Chuong 5 - Mach tao song hinh sin

Chuong 5
MACH TAO SONG HINH SIN

Mach tao séng hinh sin tao ra tin hiéu sin chudn vé bién d6 va tin s6, thudng diing lam ngudn
tin hiéu d€ kiém tra dic tinh cia cdc linh kién, cdc mach khuéch dai va cdc thi€t bi dién t& khic.
Tin hiéu hinh sin con diing 1am séng mang, séng diéu ché trong k§ thuit thu phit vo tuyén dién ...

Dua theo dic tuyé€n vé linh kién va tin s6 dao dong, ta c6 thé phan loai cdc dang tao séng hinh
sin nhu sau:
e Dao dong RC: linh kién quyét dinh tan s6 dao dong 1a RC, tan s6 1am viéc tir dusi 1 Hz dén
1 KHz, gdbm mach dao dong ddi pha, dao dong cAu Wien, dao dong ciu T doi ...
e Dao dong LC: linh kién quyét dinh tan s& dao dong 1a LC, tin s& 1am viéc tir 100 KHz dén
hang GHz, gdm mach dao dong diéu hgp LC, dao dong ColpiHz, Hartley, dao dong diing tinh
thé 4p dién ...

6.1. NGUYEN LY TAO DAO PONG VA DUY TRI DAO PONG
Hiy khdo sdt lai nguyén ly hdi ti€p trong s6 d6 khdi mach khuéch dai nhu hinh 6.1.1.

Khuéch dai

" A Hoi ti€p B

v
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|

Hinh 6.1.1. Hdi ti€p duong tao dao dong

Khi méi cAp dién cho mach, do sy bi€n thién ngudn dién, s& cho mdt bi€n thién dién 4p ngd
vao V;. Qua mach khué&ch dai sé& tao 4p ngd ra V, = Ay V; v6i géc 1éch pha a. so v6i 4p ngd vao.
Dién 4p ngd ra V, lai qua mach hdi ti€p cho tin hiéu vao. N&u 1a hoi ti€p am, tin hiéu hdi ti€p vé sé&
ngudc pha véi tin hiéu ban dau & ngd vao va lam suy gidm bién do tin hiéu vao, do d6 bién do tin
hiéu ngd ra cda mach khuéch dai ciing bi gidm theo ... K&t qui 1a khi ngudn dién 6n dinh, sy bi€n
thién tin hiéu vao bi triét tiéu va bié€n thién tin hiéu & ngd ra ciing bi triét tiéu, mach s& dn dinh
mitc phan cuc DC. N&u 12 hoi ti€p duong, tin hiéu hdi ti€p vé s& dong pha vdi tin hiéu ban dau &
ngd vao va lam ting bién d6 tin hiéu vao. Bién do tin hiéu ngd ra cia mach khuéch dai cling ting
theo. K&t qua 12 & ngd ra ctia mach ludn xuat hién tin hiéu AC (goi 1a tin hiéu dao dong) trong khi &
ngd vao khong cin tin hiéu kich thich dua tir bén ngoai vao. Tin hiéu vao c¢6 dudc do mach hdi ti€p
cung cAp tir ngd ra tr§ vé.
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Khdi hoi ti€p duong déng vai trd quyét dinh trong viéc tao tin hiéu dao dong. Khdi khuéch dai
khué&ch dai tin hiéu dao dong di bi suy gidm sau khi truyén qua khdi hoi ti€p, duy tri bién do dao
dong 6n dinh & ngd ra. Néu khoi hdi ti€p P khong c6 tin chon loc tin s6, mach sé& tao tin hiéu xung
vudng & ngd ra. N&u B ¢6 tinh chon loc tin s8, chang han B 12 mach cong hudng & tin sd f,, thi chi
c6 tin hiéu tin s6 f, dugc chon loc duwa vio mach khuéch dai, va & ngd va clia mach chi xuit hién tin
hiéu dao dong hinh sin tan s6 f,

Hiy tim diéu kién tdng quat d€ xuit hién dao dong.
Tir hinh 6.1.1, d& c6 tin hiéu dao dong & ngd ra, dién ap hdi ti€p ti€p trd vé& phai c6 bién dd va
pha tring véi bién do va pha ctia dién dp ngd vao:

