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ABSTRACT

This dissertation describes the research and ewpatation on the future Third
Generation (3G) requirements. This project makesl wé an integrated Phase Locked
Loop (PLL) frequency synthesizer evaluation boaoif Analog Devices Pte Ltd with
an operating frequency range from 2.2 GHz to 2.4&2.G

The objective of this project is to evaluate thatkgsizer requirements of future 3G
mobile systems. By extrapolating from existing 3¢stems and conducting some
researches, it is able to make an educated guestheorfrequency synthesizer
requirements for the future 3G mobile systems. &heguirements and performance
are then compared to the hardware evaluation aritivase simulated findings
retrieved from the evaluation board and its simatatsoftware as well as from all
other designs. Finally, from the outcome of thesmpgarisons, it is able to conclude
which designs are likely to be more suitable fdaufe 3G mobile systems.

Moreover, with this project, apart from giving tiséudent a chance to predict the
requirements for future 3G system and verified therhe near future, it also helps to
create a good learning experience to any studehts ave very new to frequency
synthesizer system but very much interested inngetb know its performance and
how it actually functions.

For the first stage of the project, researches oth lthe current and future 3G
requirements are carried out. At the same timeeamref on suitable frequency
synthesizer techniques and evaluation boards ase ebnducted. With all the
important parameters collected from the researdbee for both the current and future
3G requirements, it can then be used as an injgeriarin selecting a suitable PLL
frequency synthesizer evaluation board from theilaie market for future 3G

applications.

Following the first stage, the second stage witludes hardware evaluation and
software simulation on the suitable PLL frequengytsesizer evaluation board bought
from Analog Devices Pte Ltd. However, due to soméreseen circumstances, the
hardware evaluation on the evaluation board is lenebcarried out smoothly with all
the important parameters required for future 3diepions measured as planned, thus
another method to retrieve the values of these itapbparameters has been suggested.
The suggested method is to replace the hardwareiagha portion by a software
simulation using the simulation software providgddmalog Devices Pte Ltd.

Finally, this dissertation also discusses the ptgienstraints as well as the equipment
and software limitations encountered during the levfpooject phase.
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GLOSSARY OF TERMS

3G
Term used to describe mobile systems evolved frbm first and second
generation of mobile communications networks. 3&eays feature higher data
transmission speeds, advanced services and typicadke use of new
allocations of radio spectrum not available to apans of 2G networks.

3GPP
3GPP basically stands for Third Generation Parhigerdroject. It is a
collaboration agreement that was established inreDder 1998 whereby this
collaboration agreement brings together a numbertetddcommunications
standards bodies that are known as Organizatiomatnés. The current
Organizational Partners are ARIB, CCSA, ETSI, ATTISA, and TTC.

Bell Lab
Known as Bell Laboratories and formerly known as&8ATBell Laboratories
and Bell Telephone Laboratories was the main rekeand development arm of
the United States Bell System.

CDMA
Code Division Multiple Access or CDMA is a form ofiultiplexing (not a
modulation scheme) and a method of multiple acttestsdoes not divide up the
channel by time (as in TDMA), or frequency (as IDNFA), but instead encodes
data with a special code associated with each ehamud uses the constructive
interference properties of the special codes ttoparthe multiplexing.

CDMA2000
Code Division Multiple Access 2000 is a family ohifld Generation (3G)
mobile telecommunications standards that use CD&#ultiple access scheme
for digital radio, to send voice, data, and signglldata (such as a dialed
telephone number) between mobile phone and cef.sit

FDD

Frequency division duplex (FDD) is the applicatioh frequency division
multiple access to separate outward and returragihe uplink and downlink
sub-bands are said to be separated by the "fregudfset’. Frequency division
duplex is much more efficient in the case of symindtaffic. It makes radio
planning easier and more efficient since baseostsitdo not "hear" each other
(as they transmit and receive in different sub-isq@ehd therefore will normally
not interfere each other.

FDMA
Frequency Division Multiple Access or FDMA is arcass technology that is
used by radio systems to share the radio specfrbenterminology “multiple
access” implies the sharing of the resource amarggss, and the “frequency
division” describes how the sharing is done: bgadting users with different
carrier frequencies of the radio spectrum.
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GSA
The Global mobile Suppliers Association, is theuforfor, and represents, the
leading GSM/3G suppliers world-wide. It is an orgation created to meet
suppliers’ needs and already represents over 80%S3¥/3G market share
globally.

GSM
Second Generation (2G) mobile system originallyetigyed in Europe, using a
TDMA access radio interface combined with Frequemyision Multiple
Access (FDMA). Oriented to voice and circuit moddad

HSDPA
Currently being specified by 3GPP as an enhancetoghe UMTS Terrestrial
Radio Access Network (UTRAN) with the goal of enagl packet data
transmission in the downlink at theoretical spesdsp to 10 Mbps.

ITU
International organisation within the United NasoBystem where governments
and the private sector coordinate global telecotwarks and services.

PSB Corporation
It is a one-stop integrated solution provider tdphgou achieve business
excellence through people, products and proce3sest Safety Mark Scheme
tests and certifies all electrical products for foomity to the Consumer
Protection Safety Requirements.

SMA
SMA stand for Sub-Miniature Type-A. SMA connect@i®vide an economic
solution for RF and microwave inter-connection up 18GHz. It is a
dielectrically loaded, sexed connectors for apfilices where connections are
made only a few times, i.e., less than 500 timdse BMA connectors are
compatible with 3.5mm and 2.92mm connectors.

Spectrum Analyser
A radio receiver with a swept local oscillator trdisplays frequency against
amplitude on a Cartesian display.

TDMA
Time division multiple access or TDMA is a techrgjofor shared medium,
usually radio networks. It allows several usershiare the same frequency by
dividing it into different timeslots. The usersrsmit in rapid succession, one
after the other, each using his own timeslot. Htigws multiple users to share
the same transmission medium (e.g. radio frequewbyle using only the part
of its bandwidth they require.

TD-SCDMA
Time Division-Synchronous Code Division Multiple éess is a 3G mobile
telecommunications standard, being pursued in gupleé’s Republic of China
by the Chinese Academy of Telecommunications Teldgyo(CATT), Datang
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and Siemens AG, in an attempt to develop home-gr@ehnology and not be
"dependent on Western technology”.

UMTS
3G system standardised by ETSI under 3GPP alonpy wiher regional
standards organisations.

WARC’92
ITU conference that provided a framework at globalel for spectrum to
support growth in mobile services towards 3G. Supfiy non-voice services
and international roaming were essential requirdsnén the brief to identify
new spectrum for 3G.

WCDMA
Wideband Code Division Multiple Access is a 3G taabgy that increases data
transmission rates in GSM systems by using the CDd#Anterface instead of
TDMA. In the ITU's IMT-2000 3G specification, WCDMAas become known
as the Direct Sequence (DS) mode.

