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HER17)(Oscillator)

Yun SeopYu
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Phase shift
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o SHE °I8
SBH B EY AR} QMY go| YA TSAMN FQ
28
In phase Out of phase

Noninverting Inverting
amplifier amplifier

~ " Tt *_A | st T *_A
N circuit \/ N circuit \/

180° 1% 9
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In phase
(a) The phase shift around the loop is 0°. (b) The closed loop gain is 1.
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Oscillators with RC feedback circuits

Yun SeopYu

N 7(16:']:['- |:||'K|

¢ 3. Wien-bridge oscillator, phase-shift oscillator, twin-T
oscillator

¢ Wien-bridge oscillatort g g& Arg

o o B B 1MHz MiA|
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Wien-bridge oscillator

Yun SeopYu
¢ 82A] %X (Wien-bridge oscillator)
o St BRI
a NY-Al¥(lead-lag) SIZE Y-
o N¥3Z: Ry, C; - AFMN roll-off (low-pass filter)
o JIM9Z: R,, C, - MFMAIN roll-off (high-pass filter)
R, ©2
V., o .w' I I Py Py oV, Viour &
li.v."n _____
' |
-, §R2 i
I
I
—3 —3 j‘l Ff
R, =R and X¢y = Xewv — BNF HH‘-(resolnance freq.)
Vﬁlﬂf 1 —
V.3 Jr = 3R
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Wien-bridge oscillator

Yun SeopYu
¢ NE 2=
Wien bridge
HYL 2
T T —
BHY 2 = T=+ — ®Y% 2O
R
Ry §R1 )
Voltage ™ e
divider ® _
R, V..
. o
[ & I
c, R
§Rz =-C,
— = Lead-lag
cireuit
A = II
SHE £= . 1 R, + R,
‘:"’E pu— — == p— _—
B Ry/(R| + Ry) R;
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Wien-bridge oscillator
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Voltage

divider

+

V

7. =1/sC °|B&,
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Lead-lag
circuit

B(s) =

L(s) = A, (8)B(s) = L+ )

V_(9) R
2 I §)=— 2 =1+ 1+
Ay (8) V. (5) R,
R3 = R4 = R
g e G =0 =0
V,(s) Z. IR

V. (s) (Zo+R)+Z. /IR

Z.IIR
R, (Zo. +R)+Z_. /IR

sCR

L(s) = (1+ 1)

R,” 1+ 3sCR +s2C2R?



Wien-bridge oscillator

e 8l 2H : L = A8 = 1£0°

: »x . R JWCR
s= wE T, LGy — @ By ]
W= = (J ) ( Rz)(l—W2C2R2+3jWCR

: R jw,CR
L(jw,) =1+ 2 ° =120°
(¥6) = Rl)(l—W02C2R2+3jWOCR)
Y ZH: 1-w’CR°=0 — w,=1/CR
AZE ~AH (1+—R2)(1)—1 —> R, /R =2
=3 L] R1 3 2 1
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Wien-bridge oscillator
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-~ Positive

feedback loop

Phase shift = 0°
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Lead-lag

HEZ oS : AB = 3x(1/3) = 1

im

|
|
|
|
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Loop gain = :
|
|
|
|

|
3 =1
|
|
l l - —
3
R, = 2R, Lead-lag
R, +R, 2R, +R, 3R,
Act = - = =3
R, R, R,



Wien-bridge oscillator
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¢ N&2 g &M

= 20Ol Aol WMA] HRIX o5 32 HOF & (A, > 3)

| { A

s G0N Yo O|F: Ay = 3 /A % e ’ TRIAY,
R,

— +

Loop gain= 1

1 | =
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Wien-bridge oscillator - AlE9°I1{M

Wien-Bridge Oscillator

Rl

S0k

Key=RA 20 %

Yun SeopYu

X5C1
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LU
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|_IG Lo

