QSCILLATORS

Ang  cincott  which s UVsed to genenate
on  a-C Vol\:cx@e without awn a< input s\‘aﬂq\ s Called
osci\latoer -

To 8@,nem-te a-c Vo\t&@@_ ,the cincuit ig

Supplied ev\en63 from a de¢  Soorce.

positive feedback s 0sed to 8@.\(\&)\&%&

oscillations of desgined frequency.

classigication of oscillateng
oscillateng ame classified 1w to +he {’ollow\nﬂ

diggenent m&ds

® Accomnding  +to +the woNe Lfenm 6ene)\crted

?) simusoidal  sscillatomn @ an electromic device +hat
aG_V\Q_m’CQ Sivwsoidal  escaillatieng of desired ~{-’kecv.xev1c_g
(s Kvown ag a sivaseidal oscillaten.

\f

o] /\ t
\V

Fia; Sinu seida)l wave form

6) Relavation (o) Neon S&nadecidal sscillatens @ the

oscillatons which PpPapduce  Square waves, Jc.uiemao\qk
waves | Soawkoothh Wwaved are Known ag Relavaton

asayllatens
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@ Accending to the fondamenta)l mechanisms involved
C\) Neaatzve nesisktance oscillatens ¢ Nedcerive Ke Svs tawnce

oscillatons  Uses ‘neaak\ve nesistance of the amplifying

| device to neutralize +he positive resistance op the
osaillaton

k) Feed back oscillatens: these oscillatens uses positve
feedback n the feedback amplifien to Sarisgy e
bankhausen criterienn.

@ Aacoenc\;ng to the er?/uevxcﬂ a&nemﬂced

o) Avdioc frequency oscillatens (Upko aokH-é)

b) Radip freguevcy oscillatens (2o KHz +o 30MHg)
) Veny \f\‘\a\\ freguency oscillaten (30 MHz to 3600 MKz
d> Olkra \r\ia\'\ —_FLP_cD,LQV\Qﬂ oscillater (BOO'M“_}% ‘o 3@1{_%5
e) Mickowave freglency 6scillateon ( akove 56*‘5}

&) Accomding  to 4he type of Circoit vsed
o) Lc +toned  o6scillatoen |

b) Re csscillatong .

Basic theony of oScillatoms
The feedback is a Propenty  which allowsg +o

cenmect  the Pant o the ootput to the same Ciacult

- A s LA T e oA



As the phose of the feedback s‘\anak 1§ Same as
that of the npot applied, the feedback is called

positive feedback.

= R Amplifient |

Feed back
Netiaik

Fia’. Concept of Positive feed back .

Vo
S

Hexre amp\i-{l‘\u aojvw Cd\\Qd open LooP 6qin (5q§v)

witheot Leed bQC.K) a‘\/e'ﬁ by

A= s (@)

The 8q{h WOV HA -Feedb&ck( Csed Aeop 6qin oN  GVeA
all ac\\\\n> dennted bj PY.F

Vs

the feedback 15 posikive and Volkage Ve 18 added
8 £

te Vg +o 8&n@,1\ate N:
\['L ol VS+\I.F ' > @

The feedbock Val%aae Ve depends on +he feed back
80\{“ B a"\\le‘(\ by
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Rere \P‘,F\ > lﬁ\
The product  of open Leep 8q§n and feedback foctorn

8 called loop 6'&“’\ (Q\3>

Vo

\ = pAp - ® = —

3£ “xlﬂa\ =) 4hem I vl
= VNg=0

Hence *he gain of the amplifien. with

posifve Feadbock 18 inginite  and ‘the amplifien

ﬁ - P i F 5\3 O~ - ‘/\()S

e .amp\ig;en acks OGS

Banklhausewn crnkenom (Cmd@'&\CSV\S fox GSLX\\&'E\mAg):

Mechowigm £on  stamt of oscillahons !t

The oseilateon cincu\% 1§ Set in to oscilations
by & %andem Vorlekiew cavsed in the base conent due
to neise Compoment O A small Vardotion In the dc
powest Supply: the hnoise Ccomponents fe Small randem

electrical Vol%aaes ond cuvrrents are cx\wo_ds pnesent in

any  cendnctor, tube or “transiston. Even when no elec-
-trical Siana\ is opplied , the even present noise will

cavse Seme Small S‘idncﬂ ot the OUtPOt of the QmPH«F\“Qa—L




8 a smoll frackion B of the ootput SQBHQL (s fed bacx
to the inpot with pnopent phase Nelatiow | then this
feedback s{ana\ will be amplified by the amplifsen .