WIMAX
WIMAX (World Interoperability for Microwave Accesdnc.), based on the
IEEE 802.16 standard, is expected to enable trwadiand speeds over
wireless networks at a cost point to enable maskehadoption. WiMAX is the
only wireless standard today that has the abititgiéliver true broadband speeds
and help make the vision of pervasive connectitgality.
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Acronyms and Abbreviations

Acronyms Abbreviations

3G Third Generation

3GPP Third Generation Partnership Project
AMPS Advanced Mobile Phone System

ARIB Association of Radio Industries and Businesses
ATIS Alliance for Telecommunications Industry Saduis
BNC Bayonet Neill Concellman

CDMA Code Division Multiple Access

CDMA2000 Code Division Multiple Access 2000

CE Chip Enabled

CLK Serial Clock Input

CMOS Complementary Metal Oxide Semiconductor
CP Charge Pump

DA Direct Analog

DAC Digital-to-Analog Converter

DDS Direct Digital Synthesis

DECT Digital Enhanced Cordless Telecommunications
DS Direct Sequence

DSL Digital Subscriber Line

DSP Digital Signal Processing

EDGE Enhanced Data Rates for Global Evolution
ESD Electro Static Discharge

ETSI European Telecommunications Standards Institut
FDMA Frequency Division Multiple Access

FDD Frequency Division Duplex

FS Frequency Synthesizer

GUI Graphic User Interface

GPRS General Packet Radio Service

GPS Global Positioning System

GSA Global mobile Suppliers Association

GSM Global System for Mobile communications
HSDPA High Speed Downlink Packet Access

HSPA High Speed Packet Access

IC Integrated Circuit

iDEN Integrated Digital Enhanced Network

IMT International Mobile Telecommunications

1/O Input/Output

IP Internet Protocol

IPv4 Internet Protocol version 4

IPv6 Internet Protocol version 6

ITU International Telecommunications Union
IS-95 Interim Standard 95

IS-136 Interim Standard 136

LE Load Enable

LO Local Oscillator

LSB Least Significant Bit

Xiv




Acronyms Abbreviations

MC Multi-Carrier

MSB Most Significant Bit

NMT Nordic Mobile Telephone

PC Personal Computer

PCMCIA Personal Computer Memory Card Internatioksgdociation
PDF Phase Detector Frequency

PFD Phase Frequency Detector

PSB Productivity and Standards Board

PSTN Public Switched Telephone Network

RAMP Risk Assessment and Management Plan

RF Radio Frequency

RTMI Radio Telefono Mobile Integrato

SMA Sub-Miniature Type-A

SMS Short Message Service

TACS Total Access Communication System

TDD Time Division Duplex

TDMA Time Division Multiple Access

TD-SCDMA Time Division-Synchronous Code Division Mple Access
TTC Telecommunication Technology Committee
UMTS Universal Mobile Telecommunications System
USA United States of America

USB Universal Serial Bus

UTRA Universal Terrestrial Radio Access

UWC-136 Universal Wireless Communication 136
VCO Voltage Controlled Oscillator

WARC’92 World Administrative Radio Conference 1992
WBS Work Breakdown Structure

WCDMA Wideband Code Division Multiple Access
WiIMAX World Interoperability for Microwave Access
WLAN Wireless Local Area Network
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1. INTRODUCTION

This is a project dissertation on the project tom€ Frequency Synthesizer
Requirements for Future Cellular Radio Systems(Q®6). Basically, this dissertation
provides some background information on the curfigritd Generation (3G) mobile
radio systems as well as the frequency synthetzéniques. It also includes a detailed
documentation on what are tasks that had been gthtmmbe accomplished as well as
how these tasks are being executed in order fditfél completion of the project. Last
but not least, the results collected will be diseasand a conclusion will be made in the
last 2 chapters of this project dissertation.

1.1 Background on Evolution of Cellular Radio

Recently the Third Generation (3G) systems hadtneca very popular topic among all
people due to the fact that 3G services had alrdsn adopted in most of the
developed countries. The demand for 3G mobile datgices is real. Nowadays, not
only youngsters but also working adults had beeryicey a 3G mobile phone around
them. Consumers and business users have consgistientionstrated strong interest in
trying new services that combine mobility with cemt and personalization such as 3G
services.

According to UMTS frequencies allocated and usage3G mobile systems in Europe
and some Asia countries (including Singapore),dperating frequency range for 3G
mobile services based on the Frequency Divisionl®upg-DD, WCDMA) are 1920
MHz - 1980 MHz for uplink and 2110 MHz - 2170 MHarfdownlink. With a channel
spacing of 5 MHz, the total bandwidth allocated 3& mobile WCDMA services is
120 MHz, which will result in having a total numbef 24 channels. The frequency
range of 1900 MHz — 1920 MHz and 2010 MHz - 2025 2tte allocated for Time
Division Duplex, Time Division/Code Division Multip Access (TDD, TD/CDMA)
uplink and downlink usage while the frequency ran§d980 MHz — 2010 MHz and
2170 MHz - 2200 MHz are for Satellite uplink andwehdink used (UMTS Forum,
‘WARC-92 frequencies of IMT-2000’ resolution, 2000)

As of current situation, 3G Wideband Code DivisMultiple Access (WCDMA) is the
leading mobile 3G system globally with 112 commalraietworks in 49 countries. The
number of WCDMA subscriptions is estimated to bpidly approaching 80 million
worldwide. Over 50% of WCDMA license holders gldgahave brought their 3G
services to the market. On 8 of August 2006, Glababile Suppliers Association
(GSA) confirms that 44 suppliers have launched 3G7/WCDMA devices. It means
‘221 new products worldwide came to market in tlastpl2 months, representing
almost 120% growth. The number of WCDMA device digpp increased from 26 to
44 in the same period’ (GSA, 2006). All of thesedences clearly showed that users
have already accepted such new technology andcssrvivhich implies 3G evolutions,
had finally come.

However, due to this fast changing pace in the cetenunications industry, many of
us will be thinking what will be the next technojogoming up to replace 3G systems
or what will be the future or post 3G systems gdmbe like. We are now unable to tell
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anything till International Telecommunications UniiTU) finally announces news on
future 3G systems. However, with this projectsitable to let the audience to have a
feel first on what would future 3G system going ke like and the requirements
differences between the current 3G system andutioeef 3G system.

At the same, this project will provide studentsharce to gain forward expertise in one
of the most rapidly developing fields within engeneg as well as to have the
opportunity to gauge what the future 3G systemkhillike. With this project in place,
it will also helps to create good learning groundstudents who have interest in this
topic but very new to frequency synthesizer andsg&ems.

All these can be done by the means of investigahegcurrent frequency synthesizers
available in the market, evaluate their synthesrsguirements with respect to the
requirements for the future 3G mobile systems anally conclude which frequency
synthesizer’s designs are likely to be more swstéinl future 3G mobile systems.

