Chuong 4: Mach dao dong

CHUONG 4
MACH DAO PONG

Trang bi cho sinh vién: Kién thirc vé nguyén 1y hoat dong va xac dinh cac thong sb cta
mach dao dong.

4.1. NGUYEN LY HINH THANH DAO PONG

Dao dong va tong hop tan sb la phan rit quan trong cta dién tir thong tin. Trong tai liéu
nay chi xét dao dong sin cao tan Mach dao dong bién doi ning luong dién nguon mot
chiéu thanh xoay chiéu. Thong sé quan trong nhét ctia bo dao dong: do bat on tan s6 tuong

f -1,
f,
mach dao dong LC cho € = 10% . Dao déng thach anh c6 &€ = 10°%789 qugc dung 1am
dao dong chuan.

doi €= . Trong d6 fo - tan s6 dao dong can co; f - tan so dao dong c6 dugc. Cac

dao dong: cong suat ra, dai tan, tré khang ra.

; Amp -
3 i A 3
A =_e °
¥ 1':_ = .
v 69
3 Hai €D
3 . V.
B= :.—_:
h 4 - ".,'c

Hinh 4.1. So d6 khdi by dao dong

Mach dao dong g@)m mach khuéch dai va mach hoi tiép duong d@)ng thoi lam tai chon loc
cao tan cua khuéch dai.

D6 loi khuéch dai dién ap khong hoi tiép
_V, (dién dp ra mach khué&ch dai)

[

\4

V., (dién 4p vao mach khu&ch dai)
Mot phéan dién ap ra V, dua vé hoi tiép duong cho mach khuéch dai.

Hé sb truyén dat mach hoi tiép:

B, =t
VO
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V, =B,.V, - dién ap hoi tiép ghép nbi tiép v4i ngudn dién ap kich khoi ban dau V,. Hoi
tiép 4m néu pha V, va V, nguoc nhau, khi 46 V, =V, =V, giam, dién ap ra V, giam.
Hoi tiép duong néu V, va V, clng pha dan dén V, tang tirc 1a c6 dao dong.
Xét hoi tiép duong:

V,=V.A, =(V,+V)A, =(V.+B,.V)A =A V, +A B.V,
Dé 6 ty dao dong thi V.=0suyra A, B, =1
Didu kién A,.B, =1 con goi la tiéu chuan Barkhausen. Thong thuong A B, >1 , tic la
mach khuéch dai bu duoc suy hao cua mach hoi tiép. Néu Av.Bf <1 mach khong dao
dong.

. Y A :
Dang khac, V.=0taco: = =—-—=A;

‘ V. 1-AB;

A, - hé s6 khuéch dai dién ap c6 hoi tiép duong. Néu A B, =1 thi A , — o mach tu
dao dong.

Ttr ti€u chuan Barkhausen, c6 diéu kién dao dong vé bién do va pha: @a, s pha ciia mach
khuyéch dai va mach hoi tiép.

AvBi=1
QA+ QB = 27N; n=0,1,2,3, ...

Mot $6 bd dao dong:

[J B0 tao dao dong ¢ tan sd thép, trung binh: dung bo khuéch dai thuat toan + RC hodc
dung Transistor + RC.

[J BO tao dao dong & tan s cao: 0,3fs < fo < 3fp dung Transistor + LC hoic dung
Transistor + thach anh.

B6 tao dao dong & tan s siéu cao: dung Diode Tunel, Diode Gunn.

Céc tham s0 co ban cua mach dao dong: tan s6 dao dong, bién do dién ap ra, dd 6n
dinh tan s0, cong suat ra, hi€u suat.

Trong chuong nay ta chi xét mach dao dong LC, dao dong thach anh va chi xét diéu kién
dao dong ctia mach.

4.2. MACH TUONG PUONG KHI PHAN TiCH MACH DAO PONG
Xét mach dao dong Colpitt nhu sau:
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Hinh 4.2. Mach dao dong dang Colpitt

Mach tuong duong cua mach dao dong nhu hinh sau:

L 2R (H)anv 31— SR, |y

5 ::C2 §RE §1‘i

Hinh 4.3. Mach tuong duong
Gia str bé qua dién tro ra BJT, Rg dit 16n, tu Cg coi nhur nbi tat vé AC.

