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Abstract—This is a report of the course Electronic Circuit
ES342-4, the topic of which is oscillator module in RF transceiver
system. It will start from the basic concept of oscillators,
and briefly introduce the principle, composition, and system
model about oscillator. At the same time, it is integrated and
summarized based on collected literature and articles, and a
brief literature review is conducted from the perspective of
important properties of oscillators, specific types of oscillators
such as LC oscillator, QVCO, non-sinusoidal oscillators, etc. In
addition, simulations and analysis of different types of oscillators
have been performed on Multisim. This article is only a general
exploration of the content of oscillators, and hopefully it will
tighten the foundation in the field of communication-related for
further study in the future.

Index Terms—oscillators, RF-transceiver, Multisim, simulation

I. INTRODUCTION OF OSCILLATOR

Oscillator is an energy conversion device that converts DC
energy into AC energy with a certain frequency. It is an
electronic component that can be used to generate a repetitive
electronic signal (usually a sine wave or a square wave), and
the circuit it forms is called an oscillation circuit.

The most basic components of an oscillator are:
1) Triode amplifier (acts as an energy control).
2) positive feedback network (feeds back part of the output

signal to the input).
3) Frequency selection network (selects the desired oscil-

lation frequency, so that the oscillator can oscillate at a
single frequency to obtain the desired waveform).

Oscillators can be divided into sine, non-sine oscillators
and crystal oscillators, among which sine oscillators mainly
include LC oscillators and RC oscillators. RC oscillator uses
RC network as the frequency shifting network, and it belongs
to the audio oscillator; LC oscillator uses LC oscillation
circuit as the positive feedback oscillator of phase shifting and
frequency selection network, mainly including the three-point
(Hartley) oscillator, Clapp oscillator, Siller oscillator ,etc.The
oscillation frequency of crystal oscillator is controlled by
quartz crystal, and its main characteristics include very stable
physical and chemical properties, positive piezoelectric effect
and inverse piezoelectric effect, and the oscillation frequency
is the fundamental frequency ωs.

Oscillator is widely used in electronic industry, medical,
scientific research and other aspects, mainly including the
major universities, medical, petrochemical, health epidemic

prevention, environmental monitoring and other scientific re-
search departments.

In this article, Sec.I has already described the basic concept
and composition of oscillator. Sec.II will give a brief intro-
duction to the basic principle of oscillator. Sec.III and Sec.IV
will do a literature review of the articles about oscillators,
where Sec.III mainly focuses on the important properties of
oscillator, including phase noise, power dissipation, mutual
injection pulling, spectrum folding and trade-offs between
noise and power; Sec.IV is a brief description of different types
of oscillators, including the classification of LC oscillators,
quadrature LC CMOS oscillators, and non-sinusoidal oscil-
lators. In addition, Sec.V also simulates different oscillators
through Multisim software, mainly including simple sinusoidal
oscillators, crystal oscillator, Siller oscillator, and three-point
oscillator. Finally Sec.VI will give a brief summary of the
article.

II. PRINCIPLE OF OSCILLATOR

The oscillator model has two modules, amplifier and the
feedback network, and the signals involved are input signal
Vin, feedback signal Vf and output signal Vout. We want
the oscillator to operate at a certain frequency and need to
continuously strengthen the components at that frequency to
make them stand out from the thermal noise, which is a
process known as ”positive feedback”. The core of positive
feedback is the feedback network, which can be considered
as a filter that selects only the frequency component of
interest, i.e. the oscillation frequencyω1. Next, the feedback
signal Vf , which passes through the feedback network, is
in phase with Vin at the oscillation frequency, and the two
signal are superimposed to become the new Vin and then fed
into the amplifier for amplification. After each feedback and
amplification, the new Vin is larger than the previous Vin at
the oscillation frequency, thus realizing positive feedback.

