Mach dao dong va mach dinh thot
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Hoi tiép

Hoi tiép (Feedback) 1a ky thuat dwa mét phan tin hiéu
ngd ra cla hé thong (hay mach khuéch dai) ngwoc ve
ngo vao va két hgp voi tin hiéu ngo vao

input ——{ A > output
/

P

C6 hai loai mach héi tiép:
Positive feedback: hoi tiép dwong
Negative feedback: hoi tiép am




HOI tiep dwong
Positive feedback: tin hiéu hoi tiép cdng v&i tin hiéu ngd

vao
A

Input —— > output
o |

ﬂ ]

Tin hiéu hoi tiép cung pha vé&i tin hiéu ngd vao

Hai tiep dwong dugc dung rong rai trong cac mach dao
dong (oscillator) va moét s6 mach khac. (VD mach HT
duwong: dé micré trwdc loa)



Hoi tiép am

Negative feedback: tin hiéu hoi tiép bi trir bi tin
hiéu ngo vao

input ——{ A > output
/
B —

Tin hiéu hoi tiép l1éch pha 180° so vé&i tin hiéu vao.
Negative feedback sé lam giam dé loii.



Mach dao dong

= Mach/bd dao déng la mach dién tao ra song tuan hoan
lién tuc ma khdng can nguodn tin hiéu vao. Bd dao
dong co thé dwoc dung dé chuyén dbi tin hiéu DC
sang AC.

= M6t so Iinh vwe ting dung: Communications systems
—->mach dao dong ndi, digital systems (including
computers) > xung dong hd, thiét bi do > may tao

ham
ine ave —
\ Dung hoi tiép
duwong dé duy
or . n
Square tri dao dong
S . Vou | wave | |
dc supply voltage O——— Oscillator et .

or Sawtooth
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CéC IOai maCh dao dé_\)ng Types of oscillators

RC oscillators
Wien Bridge
Phase-Shift
LC oscillators
Hartley
Colpitts
Crystal
Unijunction / relaxation oscillators



Nguyén ly hoat ddng cua mach dao déng

Oscillator 1a mét bd khuéch dai héi tiép dwong.

Ve :Vs +Vf (1)
Vi =4V, (2) p I
V, = AV, = AV, +V, )= AV, +pV,) (3)




Nguyén ly hoat ddng cua mach dao déng

V. = AV,
= AV, +V, )= AV, + gV,
V. =AV. + ABV,
(1-ABN, =AV,
Closed loop gain:
A Ve A

V. (1-Ap)



Nguyén ly hoat ddng cua mach dao déng
Mét cach tong quat A va Sla cac ham theo
tan so va co thé viét |a:

5)= Yo (5)= A
ALS)= 5 )= T A5

A(S)ﬁ'(S) la do lgi vong (loop gain)




Nguyén ly hoat ddng cua mach dao déng

= Néu dat T(s)= A(s)g(s), do lgi vong kin
dwoc viét lai la:
Als)

A =
f(s) 1-T(s)
= Thays bang o

Ay (ja)):

@ Va

T(jo)= A(jo)s(jo)



Nguyén ly hoat ddng cua mach dao déng

Tai tan sO d&c biét f,

T(ij): A(jwo)ﬂ(ja)o): 1
Closed loop gain;

Af(jwo): A(ij)

1- A(jwo)ﬂ(jwo)

sé vO cung lon, > Mach co tin hiéu ra hiru
han v&i tin hiéu vao bang khong = Mach dao
dGNRg.



Nguyén ly hoat ddng cua mach dao déng

- Diéu kién dao dong tai tan so f,

',A‘(jwo)ﬂ(jwo): 1
o = tieu chuan Barkhausen (Barkhausen
criterion).

o Tin hiéu tao ra la song sin

In phase

-Jo
Vee 5
V¢ o
______ NS ) . Vour
| p——0O
‘ t
! Noninverting i :“
l amplifier } AB !
| | I
! |
”””””” Feedback "A""’J !
NS circuit \/ B

AB =] ——




Thiét ké bo dao dong
Bién dd clha dd lgi vong bang (hay 1&n) hon 1
‘Aﬂ‘ — 1 - Barkhaussen criterion

Tdng s dd dich pha (total phase shift),¢rcﬁa
do lgi vong phai bang Nx360° v&i N la sb
nguyen.



