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VALIDATION OF COLPITTS VCO DESIGN FOR TWO WAY PORTABLE

RADIO APPLICATIONS

ABSTRACT

The Voltage Controlled Oscillation, VCO is one of the most important building blocks in
modern communication applications such as the wired and wireless communications
devices. The oscillator is always been regarded as the ‘heart’ of a two way radio
communication devices currently available in the market (Scalpi, 2008). Along the years
major effort to produce the best VCO design have been carried out intensively and
progressively. The challenge is to find a solution in validating a design that is robust and
efficient yet cost effective VCO design in par with the current market demands. This
research highlights the best possible ways to validate a VCO design which is using the
Colpitts VCO design topology. This validation proves that the VCO design is a robust
and efficient. This research also discusses about the key areas that requires proper
attention during the design of a VCO design for a two way radio communication devices

to ensure that the design is robust and efficient.
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PENGESAHAN REKABENTUK VCO COLPITTS UNTUK APPLIKASI SISTEM

RADIO DUA HALA

ABSTRAK

Pengayun Terkawal Voltan, VCO merupakan salah satu aspek penting bagi blok binaan
aplikasi komunikasi moden yang berwayar dan tidak berwayar dalam era komunikasi
kini. Jelasnya, pengayun ini sentiasa dianggap sebagai nadi penting dalam komunikasi
radio dua hala yang kini di dapati di pasaran (Scalpi, 2008). Usaha untuk menghasilkan
reka bentuk VCO yang terbaik telah dijalankan secara intensif dan berterusan dari
penemuannya hingga kini. Halangan yang paling mencabar adalah untuk mencari jalan
penyelesaian dalam pengesahan rekabentuk pengayun terkawal voltan yang terbaik, teguh
dan kos efektif selaras dengan permintaan pasaran semasa. Kajian ini memaparkan cara
yang terbaik untuk megesahkan rekabentuk sistem pengayun terrkawal voltan yang
mengunakan kaedah Colpitts supaya ianya cekap dan mantap. Penyelidikan ini juga
menbincangkan aspek-aspek lain yang merupakan elemen penting yang memerlukan
perhatian yang mendalam terhadap alat alat komunikasi seperti radio dua hala bagi

memastikan rekabentuk VCO yang cekap dan teguh.
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CHAPTER 1

INTRODUCTION

1.1 Overview

A voltage-controlled oscillator or VCO is an electronic oscillator designed
to be controlled in oscillation frequency by a voltage input. The frequency of oscillation
is varied by variation on the direct current, DC voltage applied to the whole system. This
method allows the user to manipulate the DC voltage applied to obtain the desired

oscillation frequency.

Colpitts design is one the many oscillation techniques used in the Electronic
design. This method is using the combination of inductance, L and capacitor, C. This
technique is also known as LC oscillator. And the distinct different between the Colpitts
technique and the other techniques used to design the oscillator is that the feedback signal

is taken from a voltage divider made by two capacitors in series.

One of the methods frequently used in oscillator analysis is to determine the input
impedance of an input port. This impedance value will not take into account any reactive
components involved. And if the input impedance yields a negative resistance then an
oscillation is possible. This method is known as the negative resistance analysis. Negative
resistance is a property of some electric circuits where an increase in the current entering

a port results in a decreased voltage across the same port (Collins, 2013). This technique
1



is totally in contrast to a simple ohmic resistor, which exhibits an increase in voltage

under the same conditions.

To stay ahead in this competitive market and at the same time providing a better
product that can enhance or help the user efficiently whenever it matters, a portable
communication device must be produced with a robust design and minimum cost.
Therefore in this case a VCO design plays a very important role in achieving the goals
mention above. In realization of this problem and risk, strategies and efforts to design a
robust VCO design system at a minimum costs in the current portable radios will be
carried out intensively so that an amicable solution can be found to cater for the market

needs as and when it is needed.

1.2 Research Motivation

It is known that VCO have been subjected to various research and analysis. An
improved design of VCO has been identified as a critical requirement for the portable
radio communication system nowadays in the competitive market environment.

The idea of this research came into picture when a VCO design was required in a
new design of portable radio using improved communication network system in Motorola
Solutions. This design is to be designed to be highly efficient and cost effective. Also it

needed to be able to be integrated into the full operating system of the radio.



1.3 Thesis Objective

The objective of this thesis is to design and validate a Colpitts oscillator for
Voltage Controlled Oscillator design, VCO catering mainly for VHF band frequencies.

This design is to be used as a subsystem in the two way radio communication devices.

The operation and performance of the design is to be tested and evaluated for
various parameters such as the sensitivity, guardband, phase noise, hum and noise and

current. The validation is to prove that the design is both robust and efficient.

1.4 Research Methodology

Upon the completion of the literature review, the concept design will be designed.
This final design will be then transferred to concept board as a proof of the concept. This
populated board will be measured using external equipments and all the data and results

will be collected for validation of the total design.

1.5 Thesis Outline

This thesis is organized in 6 chapters. Each of the chapter was written according

to the progress of the report. Chapter 1 is the introduction part of the project which covers



the objective of the project. In order to get a better view of the project, the research’s
motivation and the design goals are also included.

The literature review is presented in Chapter 2. The survey on the topologies that
is used in VCO and the advantages and disadvantages of the topologies are discussed
here to understand the best topology.

Chapter 3 describes the definition and term of key parameters that is used in
analyzing the VCO topology. It also discusses on the role of these key parameters in
VCO topology

Chapter 4 demonstrates the detailed aspects of hardware. The details of circuit
construction, regulation selection and structuring of the proposed Colpitts VCO design
are presented in this chapter.

Chapter 5 presents the results and discussion of the testing that have been
conducted on the proposed Colpitts VCO designs.

