach Va — AND). Role RY dung ti€p di€ém
thudng déng RY diéu khién den Y (1a mach Do — NOT), chi khi

A vi B déu dong (mic 1) thi dén Y tdt (mitc 0), néu ¢6 A hay B
hodc c¢d 2 hd thi den Y déu sdng (mtc 1).

+5V +5V
A B RY
B «—K—
3 X
—_ Y
RY

Hinh 7.15

Trong mach dién i1, hai diod Dy — D; thyc hién chific ning
cla mach AND, transistor thirc hién chifc nang mach NOT. Chj khi
A va B déu ¢6 dién dp 5V (mdc 1) thi ¢a 2 diod khong din, dién dp
+5V qua R va cdu phin 4p Ry — R; phén cue cho transistor din bio
hoa va Y = OV (mifc 0). NEu A = 0V (hay B = 0V hoic ci hai = 0V)
thi diod D, dan (hay D, din hoidc ci 2 diod ciing din) lam dién ap
sau 2 diod = 0,2V + 0,6V (mutc 0), lic d6 transistor khong din, Y =
5V (mic 1), |
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Mach dién 1y - Tip 2 Nguyén Tan Phudc

c) Ky hiéu ham NAND va bang sy thdt:

A:D !
B
Hinh 7.16

A B Y=A.B
0 0 |
0 1 1
1 0 1
] ! 0

7) Ham Hodéc Loai Triu: XOR hay EXOR (Exclusive OR)
a) Phuong trinh: Y = A @ B (ky hiéu cha ham)

b} So dé mach dién:

A
g

Y

——]

-

Hinh 7.17
Mach dién thuc hién haim EX - OR gdm 2 ¢ong-tic doi, mdbi
cong-tic ¢o 2 tiép diém (1 thudng dong vi 1 thudng hd). Trong s dd,
A=0va B=0(hd) nénden Y =0 (@di). Khi tic dong [én cong-tic A
lam A = |, A=0thiden Y =1 (sdng) hay khi tic ddng lén cOng-tic
BlamB=1, B =0 thidén Y = | (sing). N&u ddng thasi tic dong 1én
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Chudnge 7 Mach s ¢d bin

¢d hai cOng-tic A vi B thi den Y viin = 0 (tit). Piy chinh {1 mach

diéu khién dén cdu thang.

Nhu viy, hiam EX-OR chinh 1a ham OR bd triGng hdp thit 4
trong bang sif thit,

¢) Ky hi¢u ham EX-OR va bang sie thdr:

;’j)—YzA@B

Hinh 7.18
A B Y=A @B
0 0 0
0 I 1
I 0 i
i I 0

Theo bdng sy that, ¢6 thé dinh nghia him EX-OR nhu sau:
himsdY=1khiA=1vaiB=0hoickhiA=0vaB=1.

Nhu viy, ham EX-OR ¢6 thé bi¢u dién bing phudng trinh:

Ba

Hinh 7.19

153



Mach dién tif - Tap 2 Nguy&n Tin Phudc

Sa db logic hinh 6.19 thuc hién chie ning cia him EXOR.
d) Ham HOAC LOAI TRU BAO(EXNORJ

Phudng trinh: Y = A®B

Bdy chinh 12 ham EXOR qua thém cdng Dio.

Taco: ¥ =(A.B)+(A.B) (EXNOR)

Dung dinh 1y De-Morgan d€ chuyén ddi ta s& ¢é phuong
trinh him EX-NOR nhu sau:

Y =(AB)+(AB) = (4B)\(AB)

Y =(A+B)(A+B)

Liu ¥ sy khdc nhau gita cdc phép tich logic va t8ng logic
trong hai phuong trinh ham EXOR vad EXNOR.

Binh Iy De-Morgan sé duge gidi thiéu trong phin sau. Khi

dé€n muc nay, doc gid ¢6 thé ki€m chitng lai chiing minh trén.