V =BVo =BA, Vi

suy ra: |BAV|:1 (6.1.1)
12 diéu kién vé bién do
va: arg (B.Ay) =0 (6.1.2)

1a diéu kién vé pha.
(6.1.1) va (6.1.2) 1a cdc diéu kién tong quit d€ tao vao duy tri dao dong.
Trong thyc t€, di€u kién |B.Ao| = 1 rat khé dat, ngudi ta thudng cho [B.A, | hai 16n hon 1 dé dé

dao dong va thyc hién &n dinh bién do tin hiéu dao dong ngd ra bing cdch thém mach hdi ti€p Am
vao bo khuéch dai. Khi d6 dai lugng Ay trong (6.1.1), phai hi€u 1a hé khuéch dai ciia mach c6 hdi
ti€p am.

6.2.MACH TAO SONG RC

6.2.1 Mach dao dong ddi pha

Hinh 6.2.1 a 13 so d6 nguyén Iy ctia mach dao dong ddi pha. Khdi hdi ti€p gdm 3 mach RC tao
ra sy’ 1éch pha giita 4p ngd ra va dp ngd vao la 180° qua ting dém c6 téng trd nhap cao dé trinh
4nh hudng dé&n dic tinh khdi hdi ti€p. Tin hiéu sau d6 dude dua qua mach khuéch dai ddo pha c6 hé
khu&ch dai Ay va dua tr§ vé ngd vao khdi hdi tiép.

1+
c ¢ c 9 c ¢ ¢
| [ 1| KD ddo | eI .
mimenimeni pha A1 v, s im el
v, R SR 3R V=AV, vV, SR IR ZR|Y,
(a) S0 d6 nguyén 1y (b) Khéi hdi tiép

Hinh 6.2.1. Mach dao dong doi pha
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D€ tinh todn dinh lugng (xdc dinh tin sd dao ddng va gid tri t&i thi€u cAn c6 ciia hé s khuéch
dai Ay) ta xét so do ctia mach hdi ti€p (h. 6.2.1 b), vi€t cdc phuong trinh dong dién vong roi tim ra
., . A N1 A o N V N ° L
gid tri hé so hoi ti€p B = 72 . Két qua cé:
1

H 3
p=o - J(©RC) , (6.2.1)
V, 1-6(0RC)? + joRC[5-(0RC)?]

tu do ta co:

— j(@wRC)® x A
BA, = 12( : ) XAy . (6.2.2)
1-6(wRC)” + joRC[5 - (0RC)“]
D& théa mén diéu kién vé pha (6.1.2), géc pha clia bi€u thitc (6.2.2) phdi bing khong. Suy ra:
1-6 (oRC)* =0
Tan s6 thod man hé thitc ndy chinh 12 tin s§ dao dong:
1 1
®, = hayf , = ——— (6.2.3)
JBRC 21\ 6RC

Tuong tu, d€ théa man diéu kién vé bién do (6.1.1), modul ciia biu thifc (6.2.2) phdi bing 1. Suy ra:
| 1 |_JB-6(@,RC)*) +(w,RC)*[5—(o,RC)*T?
~IBlw)| (0,RC)’

]

—>|Ay|=——7—=29 (6.2.4)

- A

Pay la gia tri tdi thiéu clia Ay d€ ddm bao duy tri dao dong.

e Vidu 6.1: Mach dao dong d&i pha dung KDTT nhu hinh 6.2.2.
tinh cdc gid tri R. C. Ry, R, sao cho tin hiéu dao dong & ngd ra c6 tin s6 f, = 1 KHz. Cho KPTT c6 R;
=1MQ, R, ~0.

R R,
AA—s AMA——

Hinh 6.2.2

Giai
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Tur (6.2.3) ta tim dugc

1 1
RC = = =6,5x10"°s
2nf,\/6  2nx10°y/6
Chon R =10 K, tim dugc C:
-5 -5
c= 05107 65107 oo qg-op