Ta co: |Av].|Bf| = 1 va oa = @5 = 0 13 diéu kién dao dong.

Tu Co/IRellri = Vr _ 26(mV) (dién tro vao tang khuéch dai mic CB)
I. I.(mA)
Heé s6 pham chét Q ctia mach dao dong c6 tai 16n. Dién 4p ngod ra mach hoi tiép:
V = VoCI
C, +C, (4.1)
Tré khang tuong duong mach cong huong:
2
. — I-11{E C1 +C2 (42)
r+R.{ C,
Heé s6 truyén dat:
\Y% C
B =—= ‘ 4.3
A (Cl + Czj (43)
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R R,

€q

1 \Y%
Tai cong huong: ®, =——;pa=@s=0Va A, =2 =¢g 7 =g "L
3 ¥ g g 0 C1C2 (pA (pB \% V g L g R +RL
L =2 d
C, +C,

biéu kién dao dong vé bién do:

R,R.

A, . =
Req +R, C,+C,

Bf| =g .

2
Néu Rg >> ri thi R, :r{clé‘ch :

1

A

v

B|>1

Thudng chon bang 3 (bu trir sai s6 gan dung). O trang thai xéac 1ap:

B|=g,.r. & .S 3
C,+C, C,+C,

AV

Chon R >> Req dé it anh huong t6i tré khang twong dwong mach cong huong.

Vi du 4.1: Cho so dd trén, cho Ic = ImA; V¢ = 12V; f, = 20MHz, B = 100. Tinh mach
dao dong.

Giai:

= =26Q
ImA

Ta co: [ =—=

IV, 26mV
IC

Chon C, = % =500p co L=0,19uH

2
—r (%j — 2340

eq i
1

ChOH RL = 1,5KQ >> Req
Ce = 1uF
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R, Ve o 3V 310
I. 1mA
RC:VCC—VE—VCE:12—3—6:3kQ
I, 1mA
V. -V, -V, -7 —3_6—
R,=—"% -+ & _12737677 _ 53510
(1./B) 1/100
4.3. CAC MACH DAO PONG CO BAN
4.3.1. Mach dao dong Hartley

Mach dao dong Hartley thuong dung trong cong nghi€p hodc nhimng noi khoéng can on
dinh tan sb cao nhu 10 t6i cao tan, dan cao tan.

. Ve
L

140 L~
§ 13/68
1K —
0,005 s
180

f, = 10MH:z
Hinh 4.4. Mach dao dong Hartley
Cac thong s6 ctia mach duoc xac dinh
1
0, =—F— 4.4
J(L, +L,)C, (4.4)
X L
B =t _—2

D SR (4.5)

4.3.2. Mach dao dong Colpitt

Xét mach dao dong Colpitt mic CB nhu hinh vé&
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Hinh 4.5. Mach dao dong Colpitt

Cac thong so cua mach dugc xac dinh: xem Ry >> hie

1
®, =
L3 CICZ
C, +C,
Bf = XCZ = &
Xc1 2
4.3.3. Mach dao dong dich pha
Mach dao dong dich pha dung Op-Amp
A
mTET T T TTTE

Hinh 4.6. So d6 khdi ctia mach dao dong dich pha

(4.6)

4.7

Trong dao dong dich pha, khdi A 1a mach khuéch dai déo va duoc nbi t6i ba bo loc thong

cao RC, nén goi 1a mach dao dong dich pha.

Cac mach loc RC dung dé dich pha tin hiéu di 180° tao tin hié¢u hoi tiép duong & ngd vao.
Déi voi mach loc thong cao RC, tin hi¢u sau khi di qua mach loc thong cao sé€ 1¢ch pha
di so véi tin hiéu vao tir 0 &én 90° tuy thudc vao tan s cua tin hiéu vao. Nhu vy s mach
loc RC phai thoa man sao cho khi tin hi€u di qua s€ tao dugc tin hi¢u hoi tiép duong &
ngd vao hay tong goc 1éch pha cua tin hiéu sau khi di qua khau hoi tiép 1a 180°, vay trong
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truong hop st dung ba mach loc RC nhu hinh 4.6 thi mach s€ dao dong tai tan so tin hiéu
c6 goc léch pha 60° sau khi di qua mot mach loc RC.

