Mach dao dong

Bai 12: MACH DAO DONG

12.1 Khai niém vé mach dao dong

Ngoai cac mach khuéch dai dién ap va cong suét, mach dao dong ciling 1a loai
mach can ban ctia nganh dién tr. Mach dao dong duoc st dung phé bién trong cac thiét
bi vién thong. Mach dao dong 13 mach c6 kha niang chuyén d6i ning luong mot chiéu
(DC) sang dang xoay chiéu (AC). Hay néi cach khac, mach dao dong khong c6 ngd vio
AC, nhung lai cung cap ngd ra voi mot tan sd xac dinh. Ngd vao duy nhat ciia bo dao
dong chi la nguén ap cung cép dé phan cuc cho linh kién tich cyc hoac cac linh kién dugc
st dung trong mach dao dong.

C6 nhiéu loai mach dao dong tao ra cac dang song tin hi¢u khac nhau nhu: song
sin, song vudng, song tam gidc, ... Trong do, mach dao dong tao song sin dugc st dung
rong rai trong cac hé thdng thong tin, trong do ludng, kiém tra, diéu khién, chuyén ddi tan
sd, ... Cac mach dao dong tao song vudng, tam gidc, xung gai thi thuong duoc dung
trong cac bo chuyén mach, diéu khién, ...

Chat lugng ctia mach dao dong phu thude vao su 6n dinh cua tan s6 ngo ra.

12.2 Mach tao dao dong song sin

Nguyén 1y tao dao dong duwa trén ciu trac cua mach khuéch dai hoi tiép duong

dugc trinh bay trong hinh sau:

V3 25 Vi Khuéch dai Vo
> >
b 4 A

Vg Hé thong hoi tiép

p i

Hinh 12.1: So d6 khéi mach khuéch dai c6 hoi tiép duong
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Trong do:
A : Hé s6 khuéch dai ctia mach khuéch dai vong hd.
B : Hé s6 hoi tiép cuia hé thong hdi tiép.
Vs : Tin hiéu ngd vao.
ve : Tin hiéu hdi tiép.
Vi : Tin hi€u ngd vao ctia mach khuéch dai khi c6 hoi tiép.
Vo : Tin hi¢u ngo ra.
Ar : B lo1 vong kin cua mach khuéch dai khi c6 hdi tiép.

Mach khuéch dai hoi tiép duwong chu yéu sir dung trong cac mach dao dong. Hoi
tiép dwong co tin hiéu hdi tiép ciung pha véi tin hiéu vao nén lam ting tin hiéu ngd vao
ctia mach khuéch dai dan dén d6 loi cua mach khuéch dai tang. Tuy nhién, mach khuéch
dai c6 d6 loi 1on dan téi khong on dinh dé bj danh thung.

Tir so do khbi mach khuéch dai ¢6 hoi tiép dwong hinh 12.1, ta co:

Tin hi¢u ngd vao cia mach khuéch dai khi c6 hoi tiép:

Vi = Vst Vvt

~ " . Vo

- Do loi vong hé ctia mach: A, =—*
V.

1

%

A A A+ LA f

- Hé so hoi tiep: B=—
\%

(4]

- Do loi vong kin ctia mach khuéch dai khi c6 hoi tiép:

Ap=Yo=Yo Vi g VstV
VgV, Vg Vg
ALY oA 14 Y Yoy A 14 Py
Vs Vo Vs Vs

= A (1+BA,)=A, +BA A,

Suy ra:
A

Ap=—>"— 12.1

" 1-BA, (12.)
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% Néu BA,y=1 (duoc goi la chuan ctir Barkhausen -Barkhausen criteria) luc nay Ar
tré nén vo han, nghia 1a khi khong c6 tin hiéu ngudn vs ma van co tin hiéu ra vo.
Nhu vay khi di€éu kién nay dugc thod thi khi khong c6 tin hi¢u vao mach van co

tin hi€u & ngo ra, luc d6 duoc goi la mach dao dong.

-

Af=1

A=001 -

Hinh 12.2: Mach dao ddng séng sin

< Néu BA, =1 thi s& xay ra cac truong hop sau:

vV

i e

.'1.)'3 </

fw0005 [

(a) Mach dao déng tat dan

g=01 -+

{b) Mach dao ddng tinyg dan

Hinh 12.3: (a) Mach dao dong tit dan; (b) Mach dao dong ting dan
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Két luan:

Mach dao dong l1a mach khuéch dai c6 hoi tiép duong va co cac phén tr tich cuc

dé nap xa nang lugng va mach phai thod man di€u kién can va du cua Barkhausen nhu

sau:

a) Diéu kién cin bang bién do: [BA,|=1
b) Piéu kién can bang pha: Ppa,| = 0
Ta 6 biéu thirc ham phirc nhu sau:
/ 2 2
|[_J, A= a—+b =1
Ja; +b;
Suy ra:
b b,
Ppa,| = arctg(;) —arctg(;) =0 (12.2)

1

Tur di€u kién nay ta c6 thé tinh dugc tan s6 cong hudng cua cac mach dao dong.

