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LITERATURE SURVEY

This project is based on.the frequencY lockin-B"Phenomenon exhibited by the

nonlinearoscilrators'-rne;'#;ffi :t::""1,:'"TT:t"*'"#1f, :''I:-Tilnon-lineur osci llators .'l heT.t:ffi;ffi ';;""'r^*d ;t v ari ous schol ars and

llhioJ,lT*"ll:,l3li;,;; that injectio.n ':*'* 
is observed in case or

non-linear oscillators' "ott 
ol'ht* are mentioned below:-

r) . B. Razavi' in his pul*. "1 "1ul:*:":::'Jl:'-:lt-il#lff-
oscillators," have derived in1.t,ion- locking characteristics

:::"ttfi::' *ffi;Ji.o';;nili":t anarvsis that describes injection

I

I

ln

of

oJtnt in time and frequencY domain'

2)RAdrer',',11i::::'f":Tfl."i"T,"ff :',fin::fi ':l;':"]:1'il;
Y#i::LilHtT;;;*n or one beat cvcre 'have 

derived a

differential equation *nt"n'i*tt the 
:scilla:o-l-phase 

as a tunction of

time. With the aid of'this Jquation' the lT*i:nt 
process of "pult-in

"as well us the proAoction of a distorted beat note are described in

detail.

3) I.Ali , A. Banerjee' A' Mukherjee and R'N'-Biswas' in their paper

"Study of Injection ?""ft*g li'ft Amplitude Perturbation and its

effect on Pulling "t;;ii;;t;" 
huut ttoaSo the Injection locking

characteristics "f "'J;t";Joth 
qualitatively and analytically and the

closed_form ""or"rr;;;J;i*u.r,"y-p.ttling 
and spectrum of the

unlocked atut" o"liiut"t i' ""it"ed Yi; negligible amplitude

perturbation' f'toOili"atiln' in spectrum' lock range' and pulling of the

oscillator are shown'ilJ"t'ignifi"ant ampliode perhubation'
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INTRODUCTION

oscillator provides a source of repetitive A.C. signal across its output rerminals
needing any input (except a D.C. supply). The signal generated by the oscillator

of constant amplitude.
wave shape and amplitude arc detennined by the des.ign of the oscillator circuit and

of componort values.
frcquency of the output wave may be fixed or variable, depending on the oscillator

of Oscillator

may be classified by the type of signal they produce.

SII\TE WAVE OSCILLATORS

circuits ideally produce a pure sine wave output having a constant amplitude and
frequenoy. The tlpe of circuit used depends on a number of faclors, including the

required. Designs based on LC resonant circuits or on crystal resonators are

for ultrasonic and radio frequency applications, but at audio and very low
the physical size of the resonating oomponents, L and C would be too big to

pra.ctical.

tris reason a combination of R and C is used to a control frcquency. The circuit
used for these frequency control networks are shown in Fig. I .0.2

CR Fitler
Circuit

I

E-r
I

Crystal
Resonator

Fig 1:- Frequency Control Networks



RELAXATION OSCILLATORS enrt ASTABLE MULTWIBRATORS '

oscillators work on a different principle to sine wave oscillators' They produce a

;;;;ilil;Joutput-age"i'utlvus"r*'^'Tlf':11::-dgi-"ff::1iir?*:vave or Purseu Jtiu"-u*t"n iwo actions' The two amplifiers
that simPlY Produces a ttmtr

; ffi ; ;1$,,*it"hio g r"lv-o o oi r" rrv : tr "t:"-"Tll T.i^1i P:P:'^d.T11fi
rf" ih:i:#ffi 

"" 
;;;iv"'';.i.icffi' ;;ii rTts.r9r a, vory snall fraction or each

of the wave, the rest of the d"* t*i"'iax" while ttt" :T]1f,::y,:t:-pf::ii:te or Ine waYe' ure re'! vr -''tJi,,;;;;"*" 
for this type of oscillator is an "astable

rernainder of the wave. An al

ilit,ui;',;t';u-""o-.'t'o'"ir'"ru'ttryt1hq":1"11.Ti",,9i::"^::,"1:15',q
[l ifl;]liillJffiffi; ffiit;dl, v*-L"", each feeding pa'' of its signar

to the other, and the output;il;;; t'9i a triql toi-,!:,*t:":1,?--*-":f1:
f"il,: ;:]? ## #il;;;, ii"*" iri, asta-ble. Relax^tion oscillators can be