1.2 Background on Frequency Synthesis

A frequency synthesizer can be defined as a sydterh generates one or many
frequencies derived from a single time base (ref@¥drequency), in such a way that
the ratio of the output to the reference frequesay rational fraction. There are 3 main
conventional techniques being used currently foe-svave synthesizers and they are all
common throughout the industry. One of the most mom and popular techniques
used in the current Third Generation (3G) mobilstey industry is the Phase Locked
Loop synthesis or what we normally called as PLbtkgsis. Basically, the Phase
Locked Loop (PLL) is a feedback mechanism lockitg output frequency to a

reference.

PLL synthesizers can be found almost everywherthéncommunication industry. It

can be found in the most sophisticated radar syst@nthe most demanding satellite
communication terminals as well as in our daily $ehold electronic devices such as
the car radios and home entertainment stereo sgstéihe reason why PLL

synthesizers are so popular is due to its attractivaracteristics of simplicity and

economics.

The second technique for sine-wave synthesizernmswk as Direct Analog (DA)
frequency synthesis. In this technique, a groupetdrence frequencies is derived from
the main reference; and these frequencies are nairddiltered, added, subtracted or
divided according to the required output. Howevilrere will be no feedback
mechanisms in the basic technique. Although thifiniejue offers excellent spectral
purity and excellent switching speed, however itggally much more complicated than
PLL to execute and hence, when comes to implementait tends to be more
expensive.

The third technique will be the Direct Digital Skesis (DDS), which uses Digital
Signal Processing (DSP) circuitry and techniquesréate, manipulate, and modulate a
signal digitally and finally convert this digitalgnal into its analog form by using a
Digital-to-Analog Converter (DAC). There is anothechnique called fractional-N PLL
synthesis, which is a combination of both DDS ahdl.Rn layman term, it operates
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like a DDS within the PLL architecture. Nowadaysisi actually quite common to see
combinations of PLL and DDS or DA and DDS. From dirto time all these 3
techniques are used in one design by designers soaptimize the design since we all
know nowadays an increase in the applications @amdatids means an increase in the
system complexity.

In this project, we will focus more on PLL syntresechnique since it is still widely
used in the 3G mobile systems and it is much siniplé®e implemented for future 3G
mobile systems. In addition, the PLL synthesis méqie has a very wideband operating
frequency, which is more suitable for future 3G laggions as compared to DDS since
the DDS technique have a limited bandwidth of ak@@ to 500 MHz for its operating
frequency (Egan, 1990). The tabulated table belmhlights the different advantages
and disadvantages of these 3 synthesis techniques.

Synthesis Advantages Disadvantages

Techniques

Phase Locked ¢ Simple in design * Resolution is complicated to

Loop (PLL) |« Moderate to good switching | achieved

synthesis speeds * Good quality oscillators are
» Very wideband operating quite bulky

frequency * Digital modulation iS

» Easy to implement complicated to apply with
» Low Cost sufficient accuracy

Direct Analog | « Very high switching speeds | ¢ Quite bulky in size since it

(DA) synthesis| « Very wideband operating requires much hardware
frequency » Expensive in Cost

» Spectral purity is excellent |+ Digital or analog modulatio

is complicated to apply

—

Direct Digital |« Simple and compact * Limited bandwidth of about
Synthesis « Very high switching speeds | 400 to 500 MHz for operating
(DDS) « Good resolution very easy to| ~ frequency
achieved » Technology is not as mature
« Digital producibility as PLL and DA

Table 1: Advantages and Disadvantages of the 3 Symatsis Techniques

1.3 Project Objectives

The objective of this project is to evaluate thatBgsizer requirements of future 3G
mobile systems, which involve a mixture of hardwarealuation and software
simulation. By extrapolating from existing 3G sysateit will allow the student to make
an educated guess at the synthesizer requirementthd future 3G mobile radio
systems and compared these requirements and tfeerpance to the actual measured
and simulated findings from the frequency synthersevaluation board as well as other
designs and the simulation software. Finally, codel which designs are likely to be
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suitable for 3G and future 3G mobile systems. Speobjectives and the constraints
for the project are illustrated in the later seasiof this dissertation.

Basically, this project can be broken down intoiffedent parts. The first part of the
project involves research and investigation on therent 3G and future 3G
requirements as well as on the frequency synthesizuation board that are suitable
for future 3G applications. The second part wittlude the evaluation of this suitable
frequency synthesizer evaluation board via hardwace simulation software. The last
part of this project will consist of comparison thie results or the parameters values
collected from the evaluation process with respedhe future 3G requirements and
other frequency synthesizer evaluation boards fotimer manufacturers.

1.3.1 Specific Objectives

The specific objectives or tasks for this projeae aeflected in the Project

Specifications under Appendix A. A Work BreakdowtnuSture (WBS) and a resource
tracking plan based on the Project Specificatiwtéch denotes the planned timelines
for major milestones or activities that need todoenpleted in terms of number of
weeks are also attached as Appendix B inside thjgqt dissertation.

1.4 Project Methodology

The methodology adopted in this project is basethertimeline with respect to various
milestones or objectives defined in order for tlmnpletion of the project. This is
illustrated in the flowchart shown in Figure 1 belo

Methodology

Planning stage

v

Research and Review on required informatipn

v

Sourcing for available human and non-human ressurce

v

Measuring and Simulating

v

Evaluating and Comparing

v

Recommendation and Conclusion

v

Documentation and Reporting

Figure 1: Methodology Flowchart
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Planning stage is the first and the most importaiiestone to be accomplished.
Without proper planning, the project will not beleako run smoothly and many things
such as risks and resources may not be definedientified beforehand. Planning
includes identification of the tasks require tocoenpleted as well as the overall general
planning needed to run the project. The completibthe Project Specifications is also
considered as part of the planning stage becawtdiites the way of working together
with the specific tasks in the project that needbt completed within the given
timelines.

With the basic understanding of the requirement$ t@asks identified in the Project

Specifications, research work started off firstdoycentrating on information gathering
activities, such as researching of current 3G systas well as reviewing of the

frequency synthesizer technologies and carryingaostirvey on the current available
frequency synthesizer evaluation boards in the etafkhe main aim for the Research
and Review on the required information milestongoiget to know the background

knowledge that is essential in order to compleig pinoject successfully. With all the

research done and information gathered during déisearch, it can helps to select a
more suitable frequency synthesizer evaluation dahat is available in the current

market for this project. Furthermore, by doing eesh on the relevant topics for the
project will also helps to provides more informatiand details in writing the project

dissertation.

When all the research is almost completed, a daifabquency synthesizer evaluation
board will be able to be selected for this projest. Before started off to measure the
performance of this evaluation board, non-humaroue®s such as the spectrum
analyser, oscilloscope and etc needs to be deamedplanned. This forms the third

milestone on the Sourcing for available human aad-luman resources under the
methodology flowchart.