For the negative feedback system shown in Fig1, it can
only constitute positive feedback if it satisfies Barkhausen’s
Criteria. When the system transfer function is H(jω1) = −1,
it will generate a ”frequency-dependent” phase shift of 180°,
which will constitutes a whole 360 phase shift at frequency ω1

together with the 180° phase shift of the negative feedback. If
the gain of H(jω1) is greater than or equal to 1, the feedback
loop will constitute a positive feedback, forming an oscillation

1



Fig. 1. Barkhausen’s Criteria for oscillators.

at frequency ω1. Currently, Barkhausen’s Criteria is widely
used in the design of electronic oscillators.

III. IMPORTANT PROPERTIES OF OSCILLATOR

There are many properties related to oscillators, including
phase noise, mutual injection pulling, spectrum folding, power
dissipation, accuracy, etc. The following several subsections
will focus on a number of papers on oscillator-related prop-
erties and provide a certain brief description of the relevant
content.

A. Phase Noise

Phase noise is usually characterized in the frequency do-
main. For an ideal oscillator operating at ω0, the spectrum
assumes the shape of an impulse, whereas for an actual
oscillator, the spectrum exhibits “skirts” around the center
or “carrier” frequency (Fig.2). To quantify phase noise, a
common method is to consider a unit bandwidth at an offset
∆ω with respect to ω0, calculate the noise power in this
bandwidth ∆ω, and divide the result by the carrier power.

Fig. 2. Phase noise in an oscillator. [1]

In the paper by B. Razavi [1], it presents a study of phase
noise in two inductorless CMOS oscillators. They first used a
linear model to calculate the CMOS ring oscillators’ phase
noise. They treat an oscillator as a feedback system and
consider each noise source as an input. The system transfer
function can be expressed at the resonant frequency ω = ω0

as:

Y

X
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1 +H(jω0)
(1)

For noise component at ω = ω0 + ∆ω, the noise tranfer
function can be shaped as:
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Therefore, the ring oscillators can be modeled as the lin-
earized model of CMOS VCO shown in Fig3. The noise power
spectrum is shaped by:
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Fig. 3. Linearized model of CMOS VCO. [1]

Furthermore, nonlinear effects are considered and three
phase noise phenomena, namely, additive noise, high-
frequency multiplicative noise, and low-frequency multiplica-
tive noise, are identified and formulated.

Based on the same concepts, a CMOS relaxation oscillator
is also analyzed. For CD = 0.5CA in Fig.5, Q reaches its
maximum value-unity and the timing (floating) capacitor is
equal to the load capacitance, thus the noise shaping function
is equal to (ω0/∆ω)2/4

Fig. 4. CMOS relaxation oscillator Fig. 5. Noise calculation

B. Mutual Injection Pulling

The phenomenon of pulling has been studied extensively for
a single oscillator under injection of an independent sinusoid
in Razavi’s article [2].

However, in some applications, coupling through the supply
and the substrate may lead to mutual pulling between two
oscillators. In broadband data transceivers, for example, the
transmit PLL and data recovery circuit may operate at slightly
different frequencies (because the latter is locked to the
incoming data), thus has the probability to pull each other.
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Furthermore, emerging wireless systems such as ultra wide-
band transceivers may incorporate multiple PLLs and must
deal with unwanted mutual pulling.

In paper [3] of Razavi, it first determines the response
of a single oscillator to an independent phase-modulated
input. Then, use the pre-calculated conclusions to analyze the
mutual injection pulling between two free-running oscillators
or PLLs in both time and frequency domains and determine
the mathematical expression for the pulled frequency.

C. Spectrum folding

Samor and his team [4] assessed the noise performance of
a LC Tuned oscillator shown in Fig.6 quantitatively by the
single sideband-to-carrier ratio (SSCR). They have shown that
the nonlinear operation of the transconductor stage has to be
properly accounted for since it introduces spectrum folding.
Besides, The noise of the tail generator cannot be neglected
either and may be dominant if not properly minimized.

The nonlinear behavior of the transconductor causes a
folding of the wide-band noise sources like the thermal noise
of the transistor spreading resistance.

