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LITERATURE SURVEY

* . "

“This project 18 based on the frequency locking phenomenon exhibited by the
non-linear oscillators. There have been a lot of research and work previously
done on this topic. Various approaches are used by various scholars and
cientists to arrive at conclusions that injection locking is observed in case of

non-linear oscillators. Some of them are mentioned below:-

1) . B. Razavi, in his paper “A study of injection locking and pulling in
oscillators,” have derived injection locking characteristics  of
oscillators and presented a graphical analysis that describes injection
pulling in time and frequency domain.

2) R. Adler, in his paper “A study of locking phenomena in oscillators,”
Using the assumption that time constants in the oscillator circuit are
small compared to the length of one beat cycle have derived a
differential equation which gives the oscillator phase as a fanction of
time. With the aid of this equation, the transient process of “pull-in
“as well as the production of a distorted beat note arc described in
detail.

3) LAl , A. Banerjee, A. Mukherjee and B.N. Biswas, in their paper
“Sudy of Injection Locking with Amplitude Perturbation and its
effect on Pulling of Oscillators”, have studied the Injection locking
characteristics of oscillators both qualitatively and analytically and the
closed-form expressions of frequency-pulling and spectrum of the
unlocked driven oscillator is estimated with negligible amplitude
perturbation. Modifications in spectrum, lock range, and pulling of the
oscillator are shown under significant amplitude perturbation.
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INTRODUCTION

illator:-

oscillator provides a source of repetitive A.C. signal across its output terminals
without needing any input (except a D.C. supply). The signal generated by the oscillator
s usually of constant amplitude.

The wave shape and amplitude are determined by the design of the oscillator circuit and
choice of component values.

‘The frequency of the output wave may be fixed or variable, depending on the oscillator
design.

Types of Oscillator

‘Oscillators may be classified by the type of signal they produce.
'+ SINE WAVE OSCILLATORS

These circuits ideally produce a pure sine wave output having a constant amplitude and
stable frequency. The type of circuit used depends on a number of factors, including the
frequency required. Designs based on LC resonant circuits or on crystal resonators are
used for ultrasonic and radio frequency applications, but at audio and very low
frequencies the physical size of the resonating components, L and C would be too big to
be practical.

For this reason a combination of R and C is used to a control frequency. The circuit
symbols used for these frequency control networks are shown in Fig. 1.0.2

_I

]

LC Resonant CR Filter Crystal
Circuit Resonator

Fig 1:- Frequency Control Networks




. RELAXATION OSCILLATORS and ASTABLE MULTIVIBRATORS .

These oscillators work on a different principle to sine wave oscillators. They produce a
square wave or pulsed output and generally use two amplifiers, and a frequency control
network that simply produces a timing delay between two actions. The two amplifiers
operate in switch mode, switching fully on or fully off alternately, and as the time, during
which the transistors are actually switching, only lasts for a very small fraction of each
gycle of the wave, the rest of the cycle they "relax" while the timing network produces
the remainder of the wave. An alternative name for this type of oscillator is an "astable
‘multivibrator”, this name comes from the fact that they contain more than one oscillating
element. There are basically two oscillators, i.e. "yibrators", each feeding part of its signal
back to the other, and the output changes from a high to a low statc and back again
continually, i.e. it has no stable state, hence it is astable. Relaxation oscillators can be
built using several different designs and can work at many different frequencies. Astables
“may typically be chosen for such tasks as producing high frequency digital signals. They
also used to produce the relatively low frequency on-off signals for flashing lights.

A

+ SWEEP OSCILLATORS

A sweep waveform is another name for a saw-tooth wave. This has a linearly changing
(e.g increasing) voltage for almost the whole of one cycle followed by a fast return to the
wave's original value. This wave shape is useful for changing (sweeping) the frequency
of a voltage-controlled oscillator, which is an oscillator that can have its frequency varied

over a set range by having a variable ‘sweep’ voltage applied to its control input. Sweep

oscillators often consist of a ramp generator that is basically a capacitor charged by a
g current constant whilst the charging

constant value of current, Keeping the chargin
voltage increases, Causes the capacitor to charge in a linear fashion rather than its normal

‘exponential curve. At a given point the capacitor is rapidly discharged to return the signal
voltage to its original value. These two sections of a saw-tooth wave cycle are called the

sweep and the fly-back.