After the sourcing of the resources, measuringsamilating of the performance such
as the switching time requires for changing chasmmell be carried out. With all the
hardware evaluation measurement findings completethis evaluation board as well
as the simulated findings done using the simulasoftware, this evaluation board
synthesizer design will be evaluated against futacpiirements for 3G and future 3G
systems to see if such design is it suitable four&u3G systems. At the same time,
other synthesizer designs will also be evaluatetlcampared to this evaluation board
synthesizer design. The main aim for the Measudand Simulating as well as the
Evaluating and Comparing milestones is to findtbetbest suitable synthesizer designs
for future 3G systems through the experiment andparison with the requirements
collected from all different sources.

The advantages and reasons behind for selectiago#st suitable synthesizer designs
for future 3G systems will then be elaborated i@ Becommendation and Conclusion
milestone. Last but not least, all the informatiand data collected from the first

milestone to the second last milestone will bellfndocumented and put into proper

wordings in the project dissertation.



1.5 Project Constraints

From the start of the project till now, there arfewa constraints encountered. They are
as follows:

* Not all of the important parameters on the cur@@tradio systems are found,
only some of these parameters such as the opefatiggency range, are being
found to use for comparison to the specificatiofisthe evaluation boards
available in the market. This is due to the faet th lot of information on these
parameters are not available or clearly specifieglaces like the library books
or the Internet and a lot of this related inforroatisuch as Third Generation
Partnership Project (3GPP) specifications areeasy accessible. Most of the
3G websites (e.g. 3GPP) which has information #natsensitive, requires to be
a subscribed member or needs to request for adgbss in order to view these
information within the site. Another factor is thHtese parameters are not
always standard in values as it will also needegpethd on the type of frequency
synthesizer the system adopt and other relatedrfacdiVith this constraint, we
can only depend on the few parameters found to foola suitable frequency
synthesizer evaluation board.

* The evaluation board needs to be within the buddjetated of AUD$200,
hence with this constraint, it narrow the scopdimding a suitable frequency
synthesizer evaluation board available in the ntarke

1.6 Dissertation Overview

In order to gain a better understanding of therthebthe frequency synthesizer as well
as the present and future 3G cellular radio stalsddahat are discussed in this
dissertation, some review of the background fosé¢h2 points needs to be made.

Thus, in Chapter 2 of this dissertation, it willsti present a summary of the different
generations of the Cellular Radio Systems. Themiilltfollow up by discussing the
present and future 3G Cellular Radio Systems Stadsdand some background
information on the current 3G technology. It witleh go on to elaborates on some
theory and background knowledge on the WCDMA teghes, which are currently
used in 3G mobile services.

The second portion of Chapter 2 will includes a swary of the relevant theory of

frequency synthesizer in particular the Phase Lodkeop frequency synthesizer. It
will also describe each and every important parameta frequency synthesizer that is
required for selecting a suitable frequency syn#eesevaluation board for future 3G

systems applications. A comparison table betweéferdnt manufacturers’ frequency

synthesizer evaluation board are also illustratedhis chapter. Finally, the project

constraints are also illustrated at the end of @hah

In Chapter 3, hardware evaluation and experimeatdiniques are discussed here. The
discussion includes some descriptions on the fregueynthesizer evaluation board
purchased from Analog Devices Pte Ltd, how thewatsdn board actually functions as
well as the measurement process conducted so fdaheomvaluation board. It also
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includes a short description on the Analog Devipesgram register software that
comes together with the evaluation board. Lastlwill also discuss on the limitations
and difficulties faced during the measuring andl@atng process on the evaluation
board.

In Chapter 4, software simulation techniques aseudised here. This will includes
some descriptions on the ADIsimPLL simulation s@ftezfrom Analog Devices Pte Ltd,
how this simulation software actually works as wadl the usage of this simulation
software.

In Chapter 5, principally, it presents the resolkdhe measurements conducted on the
ADF4360-1 evaluation board itself as well as theults collected from using the
ADIsimPLL simulation software. It does not reallpeg into much discussion on the
results collected from both the hardware evaluadiot software simulation. The results
discussion will be done in Chapter 6 instead.

In Chapter 6, it will cover both the results dissioa and the conclusion of this project.

The output results from both the hardware evaluadind software simulation are then

compared with those future 3G requirements colteftem the research that had been
conducted in the earlier phase of the project camafThese results are also compared
with the other manufacturers’ frequency synthesigealuation board performance

based on their evaluation board datasheets. Adahee time, this chapter also provides
a final overview of the work involved and summasizthe results. It also makes

recommendations for future work for this projectidimally marks a conclusion chapter

in this dissertation.



2. BACKGROUND

To first start with the project, there is need todf out more about the different
generation of cellular radio systems, the curre@ Robile radio standards and
techniques used, and the plans for future 3G.dtde an essential to understand Phase
Locked Loop synthesizers in detail, as there i®@dnto look for a suitable frequency
synthesizer evaluation board for future 3G systemauation purposes in this project.
Below sections will illustrate more on these fetgrdature review points.

2.1 Generations of Cellular Radio Systems
2.1.1 First Generation (1G) System

In mid 1980’s, the very first hand held mobile peoras commercially launched by
one of the mobile phone company named Motorolas Tirst truly portable hand held
phone makes use of the First Generation (1G) mabitemunications systems, offering
simple wireless voice services based on analoghtdapy. Some of these 1G systems
include Nordic Mobile Telephone (NMT), Advanced MebPhone System (AMPS),
Total Access Communication System (TACS), and Rdditefono Mobile Integrato
(RTMI).

One of the more popular First Generation mobiletesys is the AMPS, which is
developed by Bell Labs, and officially introducedUnited States of America (USA) in
1983 (Wikipedia, Oct 2006). The radio signals usedhis AMPS 1G networks are
purely analog and the call is not encoded but anbdulated to higher frequency
(typically 150 MHz and above). In general, 1G systgrovide only low quality voice
services and were very limited in capacity. Thamef@ventually, 1G systems services
did not extend across geographic areas.

2.1.2 Second Generation (2G) System

In the 1990s, the Second Generation (2G) mobileetsystems such as Global System
for Mobile communications (GSM), Interim Standar86lor what we call as 1S-136,
Integrated Digital Enhanced Network (iDEN) and titeStandard 95 (1S-95) had been
introduced into the market. The digital Second Gatien (2G) systems developed in
Europe were mainly GSM, based on Time Division Npldt Access (TDMA)
technology and in USA mainly IS-95, which is basedCode Division Multiple Access
(CDMA) technology.