;:ilil'J;fr";;";;;;ig"'-*4"**o't1Try::T:::5:g:"t*^f:H':i
;ffiLt"ffff;#'io'.1i,"f,'o.T."-*-proJ""ing highaequency disital signals. rhev

also used to produ"" tn. .rruuiiy 1* itqu"ot! on'off signals for flashing lights'

. SWEEPOSCILLATORS

sweep waveform is anotber name for a saw-tooth wave- This has a linearly changing

l;;;il;;ilg"r-"r'"Jitl"*nor"or*"v-"1"f91:Y^*-bI'13':J:H::*:
iffTtr # ;i;: Tht.;.-rr'"p" i- usetul..for thanging (sweepin g) ff 

" 
fr",q::::v,

;;il;:-;;;";lled oscillator' which is an,oscillar:igfl^h*"":*:H"i:'t {trilf;::":tt;#$ffi;ilffi;r":-*""p' *r"e"."ppl'-* to its control input' sweep

oocillators often consist "r " 'i'n'eqi*"1i' 
oot i-' *i:"11ry.:-:03;1?::lTt""*il:

ffi:i:"T"1ffi;";.#' xt"pi[e tr'' charging :''111"-:f*"t 
whilst the charging

voltrge increases, causes the tupu"ito' to charge in a linear fashion rather than its normal

cxponentiarcurve.At"s'"";;;;;;;jiy:::t"::':*Y""ti"i"::"j:Hg"r:try:It'ol curve' rlt a Brvs'PU.UL *; ffiil;i;la*iootn wive cycle are called the
to its original value. These tw

n eep and the flY-back'



Oscillator Oneration

Fig 2r The Eesentiel Elements of an Ossillator

of an Osclllator

oscillators consist of three basic parts:

l. An amplifier. This will usually be a voltage amplifier and may be biased in class

A"BorC.

A wave shaping nerwork. This consists of passive components such as filter

.it""i[ tft"t 
"i".isponsible 

for the shape and frequency ofthe wave produced'

APoslTlVEfeedbackpath.Partoftheoutputsignalisfedbacktotheamplifier
il";i;;;; ;ay thai the fecd back signal is regenerated, re-amplified and fed

back again to maintain a constant output signal'



conditions for oscillafion

osoillations should takc place at one particular frequency'

yc feedback must occur at a frequency where the voltage gain of th-e gp!!9r i1

to o. iorr., (attenuation) occurring in thc feedback path. For examplc if l/3fth of

irt"Jri*.ii'.f"d back to be in phise with the input at a particular-frcquco"J' Td
fr;;;ifi;-fittfier (without reicuact) is 30 times or more, oscillation will take

molitude of the oscillations should be constant'

;;;t *rrersnt oscillator designs in Et' *"! design achiwing F fu:
io alffo*t o'"yt. Somc designs ari particularly suited to.poducing certain wave

or work best within a certain Una of frequencies' Whatever desip is gsed

ffi;, ,h;;;y; 
""niuuiog 

a signal of constant frequency and constant amplitude is

ruing one or more of three basic methods

ff" th"t po.itiue feedback occurs only at one fr_equency, the required frequency of

iio;. Thii may be achieved by cnsuring thatonly.signals of the reWired frey111
iJ t""f,, or by ensuring the ieedback iignal is in the correct phase at only one

#" ,nu, sufficient amplification for oscillation can take place only at the required

;;y, tt;;g - u.ptifi". that has an extremely narrow bandwidth' extending to
-frcquency 

of oscillation onlY.

tin"o in "switch moden to switch the output betwoen two set voltage levels'

;h ;";, fonn of timc delay to control thJ time at which the amplifiers switch

or on ,ft* controlling the periodic time of the signal goduced'

s I and 2 are used extensively in sine wave oscillaton, while method 3 is usefirl in

wave leneraton, sometimei called aperiodic (untuned). oscillators' Ot:il1P^T

;;til?;d*, .or" than oue amplifier and timing circuit and so are called

(more than one oscillator).



Clorad LooP Gtln <l
O.mp.d O|clll.ti,onr

clo..d LooP G.ln ' I
Con.trnt Amgltud.