Oscillator Operation

180° Phase shift

I\J Feedback Network
i (Frequency control) | _

e.g. x 1/30

Positive Feedback
with Closed Loop Gain =1

AV

180° Phase shift

1

Fig 2:- The Essential Elements of an Oscillator

Parts of an Oscillator

Most oscillators consist of three basic parts:

An amplifier. This will usually be a voltage amplifier and may be biased in class
A, BorC.

A wave shaping network. This consists of passive components such as filter
circuits that are responsible for the shape and frequency of the wave produced.

A POSITIVE feedback path. Part of the output signal is fed back to the amplifier
input in such a way that the feed back signal is regenerated, re-amplified and fed
back again to maintain a constant output signal.




The conditions for oscillation

Positive feedback must occur at a frequency where the voltage gain of the amplifier 1s
equal to the losses (attenuation) occurring in the feedback path. For example if 1/30th of
the output signal is fed back to be in phase with the input at a particular frequency, and
the gain of the amplifier (without feedback) is 30 times or more, oscillation will take
The oscillations should take place at one particular frequency.

The amplitude of the oscillations should be constant.

There are many different oscillator designs in use, cach design achicving the above
eriteria in different ways. Some designs are particularly suited to producing certain wave
shapes, or work best within a certain band of frequencies. Whatever design is used
however, the way of achieving a signal of constant frequency and constant amplitude is
by using one or more of three basic methods

Method 1

‘Make sure that positive feedback occurs only at one frequency, the required frequency of
oscillation. This may be achieved by ensuring that only signals of the required frequency
are fed back, or by ensuring the feedback signal is in the correct phase at only one

frequency.

‘Make sure that sufficient amplification for oscillation can take place only at the required

frequency, by using an amplifier that has an extremely narrow bandwidth, extending to
the frequency of oscillation only.

Method 3
Use amplifiers in "switch mode" to switch the output between two set voltage levels,
together with some form of time delay to control the time at which the amplifiers switch

on or off, thus controlling the periodic time of the signal produced.

Methods 1 and 2 are used extensively in sine wave oscillators, while method 3 is useful in

wave generators, sometimes called aperiodic (untuned) oscillators. Oscillators
using method 3 often use more than one amplifier and timing circuit, and so are called
multivibrators (more than one oscillator).




][ f Closed Loop Gain <1
' ' Damped Oscillations

Closed Loop Gain =1
Oscillations

11| Closed Loop Gain >1
Distortion Due to
Saturation

Fig 3:- The need for amplitude stability

Barkhausen Criterion

The frequency of oscillation at which sinusoidal oscillator operates is the frequency for
‘which the total shift introduced, as the signal proceeds from the input terminals, through
the amplifier and feedback network, and back again to the input, is precisely zero(or an

integral multiple of 2*1T).
(Or)

Stated simply the condition A*p = -1 at &= wo, i.c. the magnitude of loop gain should be
one and phase of loop gain should be unity ( the feedback network introduces 180 degree
phase shift, the other 180 degree phase shift is provided by mixer ) is called Barkhausen

 griterion.




Overview of Injection locking of oscillators

f-oscillator is a primary source of oscillations operating
ear system converting the de

A self oscillating system or a sel
nder self-exciting conditions, Any oscillator is a nonlin
power of a source into ac encrgy. The nonlinearity of the system (curvature of the
gurrent-voltage characteristic of the amplifying clement) begins to manifest itself with the
e of the amplitudes, and consequently the gain of the system drops. The amplitudes
sto increasing when the amplification is reduced to the level at which the damping of the

ations in the load circuit is balanced; in this case the energy supplicd by the

amplifier per period proves to be equal to the energy consumed in the circuit load during

he same time.