CDMA technology permits several radios to sharestime frequencies. Unlike TDMA,
with CDMA, all radios can be active at all the tinbecause network capacity does not
directly limit the number of active radios. Sineeger numbers of phones can be served
by smaller numbers of cell-sites, CDMA-based stamsidnave a significant economic
advantage over TDMA-based standards.

With the introduction of 2G systems, it simply kedhe trend of having a very large
size hand held phones (which was used in 1G syjtiewards having a tiny hand held
devices weighing just about 100 to 200 grams. Thange was made possible through
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new improvements on technologies such as more addalpatteries and more energy-
efficient electronics, but also it was largely tethto the higher density of cellular sites
caused by increasing usage levels based on therhdgimands from the subscribers.

In 2G networks, they are using digital radio signedther than analog radio signals.
When comparing to 1G systems, the call is encodedidital signals in 2G systems

unlike in 1G systems, the call is only modulatedathigher frequency. Generally, 2G
systems provide better voice quality, higher cagagiobal roaming capability as well

as lower power consumption as compare to 1G syst2@systems also offer support
for simple non-voice services such as the Shortskigs Service (SMS) that 1G
systems can never provides.

However, there are a few drawbacks of 2G systenme @ it is that, different 2G
technologies do not interoperate. There are alficulties with roaming between GSM
and 1S-95 countries. In addition to these two draeWs, the low data rate of 9.6 Kbps
provided by the 2G systems (GSM) is not sufficientmeet subscriber demands for
new and faster non-voice services on the move. ,Thiisd Generation (3G) systems
had been created to aim to resolve these problemsuatered with 2G systems, by
promising global roaming across 3G standards, dlsasesupport for higher data rates
and multimedia applications (Holma & Toskala, 2000)

2.1.3 Migration to Third Generation (3G) System

In the evolution from 2G to 3G systems, differengration paths have been identified
for GSM-centric and 1S-95 or CDMA-centric systeni$ie objective is to enhance

spectral efficiency and network capacity. Mobileemgiors around the world had
migrated their networks either towards 2.5G for &ahPacket Radio Service (GPRS)
or 3G systems directly. Unlike 2G systems, 2.5G 3@dsystems will feature packet-
switched technology. Packet-switching means thdtcaéed circuits do not need to be
established between communicating devices, andankt@sources are used only when
actual data is transmitted. This means that i imlways active” connectivity mode for

subscribers. The billing for 2.5G and 3G servias, mainly based on either packet-
based, time-based or a mixture of the two.

GSM-centric operators have the option to implem@eneral Packet Radio Service
(GPRS) and/or Enhanced Data Rates for Global Eeol{(EDGE) prior to 3G rollout.
GPRS provides a relatively easy upgrade of exii@getworks to support higher data
rates. Commonly considered a 2.5G technology, GPiRS3s a theoretical maximum
171.2 Kbps data rate, when all 8 time slots arby futilised at once. However, it is
more likely that subscribers would only be allodageto 4 time slots at one time, thus
this will significantly lowered the actual data eatin addition, initial GPRS
deployments would only provide point-to-point sugpaneaning that subscribers can
only communicate with one party at any one time. phesent, most of the European
operators have already announced commercial GPIRGt8 GPRS roaming trials had
also been conducted in Asia in the last few ye@SA, 2006). This means that mobile
data services had already been taken off with tiverat of higher data rates offered by
GPRS.

Beyond GPRS, operators have the option of implemgiEDGE or migrating directly
to Wideband Code Division Multiple Access (WCDMADGE enhances GPRS and
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offers data rates of up to 384 Kbps through the afsa more efficient modulation
technique. Another advantage of EDGE over GPR& igliility to support for point-to-
multipoint communication. Operators without 3G fises may be able to offer GPRS
or EDGE instead. However, some operators may piefdirect 3G implementation
over additional infrastructure costs in associatisith EDGE. Also, a significant
challenge facing GSM migration is handset compléiibiNew handsets will be
required for every migration step, no matter isifor GPRS, EDGE, or WCDMA.

With the advent of 3G systems, and its accompanyinbile applications and services,
mobile devices will become more than just a molgleone or a basic electronic
organiser. Hybrid devices will appear in the neaturfe, supporting not only the
traditional voice, but also video streaming and dimads, as well as Internet and
intranet access. 3G's high data rate capabilitidsalow the convergence of value-
added data and voice services on the same mohileedd his will dramatically change
the way people communicate, work and carry outrtlgily lives. Coupled with
emerging technologies like Bluetooth, Global Posithig System (GPS) and biometrics
authentication, there is enormous possibility foravative applications to emerge. The
diagram below shows a clear roadmap from the Seddederation (2G) mobile
systems to 2.5G mobile systems and finally to therdl Generation (3G) mobile
systems.

The Road to 3G

GSM »TD-SCDMA
—» GPRS—» EDGE 1
TDMA I » W-CDMA
(1-138)

v
CDMAone —p CDMAohe —3p CDMA2000
(IS-954) (IS-95B) (1XRTT|3XRTT)

2G a.5G 3G

Figure 2: Roadmap from 2G to 3G Systems

2.2 Present and Future 3G Cellular Radio Systems &tdards

Quite differently from 2G systems, however, in arde support the process and
progress of the 3G cellular radio systems, starsdaetl been laid down beforehand.
The meaning of 3G has been standardized in the rnatienal Mobile
Telecommunications-2000 (IMT-2000) standardizatpmocessing. The International
Mobile Telecommunications-2000 (IMT-2000) is thelgl standard specially defined
for Third Generation (3G) wireless communicatiowéth IMT-2000 standard, it did
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not really standardize on a technology, but ratimea set of requirements (for example,
2 Mbps maximum data rate at indoors, 384 Kbps tatamrs).

IMT-2000 is basically defined from a set of intgpdadent International
Telecommunication Union (ITU) Recommendations. Ifidin activities on IMT-2000
consist of international standardisation, whichludes the frequency spectrum and
technical specifications for radio and network comgnts and etc.

‘The main aim of IMT-2000 is to harmonize worldwi@& systems to provide global
roaming’ (3G Phones, 2006). However, harmonizing nsany different standards
proved to be extremely difficult. As a result, therre a total of five different standards
grouped together under the IMT-2000 label. These fiifferent standards are as
follows:

- WCDMA

- CDMA2000

- TD-CDMA/TD-SCDMA
- DECT

- UWC-136

The diagram shown below illustrates these five @&@&dards under IMT-2000 label.