Orclfldionr

Cloaad LooP Galn >l
Obtonbn Ou. lo

Satrra0on

Fig 3:- The need for amplitude stability

Brrkhausen Criterion

Thefrequencyofoscillationatwhichsinusoidaloscillatoroperatesisthefrequencyfor
which thc total shift int*au."i,'u, th" tignot ptu"""as frum ihe input tcrminals, through

the ampliher and feedback network, andiack again to the input' is precisely zero(or an

integrai multiPle of 2*II). 
(Or)

Stated simply thc condition A*F = -1 at trl= rtro' i c' the magnitude of loop gain should be

*, *Jph'# of loop guin sholld be unity ( the feedback network introduces 180 degree

&;;ili, il;,r-. r"so degrc" pt asc shift is provided by mixcr ) is called Barkhausen

criterion.



Overview of Iniection lockine of oscillators

oscillating system or a self-oscillator is a primary.source of oscillations operating

self-exciting conditions' *V' "ttiii"tt 
ig o ttoritineur system converting the dc

of a source into ac enersv' ni9^^@r@ng^*"il'::,!::-l':Tf-ff'*i
il .X'"il:ffi i:,':.ff ":iliJ #ui^;il;;i:19:9:l."*ir* itserr witb the

of theamplitude.,uod"o*"q'ifi ;il-;"d;'--'-rti'1*'::tr1.itir"ihffit'Sff :of the amptttuoe.' uo" "YTqtn t;;;il.,h" level at whichthe damping of the

iff :"ff Tf [:'i"ff T.:l't1"$*"..i;;;;"":,1*y^.xilf,?''*:
'* ln tne loac crrsurr 

*tigy-ton*uo'td in the circuit load during
per period Proves to be equal

lifier exctteo oy mE osr'rrdur':ffi;;;itf"t 
and applied to its input thro'gh a

f :,T,ffi :ff il:l'',".#lii"e!#flr;iiiii:':llt'j*:,:,"::E*:m;f f n:

Same tlme.

of subs$arc couPling'

oscillator operating under steady-state conditions is a conventional nonlinear

tifi erexcircdbvtheoscillaho";;"id;Jit$"::'.ltl^Y,':'1lT:'::Titt;1;.";r ;

H*t""T":ilffi ffi;g;:ffiir'ed oscitlators mav pull each other as a

lback loop' wnen .'e o"'P'1''[";;J;;;;t"f 
. 6"rately excited oscillator' In the

T'H$lff ;*itrl::':;#ff lil:ffi r:!:i:liii:{ltiliy:",m:1,:*;'dfi:"ii"H:f,il:i;;il;i 'v'*' '" tr"' oe 
1t-1ov 

state orthe oscilator cannot

il*A"U"J *i$o"t taking the nonlinearity into account'

locking becomes useful in a number of applications including frequency

quadrature generation, *o 
"*ifi"ioit 

*ith fi;i phase 
.separations' 

However'

prui,,g oo the other t"19 wii"-11,,g"::,,fi::'*tl;"1ff#ffi?l? X :

thisreRortw3l1y:*:::d-.'h;i:*L-i:ffi i"liKl'il",',lfi jt*i",1.1"'ll**u
;illator using ttllo approacnes' - .. --r ^:--,:. +rra^n, 4'.6iJrach
::ffi #'5':?ii'e" i;; d; ;onventional circui t theory approach'



Fig 4r btnd Pscs lllter clrcult

rimp|euscforthesetypesofPassiveFiltersisinaudioamp|ifierapplicationror
il,i".h ; in loudspeakir crossover filters or pre-amplifier.tone controls. S^gy.tp::

i o*rrrr.y to only pass a certain range of frequencies.that do not begin at Op' QC)
;;;;rp#r'high frequency fuint but-are within a certain range or band of

Band Pass Filters

ctt-olf frequency or /9 point in a simple RC- passive fi]l-":,-1T t^Tyitll
*-ing-lutt'" single'resistor in series with a non-pol*i'* :"qi"ibt,,Tg
,p.ri,ifri"f, way'around thcy are connected, we have seen that either a Low

c a High Pass filter is obtained.

either narrow or wide.

selective filter knor"n commonly as a Bind Pass Filter or BPF for short'

as the filters Bandwidth.