. a
- Néutaco: |PA,|= 12.3
éu ta co: |PA, atib (12.3)
Pé mach dao dong phai thoa man diéu kién:
0 b,
Ppa| = arctg(g) — arctg(;) =0 (12.4)

1

Cho b; = 0 ta c6 dicu kién can bang vé pha va suy ra tan s6 dao dong o,

- Néutaco: |BA,

(12.5)

jb ‘

a, +]b,
Pé mach dao dong ta cho a; = 0, tir d6 ta suy ra diéu kién can bang vé pha va
suy ra tan s6 dao dong o,

- Pé phan giai mach ta thyc hién theo 4 budc:

Buéc 1: Viét phuong trinh tinh hé sé hoi tiép p

Buée 2: Rat gon p dua vé dang sb phuc: a + jb (voi j2 =—1)

Burde 3: Cho b = 0 dé xac dinh tan sb dao dong o,

Buéc 4: Thay o,vao phuong trinh ctia Budc 1 dé xac dinh gia tri ciia p tai o, .
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Trong chuong nay ching ta chi khdo sat cdc mach dao dong dung linh kién ro1
nhu BJT, do d6 nhitng mach dao dong nay phu thudc vao cic yéu té bat 6n nhu: sy thay
ddi nhiét do, dién ap nguén cung cép, dién dung ky sinh cua transistor, ... dan dén sy bat
6n cua bién dd tin hiéu ra va tan sb dao dong. Chat luong cua mach dao dong phu thude
vao cac diéu kién sau:

- Su on dinh cta nguén cung cap

- Thong s6 6n dinh nhiét cia mach (dung dién tro Rg)

- Tai tan sb dao dong cua mach khong c6 su anh hudng cua dién dung ky sinh
bén trong cua transistor.

Nguyén tac hoat dong cua cac mach tao dao dong song sin:

- Khdi A dong vai tro khuéch dai dé duy tri dao dong (bién do dao dong)
- Khéi Bla khdi chon loc tan sb dao dong (tén s6 dao dong)

Khi vira méi cap dién do c6 su bién thién dién ap trong cac phan tir trong mach
nén no sinh ra dién ap tap am v6i phd tan lién tuc. Néu 1a hoi tiép am thi cac tap Am nay
s& bj triét tiéu, con néu 1a hoi tiép duong thi tai tan sb tin hiéu duogc chon sé cung pha véi
tin hiéu ngd vao, lam ting bién d6 ngd vao va ngd ra xuat hién tin hiéu dao dong.

Dua vao cac dic tinh linh kién va tan sb dao dong, co thé phan loai mach tao dao
dong song sin thanh hai loai:

- Mach dao dong RC: trong do tan s dao dong cua mach phu thudc vao thong
sd cta cac phan tir R va C, duogce sir dung trong mach dao dong tan s thap.
- Mach dao dong LC: trong do tan s dao dong cua mach phu thudc vao thong

sO cua cac phan tir L va C, dugc str dung trong mach dao dong tan so cao.

12.2.1 Mach dao dong RC
a) Mach dao dong dich pha sir dung Op-amp
So d6 khbi mach dao dong dich pha duoc trinh bay trong hinh 12.4.
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Khéi hoi tiép

Hinh 12.4: So d6 khdi mach dao dong dich pha

Trong mach dao dong dich pha, khdi A 1a mach khuéch dai dao va dugc ndi véi 3
bo loc RC, nén dugc goi la mach dao dong dich pha. Cac mach loc RC dung dé dich pha
tin hiéu di 180° tao tin hiéu hoi tiép duwong & ngd vao. Tin hiéu sau khi di qua mach loc
RC s& léch pha di so v6i tin hiéu vao tir 0 dén 90° tuy thudc vao tan sb cua tin hiéu ngd
vao. Nhu vay s6 mach loc RC phai thod man sao cho khi tin hiéu di qua sé tao dugc tin
hiéu hdi tiép duong & ngd vao hay tong goc 1éch pha cua tin hiéu sau khi di qua khdi hoi
tiép 1a 180°, vay trong truong hop sir dung 3 mach loc RC nhu hinh bén dudi thi mach s&

dao dong tai tan sb tin hiéu co gbc léch pha 60° sau khi di qua mdt mach loc RC.

Hinh 12.5: Khdi héi tiép ciia mach dao dong dich pha

Ttr mach hinh 12.5 taco: vV, =R (a)
- Trong mach vong 1 ta co: v, =1,(X,+R)-LR (b)
6
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- Trong mach vong 2 ta co:
LR+LX.+LR-IR-LR=0

< 2LR+LX.-R({,+L,)=0 (c)
< LE2R+X)-R(,+1,)=0

- Trong mach vong 3 ta co:

LR+LX.+LR-LLR=0

< 2LR+LX. -LR=0 (d)
< L(2R+X.)-LR=0

Giai hé phuong trinh gdm (a), (b), (¢) va (d) ta duoc:

p=—t= R = ! (12.6)
Vo RTHSRXC+6R’X+Xe | Xe  Xe Xe '
R*> "R R’

1
Thay X. = —J—C (vavéij?=-1)vao (12.6) ta dugc:
®

1
_.2 _. _.3
1+5( J)z.%+6—J.i+ ( J)3.i3
(oC)” R oC R (oC)" R

B=

1
R A

(@C’ R*> oCR (oC) R’
1
E S S S I
(wRC) ®RC (wRC)

S P=

1
SB= 1 1 : (12.7)

1-5 RO i6 )

®RC (wRC)*’
Mach dao dong tai tin s6 c6 hdi tiép dwong hay /p=180° .
Theo biéu thic (12.3) ta co:

1 1
' "®RC (wRC)’

Pé mach dao dong thi phai thoa man diéu kién can bang vé pha, nén ta cho
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1 1
1= B 3 0
oRC (0wRC)
6 1 _ 1 :
®oRC (0wRC)

& (0RC)* = %

1
So=——
RC6

Vay mach s& dao dong tai tan so:
, ! hay f ! (12.8)
= —_— a = — .
""Rcve 0T 2nRCV6

Thay gia trj tin s6 tin hiéu dao dong ctia mach (®,) vao cong thuce (12.7), ta dugec:

1
[3 =
|_s(ROY6 6 RCV6 (RC)3.6\£)
®RCyY " RC T (ROY

P B — L — _L

1-30 29

5 1
Theo diéu kién dao dong thi ta c6: BA, =1, suyra: A, = E =-29

Vay dé mach duy tri dao dong, mach khuéch dai A phai co hé s6 khuéch dai:
Ay = -29 (mach khuéch dai dao)
Xem xét mach dao dong dich pha RC str dung Op-Amp ¢6 so d6 nhu hinh sau:

Ri Rf
—\WWA———AM—
+Vce

3 L

Hinh 12.6: Mach dao dong dich pha RC
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Do mach khuéch dai ddo nén ta co:

- R 29
v 1{i
< R =29R,

Luu y: Gia tri cia Ry, vi ngd vao V.= V. =0V nén R; // R cta tang RC cudi cing

s& gay sai sb léch pha. Pé két qua tring véi tinh toan thi Ri >> R va R // R, do d6 R; duoc

thay bang R. Mach dao dong thyc té duoc trinh bay trong hinh sau:
D1 Do

\ L
%Rc R R R

Hinh 12.7: Mach dao dong dich pha trong thuc té

Trong do:

- Bién trd R¢ nham 6n dinh chong tap 4m

- Dy va D, déng vai trd 6n dinh dao dong véi tan sé o,
b) Mach dao dong cau Wien

Mach dao dong cidu Wien 13 mot dang dao dong dich pha, thuong dung mach
khuéch dai thuat toan rap theo kiéu khuéch dai khong dao va mach cau RC véi tan sb dao

dong duoc xac dinh bai R va C (gdm RC ndi tiép va RC mic song song).



Mach dao dong

i
O
>
rz
(@]
(@]
o

™

;o

Hinh 12.8: So db khdi ciia mach dao dong cau Wien

Véi A 1a mach khuéch dai thuat toan rap theo kiéu khuéch dai khong dao. So d6

mach cau Wien dugc trinh bay nhu hinh sau:

| ( -
—W—C

VO ‘Rl \\ Cl Vf
\
Iy

J R2 ~C

-

Hinh 12.9: So ¢4 mach cau Wien

Tir hinh 12.9, 4p dung ciu phén ap, ta co:

R, //X.,
v, = Vv,
R, +X)+(R,//X,)

Suy ra:
RZXCZ
goi_ R,//X,, _ R, +X,,
v, R +X)+(R,//Xc,) (R, +X )+&
1 Cl R2+XC2

10



Mach dao dong

= R, Xe _ 1
R1R2+R1XC2+R2XC1+XC1XC2+R2XC2 1+&+XC1 + R, +XC1
R, Xo Xo R,
Thay Xo, = —j— va X jl(""2 1) vao B va rat gon, ta d
a =")—— va =—)J— (vavo1j)®=-1)vao p va rut gon, ta dugc:
Yy “a oC, 2 oC, J g¢

1

B= . .
1+&+—J. (DC? +R, COC,Z + =1 1
R, oC, —j -] oC, R,
SP= !
1+&+C—2+(—l) (D,CZ R - ]
R, 1 J aCR,
SP= 1
1+&+C72+j2 03(?2 'Rl_ J
2 1 J oCR,
S p-—r 1 .
1+ —t+—=2+joCR, - ]
R2 1 (’t{leZ
1
Sb=—x—T ; (12.9)
I+ —+—2*+j(oCR —)
R, C, oCR,

Trong mach dao dong cau Wien, do A 1a mach khuéch dai khong ddo, vi vay dé
thoa diéu kién vé pha thi: Zp=0°
Theo biéu thuc (12.3) ta co:

1

b, =oC,R, -
oCR,

Pé mach dao dong thi phai thoa mén diéu kién can bang vé pha, nén ta cho by =0

b, =R,0C, - =0
oCR,
1
< RoC, =
oCR,
1
S o=

Vay mach s& dao dong tai tan so:
11
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! 1
0, =—- ha f =
"TRR.CC, ' 2nRR,CC,

Thay gia tri tan s tin hiéu dao dong ctia mach (w,) vao cong thirc (12.9), ta dugc:

1
B=
R, C, . RC, JR,R,C,C,
I+ —+—=+]( — )
R, C, “JRR,CC, R,C,
B 1
1+& +& N j(RleClCz -R,R,CC, )
R, C, R,C,{JRR,CC,
1
P=—x "
1+ +2
R2 Cl