§7.3- CAC TINH CHAT CO BAN CUA CAC HAM LOGIC

Tinh chat Ham Tich Ham Téng
Tuong dong A A=A A+A=A
Trung lap A.l=A A+0=A
Bl (Pio) A.A=0 A+Ad=1
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Chuong 7 Mach s8 cd bin

Giao hodan A.B=B A A+sB=B+A
Két hop (AB)C=A(B.C) (A+B)+ C = A + (B+()
Phin bo A+(B.C)= (A+B).(A+C) A.(B+C) = (A.B)+HA.C)

§7.4- PINH LY DE-MORGAN

Hai dinh Iy De-Morgan 13 2 dinh 1y rit quan trong trong dai
s& logic, v6i hai dinh 1y nay ta ¢ thé bi€n d6i cdc phudng trinh
logic diing nhiéu ¢8ng khic nhau thanh phuong trinh logic chi ¢o
mdt loai ¢cOng duy nhit 1a cdng NAND hay ¢dng NOR. Nhg dd,
¢6ng NAND va c8ng NOR dudc goi 13 ¢dng da ning.

1)Dinhly1: A+B=AB

Phiin bii cda tdng logic bing tich logic cdc phan bl ciia mdi

s& hang trong téng logic do.

D€ chitng minh dinh 1y niy, ta ¢6 th€ ding bdng su thit hay
sd dd dién thuc hién 2 v€ clia phudng trinh.

a) Bang su thdt:

A | B A+B || A+ B A B !la. B
0 0 0 1 1 1 i
0 1 1 0 1 0 0
1 0 I 0 0 1 £)
1 1 1 () 0 0 0

153



Mach di¢n tir - Tap 2 Nguyén Tan Phude

b) So dd mach dign: Hinh 7.20

A RY
Eiiﬂ
RY N

Trong hai s3 dd (rén, den Y chi siing (=1)khi A =0 vi B = 0.

L ALB g‘f |
Y=A+B Y- A B
NEu ¢6 wic ddng 18n A hay 1&n B hay 1&n ¢d hai thi dén Y 1 (= 0),

2)Pinhiy2: AB=A+B

Phin bl ctia mdt tich logic bing ng logic cic phin bi clia
=4 4 g log p

mdi s hang trong tich logic dé.

Ta cling ¢6 thé chiéng minh dinh 1§ nay bing bing su that
hay so d6 dién thuc hién 2 vé& cda phudng trinh.

a) Bdng sy thdt:

A B A.B AB A B |A+B
0 0 0 1 1 1 1
0 1 0 | 1 0 1
1 0 0 1 0 1 I
1 1 1 0 0 0 0

b) So dd mach dién:

156



Chuong 7 Much s& ¢ ban

A B RY
[4 — *CI—I
U @ |
RY Y y

;

v

—A.B
Hinh 7.21

Trong cd hai sd db wén, dén Y chi it (= 0) khi tic dong 1&n ¢d

2 cOng-tiic A vd B,

§7.5- CONG PA NANG NAND — NOR

Trong cdc loai cong cin bin, céng NAND va NOR ¢6 thé
thye hién it ¢d chie ning cla cde loai ¢dng khdc nén duge goi la

cong da ning.

1) Diing cdng NAND lam NOT

D
Hinh 7.22

A B A.B
0 0 1
0 ] |
1 0 1
! 1 0
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Mach dién 1 - Tap 2 Nguyén Tan Phudc

Né&u ndi chung 2 ngd vido cla cdng NAND ta s& ¢d cong
NOT, vi ldce d6 hai ngd vao A va B ludn cing trang thdi (cung = 0
hay cing = 1) nhu trudng hop 1 va 4 trong bang su thit. Khi A =B
=0thiY=1,khiA=B=1thiY=0.