connecting or "cascading" together a single- Low.Pass Filter circuit with a High Pass

e, 
"ir.oit,-r". 

can produce aiother typelf passive RC filter that passes a selected

"i;t"ird.f ruquencies that can-be eithir narow or wide while attenuating all

oU"ia" of this range. This new type of passive filt:r ana:glqent.prgduces a

I
4

vour

e a lqlLplgg-.ll[eI that only pass signals of a low frequency range or a ElghJlg!
*rturlilGiiE of a higirei fregulncv range, a.Band.Pary. n!.crs,nas1e1{qy]1

fi:Utl" 
"-""ttli"1'find" 

or "spr"-"d" of frequCncies withorrt distorting the input signal or

tiJ".i"J.itr" noir". ffrir band of frequencies can be any width and is commonly

Bandwidth is commonly defined as the frequency range that exists between two specified

;;o"n." .ut-of points ( /c ), that are 3dd below the maximum centre or resonant peak

rltii. uttln*ting or weakening the others outside of these two points'

Then for widely spread frequencies, we can simply define the term "bandwidth", Bw as

ffi;,* Oiffeience between the lower cut-off frequency ( 1c,,*,* ) and the higher cut-off



y ( 1cu,o,'* ) points. In other words, Bw = '/I'-./''' Clearly for a pass band filtm to

i#;;,T,ift cut_offfrequency of the low pass filrer musr be higher than the cut-

tcquencY for the high Pass filter'

..ideal,,BandPassFi|tercanalsobeusedtoisolateorfilteroutcertainfrcquencies

ri. i'itrri" " 
p"rticular band oi ti.cquen"ics, for. cxample, noise cancellation. Band

i,frco *" known generally as secbnd-order filters, (two-pole) becau* lfl,liy
r" reactive component, the 

"upu"ito", 
*ithin their circuit design One capacitor in the

pmr .i."uit and another capaiitor in thc high pass circuit'

Fig 5 r Mettab Simulink Setup for a Band Prss Filter

In the above band filter we take the vale of Q arbitrarily and after the experiment we have

to find q using ttte formula which is given below:-

Q=ttlLa
Where Aa; =Bandwith

The transfer function for the Bandpa'ss Filter is assumed to be a Second Order Transfer

Function given bY:-

H(,S):
(try /Q\s

S n2+(W I Q)S +W ^2

W = 2* n*10O

Q=80

2'pi'loo/ao
[1 2'pi' 1oo/ao 4' Pi'Pi' tooool

Transfer Function



t",':yl"--(."^::::l11l :yl]".'-shown in Fig.f, where all parasitics are

1t': g*:ry*l"s at rhe res-orance.frequency a =$ 1tnu, ";J"fi;; ;;sr*;, ana tn. ia.ur ;Gd;;r- i;i";;;;il;,fltqiliJ'" 
"ili'ii?liTf;,ol?360o around the feedback loop. what happens if an additional phase shift is insertJ in

lhe loop' e.g., as depictcd in Fig. 6(b)? Thc circuit can no ronger oscillate at a1,at because
the total phase shift at this frequency deviates from 360.by { " Thus, as illustrated in
Fig. 6(c), the oscillation frequency must change to a new varue such that the tank
contributes enough phase shifts to cancer the effect of { . Note that, if the buffer and
Tr contribute no phase shift, then the drain current of 11 (Iu". ) must remain in phase with
V*1 under all conditions.

I.
or

Ftg 6:- (a) conceptual oscillator-. (b) Frequency shift due to additional phase shift,
(c) Open-loop characteristics. (d) Frequency shift by inlection

(d)(cl

l0



Tr [FiS. 6(d)1. If the amplitucie and ticquency of li'ri are choscn propcrly, the cirqult

leei oscillatcs at ,inj rathcr than at rq) and injectitin l.cking occurs, Undcr tltis

suppose we attelnpt to produce /, by adding a sinusoidal cun'ent to the drain cufrent

V.,, and lin; must bear a phase difference [Fig.6] because:

l) the tahk contributes phase at {o ini I {tl1r rotating V,,u, with fsspect to the resultant

cUrTent 11,, and

2) L," still remains in phase with Vuus and hence out of phase with respect to If '
requiring tltat I;"1 form an angle with I,,.. (If Ii", and I,,... were in phase, then