R
—

1
1
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_Tl_RLLWRu

—_— 1=z Vv

1. R, 40% °lstIM &5 ¥
2> R, < 20kQ, R, = 30kQ
> Ay > 3 (NEZH)

2. R, = 40% 1§ > Ay =3

E‘ Sleles il feigm
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Wien-bridge oscillator - AlE9°I1{M
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XxsCc1

Wien-Bridge Oscillator - e
voo

B B o123 T
Rkl ﬂsoqf 2
| LT
50kE
Eey=a 40 %

Ra FD = R ﬂcﬁZH-R?+Ja=f?£nﬂgh3deF£ﬁQk§2
£ A= R, "= 20k =3

— il

R2

1. R, 40% ©IsIN 5% 3

. -> R, < 20kQ, R, > 30kQ
. ~ - > Ay > 3 (NEZH)

1 2. Ry = 40% 1T > Ay =3

o

= _— — +
Tek
T |5 UAT4lCD

0
1 A — 1
léank 10k
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Wien-bridge oscillator

Yun SeopYu
o NEZ 98t =M ook
= B2 {FAI5E YR )
D, D, 1. ARNMYOl MZ QINfE RS O
R, M - 2 8I=: Zener DiodeE & (open)
M MR? R, + R, + R;
Acf -
R>
h 3R, + R R
! = = d o342 3
Vou R> R,
R - ]
f ’ P - B 9= FNFMS foIM YHS 0
) 7| Lead-tag 2.V, >V, : Zener DiodeS EZ(short)
(3) Ry +R, 2R, +R, 3R,

Ac‘f

R, R, R,

ZM™: Non-linerity (Zener diode) 3. V,, 28 &7

SR | felgm]
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Wien-bridge oscillator S

Xs8Cl
Wien-Bridge Oscillator e
) i o
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ouT P 1234 T
R1 [ 7927 9
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Wien-bridge oscillator

Yun SeopYu

- A better method to control the gain uses a JFET as a voltage-controlled

resistor in a negative feedback path

5
|l
Il
$

[ ]EE*?&EHE.*E

- A JFET operating with a small
or zero Vps is operating in the
ohmic region.

—->As the gate voltage increases,
the drain-source resistance

" increases.

- Automatic gain control can be
achieved because of this voltage-
controlled resistance.




Wien-bridge oscillator

Yun SeopYu

¢ EXAMPLE 16-1

Internal drain-source resistance, of the JFET is 500 Q

when oscillations are stable
N 10k@ andC; = C, = C = 0.01 uF

af, R ?
e éﬂf
0.01 uF r
R,
10 kQ)
L
R, 1
0kQ "1 0.01uF

[] SRl ]u Leigmi
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Jr = 22RC = 2a(10kQ)(0.01 uF) .
R
f
Av = s s 1 =3
R3 + Fds

Rf = (AI» i l)(R'-% i r:?’.';) ]

B X100k + 5000)
= 3.0 k()



Phase-Shift Oscillator

Yun SeopYu

o 4ol EAIT|(Phase-Shift Oscillator): 8O e
SR (sinusoidal feedback oscillator)
- 1 RC MOl 1Y N = 90° Al“ﬁ$|1 0° ¢ FUFMT fOIN
- 3 RC 94 A% > 180° = o AL =
- SIMEET Y AS 180° + 3 RC f1Y Al 180° = 360° => E4A
Areln)
AB=|-—".B=|-"|.B=1
Ry R R,
l ——>B—i—i
— ¢ G & Ry 29 ~
> < N RC ABULZ LA
| 1l |
| 1l I
+ 1
R, R, gﬂg f. = —
us 27 \V6RC
<_R| = R2 = R_:_. = R and
JorycHetn Ci=0C=0G=C
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Phase-Shift Oscillator