2) Dung céng NAND lam AND

Lay ¢ong NAND ndi ti€p vdi céng NOT (NAND ndi chung
2 ngd vao) s& cho ra cong AND. |

B
Hinh 7.23

3) Diing c6ng NAND lam OR

B-{_—:;>m_r_:::%fgm

Theo dinh ly De-Morgan 2 ta co:

.B

o

Hinh 7.24

Y=EE=E+E:A+B

Nhu thé, v6i 3 ¢Ong NAND ndi nhu hinh 6.24 s& thuc hién
dugc cong OR.,

4) Dung cdng NAND lam NOR

" TW sd 35 hinh 7.24 thém ¢Snhg NOT s& ra cdng NOR
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Chudng 7 Much 50 cd ban

s )E W
Dl

Hinh 7.25

$) Dung cong NOR 1am NOT

Al Y=A
Hinh 7.26
A B A+B
0 0 ]
0 1 0
1 0 0
1 1 0

N&u noi chung 2 ngd vao clia cdng NOR ta s& ¢6 ¢dng NOT,
vi lic d6 hai ngd vao A va B ludn cing trang thdi (cung = 0 hay
cung = 1) nhv truding hop | va 4 trong bing sy that. Khi A =B =0
thiY=1,khiA=B=1thiY=0.

6) Dung c6ng NOR lam OR
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Mach dién 1t - Tip 2 Nguyén Tin Phudce

A Y=A+B

A+B
Hinh 7.27

Lay ¢ing NOR ndi tiép vdi NOT (NOR ndi chung 2 ngd vio)

s€ cho ra ¢cong OR.
7) Dung c¢6ng NOR lam AND

A

B

Theo dinh ly De-Morgan 1 ta ¢

Hinh 7.28

=l

Y=A+B=AB-AB

Nhir the, vdi 3 ¢ong NOR ndi nhir hinh 6.28 s& thuc hién
duse cdng AND.

8) Dung cong NOR lam cong NAND

T s¢ do hinh 6.28 thém ¢dng NOT s& ra cong NAND.

A.B@Y: .B

P\

B

L60 -



Chvong 7 Mach s8& cd bidn

Vdi cdch chuyén ddi cdc cdng logic ¢d ban ra cdc cdng da
ning NAND hodc NOR nhv trén thi mét mach logic ¢6 thé chi dung
- mét loai cBng. Diéu nay s& gitip ta tin dung duge cdc cdng ¢ trong
cdc IC s, Thudng mot IC s ¢6 chita nhidu edng ciing chidc ning.

Ap dung:
Cho phuong trinh logic; Y = :47.(8 +C)

NE&u dung cic cdng NOT, AND, OR ta s& ¢6 so dd logic nhu
hinh 7.30.

A ]: A
)_|— Y=A.(B+C)
B

B+C

C
Hinh 7.30: Dung ¢ng NOT, AND, OR

Ta phdi diing mot IC NOT, mdt IC AND va mot IC OR va
mdi IC chi diing mot ¢Sng trong khi mdi IC ¢6 d€n boh cdng hay
sdu cdng (NOT).

Ta ¢6 thé dung dinh Iy De-Morgan d€ chuyén déi sang cng
NOR nhuw sau:

Y= A(B+C) (thém hai 1in PAO khong d8i trang thai)

Y=A+{B+C) (chuyén sang NOR)
Y=A+(B+() (don gidn)

Biy gid ta ¢d sd d6 nhu hinh 7.31:
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Mach dién tir - Tap 2 Nguy&n TaAn Phudc

Y=A+(B+C)=A(B+()

(B+C) Hinh 7.31
Ta chi can mdt IC NOR va chi dung hai trong bdn ¢8ng.

§7.6 - C6NG LOGIC TTL (Transistor to Transistor logic)

Hién nay cédc cdng logic TTL da thay th€ cic mach DTL,

trong d6 mach dién co transistor & ngd vao va ¢d transistor & ngd ra.

Do tinh da niing cla hai cdng NAND va NOR nén chiing ta

chi can phén tich cdu tnic va nguyén 1y cla hai loai ¢cdng nay.
1) C(’fng NAND: IC 74L.S00

+5V

1=
130
4k gsK
v
T2 ™

T3

™

' T4
S

= Hinh 7.32: Cong NAND
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Chudng 7 Mach s8 cd bdn

Hinh 7.33: Mach tugng duogng T,

Trong sd db ciu tric cla cong NAND (hinh 7.32), transistor
T, dude ché tao dic biét ¢6 2 cuc E. Do cye C cBa T) khong dude ndi
ngudn nén Ty Jam viée khdng theo nguyén 1y cla transistor ma hoat

dong theo mach trong duong gdm 3 diod nhu hinh 7.34.