Hinh 4.7. Khau hdi tiép ciia mach dao dong dich pha
Xét hinh 4.7 ta co:

Vo=l (X +R)=15R
O:IZQR+XJ—R(hﬂ43J

0=15(2R+X;)-RI

2
Vi = I5R
Trong do:
X - jL
oC

Thay gié tri vao ta duoc:
ﬂ—\ﬁ— R® _ 1
B T p3 2 2 3 2 3
V, R+5RXS+6R° X, + X¢ 1+5X—§+6&+X—§
R R R
1

1 1 1

ﬂ _
1-5 - _—jle -~ - (4.8)
(@RCY | @RC ™ (wRCY

Mach dao dong tai tan s c6 hoi tiép duong hay: /8 =180° theo biéu thic (4.8)

Theo (4.8)tacd: b, =6 1 1 ==0
oRC  (wRC)

Vay mach s€ dao dong tai tan so:
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-1 hay f -
°" JBRC ° " 2xJBRC (4.9)

Khi phai thoa diéu kién vé bién d6 A=1, ta thay gia trj tan s tin hiéu dao dong ctia mach
vao cong thirc (4.9) ta dugc: f=-1/29

Vay dé mach duy tri dao dong, mach khuéch dai A phai c6 hé sb khuéch dai A=-29

Mach dao dong dich pha dung transistor
‘/

Do

f=—
2 - /R)
P c C
i e
R R

Hinh 4.8. a. Mach dao dong dung JFET; b. Mach dao dong dung BJT
- BIJT va FET duogc phan cyc ¢ trang thai khuéch dai.
- Hoi tiép 1a nhanh ba mac xich RC.

- Tu CevaCsco gia tri 16n cho qua tin hi¢u nhidu va cac tin hiéu tan s6 qua trinh
dao dong tap &m & tan sd cao ndy sinh trong qué trinh dao dong va tap 4m co tan
s cao.

Mach dao dong dich pha RC dung Op-Amp c6 so dd nhu hinh 4.9
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Ri Rf
— MWW WA—
+Vee

<
- T

Hinh 4.9. Mach dao dong dich pha RC
Theo diéu kién dao dong thi AS =1, tasuyra

A== =-29
B

Suy ra A:—%z—zg

|
Hay R. =29R,

Chu y: gia tri cua Ry vi ngd vao V.=V+=0V nén Ri//R cua tang RC cudi cling s& gay sai
s0 1éch pha. D¢ két qua trung vai tinh toan thi Ri>> R d€ Ri//R~R hogc bo qua dién tr¢
R va R dugc thay bang R. Mach hoan chinh nhu hinh 4.10

D

R

C
(.
T
il

Hinh 4.10. Mach dao dong dich pha trong thuc té.
- A bd khuéch dai.

- Bién tr¢ Rr On dinh chong tap am
- DiD2ddéng vai tro 6n dinh dao dong véi tan s6 a,

4.3.4. Mach dao dong ciu Wien
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Mot bd dao dong thuc té 1a dung khuéch dai thuat toan va mach cau RC, véi tan sd dao
dong dugc xac dinh boi R va C (gom RC noi tiep va RC mac song song)

z
Q

Ng6é ra

——o

=
>

Hinh 4.11. So d6 khdi cua mach dao dong cau Wien
Véi A 1a bo khuéch dai khong dao

e
Yo Bl B Vi
b
I
2R
4

Hinh 4.12. So d6 mach cau Wien
Xét so dd nhu hinh 4.12 ta co:

R,/ /X,

V =
PR+ X +(R 1 1Xg,)

Vfb_ RZI/XCZ
Vo R+Xe+(R/1Xe,)

RZXCZ
R, + X¢,
RZXCZ
R, + X¢,

R+ Xq +

— R, Xc,
RiR, + R Xy + Ry Xy + X X, + R X,
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