R 10°
Chon C = 0,0068 WF , it (6.2.4), ta c6:
R2 _295R, = 20R,
R

1
Chon R; << R; d& trdnh 4nh hudng clia tong trd vao bdo KDTT 1én hé thic tinh hé s6 khuéch dai.

Tachon R;=10K
R,=29x10=290 K

Trong thuc t&, R, 1a 1 bié€n trd ndi ti€p véi mot dién trd d€ cAn chinh sao cho |AV| =29, lic d6

dang s6ng ngd ra sé& hoan toan sin (khdng bi méo). Ngoai ra, @€ diéu chinh dugc tan s6 dao dong, ta
thay ba dién tr§ R bing ba bién tr§ dong truc nhu hinh 6.2.3

+
R R R i

= Hinh 6.2.3

6.2.2. Mach dao dong cAu Wien
Ta khdo sat mach dao dong cAu Wien nhu hinh 6.2.4:

Nhdnh cdu Wien R|C|R,C; tao thanh khdi ti€p duong, con Rz R4 12 nhanh hdi ti€p am dé on
dinh bién d6 tin hi€u dao ddng G ngod ra.
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ARA ! |C|1 R, |C|1
1 - W A+

+ K+
! _—
BV, —+
R
—1 4 —1
SR, 7€, A 2 v, SR, G v,
(a) SJ @6 nguyén ly (b) Khdi hoi ti€p 12 nhanh cAu Wien

Hinh 6.2.4. Mach dao dong ciu Wien
Hiy x4c dinh ham truyén khdi hoi ti€p duong (hinh 6.2.4 b)

[Rz //_1J _
B _ JoC, _ R,/(1+ joR,C,)
\A 1 1 R,/1+joR,C,)+R,(1+1/(joR,C,))
R I |+R, +——
joC, joc,
Sau vai bi€n d6i don gidn sé& c6:
p= . (6.2.5)

1+&+& +j oR,C, - :
R, C, oR,C,

Mach khué&ch dai khong ddo co:
R
Ay=1+ R—4 (6.2.6)

3
Twr d6 xdc dinh dugc tich BAy

R ~ N ‘A 2 .,
bé théa man diéu kién vé pha phai cé

OR,C, —— 0w, =t
277 eR,C, * JRRR,CC,
1
hay: f, = (6.2.7)
21 JR.R,C.C,
Tuong ty, d€ thda man diéu kién v& bién do phai c6 |A, | :ﬁ Suy ra:
R R
1+R R Gy 6.2.8)
R3 R2 Cl
Thuc t&, d€ don gidn, ta thudng chon: Ry =R, =R, C;=C,=C
Tu (6.2.7) va (6.2.8) suy ra:
f, = ! (6.2.9)
21RC
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va R4 =2R; (6.2.10)

Pé diéu chinh tin s6 dao dong, ta diing bién trd kép
thay cho RjR;, con diéu chinh hé s& khuéch dai, ta thay
R, biing bi€n trd nhu 8 mach dao dong ddi pha.

Mot phuong phdp khic ty dong dn dinh bién do tin
hiéu ra qua viéc di€u chinh hé s& khuéch dai, bing cich

—o |
thém linh kién phi tuyén vio nhdnh hoi ti€p Am Rs, Ry. 2
Ching han nhu hinh 6.2.5, ta thém dién trd nhiét \V4
(thermistor) vao nh4nh hdi ti€p Am. Vi
Theo (6.2.10), &€ mach dao dong, ta phdi cé: ) AI;
R4 =2R; 1 L
R5 = RT = 2R3 2 . CA A N
Hinh 6.2.5. On dinh bién d6 dao dong
Rr+ 2R3 -Rs (6.2.11) bing linh kién phi tuyén
R: +R
Ay=1+—2>2—T

3

Khi bién do tin hiéu ra ting, thi dong qua Ry ting lam Ry néng 1én. K&t qua 1a Ry gidm, kéo
theo Ay gidm va bién d6 ngd ra gidm trd lai. Tuong ty khi V, gidm, Ry ting lam Ay ting, V, ting
trd lai. Puong nhién, hé s& nhiét ctia Rt phai dugc chon thich hdp méi 8n dinh dugc bién do tin hiéu
dao dong ngo ra.