Bing sy thit cong NAND: A B | AB
0 0 1
0 1 I
1 0 1
1 1 0

- Khi ngd A = ‘0", B =*0": hai diod D, vi D, din nén Vg, =
0,8V. bién 4p nay khong di dé qua D; va phan cuc cho T nén T,
ngung. Lic d6, Tz dugce phan cye bio hoa con Ty ngung din => ngd
ra¥="1".

-Khingb A=0'vaB="1"hayA="1"va B ="0":diod D,
hay diod D; ddn nén vin ¢6 Vi, = 0,8V, Tudng tyngdra Y = ‘1",
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Mach di¢n Y - Tip 2 Nguyén Tan Phudc

- Khi ngd A = ‘1", B = “I": hai diod Dy vd D; déu ngung.
Nhu viy s€ ¢4 dong dién qua D3 phin cuc cho T; chay bio hoa.

Lic d6, Tz ngung dan con Ty bdohda=>ngdra Y = ‘0.
Mach ¢é 4 trudng hgp nhu bing sif that ciia ¢cdng NAND.

2) Céng NOR: IC 74L.S02

A
% 130
4K 16K
T1 _
A | TS
T
4K
v
T2
5. W .y
) A‘rl
T8
1K L
= Hinh 7.34: Cdng NOR
+5Y
4K J
N {>1*‘ .W
T1-T2

Hinh 7.35: Mach tuong dudng T\ hay T
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Chugng 7 Mach s6 ¢g ban

Bing su thit cdng NOR

A B A+B
0 0 1

0 1 0

1 0 0

1 1 (0

Khingd A =", B =*0": hai transistor T, va T, déu din nén
Vi = 0,8V, Vg = 0,8V, Dién dp ndy khong dii qua mdi ndi BC dé
phéan cire cho Ty — Ty nén Ty - Ty ngung. Lic d6, Ts dugce phin cue
bio hda con Te ngimg =>ngdra Y ="1",

- Khingd A="0",ngd B="1": T; din nén Vg, = 0,8V - T;
ngung, con T, ngung nén s& cé dong qua mdi ndi BC d€ phin cuc
c¢ho Ty bido hoa. Do Ty = Ty néi song song 3 ngd ra nén Vey — Ve

gidm s¢ 1am Ts ngung va Te din=> Y = ‘0.

- Nguoc lai, khi ngd A = “1°, ngd B = *0°thi T, ngung, T din.

Lic dd, viin ¢6 trang thdi ngd ra 13 Ts ngung va Tedin =>Y = 0",

- Khi ngd A ="1", B="1": T| vd T; déu ngung nén sé& cé
dong qua hai m&i ndi BC cdia T) = T, phin cuc cho Ts - T, din bio

oa. Lic d6, ngd ra vin c6 trang thdi Ts ngung, Te din => Y = ‘0.
3) Pic tinh k¥ thuét ctia cdng TTL
M®di IC TTL ¢6 ma hiéu riéng, trén ma hiéu gdm 3 phin: ho,

chif 16t va tén ciia IC.
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Mach dién tif - Tap 2 Nguyén Tan Phude

Thi du: IC 74L.S00, IC 54LS00
- 54 — 74: ho IC chi nhiét dd sif dung va tin sd hoat dong.

. Ho 54 c¢¢ khodng nhiét dd fam viéc wr -55"C dén
+125"C

»  Ho 74 ¢6 khodng nhiét dd 1[am viée wr 0"C dén 70" C

- LS: chit ot d& chi cong sudt (L: low — c¢Ong suit thip, S:
Schottky 13 tén cla loai diod ¢ dién dp ngufing thip dé ting tdc dd

chuyén mach cla ¢dng).

- 00: 12 1én ctia IC. Tén chinh s8 thit ty d€ tao chide ning
clia ¢Ong hay cia IC. Thi du: 74LS00 14 ¢dng TTL cong suilt thip,
¢6 160e d6 chuyén mach cao va 1a loai cdng NAND.