B0 dao dong RC (RC Oscillators)

Cac bo dao dong RC thwong dwgc dung dé
tao ra tan so6 thap khoang duwéi 1 MHz.

Bc}‘dao d@ng RC duwoc khé‘no sat trong hoc
phan nay gom dao dong cau Wien (Wien-
bridge) va dao dong dich pha (phase-shift).



Dao ddng cau Wien (Wien-bridge Oscillator)

R,
R, ‘
—ANW——O0— -
vx UO
= Uy +
]
P |
(v) o—¢ 1
o ene— -
I ——————
:==C RS |
Sl iz,
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Dao déng cau Wien

Loop gain:

VO R

—— — — — —




Dao ddng cau Wien

Thay vao ta duoc:

T(s)=(1+&j_ . _

R, ) 3+SRC+(1/sRC)

Thay jwvaos; _
T(jw)=| 1+ 22 - _

R, )| 3+ jaRC + (1/jaRC)
Tai tan s6 dao dong fy;

T(jwo)=(1+sz 1

R, )| 3+ jayRC + (L/jw,RC)




Dao dédng cau Wien (didu kién pha)

Tai tan s0 dao dong, T(jw,) phaico giatri
thwec < de cho pha bang khong - thanh phan
ao cua T(ja,) phai bang khéng -

Ja,RC + — . =0
Jaw,RC

Rut ra duoc: 1
Wy = ——
RC



Dao ddng cau Wien @i kien bien a6

. R
Tlio)=[ 1

Do lgivong =1 -2

R, )1
1=|1+—= | =
( le@ ey

Pé dam bao diéu kién dao déng R,/R,

J

3+ Jo,RC +(1/jow,RC)

1

dwoc chon hoi Ion hon 2.



Vi du

a

A>3

—+

R,

Loop gain > 1

W | =
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o,\/\/\/\
v/

MW

Acl=3

—+

Loop gain =1

W=

AN

VUV



Bai tap: tim tan s dao ddng clia mach
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Rl
10 kQ

— 0.01 uF

BE:

Ry
10 kQ

0,
2N5458




Dao dong dich pha (Phase-Shift
Osclllator)

M6&i doan mach RC tao ra dich pha t6i da 90° . Dao déng xuat hién khi dich
pha qua ba mach RC dat 180°



Dao dong dich pha (Phase-Shift
Osclllator)

Dung 3 mach RC dé tao dich pha 180° két hop
voi dich pha 180° cua ban than mach OPAMP
dé dap wng yéu cau vé pha. Tan s6 dao dong:
1
f =

" 276RC
Dé dao déng d6 loi dién thé vong kin phai lon
it nhat = 29. (sv ty kiém tra)

(SV tyw kiém tra)




Vi du

I C, C, C,

II (| |
& oV
1 1

0. 001 uF | 0.001 uF [ 0.001 uF

out

R, R, §R3
10 kQ) 10 k) 10 k)

a.Tim R, dé mach dao dong.
b. Tim tan s6 dao dong



A,y = 29, B=—=—.
(a) cl 70 Rf
R
L = 29
R3
Ry = 29R; = 29(10 k) = 290 kQ
(b) R1:R2:R3:R C1:C2:C3:C.

I I
f]" p— p—
27V6RC 27 V6(10 kQ)(0.001 wF)

= 6.5 kHz
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Dao dong T kep

R Low- pass
‘ Filter output
A
T |
—
VOH.’
C, High-pass Cj
| | R
I i
Rs
Ry
| | -
Twin-T filter = 0 I
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Cac b0 dao dong LC

Dung transistor két hop véi L va C hay dung
thach anh (crystals) trong mach hoi tiép.