Khi phai thoa diéu kién vé can bang bién d6 pA,=1=>A,= 1/B

R, C
Vaysuyra A, =1+—+—=
2 Cl
Néu chon gia trj linh kién trong mach 1a: C;= C;=C va R;=R,=R thi tin s dao
1 , .
dong ctia mach la: f, = 7RC va dé mach duy tri dao dong thi mach khuéch dai A,

phai thoa: Ay =3
Khao sat mot mach dao dong cau Wien sir dung Op-Amp (mach khuéch dai khong

dao) nhu sau:

oI
¥ I\
+Vce
+ Vo

' -Vee
AN
R2 R¢

) jRi

Hinh 12.10: Mach dao dong cau Wien
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Do str dung mach khuéch dai khong ddo nén ta co:
R R

A, =l+—L=3&—""~L=2

R

i i

Suy ra: Re=2R;

12.2.2 Mach dao dong L.C
Mach dao dong LC hoat dong dua trén khung cong hudng LC trong cic so dd mach.
a) Mach dao dong Hartley
So d6 mach dao dong Hartley duoc trinh bay nhu hinh sau:

VCC
R, RFC
C, vV,
|
C, AN ®
——
-~ C,
R, M
L =L +L,
- 1
= * 2 LIC;

Hinh 12.11: Mach dao dong Hartley

Transistor dugc phan cuc & ché do khuéch dai, khung cdng hudéng LC c6 vai tro
chon loc tan s6 va hoi tiép vé ngd vao cua khoéi khuéch dai. RFC (Radio Frequency
Choke) 12 cudn cam cao tan c6 dién cam rat 16n trong ving tan sé dao dong, vi vay vé
mat xoay chiéu ta xem nhu cudén RFC hé mach tai vung tan s6 dao dong. Mach dao dong
Hartley c6 dién ap hdi tiép trén cudn diy L; va dién ap ngd ra trén cudn day Lo, nhu vay

tan s0 dao dong ctia mach duogc xac dinh nhu sau:

1
oL, +oL, ———=0
oC,

1
——— hay f= 1 __ 1
JC, (L, +L)) 2nJCy(L,+L,) 2myC,L;

13
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b) Mach dao dong Colpitts
So d6 mach dao dong Colpitts dugc trinh bay nhu hinh sau:

Hinh 12.12: Mach dao dong Colpitts
Mach dao dong Colpitts c6 dién ap hoi tiép trén tu C; va dién 4p ngd ra trén tu Ca,

nhu vay tan s0 dao dong ciia mach dugc xac dinh nhu sau:

-—————+0L;=
oC, oC,

o INEE 1(C +C, 1 L e
= |—| —+— | = |— = = a =
Llc ¢ ) VLl cc, LC, JLC, 7 2mLG,

¢) Mach dao dong thach anh

Céac mach dao dong LC c6 nhuoc diém 14 tan sd dao dong khong 6n dinh do céc
gia tr1 L va C bi thay ddi theo nhiét o, do am, ... Dé tin hiéu ngod ra cua mach dao dong
c6 do on dinh cao thi thuong sir dung cac mach dao dong dung thach anh. Do tinh chét
ctia tinh thé thach anh c6 thé cho ra nhitng tin sé dao dong chuan khong phu thudc vao

diéu kién ctia moi trudng. Hinh sau trinh bay cau trac tinh thé thach anh.

14
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Z axis

[ e s

Hinh 12.13: Tinh thé thach anh

Tinh thé thach anh duoc ché tao tir SiO», nd ¢6 dic tinh cua tinh thé ap dién: khi
ap 1én bé mit tinh thé mot dao dong dién bang cach 14y hai ma kim loai kep miéng thach
anh ¢ gitra, tinh thé s& dao dong co hoc hodc néu tac dong lén bé mit tinh thé mot ap luc,
trén bé mit s& xuét hién mot stc dién dong. Tuy thudc vao kich thudc, bé day, mat cit
moi phién tinh thé thach anh c6 mét tan sb cong hudng nhét dinh, tir d6 sinh ra mot dao
dong dién cong hudng & tan sd twong Gng. Do dic tinh cia thach anh hoat dong nhu
mach cong huong cua tinh thé ap dién, nén c6 thé moé phong mach dién twong duong cua

no nhu hinh sau;

XL
A ?
‘ |
‘ |
B, '
L L ¢
= ~Cnu 5 st Ly’ -
L ! -
il |
|
(a) |
R
|
! !
(b) X, .

(c)
Hinh 12.14: (a) Ky hiéu thach anh; (b) Mach dién twong duong; (c) Pap Gmg tan sb

Trong do:
Cm  :dién dung gid do
Cc  :dién dung cua phién thach anh

L : dién cam cua phién thach anh
15
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R : dién tré cua phién thach anh (t6n hao cta thach anh khi dao dong)
fs  tan sO cong hudng nbi tiép
fp  tan s6 cong hudng song song

Ta co:
1

- Tan sb cong huong nbi tiép la: f, =—F—
ong g P o /_LCC
- Tan sb cong hudng song song 1a:

f = | 1+CC
" 2rLC, Cy

Vay c6 thé sir dung thach anh dé thay thé mot mach LC ndi tiép hay mach LC song song.

Vi du: mach dao dong Colpitts dung thach anh nhu sau:

i

Hinh 12.15: Mach dao dong Colpitts dung thach anh

12.3 Mach dao dong tao xung vuéng

Tin hiéu xung vudng 13 mot dao dong dién rat pho bién trong linh vuc diéu khién
tu dong. Thong thuong cac mach tao xung vuong dugc thiét ké dé tao ra cac xung dién
vudng c¢6 tan s6 va chu ky on dinh dé 1am b dém, bo dinh thoi gian nham thuc hién qua
trinh ty dong hoa.