An oscillator operating under steady-state conditions is a conventional nonlinear
amplifier excited by the oscillations produced in the oscillator itself: these oscillations are
d from the oscillatory system of the amplifier and applied to its input through a
feedback loop. When the amplitude and phase of oscillations satisfy certain conditions,
the behavior of self-oscillator is identical to that of a separately excited oscillator. In the
fast stage of the transient conditions the behavior of the oscillator is determined mainly
by the nonlincar character of the system, SO that the steady state of the oscillator cannot

be described without taking the nonlincarity into account.

seful in a number of applications including frequency
separations. However,

le. For example, in a
cach other as a

Injection locking becomes u
division, quadrature generation, and oscillators with finer phase

fnjection pulling on the other hand typically proves undesirab
‘broadband transceiver, the two voltage controlled oscillators may pull

result of substrate coupling.
ed the locking equation for an injection synchronized

hes. The first method is based on simple phasor algebra and
the conventional circuit theory approach.

In this report, we have deriv
‘pscillator using two approac
the second one is derived using




Band Pass Filters

and Pass Filters

fhe cut-off frequency or fc point in a simple RC passive filter can be accurately
gontrolled using just a single resistor in series with a non-polarized capacitor, and
epending upon which way around they are connected, we have seen that either a Low
Pass or a High Pass filter is obtained.

One simple use for these types of Passive Filters is in audio amplifier applications or
circuits such as in loudspeaker crossover filters or pre-amplifier tone controls. Sometimes
it is necessary to only pass a certain range of frequencies that do not begin at 0Hz, (DC)
or end at some upper high frequency point but are within a certain range or band of
frequencies, either narrow or wide.

By connecting or “cascading” together a single Low Pass Filter circuit with a High Pass
Filter circuit, we can produce another type of passive RC filter that passes a selected
‘range or “band” of frequencies that can be either narrow or wide while attenuating all
those outside of this range. This new type of passive filter arrangement produces a
frequency selective filter known commonly as a Band Pass Filter or BPF for short.

Band Pass Filter Circuit

i
-

Unlike a low pass filter that only pass signals of a low frequency range or a high pass
filter which pass signals of a higher frequency range, a Band Pass Filters passcs signals
within a certain “band” or “spread” of frequencies without distorting the input signal or
introducing extra noise. This band of frequencies can be any width and is commonly
known as the filters Bandwidth.

Bandwidth is commonly defined as the frequency range that exists between two specified
frequency cut-off points ( fc ), that are 1dB below the maximum centre or resonant peak
while attenuating or weakening the others outside of these two points.

H

Fig 4:- band pass filter circuit

Then for widely spread frequencies, we can simply define the term “bandwidth”, BW as
being the difference between the lower cut-off frequency ( feumn ) and the higher cut-off

B




gquency ( fouwess ) points, In other words, BW = [~ fi. Clearly for a pass band filter to
netion correctly, the cut-off frequency of the low pass filter must be higher than the cut-
ff frequency for the high pass filter.

[he “ideal” Band Pass Filter can also be uscd to isolate or filter out certain frequencics
jat lie within a particular band of frequencies, for example, noise cancellation. Band
ass filters are known generally as second-order filters, (two-pole) because they have
o™ reactive component, the capacitors, within their circuit design. One capacitor in the
pw pass circuit and another capacitor in the high pass circuit.

‘ [2*pi® 100/80 0]
S [1 27 pi® 100/80 4*pi*pi*10000] l =—=1

. sine Wave
Scope

4 55T

. :":I .

Transfer Function

Fig 5 :- Matlab Simulink Setup for a Band Pass Filter

n the above band filter we take the vale of Q arbitrarily and after the experiment we have
o find Q using the formula which is given below:-

O=wl/Ao

Where Aw=Bandwith
The transfer function for the Bandpass Filter is assumed to be a Second Order Transfer

Function given by:-

H(S)= Lo
SA2+(W/Q)S+W 2
Where W=2*z*100
0=80




Frequency shifting arrangement by injection synchronization

Consider the simple (conceptual) oscillator shown in Fig.6, where all parasitics are
neglected, the tank operates at the res-onance frequency @ === (thus contributing no
se shift), and the ideal inverting buffer follows the tank b create a total phase shift of
360° around the feedback loop. What happens if an additional phase shift is inserted in
the loop, ¢.g., as depicted in Fig. 6(b)? The circuit can no longer oscillate at @}, 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 value such  that the tank
contributes enough phase shifts to cancel the effect of @ . Note that, if the buffer and

T} contribute no phase shift, then the drain current of T, (... ) must remain in phase with
Vo under all conditions.