3% AV—],S— (e AR >\>,+\ne\n the ovtpat increases and

themeby the feedback Signal becomes langen. This procen
cemhvues and the outpo’c aoescm inCAQCLSihﬁ- But as the
Sia“f\od level inceases | the 5q‘.n of the amplifien decse-
—ase$ and at o Ponbtcolan Value of oukpot, the gaiv

of the ompligien s Aeduced exacﬂd equal %0‘/[3

(e w a:i\g = Rﬁ:))“ then the ootpot \Zo\L-OﬁQ AeoMaing

Censtant ot frequency £ called fiequency o% o3 cillahom.

considen. o basic ‘m\le‘n—h‘na cxm?\i{—‘-]&‘h, Wit ay

Produces o phase shift of [8¢° between inpotr and

ookpot  as  showwn in —Fiadke be low
Vo

A | 1 Vo > &
@_—'__LAN\P\‘\«F{QTL —

Now the ‘\Y\FQ’V N Q\D?\}e,c\ 4o the C”@‘\YD\LF(QTL 18

Vi

to be derived from  iie sotpot Vo Osing feed back n)w.
bot the feedback mugt be Positive e 4he W;-Eaag desived
from  ootpot us%nﬁ feed back  netwonk must be inphase

With Vi - Thod +the feedbatk netwonk motk  intasduce

a phase skgt of 12 wlile —Feedkvxa back the VOI'EQ@Q

from oorpot  to mpot « This ensares  posihide {eed back.




The QI\LQY\@QMQ\O'\: is  Shown in jﬂ;auke below

v (Bc\sic in\len{ma o
Amplifien A |

Feed back

nNetionk [3

B= Np \/‘{3: (3\/0 —'—’>@

>3

Fok the osGllaYon | we wWent '«H\QJC feed back

\Lg = HE \IQL

shoold  dwive the omplifien and hence Ve must act as
\]Ct (me £, Lion @ . we Corn. Wrate thoat p \’,‘{1 )
sopficient &6 act as Vi Whew JAR) =)

And  the ‘phqse of Vg v Some as \ e feedback
netwenk  shood intuoduce 18 Phase shifgt in addition
to 180" phase shipt intaoduced by ivwe_n%ma amPlifes.
This @nzures posiktive feedback - So tota\l phase shigt

ancond g loop s R

Tm  this  Condition Vp dwives the circuvit and

withoot extemnal inpot, citcait Wonks as an 05 latos.

The +4we Conditions

which are tequired for the

cincoit o Woenk as on oscillater  asre cai)écl




The BamKhousery cniternion Statxes that
\. The tetal phase ghift omound A loop , 03 the

Sianc\\ Pho(_e_edg £aom inpu b 'E\/\Aodé\/\ Qmp\‘\(l\‘eh,

feed back netwonk €0 inpot BFoiv, comp\eﬁvxa a

leop 15 Pne cisely 0 ok 360
9., The mQan:’cudQ of the produck  6f the open op
gain  of the amplifien ond the "’“C*a"\“h’de' of  the

feedback fatkoi B IS uwity 1€ ARl =)

Dipferences between Alkeinatesr  ond  oscillaton ®

— —_—

Al eana oA as ca\lakox

.. gt 15 o %oekaking device L gt is8 ‘ot & fotraking

it hos Notaking PoTES device .

2. gt (reotes Ehexaﬂ 2. 4k Adoesw t  Creatke
ewekag- en\y ConyVeakts
ac @nekaj o OcC

&neuag .

3. 91 hos fived fLrequency 3. The frequenty ol the

0$ G \laton rong g Laom

£ewy Hy ‘o N\H%‘




Lc osai\lakons

general for® of LC bscillatong

\ g
- $3
[z et = l
szsh__J
—{ =
N ey N
Fiaa: genenal  form o‘)L an o6scillatoa F\ﬁ(b) . Tt 3 EcUu.u/q\Q\nb Kkt

T the 8ev\eu:x\ Lorm of sscillotan shouwn in fe\'a

A i ' ' Lronsiston , FET.
coove, ony of the ackive deyices suth 03 y |

VR ( 4 n the oamplifien
and OPQ_LQ*EQCYV\Q\ ampligien may be Use

Sectiown.