Cho phép tao ra tan s6 dén hang tram MHz.

M6t s mach dién hinh: Colpitts, Hartley, dao
déng dung thach anh.



Bai tAp dan dat

Phac hoa dap &ng tan s cia cach mach sau

V

out

R
MN—o—¢
vs@ = %L
O—e

<
p—e
.
(0]
M\
gy

0




I

I'CUI

LC C

Vot (normalized to 1)

14 o

———ee =}

r
ch

T

fo

I
fc 1

07074+ -=—=——=—— == =

A

0
J——————————

Gain (dB)

Vout




Colpitts oscillator

+Vee
0

m Trong mach dao déng
Colpitts, mach ‘LC g"ucyc
ThH ZH c. dung & vong hai tiép.
|
|

O " ‘HHI

—.

= Nhanh hoi tiép gdm mét
cap tu (C,and C,) va
mot cudn day (L).

Amplifier

= Dién thé lay ra & gilra
hai chan C..

= Dién thé hoi tiép hinh
—— Feedback N A
it . thanh trén tu C;.
1

—p—————————

H—l—

£ | . L&C song song hoat dong nhu
band pass filter
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_. .—
Out In

1
= —
27T LCT
GG
e + o
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Vour KXo X 1/(27f,Cy)
C
B=—*
Cy
AVB — 1 Cl
|:> A, = —
B = Cz/Cl C2

Thucté chonA,>1 A, > —



oQut

L1
+Vce
Rin J L\%Amp
’

+

C2
-Vce

L *

Colpitts 1 ==
Tank
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ut

\ Tré khang vao ctia mach khuéch dai

%Zm -~ lam gidm hé s6 Q ctia mach. Tan sb

/ ’ dao ddng lién quan dén Q theo cong
- thive:

il £ = 1 Q”
] | " 27VLCr N 0 + 1
C C,
| l | Q>10 > f =2?272?
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+12V

Tim tan sb dao ddng clia mach, gia
str Q>10

34 Fetel 2021



+12V

C1C2 o (01 }LF) (001 )U,F)
C, + G 0.11 uF

Cr = = 0.0091 uF

1

1
= = 7.46 kHz
27V LCr 2wV (50 mH)(0.0091 uF)
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Bal tap

Hay tim tan s6 dao ddng cta mach dao déng
Colpitts dwéi day bang pp phan tich mé hinh
mach twong dwong. Kiém tra két qua véi cong
thirc tdng quat




Colpitts Oscillator

KCL tai output node:

\V/ \V/ \V/ - Eq (1)
10 +—=+ 0,V + 01 =0
- & sL+——
sC, sC, Sasi
voltage divider: |
(1 ) "
N == vV
SC 2 gs
VgS = 1 2 .VO - Eq (2) )
——+5SL
\ SC2 )

Thay eq(2) vao eq(1):
Fete\é&{lgm + SC2 + (1+ 32 LC2 (% + SClj} = O



Colpitts Oscillator

Gia st*r mach dao dong = Vo#0

$LC,C, +>—"2 II;C S(C1+C2)+(gm+%j:0

cho s=jw

2
(gm + Fl{ @ :;CZ}L ja)|:(C1+C2)—C()2LC1C2:| =0

Ca phan thwc va phan do phai =0
Phan &o: 0, = 1

- Eq (3)
L C1C2 !
C,+C,




Colpitts Oscillator

Phan thuc: >
@ I‘szgm+i -Eq (4)
R R

Eq(4):
:gR

Két hop Eq(3) va
G,
C,

Thwdong chon:



Hartley Osclillator
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Dich pha 1809
Cy
||
L
[
Amplifier
— C;
[
[
L Cs L, F-eedpack
circuit

!!!!!