16
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Mach tao xung vudng thuong duoc xay dung trén qua trinh phéng va nap cua tu
dién, tan sb cua dao dong cua mach phu thudc vao khoang thoi gian nap va phéng cua tu
dién.

12.3.1 Mach dao dfng da hai dung BJT

Trang thai cin bang ctia mach (mot BJT dan va mot BJT ngit) chi 6n dinh trong
mot khoang thoi gian nhét dinh nao dé roi tu dong lat lai trang thai kia va nguoc lai. Hai
trang thai nay cua mach da hai tu dao dong con dugc goi la cac trang thai chuan can béng.
O d6, nhitng thay ddi trong d6i cham cua dong dién va dién ap giita cac diém trong so d6
mach dan t6i mot trang thai t&i han ma tai d6 c6 nhing diéu kién dé tu dong chuyén dot
ngdt tr trang thai nay sang trang thai khac.

Xem xét mach dao dong da hai dung BJT nhu hinh sau. Mach gém hai transistor
mic cuc phat chung, dau ra transistor Q1 duoc ghép téi dau vao cia tang transistor Q2
qua tu Cj, con dau ra cia tang transistor Q2 ghép tro lai ddu vao cia tang transistor Q1
qua tu C2. Nhu vy mdi tang dich pha mot goc 180°, hai ting dich pha 360°, bao dam hdi

tiép duwong khi mach lam viéc.

R1 R3 R4 R2
470 100k 100k 470

B1 D1 D2
ov LED-GREEN LED-GREEN

Q1 Q2
BC547 | K BC547

Hinh 12.16: Mach dao dong da hai dung BJT

:}——4
—
[N
=0

-
o
c

S
o
c

S

Nguyén ly hoat dong:
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Khi cip ngudn, gia sir transistor Q1 dan trudc, a4p Vi cua transistor Q1 giam =>
thong qua C1 1am 4p Va2 cua transistor Q2 giam => Q2 tit => 4p V2 cua transistor Q2
tang va nap vao tu C2 => thong qua C2 lam 4p Vi cua transistor Q1 tang => xac lap
trang thai Q1 dan bao hoa va Q2 tat, luc nay LED DI sang va LED D2 tat.

Sau khoang thoi gian t, dong nap qua R4 vao tu C1 khi di¢n 4p nay 16n hon 0,6V
thi transistor Q2 dan => 4p V¢ cuia transistor Q2 giam => thong qua C2 1am 4p Vg cla
transistor Q1 giam => Q1 tat => ap Vi cia transistor Q1 ting va nap vao tu C1=> thong
qua C1 1am ap Vg, cua transistor Q2 ting => x4c 1ap trang thai Q2 dan bdo hoa va QI tit,
lac nay LED D2 sang va LED D1 tat. Trang théi lp di lap lai va tao thanh dao dong xung
vuodng. Chu ky dao dong phu thudc vao C1, C2 va R3, R4.

Ta c6 tan s dao dong cu hla: f, =
a CO tan SO dao dong cua macn ia: 1, 1,4RC

Bién do xung ra dugc xac dinh gan diing bang gia tri ngudn cung cip Vcc

12.3.2 Mach dao dgng da hai dung Op-Amp
Xem xét mach da hai trén co s& bo khuéch dai thuét toan duoc trinh bay nhu hinh

sau.

0 t } =P
R t t] [Z)
A Vaong =~ '\"K‘ "
; ‘ I *‘V,nax
| | |
N < U | | [
o i b2 Vng,ét ty ty {3 £ Bymax
C T~ 0 ) *
P \ Vdong e—

|
|
=
o
°< : g

(a) 0

t) ta f t3
'Vmax

Q >

(b)
Hinh 12.17: Mach dao dong da hai dung Op-Amp
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Nguyén ly hoat dong:

Gia st ban dau Op-Amp bido hoa duong Ve=+Vcc, khi d6 dién ap trén dau vao Vx
tang 1én nhd qua trinh nap tu C cho dén khi dat toi ngudng 14t (Vx > Vp) thi so dd chuyén
trang thai va dién ap ra Vo=-Vcc. Sau d6 dién ap dau vao Vy giam dan nhd qua trinh
phong dién cua ty dién C cho dén khi dat t6i ngudng 1at (Vn < Vp) thi so d6 chuyén trang
thai va dién &p ra Vo=+Vcc.

Néu Ch()l’l Vomax = 'Vomin: VCC 5 thi ta Cé:

Vieng = -B.Vee
Vngét = B-VCC
” Ry 0 a A s 4 , A S rs giA o~
Véi B =Y = IR 1a h¢ s6 hoi ti€p duong cia mach. Can luu y 1a dién &p ngd
Vo 1 + 2

vao Vx chinh 1a dién 4p trén tu C, s& bién thién theo thoi gian mang qui ludt ctia qua trinh

phong dién va nap dién cia tu C tir nguén Vee hodc -Vee thong qua R trong cac khoang

thot gian tr 0 dén t; vatir t; dén to (cho mot chu ky), sau d6 1dp lai cho chu ky tiép theo.
Chu ky cua mach dao dong dugc xac dinh theo cong thirc:

T =212 2RC.In(1 + 2

)

2
Néu chon Ri=R; thi ta c6: T = 2RC.In3 = 2RC. 1,1 =2,2RC

1
2,2RC

Tan s6 dao dong cua mach la: f =

Nhu vay chu ky ctiia mach dao dong chi phu thudc vao cac thong sé mach ngoai Ry,
Rz, R, C.