6.3. MACH TAO SONG LC

6.3.1 Mach dao d9ng diéu hgp LC +ch

Hinh 6.3.1. 12 mot dang mach dao dong diéu hdp
LC. Q déng vai trdo mach khué&ch dai E.C. khung cdng N
hudng LC quyét dinh tin s6 dao dong va tao hdi ti€p RB§ 2 o
duong qua bi€n 4p dua tin hiéu vé cyc B. Cyc tinh hay
chiéu quin cidc cudn diy phdi dudc chon thich hgp *
(th€ hién qua cic ddu chim trén hinh v&) méi c6 hdi
ti€p duong.

n:1

=
N |

Hinh 6.3.2 a 1a mach tudng duong ctia hinh 6.3.1.
Pé€ don gian, ta bd qua 1/h.g, dién dung vao va ra cda C,— Rg Ce
Q, dién cdm rd va dién dung ky sinh cda bi€n 4p. Hinh
6.3.2 b 1a mach tuong duong phadn 4nh hig vé so d6 cip
bién 4p. — —

Ti hinh 6.3.2 a, ta tinh dugc h¢ s6 hdi ti€p: B=-n  Hinh 6.3.1. Mach dao dong diéu hgp LC
Tt hinh 6.3.2 b, ta co:

V, = - I x (h—ig// joL//1/ jcoC)
n
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N
n T Jj T ! i
h,..i
V=V gh (D C \Y% L [nV, G)fE K c== § t:l‘; v,
| L |

(a)

(b)

Hinh 6.3.2. Mach tuong dudng h.6.3.1 (a) Mach tudng duong phdn dnh h. vé€ sd cdp bién 4p (b)

N g 2. . ~ . ~
Sau vai bién doi don gidn s€ di dén:

1/n?

hizE [(DC _1J
n oL

Vo V
Av=7(.jzv—o=—hfe

Pé€ thda man diéu kién dao dong: arg (A,B) =0 — ©C _LL =0
®

|AvB| =

n=hg (6.3.2)

(6.3.1)

Trong thyc t&, do 4nh hudng clia dién dung ngd vao va ngd ra ciia mach khuéch dai, tan s6 dao
dong f, s& bi thay ddi chiit it. D€ diéu chinh f,, ta c6 thé chinh C, hodc chinh 13i cudn diy d€ thay

doi L.
6.3.2. Mach dao dong Hartley

Dao dong Hartley con goi 13 dao dong ba diém dién
cadm, dang mach tuong ty nhu dao dong diéu hgp LC, chi
c6 di€m khac biét 1a bi€n 4p hdi ti€p duong dugc thay
bing bi€n 4p tw ngiu, 14y tir cudn day dao dong L.

Hinh 6.3.3. 1a dang mach dao ddong Hartley trong d6
tang khuéch dai mic B chung. Tu Cp ndi cuc B xudng
masse vé mit AC, tao cach ghép B chung (tin hiéu vio &
cuc E, tin hiéu ra & cuc C). Mach cong hudng LC mic &
ngd ra. Cudn L c¢6 3 déu ra, hinh thanh bié€n 4p tu ngiu:

Cudn 31 tham gia vao mach cong hudng, cudn 21 tao
tin hiéu hdi ti€p dua vé ngd vao cuc E. Do phin bd dién
th€ trén cudn L, dién th€ di€m 2 (so véi dat) ludn ludn

+VCC

Hinh 6.3.3. Mach dao dong Hartley
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cling pha vdi dién thé di€m 3 (ttic ngd ra), nghia 12 hoi ti€p thudc loai hdi ti€p duong. Nhu vy tu Cg
din tin hiéu hdi ti€p ddng thdi ngin DC gitta mach C va E Gid tri Cg dugc chon di 16n hon C dé
khong dnh hudng dé&n tan s6 dao dong.

e, B c_le, | .
+ +
hyg I h..I
ViIZR, Sh, B = #43L |V Ol e—— L |V,
nV
; B s - !
(a) (b)

Hinh 6.3.4. Mach tuong duong h.6.3.3 (a) Mach tuong duong phdn dnh h /R, vé so cap bi€n dp (b)
Dé tinh Ay, ta phan danh (R /hg)vé sd cip bi€n 4p nhu hinh 6.3.4b
T do:

(h.B//RE)/nZ( 1 J
Vo=hp g x — oC—-—
U e IR U el

r]2

Ma =
hig

Thay Ig vao biéu thifc trén, ta tim dudc:
(hig //Re)N’