Cic thdng s¢ k¥ thudt quan trong cta cdng TTL duge gidi

thiéu trong bing sau;

Cidc thdng s6 Tri s6 min| Tri s8 danh dinh | Tri $6 max
Bién dp mudn +Vec 4,75V 5V 5,25V
bi¢n ip vao muic cao Vi 2V
Dién dp vao mifc thip Vy, 08V
bién dp ra mdc cao Vyy 2,5V 3,5V
Pién dp ra muc thip VL 0,2V 0,5V
Dong dién vao mifc cao Iy 20 HA
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Chugng 7

Mach s6 c¢d bin

Dong dién vao mic thap 1y,

Dong dién ra midc cao Iy
Dong dién ra mifc thap Iy,
Dong dién ndi tdt ngd ra Lys

Khodng nhiét d4 chiu dung

Khi ngd ra mic cao

+
\'OH*‘
VO'#

0'c

-0,4mA
-0,4mA
8mA
-100mA

70"C

Khi ngé ra mifc thip

Qui udc: dong dig€n di tr trong IC ra ngodi ¢é ddu am (-),

dong dién di tif ngoai vao rong IC ¢6 ddu dudng (+).

i

My

Khi ngd vao mite cao

Faul

Khi ngd vao mic thap.

Hinh 7.36: Qui udc gid tri Am dudng cda dong dién ngd vao va ra
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Mach dién i - Tap 2 Nguyén Tin Phudc

4) Céng TTL cyc thu hé

Trong linh vic diéu khién, mdt s§ wudng hgp nhiéu cdng
logic ¢6 ngd ra cin ndi lai vdi nhau d€ thue hién mot bidu thite
logic ddc biét. Lic d6 s& ¢6 trudng hgp 1 cdng ¢ ngd ra mifc cao

va | cdng 6 ngd ra mite thip nht hinh 6.37.

+5V
+5V
130
I T3 ngung
VO
VOH -

_} T4 ngung T4 bio hoa

T3 biio hida

Hinh 7.37: Hai cdng NAND ndi chung ngd ra

Theo hinh 6.37, dong dién 1 s& di ti¥ ngudn qua T; cla cdng
bén trdi va Ty cla cdng bén phdi ¢6 tri 58 cue dai theo ¢Ong thic:

+ I/('f' _ V“ _21/('!:'.«” _ 5_097_(2'052)
R B 130

I =

=30mA

Tri s6 nay 1dn hon gid tri Ly va Iy cda cde edng logic nhiéu

1in nén s& 1am hai cBng nay bi hu.

D€ tranh hién tugng trén, ngudi ta ché tao cdc edng logic ¢6

ngd ra cyc thu dé hd (open collector output) nhu hinh 7.38.
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Chuung 7 Mach s0 ¢u bdn

+5V
+5V
Ak 1.6k R
A
B
K i
1k

Hinh7.38: Cong NAND ¢6 cuc thu hd

Theo hinh 7.38, ngd ra clia ¢dng logic ¢d cuc thu hd duge
ndi véi dién trd R 1én ngudn +5V. Dién trd R dudge tinh chon ¢6 tri

s0 thich hgp s€ khdng lam hut cdc transistor trong 1C.

Khi T3 ngung, ngo ra ¢6 muic cao Y = 1 => led sdng. Chon
dong dién qua led 13 Iy = SmA ta ¢6:
V

R — ¢
1!(‘(."

‘/h!d' - 5_2

T 5107

=600 => Chon680Q

Khi Tz bio hoa, ngd ra ¢ mifc thip Y =0, dong dién qua Ti:

- Vcc - Va'm _ 5-0,2 —

i = TmA
© R 680

Dong dién nay nhd hon Ly nén khong lam hu ¢éng logic.