Yun SeopYu
« EXAMPLE 162 Ry
H fr, Rf 9 J w
= C, C, C,
I | |
- oV, .,
I 1 [
+ 0.001 uF | 0.001 uF | 0.001 uF
R, R, R;
10 k€) 10 k€2 10 k2

Aq =129,and B = 1/29 = Ry/Ry;

L
R3

29

Ry = 29R; = 29(10k()) = 290 k()

[] SRl ]u Leigmi
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~ 27V6RC

Ir

l

— = 6.5 kHz
27V6(10kQ)(0.001 uF)




Phase-Shift Oscillator -AlE9°|M
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x5C1
Phase shift oscillator
ek
éEDU 0 YEE
_15\,"
E C C . L
| I R
—- =l 1] ;;:H‘“ H
0.001puF  0.001pF 0.001pF
R R Da741Ch
10k 10k
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Twin-T Oscillator

Yun SeopYu

¢ EY T-¥ N7 (Twin-T Oscillator):

a fAN S

R, Low-pass

Ry

C, High-pass

W——a—W

e

Twin-T filter

[] Sfelgs]u keIgm]
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5 e T¥ RC EH M&
= LPF + HPF : Band-Stop Filter(notch filter)

Filter output
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Oscillators with LC feedback circuits

Yun SeopYu

¢ |BZA] AT f < 1 Mhz
¢ LC #HE 2ZTN(LC feedback oscillator): f, > 1 Mhz
(AFIF 23
ANBE RN HHOZ BIT, FETE NESIIE B
: 35 ETZ (Colpitts), & (Clapp), dt== (Hartley), ¥2ET

(Armstrong), %% %”‘I"I (crystal-controlled) oscillators

[ ]EE*%'EHE.*E
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Colpitts Oscillator

Yun SeopYu

¢ Colpitts 1t &3
¢ LC H2 2= . 9 Bi°] + 8 BH

+VCC

Of

S

Cs 1

o " 22 VLCy

i

Amplifier
C,C,
Cr =
C, + G

< Gt Co= M2

Feedback

_II é IIH_ circuit

[] SRl ]u Leigmi
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Colpitts Oscillator

Yun SeopYu

H& 4M& B 0, C, &l 9o 2T

g Vi IXer  Xeo  1/Qaf,Co)

/ | S Vou Xz Xeo 1/Q2af,C)
&

B =—
L C
. a condition for oscillationis A,B = 1.
s B
Ci
@ »— A. = —
Out L )i In v C;
G G,
=
o J_ ——— - X NSZH: A8 > 1

[] SRl ]u Leigmi
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Colpitts Oscillator

Yun SeopYu

o FUTZY BT} YHF

43579 AHYMEA 7, |
55 > 229 QF UL >

[ ]EE*%'EHE.*E
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LC B3=(ST A

gEFODe 42 (Qdel AE)

9|=)2 HI=

1 QZ
fr = =
27 VLCy \ 0% + 1
Q> 10 1, 1
- > - = ;
" 27VICy
Q<10 : £ BN #2



Colpitts Oscillator

Yun SeopYu

oFETS ©|88 SMx @3
FETCl &= OEAT =1 IEO| YOEA 2o 218 A% i3
+Vpp
c, c,
i - :
R; Cs I
| .
c ® o)
Iq II ==C2 §RL
| L1
~— = =
R, Ry, == C, : )
L
Y G G, 9 —Te

il
|||—l

|

o
Uy

[ Ssigs]s kelam] . R
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Colpitts Oscillator

o BUX 9N oy HoE

Cy
1
1

[] SRl ]u Leigmi
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Colpitts Oscillator- <™l 16-3

Yun SeopYu
¢ M 16-3:
= f, 7 (B, AVSZ gaam 2 Q >10) 5V
= Q=82 %2 > f ? 4
Cs

CiC, (0.1 pF)(0.01 uF)

O = = 0.0091 uF
NG 0.11 uF *“
;= 1 N 1
" 27VLCr  27V(50 mH)(0.0091 uF)
= 7.46 kHz
f L |9 (7.46KkH2(09923) L
— | = . V4 . hy
" 27VLCN @ + TN——
50 mH
= 7.40 kH R S 2 G
£ I
|l |
0.1 uF 0.01 uF

[] SRl ]u Leigmi
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Colpitts Oscillator — 8%

-

Yun SeopYu

e L e T
+ - 4

........................ s 3
ol I
e L
St

........................ B0mH. - -0
...... u1m
DA ANIms T i
GO0Hz - - - - - - - - ... .. L R c2o.