Z,, Za ond Zz ane the %eockive elements

congtituking the {feed bacek Tank  CiAcut € whith dekermines
the F‘f&q}x&v\tg of oacillakion . Here Z, and Zg 3Senve a3
a-¢ Vo\tc\ae Aividen £oer the ouvtkput \lo\tuae ond

feed bacek S\aV\QL? Thereffore +the Vo\t&aQ acans s 2, 138

the feedbock sianut- The frequency of oscillation of
Le  osci\loatkor 1S

\
fn 20—

2TV JLC
whe  induckive owd Copocitive Neattownees ane

nepnesented by F ,Zo ond zz - In —F\‘atq“) the ovkput

feneminals ewe 2 ownd 3,o“d inpok feimuwnals  Gae
AY

1 and 3 Fig (b) §ives the ecw.ivq\ev\’c ciacot  of €§6Ca).




Lead TImpe downce -

Since  z and the Inpot resistance hie of the

thansiston are  in POJLQHG_L, thein @U,U\\/C\\Q“\' ‘mPQAQY’Ce

2 s ONQW by z':Z.”hae

1 Z l"‘&
Lo v 5 7o >
z Zi hie Z, + hie

Now the Lload impedance 2z, between Ehe output

tenminals 2 and 3 g the equivalent impedance aof Zy

in parallel with the Senies cembination 6f z' and za -

Therefore .
I B }
Z) Zy :Z(+23>
|
j _ 4+ —_—
Z, Zy Z) hie
""13
Zi+hie
y4 hi
o - o 4 1+ hie
z
- > hie (Z1+23) + Zz hie
A R AL
A
4= hie (z+Z3) 4+ 2,23 + Z,Z2 + hie Zo
ZL
zl[hfe CZ‘+'Z3'> “"Z) 23]
1 hie (Z)+7—2+235 + Z,Z, + 4 23
ZL
Zz[ he (z,+23) +  Z 23]
Z4y ( hie (7,4 Za ) + % ZS}
Zy = > — @

hie (2,422 423) 4+ 722 + 2 Z3




—

withoot feed back i3 given by

—h z
Ay = e TE > 3)
hie

Vol{raoe 50&Y)

Feedback frattion B
The outpot \IolJcoae between +the tenminals 3

ond 2 in  tenmns of the Coment I, O 5ivev\ by

\ | Z) h}e
VD: ‘—I‘(Z""Zs) = -—I‘ —_— Z_’)
21+ hie
No = -1y Zrhie + 2, 23 + Zz hie
Zi 4+ hije
Vo = -T, hie ( zZ\+z3) + 2 23 @
Zy 4+ hie

The VOIJCAGQ —Feed bock +to the \W\?ut' '{:Q_LW\;V\Q\j

V' and 3 ig GNQV\ by
\ Zi hie
\’«Fb = -I,Z - -y _ @
Z, + hie

Therefore the feedboclk ratip B i given by

Vb _ z, hie Z, hie
E - - 1y -_ L
Y Z, + h
° ! s hie (Z/+23) + Z,z4 =)

Z\\'ﬁe A@

hie (z)+23) + 2,23

1

Equation for the ascillaton

For oscillation e moust haove

A\I‘F::)




Sobs’c‘\\:\sﬁﬂa the Valves of Ay ond R, we get

[—K{ie ZL Z)hie
hie hie (z)vza) + 2,25
hee Zl(\/\ieCZ,—%Zg) 4z, Z_SJ Z)

i
J

{‘“9—(25*22*133 + Z1Ze % Zszs‘} he (214 23)+ 2)35

hee %122

I
]