Cich ché€ tao ndy ¢é dién trd tdi R dit bén ngodi cdng logic

nén viéc tinh chon don gidn vad ddm bdo an toan cho ¢dng. Tuy
[y - g - = ~ - - .
nhién, mach ¢é nhuge di€m 12 chuyén mach chim, nhiéu l6n vi

kho sta chita.
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Mach dién 1y - Tap 2 Nguyén Tan Phudc

B¢ khdc phuc tinh trang trén, ngudsi ta ché tao ra cdng TTL
ba trang thai,

§5) Céng TTL ¢6 3 trang thdi

+
TSV

Hinh 7.39: Céng NOT 3 trang thdi
C=1 =>Y=A
C=0 =>ngd ra ¢6 10ng trd Z cao

D01 véi cdng NOT thdng thudng s€ khdng ¢d ngd C va diod
D. Khi ngé A =0 thi T, din lam T, ngung dua dén T, bio hoa, T,
ngung =>ngod ra Y = | (midc cao). Khi ngd A = 1 thi T} ngung [am
T, din dwa d€n Ts ngung va T, bdo hda => ngd ra Y = 0 (mdc
thap).

Cng NOT 3 trang thdi ¢6 thém ngd C (control hay con goi I
ngd Enable: cho phép). Khi ngd C = 1 thi mach hoat dong gidng nhw
nguyén ly rén. Khi ngd C = 0 thi T, din, T; ngung nhung diod D
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Chudng 7 Mach s0 ¢d bdn

cfing din s& 1am V¢ = 0,7V => Ty vi Ty déu ngung nén trd khing
ngd ra rat lon. Pay 1a trang thai thif bu clia ¢dng TTL ba trang thdi

cOn goi 13 trang thdi ngd ra Ong tr3 Z cao.

Ky hiéu trong hinh 6.39 13 cdng NOT 3 trang thdi ¢é ngd C
md ¢dng & mite cao (C = 1), Ngudi ta con ché tao loai cdng NOT 3

trang thdi ¢4 ngd C md cOng ¢ mue thip ky hiéu nhu hinh 6.40.
A l: Y
1 c
C=90 =>Y=A
C=1 => ngd ra ¢d Ong trd Z cao
Hinh 7.40: Ng& C md ¢cOng & mite thap.

Mot ing dung don gidn cla ¢dng NOT ba trang thidi nhu trong
hinh 7.41.

bus

A1 _
)}_ Y1=B+A2
C1=0 B
A2
. F— Y2=0 . A2
L% F@
C3=0

Hinh 7.41: Ung dung céng NOT 3 trang théi
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Mach dién 17 - Tap 2 Nguy&n Tan Phudc

Trong hinh 7.41 chi ¢6 ngd C; = | nén chi ¢6 cdng NOT2
duge md, cde cong NOT! v NOT3 ¢6 ngd ra tdng urd cao xem nhu

hd mach.

Nhu viy, cic ngd Y, va Y, chi thue hién chife ning OR va
AND cicngd Bvi D vdi A, .

Theo thi du trén thi chi c6 cdng NOT2 nhén A, dua viao dé
tic dong dén hai ¢cdng OR va AND.

Buling ndi chung cdc ngd ra cda 3 ¢dng NOT dude goi 12
BUS. Ng& A2 duge truyén 1én BUS vii cho ra:

Y,=A,+B, Y, =A,.D

6) Cdch ra chan cdc céng TTL thoéng dung

14 13 12 11 10 9 8 14 13 12 11 10 9 8
Fol B Mal la
D 741500 D 74 LS 02
E\[ j E,[ )-lGN) r 15 r E 'GN])
12 3 4 5 6 7 12 3 4 5 ¢ 7
BdAn cing NAND 2 ngo vio Bon cdng NOR 2 ngd vao
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Chudng 7 Mach s6 cd bin

14 13 12 11 10 9 § 14 13 _
+Vdc I:t)—-‘ | JI: l +Vdc 3 | ‘ f I
D) 74 LS 08 5 74 LS 32
E,{ | 3 |GNI g l E‘i lGND
1 2 3 4 5 6 17 1 2 3 4 5 &6 7
B&n cdng AND 2 ngd vio Bon cdng OR 2 ngd vao
14 10
+V¢|i '-j | I_J l |
74 LS 04
ﬁ>:1 >4
I 2 3 4 5 6 7