(d)

Fig 6:- (a) Conceptual oscillator. (b) Frequency shift due to additional phase shift,
(c) Open-loop characteristics. (d) Frequency shift by injection.

1o




low suppose we attempt to produce ¢, by adding a sinusoidal current to the drain current
£T, [Fig. 6(d)]. If the amplitude and frequency of Ty are chosen properly, the circuit
adeed oscillates at @y, rather than at @, and injection locking occurs. Under this
tondition, V. and [, must bear a phase difference [Fig.6] because:

1) the tank contributes phase at @ o # @, TOtating Vou with respect to the resultant
current ly,, and

2) Iy still remains in phase with Vi, and hence out of phase with respect to It
requiring that Iy, form an angle with I, (If Ly and Ly were in phase, then
I+ would also be in phase with Lo and thus with Vo). The angle formed be-
tween Ly and Iy is such that Iy becomes aligned with Vi (and Ioee  after

experiencing the tank phase shift ¢, at @ .

11




DERIVATION OF THE LOCKING EQUATION

refers to the range of frequencies of ’ ,,' across which injection
creasingly greater phase shift introduced by the
"and ' I,' must also increase, requiring that 1.’
ot difficult to show that

Locking range
jocking holds. To match the in
tank, the angle between the '/
will rotate anticlockwise. Using trigonometric identity, itis n

Fig. 7 Phasor diagram of oscillator

Iy _ L. _ I
sing, sin(6-¢) sin(7—0)
Q:M:sin&mm,—-cnsﬁ (1)
Again,

1,
mﬁ,=%sinﬂ

T

I _+1 cosf
we * T 7 _ in@cot g,

i
I sinf
i} S I.Z}
I, +1,cosf

= tan¢h, =




A second-order parallel tank circuit consisting of ‘L', ‘C' and ‘R exhibits an

( .:r"‘i[mc" IL]
impedance [7] of Z( jw)= : T 7 T =
—+jloC-—] L s
R”( wL) R +(mﬁ' aJLJ
s the phase shift introduced by the tank circuit near resonance is given by
1
A el af Ry o2 ]
; =—tan T =—1an {—(m LC-]]

|
'R awl,

= --tan"[g,(lm2 -, )j| = —tan"[g{m-—m,]
oy W _
where the following simplifications have been used -
R 1 ; -
@ - =2 -m) ; Q=— and @, =——— . Hence equating (2) with the phase
4 =~y t% } Q it , JIC €q g (2) P
t introduced by the circuit, one gets

o [{m @)~ w"‘}] l, +1,cosé

20| do A }_ I, sinf

1;, dt - 1. +1,cos@

do z:ql(fwj sin @

R e 3)

d 20l 1, :+[’w ]m 2

Since —I'i-nt:! (3) reduces to £=.& Y siné (4)
T ar % 200 1,

where ‘Aq),’ is open-loop frequency error and (4) is the famous Adler's equation
6]
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OSCILLATOR UNDER WEAK INJECTION

Fig. 8 Equivalent circuit ;liagram of a negative differential conductance oscillator
with injection

In the following analysis, we take a negative differential conductance
oscillator in presence of an injection signal '/,,(1)'. Here, 'R" accounts for the
losses in the tank circuit and we model the oscillator as a one-port circuit
consisting of a parallel tank circuit and a non-linear element 'G,, . Since a linear

‘oscillator does not injection lock, the non-linearity in the circuit will aid the
process of injection locking. Typically the non-linearity in Fig. 3 arises because of
the non-linearity present in the active core of the transistor [8] in Fig.1.