"\\\QCZ\+ZZ+23> + Z,Z49 +Z|Z3

hie (7»|+Z<L+7-3) + ZyZ29 + ZyZgy }\qee Z)Z9g = O
hae(?-‘+7-1+7-3> + Z)'Za,C\-)— h«Fe) + Z(Zy = O
This 15 the general Equation for the oscillaton.
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In +the ;-)omlcled ocscillotork Showwn wa {:‘\60/@ Qb OVE 2, &\(\A
Z2 ane inducttens ond Zg i3 a Cq7>aci+cm. Resistoens
R,, Rp. and Rg pnovides +he hecessany dc bias {o the
thomsiston. Cg is & bypass Capaciton: C¢p and (e,
one Covpling Capacitons. The feedback hetwonk Conghids-

—ting COnsist‘ma of inductens L, and Ly and Capacites

C detenmines the frequency of the escillaton

when  the SUPP\5 \Iolkade Nee 18 Switched
on  a  trowmsienk cuseant s }mwdu.aed m bthe Honk
cineornt  end ccnsecwent\a hancnoni . escillationsg  ane
gekuP I the clrcuik

The escikch%:QLU coment  in e tank Gaeont
pnod»cés a-C Vo\k&aes across Ly, and acrossy Lg -
-As +tenoinal 3 Iy awonded, it will be at zewo potenhal.
32 fexominal iy ok \Dosi{‘\\fe potential  with %GS?EL’C
tc 3 ot 0\!\3 ingtant  teaxminal ‘;.mﬂ) be o V\Q@oﬂc\\/e
Potential  with Tespect o 3 ab -Ehe Same instant .
Thus the phase dipperence between the +*enminalsy |

ond 2 is alwqa/g 186" -

In the (B mode | twe: frownmsistonsg provides

the phase difference betweew +he inpur and ootpot-

T\nexe{’—OLQ the +total Plr\ase shift is 360 . ﬁr\\)s,a%

the -Qhecvxeﬂ% detenainont fon the +ank Circoit

the necessodny cenditioy fer sostained oscillatiowg




is satisfied: 3¢ the feed back I8 ac\josteci,SB thaot the

i \ scillatan.
LcoF 6Q§V\ 6\3 =1, the circoit acts as an 03

|
The GLQCULQ‘QC.H of oscillation s %—l—iTTJL_C

whene L=+l +2M  whene ™M 15 the Cp-efpicient

op mutual nductance between ceils Ly ond Ly . The
conditionn Lot Sustained oscillakion is
L, + M
hee >,
Ly + M
fnalysis -
he. aeﬂem\ chmk(cn for Le oscalletos w

hie C7‘l+zi+7-5>+ Cl’fh{‘e) 2,29 + Z1Zz =0 —> @

Zy = Jwly + JOM

Zo = jwls + JWOM

23 = \——l— - :i_,
Jdne wC
Sobs%i{o-\—\n@ these Valveg (n €q, O

Shie (3ot +ium + oLy +iom -5_7 + (irhge) (Gu +dwm)
we

(dwiy +Ju>M> + (J»ol., + Jm,v\) (—J > =0

\ ' i j
Jiol«“\e(l_u tFlo+om - _‘: v (w hee) it fL\Ll M (L,+Lz)+ﬂj

W7

—d‘)’[}i*—ﬂj -0 "‘“’@

c

The  frequency Of oscillationy Ws Caw be  detesmined

b)j eq}katina ?m03§nun(\j \Da'nlc of &1/@ +o Zend




il

LI W
u)h{e_ L\“\’ L‘), +2M' — -0

|
Ly + Ly +2M = —

T l
Ao

Wy - ____é,,@

(Lﬁ.r Lz*zM) C

et leg = Litlgdem

. \ !
——_:) wy = = 'CT\ =

Leg C ,/L&Lc 1“JLech

Te Conditiom {or ™maintainewce 0f oscillgkion

. !
Wn

1

18
obtained by Sobslc\lcuk\ﬂ@ 87/® [TVN Eq,@
@ = _

o
—-*(o"c_ = CL\+L7,+‘)_N\)@
A

O > jw ‘r\\\e(J/\’-\—}/z-\'?,/f(’\ —)(\F&—JZL—Z//&\> + (iynge)