[BAT=2000 Terrestrial
Radio Interfaces
B MWl T
Faired spectrum LR
hi
Unp airEdM//um’/,/// m#ﬁiz:g?,
W.CDMA TDCOMA | | e 136
- (UTRA TDD) -
(UTRA FDD) | | CDMAZ000 . (EDGE) g
TD-SCDMA
CDMA TDMA FDMA

Figure 3: The Five 3G Standards under IMT-2000

At this point, the definition of what is and whanit "3G" becomes somewhat murky.
Out of these five standards, only three allow hdtwork coverage over macro cells,
micro cells and Pico cells and can thus be consias full 3G solutions. They are
mainly the WCDMA, Code Division Multiple Access ZDECDMA2000), and Time

Division-Synchronous Code Division Multiple Accg3P-SCDMA). Of the remainder,

Digital Enhanced Cordless Telecommunications (DE@T)eing used in cordless
phone which is consider as a normal electrical ébakl product, and could be used for
3G short-range "hot-spots" (hence, it could be idmmed as being "part of a 3G
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network"), but it does not allow full network coege so it is not considered further
here. And Universal Wireless Communication 136 (U\M8B), which is another name
for EDGE, is generally considered to be a 2.5Gtgmiuand it was already considered
in the previous section (Kasera & Narang, 2004).

So that leaves WCDMA, CDMA2000, and TD-SCDMA. Out these three 3G

standards, the Wideband CDMA (WCDMA, supported hyrrent GSM-centric

countries) and CDMA2000 (supported by current CDR®EXtric countries) have
emerged as the most prominent contenders. Althduogh technologies are CDMA-
based, major differences exist between them. WCDBMA&tems work on a RF
bandwidth of 5 MHz, much wider than the CDMAone {gthis a complete 2G wireless
system based on the TIA/EIA 1S-95 CDMA standaraluding I1S-95A and 1S-95B

revisions) carrier size of 1.25 MHz. The wider baiith serves to enhance
performance under multipath environments (which msethe receiver can better
separate the different incoming signals) and irswediversity. Its carriers may be
spaced 4.2 MHz to 5.4 MHz apart in an incremen2@ MHz (Kasera & Narang,
2004). The larger spacing is more likely to be sggbbetween operators than within
one operator spectrum. This will help to reducerkutperator interference. WCDMA
also offers seamless inter-frequency handover, edubgeature in high-subscriber-
density areas.

One major difference between WCDMA and CDMA2000that CDMA2000 base

stations are network synchronous. In CDMA2000, bsts¢ions receive a common
reference timing to align their clocks with one #ray. In CDMA2000, there are two
main alternatives for the downlink: Multi-CarrigviC) or Direct Sequence (DS). The
MC approach involves setting up three carrier fesgues, each with a spreading
bandwidth of 1.25 MHz. This approach allows co-teise with existing 1S95-B

systems. In the DS option, only a single carriebéng set up, with a spreading
bandwidth of 4.75 MHz. The advantage of DS over M®etter multipath mitigation

(Holma & Toskala, 2000).

Another difference between WCDMA and CDMAZ2000 ig thrigin. WCDMA is an
evolution of GSM, while CDMA2000 is an evolution &fDMA. WCDMA uses a
broader spectrum and the signaling is based on GSPMA2000's signaling is
somewhat related to TDMA signaling. However on tileer hand, both of them use
Code Division Multiple Access to get the packetss@guence and both offer similar
data speed and voice capabilities.

Whichever the standard that is chosen by an opel&d-2000 aims to ensure that in

the evolution/migration towards 3G, operators cantioue to leverage on existing
infrastructure. In addition, all 3G systems willpport the following data rates: up to
144 Kbps in macro-cellular environments (e.g. inving vehicle), up to 384 Kbps in

micro-cellular environments (e.g. walking pedesiyiand up to 2 Mbps in indoor/Pico-
cellular environments (e.g. in office buildingsp@24 Project 1, 1999). IMT-2000 has
also been designed from the outset to link bottestrial and satellite components, so
that subscribers roaming between terrestrial atellisa networks can expect smooth
communication.

As mentioned before, the intention of introducihg Third Generation (3G) systems in
the mobile communication industry is to providelabgl mobility with wide range of
12



multimedia services including telephony, paging,ssaging, Internet and broadband
data transmission. With 3G systems, we are now tblteansmit high quality video,
images, voices as well as data at a much higharrdét of maximum 2 Mbps to any of
our family members, friends or relatives via jus8@ mobile phone. This data transfer
rate is definitely much higher as compared to thenal data transfer rate of 9.6 Kbps
in the 2G systems (e.g. GSM systems).

One of the Third Generation (3G) mobile systems wexe being developed within the
IMT-2000 framework is called the Universal Mobileel@communications System
(UMTS). UMTS is the 3G standard mobile systems tfeat been agreed for countries
such as Europe and Japan. In reality, both EuropeJapan serve as very important
markets for 3G systems. At present, UMTS is alsodadopted as the 3G standard in
Singapore. Basically, UMTS is an upgrade from GSi @PRS or EDGE. It is the
European vision of 3G, and has been sold as treessor to the ultra-successful GSM.

The standardisation work for UMTS is being carred-under the supervision of the
Third Generation Partnership Project (3GPP). 3GPPbasically a collaboration

agreement that was established in December 199&t¢his collaboration agreement
brings together a number of telecommunicationsdsteds bodies that are known as
Organizational Partners. The current OrganizatidPattners are the Association of
Radio Industries and Businesses (ARIB), Europealecbenmunications Standards
Institute (ETSI), Alliance for Telecommunicationadustry Solutions (ATIS), and

Telecommunication Technology Committee (TTC) (Holén@oskala, 2000).

‘The establishment of 3GPP was formalized in Decani®98 by the signing of the
Third Generation Partnership Project Agreement’ sgfa & Narang, 2004). The
original scope of 3GPP was to produce globally iapple Technical Specifications and
Technical Reports for a Third Generation Mobile t8ys based on evolved GSM core
networks and the radio access technologies thatsiygport (i.e., Universal Terrestrial
Radio Access (UTRA) both Frequency Division Dupli@DD) and Time Division
Duplex (TDD) modes). Subsequently, this scope wasended to include the
maintenance and development of the Global Systemédile communications (GSM)
Technical Specifications and Technical Reports udicly evolved radio access
technologies (e.g. General Packet Radio ServicdR&Rind Enhanced Data rates for
GSM Evolution (EDGE)).

The discussions that led to the signing of the 3@Bfement were recorded in a series
of slides called the Partnership Project Descniptizat describes the basic principles
and ideas on which the project is based. The Ratiige Project Description has not
been maintained since its first creation but theqggples of operation of the project still
remain valid.

‘The bands 1885-2025 MHz and 2110-2200 MHz arenuigel for use, on a worldwide
basis, by administrations wishing to implement in#&tional Mobile
Telecommunications-2000 (IMT-2000)' (UMTS Forum, ARC-92 frequencies of
IMT-2000’ resolution, 2000). Such use does not e the use of these bands by
other services to which they are allocated.