Ir woulJ also bc iri phasc with I.,". and thus with Vuu,)' Thc anglc fbrmed bc-

tween 1,,". and l;6 is such that Ir becomes aligned with V,,*. (and I,'". )after

experiencing the tank phase shift d,, at a ini .

n



range refers to the range of frequencies of 'ar"u' across which iniection

holds. To match the increasingly greater phase shn fry:,'.:"::"^tJ lt:
;il:ttt:'#;. ;:#;;' ti'J' i::; ;;; .;;' i'u"t utlo increase' req uirins that' 1''''

will rotate anticlockwise. using t;igonometric identity, it is not difficult to show that

(l)

(2)

I ,,,

Flg. 7 Phasor dlagram of oscillator

1,, = !,,,, -= -!-^,sinA sin(9-fr ) srnt)t -tl
!" ="!VA= sin d.cot dn - cos d
I,o sln Qr

Again,

gnk=i-sin0

I*:J":Y!= 
sin dcotlo

I^,

, I,,,sin9
)tan0t,=TJicos7

t2



parallel tank circuit consisting of '2,','C'and'R'exhibits an

| -ri -zrq(q-r) ; a=ft ^d r4=# . Hence equating (2) with the phase

intsodued by the circuit, one gets
/ \..r lrsin4

lot - a, ) - la4 - aL ) | = - -;--
I _, + I i,r cnse

de -or^]=- I''sino
dt "l I*+ I,ncos4

,* * t,(3) reduces, # = o^ - fr(*)'^ t

the follortring simplifications

(4)

'Aa5' is open-loop frequency eror and (4) is the famous Adler's equation

(3)=o^-g-(ltl -sin-P" zQ\r"* ) r+l*)*,,



uo(r)

8 Equivalent circuit diagram of a negative differential

injection

conductance oscillator

lnthefo||owingana|ysis,wetakeanegativedifferentia|conductance
oscillator in presence of an injection signal ' 1,,, (r) '' Here' ' R' accounts for the

|ossesinthetankcircuitandwemode|theoscil|atorasaone-portcircuit
consisting of a parallel tank circuit and a nonlinear element 'G", '' Since a linear

oscillatordoesnotinjectionlock,thenon.linearityinthecircuitwi||aidthe
oio."i. of injection tocking. Typically the non-linearity. in Fig' 3 arises because of

fiir ."*lit""htv present iitne bctiv6 core of the transistor [8] in Fig l '

Application of Kirchhoffs cunent law, one gets

dv,, 
-1,,,, _ | ;,..7r_ 

ri, _,6,rr,,
dt-V-7cJ''"' RC c")
^d'v,, ,,, l - lfdv,' 

-d1",,,7t nT-l'''- n)a- *
The output of the oscillator and the synchronizing signal are taken as l"', = loei''"

.r . d,\_l

and vn = V U\ejl'q'/*o\); where'fz(l)' is the envelope of the oscillator output and

'd(l), is $re output phase modulation because of the synchronizing signal .

(s)

...Lo = "r..,. 
^,,t1#,,(,,, . #)r r r)

d,v^ 1,1,. #)l#-,,[,., 'f;J"r,rl'I
t=1f#.,( 

'". '?)ff. tff't'tf 
I

and

d!t, 
-- .; r,,,, t u"' "r,',- .i u,, l,,eiLqt "'\' \ ) ..-' ut )

l4



Using these results in (5), one gets

l#., # r rt) + z i(a,,,. #)#l
'[[,- .#),ut 

]

*!, 1r -1o., - *11#.,(,. . #), u,)

=to,"ilu(sin9+ jcos?)

Equating the real and imaginary parts, it is not difficult to show that

,l# -(,,. . #)', r,f.(+ - 
" 
-)#

au 
(!)_ 

__ q,,,r,sino

an0

/ ,^\ trr r1,

,r(, *!9\4L+cv6{!+

Now the following assumptions are made in order to simplify (U),"nlj]\' (i) since

,/(r)' and '0(t)' are slowly varyins functions of time' (,)[;,l*t t"o

I f4l*1, (ii) the magnitude of the oscillator amplitude envelope is
or,\ dt )
approximately the tank peak cunent produced by the'-Gn.'multiplied by the

tank resistance'R', i'e', Vl*,=f ,",xR= I,',,xQa\tL,

(iii) o4,2 - ot 
"1 = zton(o,, - co',,) , and (iv) o,',, = rou '