Céu truc gibng Colpitts, chi hoan doi
vi tri L va C.

f =
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=% Forward path
M\
Rz
Ri
M\
R3
groseeees  —
1
C -
L Lz
ELECTRGNIES
'i‘;;li;::};.;;;i; ------------ - jr_
4 Feedback path

Vo

Inductor mounted on
same core



Dao dong thach anh

Crystal Oscillator

= Dwoc dung trong hau hét cac hé thong thong tin va hé
thdng s6 do co tinh 6n dinh tan so rat cao.

= Thach anh dung trong linh virc dién t& gom mot miéng
thach anh nam gilr hai ban kim loai, sau dé dwoc déng
goi trong mét vo kim loai nhw trong hinh.

o Quartz wafer L4 T
; XTAL — C,, —C;
i *\ e
\ — . .
TB X
) I
(a) Typical packaged (b) Basic construction (c) Symbol (d) Electrical equivalent

crystal (without case)



Crystal Oscillator

Hiéu trng ap dién (Piezoelectric Effect)
Tinh thé thach anh dwoc tao thanh tir silicon
oxide (SIO,) va co tich chat ap dién
piezoelectric

Khi ap mot dién thé xoay chiéu ngang qua tinh
thé, nd sé rung tai tan sO cua dién thé ap vao.
NOI cach khac tan so cua dién thé ac sé bang
v&i tan s6 cdng hwdng cua tinh thé.

Tinh thé cang mang, tan s6 dao ddng cang cao.
Hiéu rng nay goi la hiéu tng ap dién.



Crystal Oscillator

= DA&c tinh clda tinh thé
thach anh.

Hai tan s6 cong hwéng cla tinh thé
thach anh:

Tan so cdng hwédng noi tiép f, xuat
hién khi X, = X . Tré khang cua
mach nhd, Z =R

Tan s cdng hudng song song f,
xuat hién khi dién khang cua C,
bang véi dién khang cua L Tro’
khang cda mach rat 1on tai tan sO
nay.

S
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(d) Electrical equivalent
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BT: giai thich hoat ddng cua cac mach

VDD
c, c IE‘QP
1oy | " R,
¢ II—O".»m ||—01 fffff AAA——AAA———

C, =
C, XTAL
(a)

Fetel 2021



B6 dao dong tich thoat (relaxation oscillator)
tao sdng vuong

Giai thich hoat déng cua mach? R,




_Vmax

2R,
RZ

(H

T =2RClIn
/

VUTP

LTP
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Vi —t/RC -
S I L S e L R
‘5 Charge on %
= capacitor E
V,=Ve+ Ve E” . EE—”RC §
- Q E : R Charging g
Vpy=IR+ E or ", ourrent 1°
As charging progresses, P ,
0 RC 2RC 3RC 4RC time —
_ 2 ﬁ At 1=0 Ast— oo
V,=IR+ ~0
) C Q= Q —>CY,
Huo ng dan current decreases and Ve=0 V.=V,
charge increases. A
f::ji I—0

Ve=Yy., Q=C¥, I==2

=0
H:‘EE—I:C %R
1,{,\:2:;;3
C

The voltage V-, the
current [, and the

charge () all follow
the same type of
decay curve when
the switch is
closed.
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0 RC 2RC 3RC  time —»=



20 phut suy nghi
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Dao dong tich thoat tao song tam giac
A Triangular-Wave Oscillator

C
[|
|
— R,
—MW——F
- / V{)m
Comparator § R, +
R; —l Integrator
—Wy
+Vmax .
Comparator
output V _ _|_ V R3
Ve UTP — max
R

Vure i R 3
Vo /\/\ Vire = Vi R_
VLTP l 2



Hwd&ng dan
Non-inverting Schmitt trigger

out

A
R, M
Rl /N
1/irn""_Jw, ° V{-}ut -T T T;l
Y
= Y
R R
Vi = ' ‘/in | -V
" Ry + Ry "R+ R, °

V,=0-> R2'V'1-11:_R1'.Vs
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Xem nhw bai tap, chirng minh
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VD

Tim tan sb dao déng clia mach? Pé tan s6 dao dong la 20 Khz thi R, phai la bao nhiéu?