Jl?'we"(L\Lz + N\(_L|+L*L>—}N\?‘] + E,%——Mc— -0
C

Ly 4 M
°L \ -
= v(l%h_{:e) ‘ (L\LM— ML+, )+ m J + =0

C
(L +reyam)c

CUrk.pe) (L]‘Lz‘} ML Ly +N\°"> LM

CL\A;LZArzM)% i &

QG+\'\,(:Q>(L1L7_+ N\(L\+L«L>+Mq’3 - L LyM 4+ Lbket La M

=>

Fambym 4 oo2m>

=y} Q+h{:e>(L\LL + M CL\+L<L)+M<L> ~LLy - M(L\Jr)_l,_) ._ML -

L +2 M 4+ M-




-_—_-)(L\Ll-\-l\/\CL\*L“L) -\-Mq’}(/«\-\\,ge_ -—ﬁ’} - Ly +2L\N\—\-N\L

Led 2y M+ mb

h{e -
Lily + M (Litle) +m™
(L\‘H"\)q’ Ly 4+ M
hee = - !
(Lo +m) (Layw) Ly + M

the inica®  valwe. of hee LQCUUJ’\QA to

mainkain Susdtony osci \atiem 14

L+ M

Lo+ m

h{le_ e

CoLPITTS OSCILLATOR ¢

_’—O""\,CC

LCL
\h —o Voot
Cg
_ 2
\ | —
Co J

In  the Ccolpits oscillaton Shown in figore
obeve 7 and Zz oke capacitons ond Zz b an indu cton.
e Resistons Ry, Rz and Rg ?Provide +the nece ssomy

dc bias +o the taansigton: Cg i85 o b_\JPCLSS CCXPCLC\’con




Cc, and Cey ane Coopling capacitons the feedback
nektwonk Ccmsist‘ma of Capacitons ¢ and G and
inducton L detenmines the frequency of- the
oscillaten.

when  the SupPLa \/ohEcxae tNee v Switched

oo tionsgient coment g Pnoduce_d in the tank Cirtyib
and CcnSGCULQY\JC\U escillations ane Set UpP in the dirit
The oscillatony comrent in the Lank circoit produces
o-c Nolkages across ¢ Omdg Cy - 3§ temminal | Iy ok
o positive potential with ‘)\es‘aect t6 3 at ony
ingtoant, tesminal 2 wi\\ be o Y\e_aq’c‘\\le PO'EQY‘)‘HQ\
with ?\esgaqct to 3 ot the Same jngtant ¢ Thus the
phase difference between the tenminals t and 25&1(@@%
186°+ In CE mode +ransiston  Pnovides (80 +hew the
total phose shigt i3 360°  Thus atr +the frequency
detenminant Hon  +the tonkK Cincoit, the wnecessany
condition £on Sustained oscillation i3 satisfied.
3f the feedbock ¢ odjusted So thak the
loop GQ\V\ AR =1 , the Cincoik ocks as an  6scllaten.

the f{requency of ostillatien 18

\
‘Fn z —_—
2W\‘LCQ1/
]
)
where dfy -4 — :—‘C—+C—




Av\a\asa_fi Fom  cColpitts osdcillaton

| { | .

i = = s Zo — —" — =N . -
Zy = - = = ; ~2 : = = , Z3=Jguwl
NJAYS W ¢y Jwly Wey

The Qeneral eqpakiom  fom the ostillotxon

he (z¥Zat23) + ZiZa(1+ hee) + 223 =0 — O
hie [ 1 -;i_ +Jw,_j y 8 —_g‘l_ C[+}\\ce)+ ™. Jwlzp
W) WCq WC Wy b\)cl

“-:\\n‘\e(i— + 2 <L + - (‘“”‘FE> -5 ,._3®
P e R w>rc,y ¢ -
y C2

The fiequency of oscaillakion €0 18 found by
Q‘U*QH“E] Jc\r\ev \m&ain&ntj pant of QCPQ to 3ero- Thus

e ag_’c

The Condition {for Maintmia@nce of o8citlation

's qetenmined by Subs’c‘\%oﬁna é?/@ A E‘L@
AL tex smostmn—‘ma eq/@ A @ e Wmaain&ng pant

of €9, (®) becomes Zero , then  the Areal pont

!