Fig. 6. Schematic structure of a differential LC tuned oscillator. [4]

In general, the double-sided power spectrum of the output
voltage noise at a frequency offset α from the carrier can be
written as:

Snv(α) =
1

4

KT

C

ω0

Q

1

α2
(1 + F ) (5)

with a noise factor F given by:

F = 2rbb′gotη +
σSnt

KTgot
(6)

Furthermore, it is need to Note that the intermodulations
between the carrier and wide-band noise sources cause noise
folding that increases the transconductor noise factor F .

D. Power Dissipation

Many works have been reported to improve phase noise
which mentioned in section III-A and power dissipation based
on the conventional topology. It uses additional coupling tran-
sistors which performs inherently inferior to the conventional
topology in the aspects of phase noise and power dissipation.

Hye-Ryoung Kim and his team [5] proposed A new quadra-
ture voltage-controlled oscillator (QVCO) topology which
enables quadrature coupling without requiring additional tran-
sistors.

Fig. 7. Back-gate coupled LC-QVCO [5]

The topology structure is shown in the Fig.7. The quadrature
couplings are realized by utilizing the back-gates of the core
transistors. The use of back-gates reduces the power dissipa-
tion and removes the additional noise contributions compare
to the conventional coupling transistor based topology.The ad-
vantages of the newly proposed QVCO topology are exploited
mainly based on simulation in comparison with prior works.

From the simulation [5], the advantages of the proposed
QVCO are demonstrated in comparison with the conventional
coupled-transistor-based QVCO and the differential VCO. A
QVCO based on the proposed topology with additional design
ideas has been implemented using a 0.18 − µm triple-well
CMOS technology for 1 GHz-band operation. The measure-
ment shows that the phase noise of 120 dBc/Hz at 1-MHz
offset with output power of 2.5 dBm, while dissipating only
3 mA for the whole QVCO from 1.8-V supply.

E. Trade-offs between Noise and Power

In article [6], J. Craninckx derived a general notation for the
phase noise of LC-tuned oscillators, based on the calculation
of transfer functions. Moreover, two important terms were
introduced in Eq.7, namely, the effective resistance Reff and
the effective capacitance Ceff . And the distinction between a
passive and an active implementation of the inductor is also
discussed.

Ceff = n · C

Reff = n ·R · ( 1

n− 1
)2 ≈ R

n

(7)

It proposed a LC-tank consisting of n inductors and n capac-
itors, whose main advantage is to reduce the internal voltage
swing while holding the noise constant. This should limit the
coupling between the oscillator and other circuits integrated on
the same die. This leads to the following expressions about the
phase noise and power consumption for passive inductors:

dV 2
out{∆ω} =

2KT

nω0C
·N · ( ω0

∆ω
)2 · df

GM = 2n · ω0C
(8)

The formula for active inductors is basically the same and
will not be repeated here. Eq.8 shows the perfect trade-off
that can be made: phase noise decreases proportionally with
n, power and area increase proportionally with n.
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Using the concepts derived in this paper [6], several kinds
of LC-tanks can be developed and analyzed, resulting in an
optimum solution for cellular-telephone applications.

IV. BRIEF DESCRIPTION OF SPECIFIC OSCILLATORS

This section will mainly focus on specific oscillators, in-
cluding a discussion of the classification of LC oscillators and
a detailed introduction to CMOS LC quadrature VCOs, with
some collection and integration of related literature.

A. Classification of LC Oscillators

A systematic synthesis procedure is given for classifying a
class of LC oscillators [7]. According to previous description
in Sec ??, an oscillator shown in Fig.8 basically consists of
an amplifier and a passive network N in its feedback path.

When gain A of the amplifier is negative real, one additional
buffer amplifier is possibly required. It is shown that if OA-
based amplifier is used for realizing A, the synthesized oscil-
lators is not influenced by the input and output impedances of
the OA. Thus, Rathore build an oscillator model with the most
general 2-port passive network N and an OA-based amplifier
[7]. Since a 2-port passive network N can be represented by
either π or T network, it will get all 12 possible oscillators.