Application of Kirchhoff's current law, one gets

iy, Ty )1, Yo Oy

iy Vo = o=
B C LC RC C

d*v, v 1 ldv. dl,,
C—+2-| Gy —— 8=_X 5)
&L [ o le & dt ‘

The output of the oscillator and the synchronizing signal are taken as /,, = 1"
Fov onnii] ) -

and v, =V(1)¢ LA where ! V(1)" is the envelope of the oscillator output and

'6(1)" is the output phase modulation because of the synchronizing signal .

d‘l‘u 8T l dV ; dlg 5
.-.—‘—zej[ I{E-{-J(Q}W +Tﬂ_)p {f]]

e+ 22) 2 A0 |+
dv, )| d Ji‘kum dt Amgpenii]]
— e
dt* av [ do\dv  d'8
cincaibe — |—+ ¥t
_[mi ”L“’“*"m]m rady

; ] . ay reikel] - jeteg
—EL:I,!ﬂ}wfuﬂ'm :_erwfne')[ ].e.'
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these results in (5), one gets

&V d0 d0\dv
AP Sl 7 2 & 18y
ad e\ "[“"“‘”m)m

R [ EaY PR 0

=a,l,(sin@+ jcos )

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

e (oo (o)

(6)
V
+--£1 o, 1,sind
L
and
dé\dv H
¥

ZC[ww dr)d: (r}

1 d
[E-GMJ[m +?]V(r} w, I, cosd (7)

Now the following assumptions are made in order to simplify (6) and (7) : (i) since

dv)«ﬂ and

'V(t)' and '6(r)" are slowly varying functions of time, F;—{ I

-1—(%?)«:1. (i) the magnitude of the oscillator amplitude envelope is

W
approximately the tank peak current produced by the '-G,, ' multiplied by the

tank resistance 'R, i.e., V| =1, xR=1 x0aL,

{ﬁi} a{.?‘ -%J = 2, (a,h - mw]. and lI:I"lul"] W, =,.
Hence, (7) can be written as

1 :ﬁ? , dv
(E'Gm][ }F {"]"'TCWHHF"MWIDCDGH




Boar- 141 . Y L
La.,—r+——.(‘—§-[rﬂJIf{r]=E-”émsH (8)

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

% do 1 1 dV
PO AN S L

and substituting % = ,’C one gets

. dgd w, I, sind
"ﬂii. == rrll,lI }_ Eﬂ}n” T _-'!{-E-_-_+
dt  1,0m,LC
de and, .
le., E=(m,~mw)uﬁsmﬂ (9)
Egn. (9) is the Adler's equation derived in (4) by a somewhat different approach.
—
In the steady state, %,f =0= [fn‘u a = ) =I,sinf gives the ideal locking or
201,

gynchronizing range of the oscillator.




Matlab Simulink set up

Parallel Tuned Circuit with Non-linearity (Conductance)

1
s 'b =
Integrator 1/RC + @
1 Out1
—» < | L\
= Add
Integratort me gl
Add1
—Pp!  fu)
MNon linearity
1
11c
Fig 9.

Free Running Frequency= 45 Hz
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Tina-Ti simulation set up

R2 &2k

L1 2000

R4 22%

Fig 10

Free Running Frequency= 73 Hz




RESULTS AND DISCUSSIONS

The simulated values for band pass filter is represented in tabular form below, alongwith
the the frequency response of the Band Pass filler.

5 1.87*10%(-4)
10 3.788%107(-4)
15 5.7%10/(-4)
30 1.23%104(-3)
50 2.5%10°(-3)
80 8.33*10(-3)
100 0.285

110 0.01

125 8.32*107(-3)
140 5.4%10°(-3)
150 4.3*10/(-3)
160 3.8*107(-3)
180 2.8*107(-3)
200 2%101(-3)