Below is the summary table on the UMTS frequenatscated and usage for 3G
mobile systems.
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Frequency Range Usage
1900-1920 and 2010-2025Time Division Duplex (TDD, TD/CDMA) Unpaired.
MHz Channel spacing is 5 MHz and raster is 200 KHz.
Transmit and receive are not separated in frequency
1920-1980 and 2110-2170requency Division Duplex (FDD, WCDMA) Paired
MHz uplink and downlink. Channel spacing is 5 MHz and
raster is 200 KHz. An Operator needs 3 — 4 chan@ets
15 MHz or 2 x 20 MHz) to be able to build a highesg,
high-capacity network.

1980-2010 and 2170-220@atellite uplink and downlink usage
MHz

Table 2: UMTS Frequencies Allocated and Usage for&@Mobile Systems

Figure 4 shown below illustrates the WARC-92 IMTBROspectrum allocation in
countries like Europe, USA and Japan.
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Figure 4: WARC-92 IMT-2000 Spectrum Allocation in Europe, USA and Japan

2.2.1 Wideband Code Division Multiple Access (WCDMA

The type of 3G services used in Singapore as \gel &urope is the Wideband Code
Division Multiple Access (WCDMA) services. WCDMA ibase on radio access
technique proposed by ETSI Alpha group and theiSpations were finalized in 1999.
It is one of the main High Speed Third Generat@@)(cellular technologies adopted as
a standard by the International Telecommunicatidn®n (ITU) under the name IMT-
2000 direct spread. It provides simultaneous sudpora wide range of services with
different characteristics on a common 5 MHz carriir provides new service
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capabilities, increased network capacity and reduwmest for voice and data services.
Basically, WCDMA can reach speeds from 384 Kbp2 dMbps, which represents from

6 to 35 times more than what regular landline maglean do. At that speed, wideband
services such as streaming video and video-corderisrachievable.

The implementation of WCDMA will be a technical dbeage because of its
complexity and versatility. The complexity of WCDMgystems can be viewed from
different angles: the complexity of each singleoaliym, the complexity of the overall
system and the computational complexity of a remeiWCDMA link-level simulations
are over 10 times more compute-intensive than oturfecond Generation (2G)
simulations. In WCDMA interface, different usersncaimultaneously transmit at
different data rates and data rates can even vamyme. UMTS networks need to
support all current Second Generation (2G) servares numerous new applications
and services (Kasera & Narang, 2004).

The diagram shown below illustrates the differebeeveen 2G services using TDMA
or CDMA technologies and the 3G services using W@Diechnology.

i
A
s
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- _-"
// ’
i

channel bandwidth o enannsl bancwidth
WE TOMA/CDMA WEB-CCMA
“Th-CORMA™

Figure 5: Difference between 2G services using TDMADMA and 3G services
using WCDMA

At present, all the 3 service operators (SingTegbNé One (M1) and StarHub) in
Singapore are having operational 3G coverage al ¢lve island for almost 1 year
already.

3G spectrum in Singapore is mainly divided into @nds. They are classified as
Spectrum A, B, C and D. Currently, Spectrum A isdiby StarHub, while Spectrum B
and Spectrum C are being used by SingTel and Mieotisely in Table 3 shown the
following page.
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>C - Operator Paired Unpaired UEs e
Spectrum P Lower Band Upper Band P Services Used
1920 -1935.1| 2110.3 - 2125.1} 1914.9 - 1920
A StarHub MHz MHz MHZ WCDMA
, 1935.1 - 1950.1 2125.1 - 2140.11909.9 -1914.9
B SingTel MHZ MHz MHz WCDMA
1950.1 - 1964.9 2140.1 - 2154.91904.9 -1909.9
c M1 MHz MHz MHz WCDMA
D i 1964.9 - 1979.7 2154.9 - 2169.71899.9 -1904.9 )
MHz MHz MHz

Note: The frequency list is a range.

Table 3: 3G Spectrum Usage in Singapore

At this point of time, SingTel and other mobile \see operators are only looking into
World Interoperability for Microwave Access (WiMaxdnd High Speed Downlink
Packet Access (HSDPA) that can be consider as B® Bortion. There is still no
indication of going into the Fourth Generation (&g3tem yet. HSDPA can be consider,
as the upgrade version of the current 3G WCDMA, #@nis a global standard
technology enabling video conferencing with hightadapeed as well as capacity
abilities for the users. Apart from providing higheed downlink data capabilities to
WCDMA (UMTS) networks, HSDPA also allows wirelesseus to stream high-quality
video and audio, quickly browse graphics-heavy wtebs and run other advanced
applications on mobile handsets. HSDPA is an eiaiutf existing WCDMA networks
that provides a powerful boost in data rates animhe@ease in overall network capacity.
Theoretically, HSDPA technology can provides umtmaximum download speed of
14.4 Mbps (GSM World, 2006).

Now, the question is, “What will be fate of 3G ®ysis in 2 to 3 years down the road?”
“What will be the future 3G systems going to beetik “Will there be 4G systems
coming up soon to replace the current 3G systerNgBody really knows. However,
from the current direction that 3G systems are gahrough, it is possible to predict
what will the future 3G systems going to be like.

From reading of some articles in the UMTS forum &mdrd Generation Partnership
Project (3GPP) websites, there is a demand foglaehifrequency band for future 3G
systems. The range indicated for this higher fraguéband normally falls within the
range from 2.3 GHz to 3 GHz (UMTS Forum, 2003). Apgix E shows some other
articles in requesting a need for a higher frequdrand from 2.5 GHz to 2.69 GHz and
below 3 GHz.

From all these news and articles collected, theie high possibility that the operating
frequency band for future 3G Services would be feoound 2.3 GHz onwards to either
2.5 GHz or 2.7 GHz or even goes up to a maximurnevalf about 3 GHz so as to
optimise and accommodate IMT-2000 mobile servi€édsnow, there is no news or
information stated that the operating frequencydbfom future 3G will goes up to as
high as 5 GHz. It is also not clear what will be tiperating frequency band for 4G and
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what will 4G be like since currently there are naatm information on that. Therefore,
as per now, the operating frequency band for fuB@eServices can be predicted to be
within the range from 2.3 GHz onwards to 3 GHz. Rois project, in a more
conventional way, the operating frequency range heeh chosen to be around 2.3 to
2.5 GHz. It is not necessary to go as high as 24z Gperating frequency since the
current maximum operating frequency for 3G systenmly 2.2 GHz.

2.3 Review of Frequency Synthesizer Literature

Basically, frequency synthesizers form the basisoét radio system designs and their
performance is often the key to the overall operatA frequency synthesizer mainly

generates many frequencies derived from a referaqgeiency. The output frequency

divided by the reference frequency will give aaatl fraction. This output frequency

can be either directly or indirectly related to ttederence frequency and with this, it

leads to 2 main types of frequency synthesizeryTdme the direct and the indirect

frequency synthesizer.