Fig. 8. Basic oscillator circuit with equivalent circuit of amplifier and passive
network N as π network [7]

For the π-network shown in Fig.8, twelve types of oscil-
lators can be formed by changing the types of Z1 and Z2.
For example, Z1 and Z2 can be designed of similar nature or
opposite nature, and they can both choose between capacitance
or inductance. As a result, the passive network can be classified
as π-network into 6 categories. Besides, it is interesting to note
that the top 2 π-networks shown in Fig.9 can be converted to
the two which located in the center left and center bottom
of the Fig.9 respectively by interchanging input and ground.
Meanwhile, it is also shown that the set of 6 oscillators when
N is a π-type network can be easily converted into another set
of 6 oscillators when N is a T-type as shown in Fig.10.

It can be concluded that all the 12 oscillators have been
classified into various groups based on various factors. And
some of the oscillators can be converted into some others by
complimentary transformation.

B. CMOS LC Quadrature VCO

Local oscillators with quadrature outputs (referred to as
quadrature oscillators, QOs) are key building blocks in many
wireless and wired communication systems.

Fig. 9. π-network Fig. 10. T-network

The literature [8] presented an analytic approach for the
estimation of the phase and amplitude imbalances caused by
component mismatches and parasitic magnetic fields in two
popular quadrature LC oscillators.

Fig. 11. Circuit schematic of (a) disconnected-sources (DS) QO and (b)
connected-sources (CS) QO. [8]

The two popular parallel-coupled QOs are showed in Fig.11.
Two identical oscillators, I and Q, are connected to each other
by means of two additional differential pairs. While in Fig.11-
a, the direct connection from Q to I and cross-connection
of I to Q ensures a quadrature relation between the phases
of the output waveforms, which is called a disconnected-
sources (DS) QO. The other QOs in Fig.11-b shows a slightly
different implementation, it is derived from DSQO simply
by connecting together the common source nodes of the
differential pairs driving the I-tank and the Q-tank.Besides,
the bias currents IB−CP and IB−SW are merged together and
replaced by a single current source IB . As a consequence, the
structure in Fig.11-b is called a connected-sources (CS) QO.

Although the two quadrature oscillators are deceptively
similar, and in fact also share the same small-signal equivalent
circuit, their behavior in presence of the two mentioned causes
of waveform imbalances is very distinct: the DS-QO is much
more sensitive to mismatches than the CS-QO, while the
opposite is true if a parasitic magnetic coupling between
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the oscillator inductors is present. In particular, while in the
circuit of Fig.11-a, both inductive coupling and components
mismatch limit the achievable phase accuracy between I and
Q waveforms. While the CSQO in Fig.11-b is much less
sensitive to components mismatch and the achievable accuracy
is ultimately limited by inductive coupling.

As for theoretical analysis, the amplitude and phase errors
can be written in the following mathematical expression [8]:

DS −QO :

{
ϵ ≈ Q

m (∆L
L + ∆C

L )

ϕe ≈ − 1
2m

∆R
R + 1

2
Q
m2 (

∆L
L + ∆C

L )

CS −QO :

{
ϵ ≈ 1

2
∆R
R + Q

2 (
∆L
L + ∆C

L )

ϕe ≈ −∆R
R

(9)

From the Eq.9, it can conclude that the CS-QO generates
much more ideal quadrature waveforms than the DS-QO
for the same amount of mismatch between ideally identical
components, since the phase error in the CS-QO is insensitive
to mismatches between the reactors in the resonators, while
the phase error in the DS-QO depends strongly on them. On
the other hand, while it is true that amplitude imbalances affect
the CS-QO much more than the DS-QO, we have seen that
such imbalances are usually much less detrimental than phase
errors.

Mazzanti also presents a time-variant analysis of the 1/f
MOS device noise upconversion into 1/f3 phase noise for
DSQO and CSQO in another article [9]. Based on the devel-
oped analysis, it also presented that DS-QO is probably the
best choice if the phase noise should be kept to a minimum.
However, when the close-in phase noise is of a lesser concern,
the CS-QO displays a better far-out phase noise than the DS-
QO, for the same current consumption, and a lower sensitivity
of the quadrature accuracy to component mismatches.