And the final chapter, Chapter 6, provides the conclusions and suggestions for

future work that can be realized for this project.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Portable radios, also known widely as Walkie Talkie, are two way portable
communications devices. Its development dates back to World War II. Its development
has been variously credited to Donald L. Hings, radio engineer Alfred J. Gross, and the
engineering teams at Motorola, formerly known as Galvin Manufacturing Company of
Chicago (Leonard, 2005). The team consisted of Dan Noble, who conceived of the design
using FM technology, Henryk Magnuski who was the principal RF engineer, Marion
Bond, Lloyd Morris, and Bill Vogel (Wolinsky, 2003). Even though it was initially
developed for the armed forces but eventually after the war it usage have spread to public
safety and subsequently to commercial usage. Today the portables devices are also the
main communication devices used in most of mission critical agencies besides military
worldwide as fire service, police forces and medical agencies due to its main advantages
compared to other communication devices such as:

e Real time communication — Two way radio provides instant or real time
communication where the user has to only press the ‘Push-To-Talk’ (PTT) button

and within a fraction of second the user is able to talk and convey their messages.



This is one of the key factors many organizations rely on for their day to day
tactical and operational communication.

e Group communication — Another distinct feature in two way radios are its
capability in enabling ‘one-to-many’ calls efficiently. This capability allows
single user to convey their messages to multiple listener at the same time in real
time.

e Mobility — Due to two way radios design whereby it incorporates both
transmitting and receiving capability without any assistance from external
applications or devices it is very mobile. Any users with a set of two way radios
are able to bring the devices to almost any terrain or location and still be able to

convey and receive messages.

As mentioned in Chapter 1, Voltage Controlled Oscillator (VCO) is one the main
building block in the two way radio system. Having said that, the portable systems such
as two way radios are very much dependent on VCO performances and designs. Thus the
need for a robust and efficient VCO design is always been the core subject in discussions

among the RF designer worldwide and are rapidly growing in demand (Behzad Saeidi,

2010).



2.2 Voltage Controlled Oscillation Topologies

In the history of Radio Frequency (RF) devices growth, the VCO block has been
evolved rapidly thus giving birth to many designs and topologies. Referring to lecture
notes from Prof. C. Patrick Yue, from the Hong Kong University of Science and
Technology, all the VCO topologies can be categorized into two main types. These are
the LC Oscillator and Ring Oscillator (Yue, 2013). Below is the basic diagram showing

the setup of both types of VCO and the output waveform from the VCO types.

LC oscillator

-1

Figure 2-1: Basic diagram of types of VCO and its output



The LC Oscillator is also commonly referred as the Harmonic Oscillator while the Ring

Oscillator is also commonly referred as the Relaxation Oscillator (Choudhuri, 2011).

e Harmonic Oscillator generates a sinusoidal waveform as shown in the Figure 2-1.
It consists of an amplifier, -Ramp, which provides adequate gain and a resonant
circuit that feeds back signal to the input. Oscillation occurs at the resonant
frequency where a positive gain arises around the loop.

e Relaxation Oscillator generates sawtooth or triangular waveform providing wide
range of operational frequency with minimum external components. The amount
of time in each state is defined by the time for the current to charge and discharge

the capacitors in use.

Both the reference also implies that the LC Oscillator or the Harmonic Oscillator type
VCO are widely used in the RF devices by citing the advantage as the performance are
better in terms of frequency stability and phase noise performance. It is also important to
note that the Colpitts VCO design topology is also part of the LC Oscillator type.

The papers previously described the LC Oscillator or Harmonic oscillator as the
more correct option in designing a VCO for RF communication devices based on the
theoretical justification. But the question raises as what are the popular and widely used
VCO type in and around the RF communication world in reality. There are several VCO
topologies that have been widely used in the modern communication systems available in
the world. Those systems identified are including Colpitts, differential Colpitts cross-

8



coupled, complementary cross-coupled and complementary Colpitts. Among all these
structures, the Colpitts Oscillator has the inherent advantages in terms of the phase noise.
A proposition of a new Figure of Merit (FOM) which includes the tuning range besides
the center frequency, Phase Noise and current supply was introduced in determining the
overall performance metrics of the VCO types. The equation for with and without the

tuning range inclusion are given as below.

F'center ’ 1
FOMIOlog{( % J L(Af)Vdd[} 2.1)

In this FOM equation, Feenter i the oscillation frequency, Afis the frequency offset, L(Af)
is single sideband phase-noise at the frequency offset, Vaa is the supply voltage, and 7 is
the tail bias current. The following is the new proposed FOM which includes the tuning

range, Tr, represented as a percentage.

2 k
FOMnew =10 log [F:‘C)’ll‘@r j 100 ]; (22)

Based on the new metrics results it shows that the Colpitts Oscillator is the best candidate
for VCO Design topology although the initial FOM result also implies that the Colpitts
Oscillator design is a better candidate (Zhang, 2006). So in overall it can be said that the

Colpitts Oscillator design approach for a VCO design is far more superior in terms of not

9



only the tuning range but also in terms of Phase Noise performance, frequency accuracy
and power consumption. Another paper, by Swati Yadav, highlighted that high stability is
required to improve the efficiency in VCO designs. It states Colpitts Oscillator is
designed for generation of high frequency sustained oscillator and the Colpitts Oscillator
types are the most widely used oscillator topology for commercial purposes (Swathi,
2013).

By going through all these papers it is quite clear that the best option for a VCO
design is the Colpitts Oscillator. It is known for high performances such as low Phase
Noise, frequency accuracy, low power consumption, high stability and wide tuning range.
Colpitts design is also robust and efficient. Therefore in this thesis the choice of VCO

topology will be the Colpitts Oscillator design.
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