Khi can thiét ké mach dao dong da hai c6 do on dinh tan sd cao va c6 kha nang
diéu chinh tan sb ta c6 thé sir dung cac mach phtic tap hon. Hinh sau trinh bay so db

nguyén 1y va gian d6 song ctia mach dao dong da hai khong dbi ximg.
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V 4
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- | 4 \ Ve(t)
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Hinh 12.18: Mach dao dong da hai khong d6i xtimg

Tu dién C dugc nap qua (Rs, D1) va phong qua (Rs, D2). Néu chon R khac Ry, khi
do ta co:
2R
1, =R, C.In(1+—*
1 = R,C.In( R, )

2R,

1, =R,C.In(1+ =)

2

Dodé: T=1,+1,=C(R,+R,)In(1+ 2151)

2

A A A ” \ 1
Tén s6 dao dong cua mach la: f = T

Bang cach thay doi gia tri R; va Ry ta s& thay doi duoc do rong xung trong khi chu

ky cua tin hi€u van gitr nguyén khong doi.

12.3.3 Mach dao dong tao xung vuong dung IC 555
Loai IC thong dung duoc str dung dé tao dao dong xung vudng 1a IC XX555 (XX
6 thé 1a TA hodc LA, ...). So dd chén cua IC 555 dugc trinh bay nhu hinh sau:
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e U
ground (8] +Vee
trigger 7] discharge
IC 555
DIL
output 6] threshold
reset E E_] control
voltage

Hinh 12.19: So dd chan cua IC 555

Chén 1 (GND): Chan ndi dit dé lay dong.

Chan 2 (Trigger): Chan so p voi muc ap chuan 1a 1/3 mirc nguén (Vee).

Chan 3 (Output): Chan ngd ra, tin hiéu trén chan 3 c¢6 dang xung (mic thap/mirc
cao).

Chan 4 (Reset): Chan xac lap trang thai trén chan 3 (¢ murc thap hay hoat dong).
Chén 5 (Control Voltage): Chan lam thay d6i murc 4p chuén trong IC 555.

Chan 6 (Threshold): Chan so ap voi muc ap chuan 1a 2/3 mirc ngudn (Vee).

Chan 7 (Discharge): Chan nay nhu 1a mét khoa dién dong/md theo muc ap trén
chan sb 3, thuong dung cho tu xa dién.

Chén 8 (Vce): Chan ndi vao dudng ngudn Vee. IC 555 1am viée véi mirc ngudn tir

3V dén 15V.
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5 CONTROL

ThRESHOLD o} comparator

¢ COMPARATOR

© VOLTAGE

2
O TRIGGER

7
DISCHARGE O—

O RESET

)«-— FLIP FLOP

OUTPUT
STAGE

Mmo3 &1

OUTPUT GND

Hinh 12.20: So d6 cac khéi chirc ning cua IC 555

Chan 1 n61 GND va chan 8 n61 vao ngudén Vcc, la mot cau chia ap véi 3 dién tré

bang nhau (déu 1 5K). Cau chia ap nay tao ra 2 mirc ap ngudng:

- Mirc ap ngudng tha 1 1a: 1/3 murc a4p ngudn (1/3 Vee) dung 1am mire 4p ngudng
cho tang so ap thu 1, véi tin hiu vao trén chan s6 2. Néu murc 4p trén chan 2
xudng thap hon 1/3Vcc thi ngd ra trén chan 3 sé& tang 1én mirc ap cao.

- Mirc ap ngudng tht 2 1a: 2/3 murc ap ngudn (2/3 Vee) dung 1am mire p ngudng

cho tang so 4p thur 2, v6i tin hi¢u vao trén chan s6 6. Néu muc ap trén chan 6 1én

cao hon 2/3 Ve thi ngd ra trén chin 3 s& xudéng muc ap thap.
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Khi chan 4 & muc ap thap, chan 3 bi chét & mirc ap thap, khi chan 4 ¢ murc 4p cao,
lac d6 chan 3 méi co thé bién ddi theo Flip Flop. Do vy trong cic mach dao dong,
thudng cho chan 4 ndi vao mirc ngudn cao.

Chan s0 5 ¢6 thé chiu tic dong ngoai dé 1am thay doi mic ap ngudng.

Chan s6 7 13 mot khoa dién dong/mé (transistor bdo hoa/ngung dan) theo mirc ap
trén chan s6 3. Chan so 3 14 ngd ra mot tang Flip Flop, nén tin hiéu trén chan 3 ¢ dang
xung (murc ap chi xac 1ap ¢ trang thai cao hay thap).