The DS-QO and CS-QO discussed above both belong to
Parallel LC-Tank Quadrature Oscillators, as the best known
realization of QVCOs, which often referred to as the P-
QVCO. However, the paper [10] presented a new design for a
quadrature CMOS VCO, which is called a S-QVCO, it relies
on the well-known technique of locking two independent LC
VCOs to each other, but where the transistors coupling the
two VCOs are placed in series with the cross-coupled switches
implementing the negative resistances, rather then in parallel.

Andreani developed a simplified linear model for both S-
QVCO and P-QVCO, and the model has been used to derive
the oscillation frequency of the QVCOs, and the influence of
the various 1/f noise sources on the generation of phase noise
in the 1/f3 region.The phase-noise figure-of-merit (FoM) for
the S-QVCO is calculated according to the commonly adopted
expression:

FoM = 10log((
fc
∆f

)2
1

L(∆f)P
) (10)

where fc is the oscillation frequency, ∆f is the offset
frequency, and P is the power consumption in milliwatts. The
simulated noise difference between P-QVCO and S-QVCO is
approximately 9 dB. This analysis provides quantitative results

which agree well with the outcome of phase noise simulations
performed with SpectreRF, indicating that the S-QVCO has
superior performances when compared to the P-QVCO.

C. Non-sinusoidal Oscillator

As is mentioned in CHAO ZHOU’s article [11], continu-
ous casting mold is regarded as the heart of the caster, in
which non-sinusoidal oscillator is regarded as one of the key
technologies to realize highly efficient continuous casting. In
casting industry, non-sinusoidal oscillation has the advantages
of shorter negative strip time, longer positive strip time, larger
negative strip distance, etc.

Currently, non-sinusoidal oscillation research mainly fo-
cuses on the oscillation waveform function and oscillator.
Therefore, the non-sinusoidal oscillator with lower cost, high
reliability and precision is pursued by metallurgical industry.

In CHAO ZHOU’s paper, a non-sinusoidal oscillator driven
by double servomotors was proposed which oscillation wave-
form and modification ratio can be adjusted during the opera-
tion [11]. And the amplitude can be changed with the oscillator
stopping. Since the servomotor rotates in a single direction
continuously, the angular speed ω of the servomotor can be
expressed as:

ω = |2Mπfi[1 + tan2(πft)]

1 + [Mtan(πft)]2
| (11)

For the non-sinusoidal oscillator, its oscillation waveform
can be expressed in terms of the displacement function, veloc-
ity function and the acceleration function. Different waveforms
depend on different modification ratios α, which is shown in
Fig.12.

(a) Displacement curves. (b) Velocity curves.

(c) Acceleration curves. (d) Angular speed.

Fig. 12. Non-sinusoidal oscillation waveform with different modification
ratios α.

For the oscillator, by controlling the angular speed of double
servomotors, all the oscillation waveform can be realized, and
the sinusoidal and non-sinusoidal waveform can be switched
on line conveniently.
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In order to verify the correctness of the oscillation wave-
form, a experiment prototype was designed and manufactured
in the article [11]. By comparing the theoretical and tested
velocity curves, it can be seen that the theoretical and tested
curves are in good agreement. The non-sinusoidal oscillation
waveform can be realized accurately with the change of the
angular speed of the servomotor rotation and the errors of
velocity and displacement waveform are very small. It really
provide important guide about the design of non-sinusoidal
oscillator for further study and application in oscillation in-
dustry.

V. SIMULATION EXPERIMENTS

In the simulation experiments, data collection and simu-
lation implementation of the simulation experiments about
Oscillator were carried out, mainly using Multisim software.
This includes experiments involved in the analog electricity
course like the RC sine oscillator and the Wen’s bridge
sine wave oscillator, as well as the simulation of the crystal
oscillator, the three-point oscillator, and the Siller oscillator.