1+J(h|B//2RE)(wc_1j
n oL

Ay = £= th X
Vi hiB

Mt khdc, tir hinh (6.3.3 a) , ta c6 hé s6 hdi ti€p p=n

Dodé ANy (hig /R¢)

hiB 1+J(hlBr:/2RE)(COC_(ij

dé thda diéu kién dao dong:

arg (A,B)=0— mC—iz 0->f, = anﬁ (6.3.3)
=10 o (0 1Re) _y
iB
_ NeRe (6.3.4)
Re+hjg
153

Bai giang Ky thudt dién ti¢



Chuong 5 - Mach tao song hinh sin

6.3.4. Mach dao dong Colpitts

Dao dong Colpitts con goi la dao dong ba
di€ém dién dung. Mach hdi ti€p duong dudc tao
bdi 2 tu dién ndi ti€p trong khung cong hudng,
hinh thanh 2 dién dp ddo pha nhau trén hai tu
dién.

Hinh 6.3.5 Ia dang mach dao dOng colpitts
mic E chung. Mach cdng hudng gdbm L, C;, C,
mic & ngd ra (cuc collector). Theo sy phdn bd
dién th€ trén cudn L, dién 4p trén tu C, (cling
chinh 12 dién 4p hdi ti€p vé cuc B thong qua tu
Cp) ngugc pha véGi dién 4p trén tu C; (cling la
dién 4p ra V,) ting khuéch dai E.C von c6 V,
ngudc pha véi Vi, vi vy hoi ti€p & day 1a hoi
ti€p duong. Cudn RFC tai cuc C 1a cudn cdn
cao tan (radio frequency choke), c6 dién cdm

+V

cc

Hinh 6.3.5. Mach dao dong Colpits

rit I6n trong viing tan s6 dao dong. Vi vay, vé mit AC, xem nhu cudén RFC hé mach.

Hinh 6.3.6 a 12 mach tuong duong cia h. 6.3.5. va hinh 6.3.6 b 13 phin mach tuong duong dé tinh

hé s& hoi tiép

C L B
+ _f lIB
C C
v :1: é: R ghi
th.IB<> v, B\]o B
| - E .
(a)

+ +
I lc
By, == SR =Ry /R,
T

(b)

Hinh 6.3.6. Mach tuong duong h.6.3.5 (a) Mach tuong duong tinh 3, (b)

Hé sd khuéch dai cla ting xdc dinh bdi:

Av=Yo Mo s
Vi IB VBE
Theo h. 6.3.6 a:
Vo R,(1-®°LC,) + joL

v6iRi = (h I/Ry)

Mait khac =—

~h
I, RPN 2LC, + joR,(C, +C, —»’LC,C,)
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hix R,(l- w’LC,) + joL
he 1-o°LC,+joR,(C,+C,-»’LC,C,)

Vay Ay =-

Tur hinh 6.3.6 b, ta tinh dugc hé s6 hdi tiép

B= R
R,(1-®°LC,)+ joL

~R,
1-»’LC, + joR,(C,+C, —»°LC,C,)
dé thda man diéu kién dao dong: arg (AVB) = 0phai c6

nhu vay: AvB =

Ci+Cy- 0’LC.C, =0 0, = L
C,C,
L
C,+C,
Hay fo = 1C c (6.3.5)
2 [L—172
C,+C,

Tuong tw, mudn cho |A,f|=1phdicé: 1 - ©lLC, = -R,

Hay % =R, =(hc/IRy) (6.3.6)

2

6.3.4. Mach tao séng dung tinh thé& thach anh

Céc mach dao dong LC & trén c6 nhudc diém Ia tan sd dao dong khdng dn dinh do cdc gid tri L
va C bién thién theo nhiét do, va phadi can chinh L hoic C méi dat tin s& yéu ciu. P& c6 dugc tin
s6 dao dong chinh x4c, On dinh do céc gia tri L vd C mdi dat tAn sd yéu cau. P& c6 dugc tan s6 dao
dong chinh xdc, 6n dinh, khong phdi cin chinh, ngudi ta thay thé khung cong hudng LC bing tinh
thé 4p dién, nhu thach anh (quartz) ching han.