L =L == L L
A I S

[] SRl ]u Leigmi
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L, = 50 mH > f = 7.1kHz

35.217 dB |
= 22.4kHz

+ | 2z2.433kHz 44,364 dB




Colpitts Oscillator- ©lI™l 16-3

Yun SeopYu
¥sc1
o v |
Colpitts Oscillator e b ===
R1 R3 HZ Tiu.:}l. .}l,

ity

33k0 §2.2kﬂ

c5
|1
11
0.1pF
L1 G3 ﬂ:; o — E
e it | anzand | R e
50mH | LJ:&

INEE RN

TKQ
ci c2
—=—0.1yF 0.01pF c4

= Re  ==104F
gEEDﬂ

|||—.

INRERANE|

[] SRl ]u Leigmi
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Clapp Oscillator

Yun SeopYu
=3 2MT(Clapp Oscillator); STZ A9l HY
+Vee
o}
Co — l

Th 2 . AR

> I I oV, . C | C2 C_},

< Gy, Gy, Ci= M2

Amplifier

- C,It C,= mA9 Y
. C, & BJT G, & 3=

(@)
—
- C, = BJT C,, o %=
000 - G, I G, = BJT™ 1Y WTAIH
I § L (S TR S— Feedback %:I%I: lél'%
- R X A i
R OPYE WA FIL

[ lag%;cuam
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Clapp Oscillator — %1 HEE

Yun SeopYu

Bode Plotter-xXBP1

=

| 28.863dB + |

9,985 kHz

e I T« 1 S
B LIS S PSS ISR
N PR L N i
e 50mH- - - - - - - | N
T, R L Al I,
S TVIMS gy
CT}EE."'F::::::::ﬂmF:::::::::::::::::-ﬂ.DﬁL-F....
1 1
CT—1 11 -1 1 1 =0.0048uF
+—+ + +
C, C, C, O0u 0.0Wu 0.0lu
1 1
f = - =10.3kHz
277,JLC;  27,/(50m)(0.0048u)

SR | felgm]

n-,
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Hartley Oscillator

Yun SeopYu

¢ SfEE| 2AT|(Hartley Oscillator)

+Vee f |
o = .
T 2aVILC
Lt=L + L,
oV, . . L‘I
=T
a condition for oscillationis A,B = 1.
Amplifier
A, = 2
8 Ll
- X7 NSZH: A8 > 1
Feedback -> AI/ > L/L,
circuit

o|=9 QF 442 > 2UFLe 42 (Qdkel 2AE)

[ Sleles il feigm
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Hartley Oscillator— &8

=

I

Yun SeopYu

L, =L +L,=50m+50m =100mH

e 1 1 _ 5kHz

" 2z L,.C  27,/(100m)(0.01u)
Eggﬂﬁ@’dtﬂf—’tm
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5.005 kHz

f

3.189 dB




Armstrong Oscillator

Yun SeopYu

o HAES B (Armstrong Oscillator): HE2|=f B HEY

+Vee 1
O f =
r =
)l 2 E'ILP,-;CI
R
§ 3 ¢y Feedback circuit

C, §R1 I '
HH .

Lpri Lsec
ERE R, ==C, ==C,
.

2N [Y: AW I(tickler coil)

[ ]EE*%'EHE.*E

HANKYOMNG NATIONAL LN,