In the following subsections, the simulation experiments and
results will be briefly described and analyzed in turn.

A. Simple Sinusoidal Oscillator

Firstly, for the RC sine wave oscillator, which has been cov-
ered in the analog electronics course, the designed simulation
circuit is shown in Fig.13.

Fig. 13. Simulation of RC sine wave oscillator

Fig.14 and Fig.14 respectively shows the simulation results
of the initial and stable oscillation stage. After simulation,
the oscillation period of the simulation circuit can be derived
from the oscilloscope for about 6.25ms, thus the oscillation
frequency is f0 = 1

6.25ms ≈ 160Hz. Meanwhile, according to
theoretical calculations, we can obtain f0 = 1

2π
√
R1R2C1C2

≈
159Hz, which is basically consistent to the simulation results.

The oscillation period depends on R1, R2, C1, C2, the start
time of the oscillation depends on R3, and the waveform
depends on R4. The key A (R4) could change the depth of
the negative feedback, allowing the circuit to produce several
different output signals for stable oscillation, deactivation, and
waveform distortion.

If we reduce R4 from 18.5K to 17K, we can find that
the overall amplitude decreases significantly from the Fig.15,
and if we continue to reduce R4, the oscillation will stop
generating; if we increase R4, the overall amplitude of the
oscillation waveform becomes significantly larger and distor-
tion appears at the top of the waveform, and when R4 = 50K,

(a) Early stage of vibration.

(b) Stable oscillation state.

Fig. 14. Simulation results of RC sine wave oscillator

(a) Results after decreasing R4.

(b) Results after increasing R4.

Fig. 15. Experiments about changing R4

the oscillation waveform basically approximates a square wave
as shown in Fig.15.
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Fig. 16. Simulation of Single-supply Wen’s bridge sine wave oscillator

In addition, I also conducted a simulation experiment on a
single-supply Wen’s bridge sine wave oscillator, and the results
are shown in Fig.16. The frequency of the generated sine wave
can be determined by an oscilloscope or frequency counter to
be about 21.15kHz.

B. Crystal Oscillators

The schematic diagrams of the series and parallel crystal
oscillator circuits are shown in Fig.17 and 18.

In the series crystal oscillator, the crystal is connected be-
tween two points where the oscillator requires low impedance,
and is usually connected in the feedback circuit as shown in
Fig.17. When the resonant frequency of the circuit is equal
to the series resonant frequency of the crystal, the impedance
of the crystal is the smallest and approximates a short route,
and the circuit can be regarded as an oscillator with capacitive
feedback; for the c-b type parallel crystal oscillator, the crystal
is connected between the collector and the base, and it is
similar to a Clapp oscillator. Since the Cq is very small,
the coupling capacitance between the resonant circuit of the
crystal oscillator and the oscillation tube is very weak, which
makes the frequency stability much higher and the circuit can
easily meet the starting conditions.

Fig. 17. Series crystal oscillator. Fig. 18. Parallel crystal oscillator.

Simulation circuits for series and parallel crystal oscillators
were designed on Multisim as shown in Fig.19. For the series-
type transistor oscillator, it can be found that the oscillation
waveform is not a single frequency sine wave as shown in
Fig.20, but consists of multiple frequency components, and
the overall oscillation waveform has a frequency of 2.54MHz;
while for the parallel-type crystal oscillator, its output is ap-
proximately a sine waveform from the oscilloscope waveform,
and the main frequency component in the spectrum diagram

is at 12.67MHz as shown in Fig.21, which is approximately
the same as the frequency calculated in the oscilloscope and
frequency counter, so it can be inferred that the parallel-type
crystal oscillator has a better frequency stability.

(a) Simulation of Series crystal oscillator.

(b) Simulation of Parallel crystal oscillator.

Fig. 19. Simulation Circuits of Crystal Oscillators

Fig. 20. Simulation results of Series Crystal Oscillators.