Xem xét mach tao dao dong xung vudng str dung IC 555 nhu hinh sau:

A A

[ | | |
) R3 ] R3
220 220

] ]
D1 D1
R1 o U1 ? LED-GREEN R1 © u1 LED-GREEN
10k ] 10k 3 ]

4 =3 4
L—4Y¥rR 8 a L—4Y¥rR 8 a
= 7 S > 7 >
DC DC
S ey S ey
" m
a R4 a R4
R2 21mR & THIL 220 R2 2J1TR & TH[-L 220
47% 47k
- 555 - 555
b p
D2 D2
LED-GREEN LED-GREEN
C1 u C1 4
10uF 10uF
= u

Hinh 12.20: Mach dao dong xung vuong str dung IC 555

Khi thay doi gia tri cac dién tro Ry, Rz va gié tri tu C; ching ta s¢ thu dugc dao
dong co:

- Chu ky toan phan tinh bang (s):

Tm \
Ts

T

Hinh 12.19: Chu ky toan phan T
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Ta co:
Tm : thoi gian dién muc cao, Tm =1n2.( R1 +R2).C1 =0,7.(R1 + R»).C;
Ts : thoi gian dién muc thap, Ts = In2.R, .Ci=0,7.R, .C;
T : chu ky toan phan, bao gom thoi gian c6 dién muic cao T va thoi gian co6 dién
murc thap Ts.
Suyra: T=Tn + Ts=0,7.(R1 + R2).C1 +0,7.R2 .C; = 0,7.(R1+2R2).C;
- Tan sb dao dong tinh bang (Hz):

podl_o_ L4
T (R,+2R,)C,
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Bai tap - Mach dao dong
Cau 1: Thiét ké mach dao dong dich pha RC str dung Op-Amp c6 Ri=20 KQ ; R =1KQ .
Hay tinh gié tri cia Ry va C dé mach tao ra dao dong song sin co tan s6 fo=1KHz.
Cau 2: Tinh tan s6 dao dong cua mach cau Wien c6 Ri=R,=51 KQ; C;= C,= 0,001uF.
Gia thiét mach thoa man diéu kién bién do va pha.
Céu 3: Cho mdt mach dao dong Colpits dung transistor c6 Ci= 0,01uF; C,= 2500pF va
L=40uH. Hay tinh tin s6 dao dong ctia mach.

Cau 4: Thiét ké mach dao dong tao xung vudng st dung IC 555 vdi cac thong sb nhu sau:

+ Vce
R1

Vee Reset

Gl =

7|

C1 = 10pF
R1 =R2 = 100kQ

a) Tinh Ts, T,y vaT
b) Tinh tansé f =?

Céu 5: Cho mach dao dong dich pha RC (3 mach loc RC) sir dung Op-Amp (khuéch dai
da0) nhu sau. Biét R=R=10kQ , C=0,01uF.
a) Xac dinh tan s6 dao dong ctia mach

b) Tinh gia tri cia R¢

Ri
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Cau 6: Thiét ké mach dao dong dich pha RC (3 mach lgc RC) st dung Op-Amp (khuéch
dai dao) dé c6 tan s6 dao dong 2kHz. Biét gia tri cua dién tro R va dién dung C trong
mach loc RC la nhu nhau. Trong d6 dién dung C dugc chon béng 0,01uF va Ri=R.

Hay xac dinh gia tri cia dién tré R, Ri, Rt

Céau 7: Cho mach dao dong dich pha RC (3 mach loc RC) stir dung Op-Amp (khuéch dai
dao). Cho biét R=R=10kQ.

a) Hay xac dinh gia tri dién dung C trong cac mach loc RC dé mach tao ra dao dong
song sin ¢6 tan sb f=2,5kHz.

b) Tinh gia tr1 dién tr& Ry

C) Néu thay ddi ca ba dién tr& R trong mach loc tur 4,7kQ dén 20kQ. Hay x4c dinh pham
vi thay d6i tan s6 dao dong ctia mach.

Cau 8: Cho mach dao donh cau Wien str dung Op-Amp nhu sau. Cho biét
Ri=R,=R=33kQ), C;= C;=C=10nF. Gia thiét mach théa mén diéu kién bién d6 va pha.

a) Xac dinh tan sb dao dong.

b) Tinh gia tri cta dién tré Re néu cho Ri=47kQ.

R1 (&
AW {

ZTN

+Vce
+ Vo

l -Vee
—AN—]
R2 C2 T R o
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Phuc luc

1. Mot s6 khai niém vé s6 phire [5]

S6 phirc z dugc biéu dién dudi dang z = a + b.j, trong d6 a va b 1a cac sd thuc va
jla don vi ao, théa j*>=—1.

Viduy I: z=-3,5+2.j 1a mot s6 phurc.

Sé thue a duge goi la phén thuc cua s6 phtc a + b.j; s6 thuc b dugc goi la phén
40 cua s phtic a + b.j (phan ao khong c6 chira don vi a0 j), s6 phire b.j dugc goi la thuan
40. Phan thuc cta sb phtrc z dugc ky hi¢u 1a Re(z); phén 40 cua sd phtric z duoc ky hi¢u
la Im(z).