Hence, (7) can be written as

( !-o.,\( ,. *!9)rt,\+2(a,,,,t = r,1,.,rucoso
fR "\1J\*/'' il)" -'dt

(6)

(*-o)[,, .#)ro=,,,,,t,,cosl (7)

l5



def (t ^ \ r dv
o4,t- + zotD 

dt l+1r-r"* )v 1lV
I a*losin4*1=-n6-

substituting i= ^'" 
one gets

(o\'-t')-zrr#=ffi
,ff={^-r;-ffi"r'

In the steady state, {=o= 
('" 

--e^') =To"indgives the ideat tocking ordt _ii_
2gI"*

dv + 1 ( | -c^,,)r(r)=!*.adt 2c\R *) " 2C

It is worthwhile to mention that (8) gives the behavior of the envelope of the
ouput. Further, (6) gives

. (9) is the Adle/s equation derived in (4) by a somewhat different approach.

cynchronizing range of the oscillator.

l6
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Matlab Simulink set un

Parallel Tuned Circuit with Nonlinearity (Conductance)

Fig 9.

Free Running FrequencY= 45 Hz

Integratorl 1/LC



Tina-Ti simulation set un

Ftg 10

Free Running Frequency= 73 Hz

a.l

C!
'l:

13
o:,

18



The simulated values for band pas-s filter is reprcscntcd in tabular form below, alongwith
tle the frequency response of ths Band Pass filtcr.

5

l0

15

30

50

80

100

lt0

125

140

150

160

180

200

L87*l0^(-4)

3.788,r l0^(-4)

5.?*10^(-4)

l.8r,l0^(-3)

2.5* l0^(-3)

8.33' 10^(-3)

0.285

0.01

8.32*10^(-3)

5.4* l0^(-3)

4.3* 10"(-3)

3.8{,10^(-3)

2.8*10^(-3)

2r10^(-3)

Table 1:- simutated values of band prss fllter output at dlfl'erent t'requencies.

t9
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oscillator output phase variation and its steady state value is shown in Fig. 5. The
is obtained by solving (9). The frce running frequency of the oscillator is 45 Hz and

shown in Fig. 6. The experimental validation is done with thc help of MATLAB
and is shown in Fig. 4. In Fig. 7 the i4jection signal frequency is varicd

the frequency detuning) and the conesponding injection signal amplitude is noted
it the verg€ of synchronizatio4 shown in table-l. Finally, Fig. 8 shows the variation of
looking range with the frequency detuning when the injection signal aoplitude is k€pt
fixed at 150.

o 0.2 0.1 0.6 0.8

TinE--->
Ftg. 12 r (hcllhtor output phuc vrrlrdon

t
a

a.t

5
dt

I

tl



Free runntng speckUtn of ro,octron lo|cked o3qllator

I
=

2

Fig. t 3.1. Spectrum of free running oscillator

when there are no injection signar then the oscilrator oscilrates with tiee running
frequency(in our case free n:nning frequency is 45 Hz).

o9

0.t

o,

a 0i

iot
{ or

0t

92

0.!

0r
t5

Frcqrm,rcy

Fig l3'2 :- Illustration of the mechanics of the injectron rocking phenomena with lowinjection frequcncy

AmplitudF 40 & Frequencv= 20 Hz
oscillator doesn't lock at this frequency and it oscilrates at trre {iee-running frequency

22



frl-

t,

!t

!l'

tt

l'-

f'F

hqla*dlErI

Fig 13'3:- Spectrum of crt€rnd signd with low frequency

When injection frequency and amplitude are small (fre538 Hz & amp = 40)'

a

o

Fis 13.4 : Illustrrdon of the mechsnlcs of the lniection locklng phenomena with

triluency less than the free-running frequency

Amplitude= 40 & Frequenc5 40 Hz

Thoueh we see the two spcct r-,"ry i"* tihereby introducing the pulling effects), but

;;;rT"i;tffi"i""tto otitain the locling phenomena of the oscillator'

Fn$lnct

23



Frequoncy

Fig t3.5 ; Illustration ofthe mechanics of the injection locking phenomena withrrequency approximatery uqu"r to ii"ir";;;tilJil;"".,
.rL^ ^_-:,r Arnplirude= 40 & Frequenc5_ 43 Hz