(a) Waveform Graph. (b) spectrum diagram.

Fig. 21. Simulation results of Parallel Crystal Oscillators.

C. Siller Oscillator
The system circuit principle structure of the Siller oscillator

is shown in Fig.22. Siller oscillator is based on the Clapp
oscillator. Its circuit is characterized by a capacitor C4 and
connected in parallel to both ends of the inductor L. The effect
is to maintain the weak coupling between the transistor and
the oscillation circuit, making the oscillation frequency stable
and adjustable in a wide range.
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Fig. 22. The schematics diagram of Siller Oscillator.

According to theoretical calculations, the oscillation fre-
quency of the Siller oscillation circuit is obtained as:

f0 =
1

2π
√
L(C3 + C4)

(12)

According to the schematics diagram, circuit diagram is
completed in Multisim software environment as shown in
Fig.23.

Fig. 23. Simulation circuit of Siller oscillator.

According to result of the frequency counter and the Spec-
trum Analyzer as shown in Fig.24, the current oscillation cir-
cuit frequency is about 26.15MHz, and the output waveform
is an approximate single frequency sine signal, which is close
to the theoretical calculation result.

Fig. 24. Simulation results of Siller oscillator.

Next, I performed a simulation analysis in the time domain,
executed Simulate Analyses to select transient analysis, set the
start time of the simulation to zero, set the end time of the
simulation to 5 microseconds, and set the output signal Vo of
the simulation as the target of observation. After executing the
simulation program, the waveform of the output signal could
be seen as shown in Fig.25 -a.

By changing C2 to adjust the feedback coefficient. In the
original circuit, C2 = 100pF . For comparison, increase C2
= 200pF and reduce C2 = 50pF respectively, the simula-
tion results can be obtained in the Fig.25-b/c. As shown in
the Fig.25 -b, increasing C2 makes the feedback coefficient

(a) Results of the original circuit diagram.

(b) C2 = 200pF . (c) C2 = 50pF .

Fig. 25. Results of changing C2 in Siller Oscillator.

decrease, the starting time becomes longer, and the peak-to-
peak value of the output voltage increases after stabilization;
while if we decrease C2, the feedback coefficient increases,
the starting time shortens, and the peak-to-peak value of the
output voltage decreases after stabilization.

(a) C4 = 8pF . (b) C4 = 2pF .

Fig. 26. Results of changing C4 in Siller Oscillator.

Furthermore, by changing C4 can change the oscillation
frequency. In the original circuit, C4 = 10pF . By changing
C4 to 8pF , 2pF respectively, the simulation results are shown
in the Fig.26. The oscillation frequency goes to 27.70MHz
when C4 = 8pF , and the frequency goes up to 34.70MHz
when C4 = 2pF . It can be found that as C4 decreases, the
oscillation frequency increases, and the time domain analysis
also shows that reducing the capacitance C4 has basically no
effect on the feedback coefficient.

D. The three-point oscillator

The three-point oscillator includes the capacitive and induc-
tive type of three-point oscillator, and the schematic diagram
is shown in Fig.27. In the course of study, Hartley oscillator,
Clapp oscillator can be converted into three-point oscillator
using high-frequency equivalent model analysis.

Since the capacitive and inductive three-point oscillators
are much similar, I only simulate the inductive three-point
oscillator here. The Multisim simulation circuit diagram and
results are shown in Fig.28. The oscillation frequency of the
designed circuit can be derived from the frequency counter is
about 955.7kHz.
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Fig. 27. Three-point oscillator.

Fig. 28. Simulation results of inductive three-point oscillator.

VI. CONCLUSION

This paper is based on the conference template of IEEE. It
provides a brief introduction to oscillators, mainly including an
introduction of the basic concepts, composition, and principles
of oscillators. Besides,it includes a literature review of the im-
portant properties of oscillators, different types of oscillators.
In addition, simulation experiments on several oscillators were
completed using Multisim software. These works can provide
fundamental help for the future both in oscillator related fields
and in other communication fields.
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