Vidu 2: Re(z) =Re(-3,5+2j)=-3,5

Im(z) =Im(-3,5+2))=2

Néu xét theo phan thyuc va phan do, mot s phuc z s& dugc viét 1a: Re(z) + Im(z).j

Mot sb thyuc a co thé duoc biéu dién ¢ dang phirc 13 a + 0.j v6i phan ao 1a 0. S6
thudn 4o b.j 1a mot s6 phirc duoc viét 1a 0 + b.j véi phan thyc bang 0. Ngoai ra, khi phan
40 Am, n6 dugc viét 1 a — bj hay ta c6 thé viét 1a: a + (-b).j

Vidu 3: taco sb phitc z=3 — 4 hay viét 1a z=3 + (—4) ]

S6 phtc co thé duoc biéu dién trén mit phéng phtrc voi truc hoanh 1a truc thuc
va truc tung 1a truc do, do d6 mot sb phtic a+b.j dugc xac dinh béng mét diém co toa
d6 (a,b). Mot s6 phirc néu ¢6 phan thuc bang khong thi goi 14 s6 thuan a0, néu ¢6 phan ao
bang khong thi trd thanh 1a s6 thuc. Viéc mé rong truong sd phirc dé giai nhimg bai toan

ma khong thé giai trong trudng sd thuc.

Im
A a+bj
b e - -
I
|
I
|
o ) » Re

Hinh 1: Biéu dién s phtic trén mat phang phuc, v6i Re 1a truc thue, Im 13 truc o [4]
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M&i s6 phtic z déu duoc biéu dién duy nhat dudi dang: z=a+bj, trong d6 a, b 1a

cac so thuc. Dang bicu dién nay dugc goi 1a dang dai so cua so phuc z. Véi cach bicu

dién duéi dang dai s, phép cong va nhan cac sb6 phuc duoc thuc hién nhu phép cong va

nhan céc nhi thitc bac nhét véi luu y rang j2 = —1. Nhu vay, ta co:

(a+b.j)+(c+d.j)=(a+c)+(b+d).j
(a+b.j)—(c+d.j)=(a—c)+(b—-d).j
(a+b.j)c+d.j)=(ac—bd)+(ad +bc).j
a+b.j:(a+b.j)(c—d.j):ac+bd+bc—adj
c+d.j (c+dj)c—d.j) J+d* I +d

2. Ung dung ciia s phiic

Trong hinh hoc phang: phép quay 90 do c6 binh phuong bang -1: Quay hai 1an 90
d6 thi bang quay 180 do, ma quay 180 d6 co nghia la lay diém nguoc lai, cling co
nghia 14 nhan véi -1. Vay ta c6 thé ndi rang sd 4o j dai dién cho su quay, hay su
chuyén hudng 90 d6. Chinh vi “j chang qua 1a quay 90 d6” nén sé phtic rat hiéu
nghiém trong hinh hoc phang va trong luong gidc. Nhiéu van dé cua hinh hoc
phang rat phuc tap, hay nhiéu coéng thirc luong giac phirc tap, trd nén don gian
hon khi sir dung sd phtic dé giai quyét.

Phan tich da thirc ra thira s6

Tinh toéan cac tich phan

Tim dang chuén va phan loai céc cAu tric toan hoc

Trong vat Iy ngdy nay, sé phtc xuat hién rat nhiéu. Boi vi vat 1y lién quan dén
hinh hoc, ¢6 nhiéu dai luong khong chi c6 d 16n ma con c6 hudng. Ma da noi dén
hudng la dé dung dén s phtc, vi s6 40 thé hién sy quay 90 d6. Vi du nhu dé mo

ta dién xoay chiéu hay trong mang dién néi chung, ngudi ta c6 thé dung sb phic.
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M&i s6 phtic z déu duoc biéu dién duy nhat dudi dang: z=a+bj, trong d6 a, b 1a

cac so thuc. Dang bicu dién nay dugc goi 1a dang dai so cua so phuc z. Véi cach bicu

dién duéi dang dai s, phép cong va nhan cac sb6 phuc duoc thuc hién nhu phép cong va

nhan céc nhi thitc bac nhét véi luu y rang j2 = —1. Nhu vay, ta co:

(a+b.j)+(c+d.j)=(a+c)+(b+d).j
(a+b.j)—(c+d.j)=(a—c)+(b—-d).j
(a+b.j)c+d.j)=(ac—bd)+(ad +bc).j
a+b.j:(a+b.j)(c—d.j):ac+bd+bc—adj
c+d.j (c+dj)c—d.j) J+d* I +d

2. Ung dung ciia s phiic

Trong hinh hoc phang: phép quay 90 do c6 binh phuong bang -1: Quay hai 1an 90
d6 thi bang quay 180 do, ma quay 180 d6 co nghia la lay diém nguoc lai, cling co
nghia 14 nhan véi -1. Vay ta c6 thé ndi rang sd 4o j dai dién cho su quay, hay su
chuyén hudng 90 d6. Chinh vi “j chang qua 1a quay 90 d6” nén sé phtic rat hiéu
nghiém trong hinh hoc phang va trong luong gidc. Nhiéu van dé cua hinh hoc
phang rat phuc tap, hay nhiéu coéng thirc luong giac phirc tap, trd nén don gian
hon khi sir dung sd phtic dé giai quyét.

Phan tich da thirc ra thira s6

Tinh toéan cac tich phan

Tim dang chuén va phan loai céc cAu tric toan hoc

Trong vat Iy ngdy nay, sé phtc xuat hién rat nhiéu. Boi vi vat 1y lién quan dén
hinh hoc, ¢6 nhiéu dai luong khong chi c6 d 16n ma con c6 hudng. Ma da noi dén
hudng la dé dung dén s phtc, vi s6 40 thé hién sy quay 90 d6. Vi du nhu dé mo

ta dién xoay chiéu hay trong mang dién néi chung, ngudi ta c6 thé dung sb phic.
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