Sdu cdng NOT
Hinh 7.42: Cich ra chdn cdc cong TTL thong dung
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3)

4)

3)
6)

7)

TAI LIEU THAM KHAO

Nguyén Tan Phudc - Linh kién dién td — NXB Tdng hop TP
HCM - 1996

Nguyén Tan Phudc - Linh kién diéu khién — NXB Tdng hop
TP HCM - 1997

Nguyén Tan Phudc - Ky thuat xung — NXB Tdng hgp TP
HCM - 1998

Nguyén Hitu Phuong - Dién tf trung cdp - NXB Tdng hop
TP HCM - 1992

Tom Floyd - Fundamentals of Linear Circuit - 1991
Ghausi - Electronic Circuits - 1972

Jean Bary - Schémas d° Electricite - (ngudi dich Lé Vin
Doanh - V& Thach Son ) - 1996



TU SACH KY THUAT PIEN - PIEN TU
ThS NGUYEN TAN PHUGC

MACH PIEN TU
Tap 2

Chiu trach nhiém xui't ban: HOANG CHI DUNG
Biénp:  HONG NAM
Trinh bdy: NGUYEN PHUGC TUONG VAN

Bia: NGUYEN TAN PHUGC

NHA XUAT BAN HONG PUC
[11 Lé Thanh Ton - Q.1 - TP.HCM
bT: 08.8244534

ey

Thytc hién lién doanh: NGUYEN TAN PHUGC
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GPXB sG: 86-2008 / CXB / 55-22 / HD ngay 17-6-2008
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* GIAO TRINH PIEN TU KY THUAT

1- Linh kién dién tf (kh§ 16x24)

2- Mach dién tf - Tap 1 (khd 16x24)

3- Mach dién tf - Tap 2 (khd 16x24)
4-Machs6 -tap 1,2

5- Mach tuong tu (khd 16x24)

* GIAO TRINH PIEN TU CONG NGHIEP
1- Linh kién diéu khién

2- K§ thudt xung cin ban va nang cao

3- Dién tlf &ng dung trong cdng nghiép- Tap 1
4- Pién tf (ng dung trong cong nghiép- Tap 2
5- Dién tlf cong suat

* GIAO TRINH PIEN CONG NGHIEP

1- Pién ky thuat

2- Po ludng dién va dién t (khS 16x24)

3- Khi cu dién

4- Truyén dong dién

5-Trang bi di€én

* GIAO TRINH PIEN TU TU PONG HOA

1- L4p trinh v8i PLC Logo, Easy va S7-200 (khd 16x24)
2- Lap trinh v6i PLC Zen, CPM2-A va Inverter Omron
3- Cam bi€n -Po ludng va diéu khién (kh§ 16x24)

TU SACH KY THUAT PIEN - PIEN TU
CUA TAC GIA NGUYEN TAN PHUGC

(tai ban lan thit 10)
(tdi ban lan thit 6)
(tdi ban 1an thi 5)

(dd xuidt ban)
(tdi bdn lan thi 3)

(tdi bdn lan thnt 6)
(tdi bdn 1an thi 4)
(tdi ban 1an thy 4)

(sdp xudt ban)
(tdi ban lan thi 2)

(sdp xudt ban)

(dd xuit ban)
(sdp xudt ban)
(sdp xuat ban)
(sdp xudt bdn)

(tai ban lan thi 6)
(ti ban lan tht 4)
(da xuit ban)

4-Trang bi dién khong ti€p di€ém-Thang mdy cong nghiép (sdp xudt ban)
* GIAO TRINH DAY NGHE - HUGNG NGHIEP (khd 14x20)

1- Stta chita Thi€t bi Pién - Pién tif gia dung
2- Pién va Pién t cin ban

3- Pién t cong nghiép va Cdm bién - Tap 1
4- Pién tf cong nghiép va Cam bién — Tap 2
5- Ampli — Ly thuy&t va Thuc hanh

(da xuidt ban)
(da xui't bdn)
(da xuadt ban)
(sdp xudt ban)
(sdp xudt bdn)

Gia: 26.000 dong
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