[|
|
- R, 0.01 uF
—Wy
= / 10 kQ -
+ ‘IUHI
R,

33 kQ) +
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1

= aclie) = (aormn
U " 4R,C\R;/) \4(10kQ)(0.01 uF)

Ry

1

~afc

(&
R3

Fetel 2021

1
) B (4(20 kHz)(0.01 wF)

)
)

33 k()

10 k()
33 k()

) — 8.25 kHz

—) = 4.13 k()

10 kQ)



|IC Dinh thoi 555

Fetel 2021

Ground

Trigger

Output

Reset

Bk Bk Bk

Flip-flop
Output
Drrver (0] T
NES55 Timer

+Vce Supply

Discharge

Threshold

Control
Voltage



Tao dao dong dung 555

Vo (+5 to +15V)
'

Capacitor
Voltage
)
R t
1- - [~ _
71 Output
Discharge 0 t Voltage
ty [t
R2 535 3 e o Astable 0 . - 1
Astable Output ty | t2
Ve 2 Trigger ) .:I'-. ]
| ° Threshold
1 ! -
tle] Ej_ 1 1 1.44
v o Co f:_:
| T Toour | o T (R, +2R,).C
Duty cycle = [ ——— |100%
R+ R
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https://www.electronics-tutorials.ws/waveforms/555_oscillator.html



57—

+55V
o]
®
R, l
2.2kQ RESET Vee
® DISCH
R, 555
47k r THRESH OUT |———=o©
* TRIG CONT
1 C.y GND LG,
T 0.022 uF l — 0.01 uF

Fetel 2021

Tim tan sb dao ddng va duty
cycle?

Duty cycle: chu ky lam viéc, hé so
day




e """

1.44 1.44

—~ -~ = 5.64 kHz
T~ R ¥ 2R)Co  (22KQ + 94K0)0.022 uF
0 | ( R, + R, )100(7 (2.2 kQ + 4.7 kQ)lOW 50,59
CyCIlEe — — — .
utycy R, +2R,) 7 \22kQ + 94kQ ’ ‘
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Mach one-shot dung 555

+Vee

~T~ Input

I(4) ?(8)

Trigger

rTLCTI VLl

RESET  Vc

DISCH
OouT

555
THRESH

o— TRIG CONT

GND

3)

&)

(D

Iw = 1. 1Rextcext

Output
pulse J_I—




Tao delay dung one-shot

+VCC

I “) {8)

+VCC
1(4) ;(8)
Ry RESET Ve Ry
DISCH 3) Delay pulse
ouT O
©) 555
THRESH
Trigger (5)
Cext1 =T~ input IS LD c Coxo ——
()
GND — 0.01 uF
I

(a)

Trigger input ‘

Delay pulse

Output pulse

Q

RESET

Vee

DISCH

ouT
555

THRESH

TRIG

CONT

GND

o

(3) Output
pulse
&)
LG

| 0.01 uF



VD: tim th&i gian delay cua
mach

+VCC +VCC
R, I(4> 18) R, l(4) ;8)
100 kQ § RESET V¢ 2.2kQ § RESET Vee
7 7
! pisc (3)  Delaypulse ) “{piscr (3) ___Output
OUT © OUT——=° pulse
© 555 © 555 pu
THRESH THRESH
Trigger (2 5 2 >
Cex[l — inlll)‘—u‘I UOL TRIG CONT &) Cextz L O (2) TRIG CONT ©)
GND T 001 uF AL T 0.01pF
(1) (D
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twi = L1RCoyyy = 1.1(100 kQ)(1.0 uF) = 110 ms
twr = L1R,Coyp = 1.1(2.2k0)(0.47 uF) = 1.14 ms

Trigger input

/ L

/’/
/L

Delay pulse

Output pulse

7/
I'wi

fwo
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/’/

110ms 111 ms