L (trnge)

L (1+npe)
| =
9 L Ceq ¢y
L (1+ hee)
c ~
‘ b & | x /€9
L C]/(z_
trhee = L arer o janpe = O F 2
< L ¢y
= l+HFe - 1+ &-
. C,
C
=
The minimom  Value of hge Leq)uikec! 0
obtaln  Svstained escillatiom 18
RC 0SC\LLATORS
Al the oscillotong osma Le  cincoity

inducteons ond capacitony 7neguired fon the time

cincott  woold be Veny bo\(&ﬁa RC oscillatons ane

fovnd *to @ be omore Sojtable. TwWo impontant RC
oscillatons ane |
N RC phase shigt oscilloton

1) wien Bridge Oscllaton.

operate
wetl ot high frequencies. atr low frequencies  gg +the




RC phase shift oscillaton b

+VNece
<

Ry Re

TN

A
L.
A
\H AN
A

g {:\}\\‘S 'osciilatox the - L&cv).j.);e_d P\/\QSQ S\r\?ﬁt
?’op 186 in the {eedback Lleop from cu{:;F;A% to inpot 18
é%ob’ccs.‘med by Usih_g R anda C. Ccchmen-Es «‘ns+ead‘ of
’;{:omk GACUIt -

Hene a Common emittexn .amplifien is

the outpot of +the last sectiom beiv\a netuaned €O
the W\Po’c-

The P\ACLSQ, S\r\‘\{H: 9{1 6wev\ bj | Cacl RC

| ch The Vvalue o‘l, ‘Rn is

adjvsted  Such  #hat ¢  becomes 60°. Therefore 3 Re

seckiong produce o total phase shift of 180" betweey,

L

followed by three Re Sectiong of Re Phase shift n)m/

i




ixs Input anad  ootpot Voltoges Lor cmld ’che 6\\1@\(\

frequency . therefore ot the specific frequenty £, the

totol phase shift fron  the base of the +ransisten

anoond kEhe cirtult ang back ts  the base wi be

etoctly 380" on O° there by Satisfying Bankhavsey

cendition for  osallotion.
Whe frequency of ostillakion is  given by

)
"\:n = — mhere K= Re

2TTRC / 6+ 4 K R

ﬁgc_x\és_f_st the gquivalent circoit o) Re phase shifx

oscy later Using h- Pan&metem Mmode) 15 Shown in

A below

Fao C C
\ 1}

! 1

hiels Re ) SR R R
% ‘:\ T;) ;g

évuxja\e‘n’c NI = os\nﬂ h- parametenr model.

~

The modified equivalent Ciacoir 18 Shown A

E\aor\e below -
REKR 1C\ ]CL \CL
MV R 1 [~ I T
- yv.k,FeIs Re r) R ')/ R ‘\), R
\;o\toﬂe Iy Ty Ty
Sourle

Fig: Modified Egquivalent cireoit




APPlying KL fon +the Vanious leops in the modijlied

€quival ent cincuit

loop \ ¢
R “I" .
hpe Ty Re = TRe 4 IL 4 (r,-71,)R
Jwce
T) _
-hfe T3, KR = T, kR + — + TR -TyR
Jwe
—hie Ty KR = I\(KR FR A -T9R

Jwe

I, |(k+)) R +;‘——C) ST,R 4+ Tghpe xR =0 — (0
J vl

Loop 2

E&‘ + (_Il‘I3>R + @-'1#:\?,3?{ =0

Jw e
»—I\R+I‘L(1R+T‘—-5_x5\;:b > (D
Jwe
Loo\D R
T —
> +‘I5R%<13—T7_>R = 0
Jwe
- -
- Ty R +IS(1R4;—— = @
Jwc
Lo & 3
Solving the sz.uxt\cms O, and D
K+1DHR + -R hpe K R \
dJuwe
-R 9R + __1._- -R = 0
Jwe




]

To

| Pofa’c

." ‘ , B
S| k¥ 1) R + — (uvr_‘_ o |+ R —R(2R+TL +
Jwe (st Grec
hee kR (RY) =0
j*>G<+\3R+—‘— L i 4 R 2 S
5 ™ LRF - — + - R —2R> - R
i NN e June e
3
hege KR =0
2 v [ SR‘L C G
S 3R (k) ¥ ~ (R0 + &R (k3t)
Jwe N e dwe
=
- 2R 9% - RT  hpexrP=o0
L T = N
W ¢ Jrl
i
| R
37 .. H)R 4+ 4R | - a k)
= R (3K+$ +*\-F9,K3 [ fen) ) + d 4
wr T we

3

wl w> >
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