F F
<> <>
[ 1] | {1
||:|| ||:||
© (&
@ Lo My, o—
(a) Chuyén d6i dién co (b) Chuyén d6i co dién

Hinh 6.3.7. Pic tinh chuyén d6i ning luong dién co clia tinh thé dién 4p

Pic tinh cia tinh thé 4p dién c6 thé tém tit nhu sau (hinh 6.3.7): Khi ta 4p 1én bé miit tinh thé
mot dao dong di€n, tinh thé sé& rung va tao dao dong co hoc hoic néu tic dong 1én bé mit tinh thé
mot 4p luc, trén bé mit s& xuit hién mot sitc dién dong. Tuy thudc vao kich thudc, bé day, mit cit
(do nha san xuit ché tao), mdi phié€n tinh thé dp dién c6 mot tan s& cong hudng cd nhat dinh, tir d6
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sinh ra mot dao dong dién, cong hudng & tan s6 twong tng . Pidu can lvu ¥ 14 tinh thé 4p dién hoan
toan cach dién, chi c6 dao dong dién 4p xudt hién trén bé mit clia tinh thé

Do dic tinh hoat ddng nhu mach cdng hudng clia tinh thé dp dién, ta c6 thé md phdng “mach
dién tuong duong” clia tinh thd dp dién dé dé giai thich, nhu hinh 6.3.8.

Xtal .—.—{C}_N\wa_wsw_.
—— C,

(b)
Hinh 6.3.8. Ky hiéu tinh thé thach anh (a) va mach dién tuong duong ciia né (b)
C,L: Bién dung va dién cdm tuong duong cia tinh thé thach anh, tri s phu thudc vao dic tinh cd
ctia né; R: dic trung cho ton tai hao ning lugng khi chuyén tir cd sang dién hoic ngugc lai; C,: dién
dung hinh thanh do ban cyc va day ndi. Chdng han, mot tinh thé thach anh c6 tin s& cong hudng & 4
MHz, cé cic tham s6 tuong duong ti€u chuén nhu sau: L = 100mH, R = 100Q, C = 0,015 pF,Co =5
pF. Do d6 hé s6 phdm chi't ciia mach cong hudng thach anh c6 gid tri rat 16n:

1 |L
=—.|— =26000
Q RVC

Tir hinh 6.3.8 b ta tinh dudc tdng trd twong duong cia mach:
2
Zy= Lk @LCL 6.3.7)
o Cy+C-0°CC,

(a)

Heé thitc (6.3.7) cho thi'y c6 2 tin s& cong hudng ddi vdi tinh thé thach anh:
e Mot tan s§ cOng hudng 1am cho Z, = 0, goi 12 tan s cong hudng ndi ti€p.

fo= —

2ny/LC

e Mot tin s§ cOng hudng 1am cho Z, = o, goi 1a tdn s cOng hudng ndi song song:

1 C
f = 1+ (6.3.9)
" onJLc\| G,

Tan s6 cong hudng ndi ti€p hoi nhd hon tan s& cong hudng song song. Tan s6 cong hudng clia
tinh thé thach anh c6 thé dugc diéu chinh ddi chit bing
cdch mic thém mot tu dién vi chinh Cs ndi ti€p (hinh C Xtal

S

6.3.9) .AH\_H:“_.

Céch mic trén chi thay d6i dugc tAn s6 cong hudng
néi ti€p, khong thay ddi dugc tin sd cong hudng song  Hinh 6.3.9. Diéu chinh tin s6 cong
song. hudng ndi ti€p clia tinh thé thach anh

(6.3.8)

Hinh 6.3.10 12 mot dang mach dao dong dung tinh
thé 4p dién & tin sd cd ban. Pay 12 dang dao dong Colpitts, trong d6 cudn diay L dugc thay bing
thach anh (Xtal). Mach dao dong & tan s cong hudng ndi ti€p clia Xtal; § tin s6 nay tong trd clia
Xtal cyc ti€u, dién 4p hoi ti€p duong dua tir cuc C vé cuc B dit cyc dai. Con & cdc tan s6 khic tong
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Chuong 5 - Mach tao song hinh sin

trd ctia Xtal ra't 16n, tin hiéu hdi ti€p duong dwa vé bi suy gidm ra't nhiéu nén mach khong thé dao

dong & cdc tan s nay dudc.

+V_.
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.>—| |:“ s
Xtal v
C, = C,— ©

Hinh 6.3.10. Mach dao dong diing tinh thé thach anh
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