Table 1:- Simulated values of band pass filter output at different frequencies.
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Fig 11 :- Frequency response of band pass filter
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The oscillator output phase variation and its steady state value is shown in Fig. 5. The
result is obtained by solving (9). The free running frequency of the oscillator is 45 Hz and
is shown in Fig. 6. The experimental validation is done with the help of MATLAB
SIMULINK and is shown in Fig. 4. In Fig. 7 the injection signal frequency is varied
(hence the frequency detuning) and the corresponding injection signal amplitude is noted
at the verge of synchronization, shown in table-1. Finally, Fig. 8 shows the variation of
locking range with the frequency detuning when the injection signal amplitude is kept
fixed at 150.
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Fig. 12 :- Oscillator output phase variation
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Injection locking phenomenon represented via ectrums
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Fig. 13.1. Spectrum of free running oscillator

When there are no injection signal then the oscillator oscillates with free running
frequency(in our case free running frequency is 45 Hz).
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Fig 13.2 :- Illustration of the mechanies of the injection locking phenomena with low
injection frequency

Amplitude= 40 & Frequency= 20 Hz
Oscillator doesn’t lock at this frequency and it oscillates at the free-running frequency
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Fig 13.3:- Spectrum of external signal with low frequency

When injection frequency and amplitude are small (freq=38 Hz & amp = 40).
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Fig 13.4 : lllustration of the mechanics of the injection locking phenomena with
frequency less than the free-running frequency
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Amplitude= 40 & Frequency= 40 Hz
Though we see the two spectrum very near (thereby introducing the pulling effects), but
this is not sufficient to obtain the locking phenomena of the oscillator.
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Fig 13.5 : Mustration of the mechanics of the injection locking phenomena with
frequency approximately equal to the free-running frequency

Amplitude= 40 & Frequency= 43 Hz
The oscillator oscillates at the external frequency rather than the free-running frequency
that means injection locking oceurs.
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Fig 13.6 : Mustration of the mechanics of the injection locking phenomena at free-
running frequency

Amplitude= 40 & Frequency= 45 Hz
Injection signal frequency matches with the free-running frequency.
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Fig 13.7: Hlustration of the mechanics of the injection locking phenomena with
frequency slightly greater than the injection frequency

Amplitude= 40 & Frequency= 48 Hz
As frequency increases beyond free-running frequency, spectrum for free-running
frequency start to increase and spectrum for external frequency decreases. At 48 Hz
locking phenomena still holds.
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Fig 13.8: lllustration of the mechanics of the injection locking phenomena with
slightly greater injection frequency

Amplitude= 40 & Frequency= 52 Hz
Spectrum for free-running frequency increases and spectrum for external frequency
decreases.
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Fig 13.9: llustration of the mechanics of the injection locking phenomena with
injection frequency greater than the free-running frequency

Amplitude= 40 & Frequency= 55 Hz
Spectrum for free-running frequency increases and spectrum for external frequency
decreases.
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Fig 13.10: Illustration of the mechanics of the injection locking phenomena with
slightly greater injection frequency

Amplitude= 40 & Frequency= R0 Hz
Spectrum for free-running frequency increases and spectrum for external frequency
decreases and as we continuously increase the external signal frequency the oscillator
will again oscillates at the free-running frequency rather than external frequency.
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Experimental and for detunin in n amplitude
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Table 2:- simulated value of injection amplitude at different injection frequencies.
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Fig 14: Detuning freq VS injection amplitude
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Experimental data & graph for frequency detuning with locking range

Table 3:- simulated values for locking range at different detuning frequencies
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Fig 15: Freq detuning VS locking rang
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Simulated Result from Tina- Ti software

The oscillator detuning frequency versus locking range graph is shown in Fig. 9.
The free running frequency of the oscillator is 73 Hz. The experimental validation
is done with the help of TINA-TI.

detuning versus locking amplitude graph

-10 5 0 5 10

Fig 16:- Detuning vs Locking Amplitude Graph
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*

Conclusion




Future works

A novel method for studying the injection synchronization of a two-port nonlinear
oscillator with its parameter has been studied. Further to this work, a frequency modulated signal
can be injected to the oscillator and FM to AM conversion by the injection locked oscillator can
mwm.mamofmm:uaﬁmmufmmmmmw
parameters can also be studied in future studies.
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