;T ;:J,.ufi .IilXT:-1'JilJff " 
r'"q'i*"v"utr'!' fran the rree-running frequency

ilf,irl! ;tilTjfii* or the mechanics or the inJection rocking phenomena at rree-

A^mplitudc= 40 & Frcquencp 45 HzrnJectron signal frequency marches with ,f,i n""-.i"i"g frequency.
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0l

o 0t
i
;06
< o.a

0.t

0.t

0.t

Fig 13.7: Illustrrtion of the mechanics of the injection locking phenomenr with
frequency slightly greater than the injection frequency

Amplitude= 40 & Frequencp 48 Hz
As frequency increases beyoud free-running fiequency, spectrum for free-running
frequency start to increass and spectrum for external frequency decreases. At 48 Hz
locking phenomena still holds.

Fig 13.8: lllustration ofthe mechanics ofthe injectlon locking phenomena with
slightly greater injection frequency

Amplitude:40 & Frequenc5 52 Hz
Spectrum for free-running frequency increases and spectrum for exiemal frequency
decreases.

Fregr,Gmy

I

0.1

oa

o.7

0.4

0.9

0-a

o.t

0.2

0.1
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Ftqt.iq

Iuf
i

lui
trr
t*i

Itri

0li
:

I
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i 0fl-ti
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:otF
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[|l

Fig 13.9: lllustrafon of the mechanie of ttc lnlecdon locHlg phcnomenr wlth
injectlon frcqucnca grerter then the free-runnhg frcquency

Amplitudc= 40 & Frequency 55 llz
Spectum for free'running frequency increases and spcctrum for ertcrnal frequency
decreases.

Ftg 13.10: Illustrrflon of the nechanlcs of thc lnlecflon lochng phenomenr wlth
slightly grerter inJecdon frequency

Amplitude=40 & Frequenc5 80 Hz
Spectum for free-running frequency increases and spcctrum for extemal frcqucncy
decreases and as we continuously incrcase the cxternal signal frequcncy the oscillator
will again oscillates at the free-nmaing frequency rather than ottemal frequency.

I
frlry
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rr
1

3

5

7

Table 2:- slmulated value of inJection amplitude at different inJection frequencles.

Vtd€n 0f ft!$r.r, ttiri.g nh qaaon t.g al $rtn$n

t i'!r'?r6.rt

' 
f,cCri{., drt,Jhng. Ha _,

Fig 14: Detuning freq VS injection amplitude

25

73

'117

165
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I

L

rIr
10

20

30

40

50

50

70

Table 3:- simulrted values for rocking renge at different detuning frequencies

V.fftcr d tnqtlrfic' d"tunng rdr to.t|l[ |.o9.

1.iL
Foqucnay daonng r, fta . -. '

Fig 15: Freq detuning VS locking rang

4541=4 10

45-38=7 22

4$35=10 45

45-33=12 75

4$31=14 159

45-30=15 320

45-28=17 392

I
I

t..
;
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Simulated Result from Tina- Ti software

The oscillator.detuning frequency versus locking range graph is shown in Fio. 9.
,r 

ne rree running frequelcy of the oscillator is 73 Hz. The experimental validltion
is done with the help of TINA-TI.

't5

t0-

5

0

dlt(nir[ va'rut lod(mg amptnude g|.gh

-a o- 5
-rrrg

Fig 15r Detunlng vs LocHng Amplltude Graph



Gonclusion

'Yruf": 
frn:5,ffi:;:,.T1T-'::1'g.on"nomenon are srudiedand a rocking equationvatraua,,.aiinail'a;il,fffi ;T'r"jffi ;["j1i;f tr"#:1"**i,,illl# 

jlffi ;"
lsrmulated) are presented in ths prolect report.
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Future works

A nover method for studying the injection synchronization of a trro-port nonrineor
oscillator witt iB po.mcrer has be€o sardied. F'rther to this worlq a frequ€ocy 

'iirtud ;tgB.t
can be iqiected to the oscillator and FM to AM convasion by the injection loc,ked oscillamLbe obnervcd. The figure of merit as a fimction of modurator indo( md othcr associrtedparam€t€r$ can also be studied in futre strdies.
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