As mentioned in Chapter 1, there are mainly 3 feegy synthesizer techniques being
used commonly in the industry. They are the Phamzkéd Loop (PLL) synthesis, the
Direct Analog (DA) frequency synthesis and the BirBigital Synthesis (DDS). As
DA frequency synthesis is becoming less popularragrengineers in the industry due
to its complicated and expensive analog technigsesd, hence only DDS and PLL will
be discussed further in details in the followingtsms.

2.3.1 Direct Digital Synthesis (DDS)

Direct Digital Synthesis (DDS) is actually usedairlirect frequency synthesizer. For a
direct frequency synthesizer, it will produce ampot, which is directly proportional to
the input. DDS uses Digital Signal Processing (D8Ruitry and technigues to create,
manipulate, and modulate a signal digitally analifinconvert this digital signal into its
analog form by using a Digital-to-Analog Conver®AC) (Egan, 1990).

Below reflects the basic block diagram of a Difemital Synthesis (DDS).

Frequency Information

{Phase Increment)
l Waveform
Phase »| map (ROM . Dis . Luv_v Pass
Al:l:urrTlulatur or PROM) Converter Filter
Clock Signal

Figure 6: Basic Block Diagram of a Direct Digital §nthesis (DDS)
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Since, the DDS is limited by the bandwidth of 40H#to 500 MHz for operating
frequency and for 3G and future 3G applicationsieds a wide bandwidth operating
frequency up to about 3 GHz, hence PLL is moreablét for such applications as
compare to DDS. Therefore, PLL is eventually chosebe the synthesizer technique
for this project.

2.3.2 Phase Locked Loop (PLL)

Phase Locked Loop (PLL) is used in an indirect dierecy synthesizer. It is a feedback
mechanism locking its output frequency to a refeeen

In real life, PLL synthesizers can be found almestrywhere in the communication
industry. As mentioned in the earlier section, Btrase Locked loop (PLL) is by far the
most popular frequency synthesis technique all ieeaf its simple, economic and a
very wideband operating frequency characteristigs.basically a non-linear (the phase
detector is a non-linear device) feedback looghasvn in the Figure 7 in the following

page.

Phase Detector
Loop Filter VCO

Feo ——» =R — Z(s) —» Four

—Nk

Note: The shaded area is usually integrated isynghesizer IC chip.

Figure 7: Basic Block Diagram of a Phase Locked Lap(PLL)

Normally, the PLL will consist of a voltage conted oscillator (VCO), a phase
detector, a variety of dividers, and a loop filt€éhe VCO is a device whose output
frequency depends on the input control voltage. Takation is non-linear but
monotonic. However, when locked, the VCO can beirassl to be linear; it is both
practical and convenient for analytical purposesridion in the VCO control
characteristics (e.g. this nonlinearity) affects ihop parameters, and loop linearization
or compensation is used extensively (Curtin & G8Bri1999).

With respect to the basic block diagram of the BHaxked Loop (PLL) shown above,
the VCO output frequency,oft is ‘Locked’ to the reference frequencyesfvhen this
reference frequency,dris being divided by some integer R, the VCO oufpauency,
Fout is divided by some integer N, and then comparepthese of these 2 signals to
generate an error signal. This error signal is #maplified and filtered to remove phase
comparison frequency components as well as to geociosed loop stability. It is
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almost always the case that the reference frequéfigys a higher quality frequency
source than the VCO output frequency,.F

Like any other engineering product, a frequencyttsssizer (FS) needs to meet a set of
specifications or parameters. A list of major sysilaer parameters that are important to
this project are illustrated as below (Egan, 1990).

Frequency Range

This specifies the output frequency range, inclgdime lower and higher frequencies
that can be obtained from the frequency synthesidee units of frequency are hertz
(Hz), or cycles per second.

Frequency Resolution

This parameter is also referred to as the step aimkit specifies the minimum step size
of the frequency increments. For example, if adetgy synthesizer covers a frequency
range from 1.5 GHz to 3 GHz and has a step si2®0fHz; it is capable of generating
any frequency between 1.5 GHz to 3 GHz in 100 Hpstin many applications, the
step size is not fixed. This happens when a paithefsynthesizer is generated by
dividing a fixed frequency with a range of numbers.

Channel Spacing

This specifies the amount of bandwidth allocateédaoh channel in a communications
system that transmits multiple frequencies suchthasfrequency synthesizer. It is
measured as the spacing between center frequemiewavelengths) of adjacent
channels.

Phase Noise at a Specific Offset from the Output

For a carrier frequency at a given power level, ghase noise of a synthesizer is the
ratio of the carrier power to the power found inlddz bandwidth at a defined
frequency offset (usually 1 KHz for a synthesizé&xpressed in dBc/Hz, the in-band
(or close-in) phase noise is dominated by the ®gitler; the VCO noise contribution is
high-pass filtered in the closed loop.

Acquisition/Lock Time after Switching to a New Freaiency (to get within one cycle
slip of new frequency)

This refers to the period of time required to a&taynchronism in the frequency
synthesizer especially after switching from onecsp frequency to another new
frequency in order to get within one cycle slipnefv frequency.

Settling/Lock Time (for phase error to decrease frm near 360 degrees to near

Zero)

This refers to the time it takes for phase erradorease from near 360 degrees to near

zero. The time required for an amplifier, relayspther circuits to reach a stable mode

of operation. In general, settling time for fullade step refers to the amount of time
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required for a signal to reach certain accuracy stagt within that range of accuracy.
Settling time can be a major source of error forltithiannel acquisition systems
because the switching between channels can cauge lmltage steps that the
instrumentation amplifier may not be able to trgaickly.

Switching Time

This parameter specifies the speed whereby thedrary synthesizer can hop from one
specified frequency to another specified frequentiiin a given frequency tolerance.
There are many definitions for this parameter.dme applications, the requirement is
to settle to within a specific frequency from thesoled new frequency (e.g. 10 Hz or 1
KHz from the desired frequency). Another more commut more demanding
specification that defines the switching speedyishie time it takes the output phase to
settle to 0.1 radian of the final phase.

Spurious Signal Level

Overmodulation on the signal will results in spusosignal created and the level of
such unwanted spurious signal is called the spsrisignal level. Active RF and

microwave systems frequently generate non-harmiyiedated signals that need to be
identified and measured. Tracking down and therucid the level of unwanted

spurious signals can be done by using a spectratysar.

Power Consumption/Dissipation

This refers to the electrical energy over time thmitst be supplied to the frequency
synthesizer so as to maintain its operation. Theep@onsumption is usually a result of
power used to perform the intended function of deeice plus additional "wasted"

power that is dissipated as heat and/or light. l@nather hand, power dissipation is the
transference of heat generated by the device duammal operation. Both the power
consumption and power dissipation is usually messur units of watts.

First of all, in order to look for a suitable fregpcy synthesizer evaluation board for
measurement and comparison to current 3G and peeddicture 3G synthesizer design,
there is a need to search for all those importamarpeters of the current 3G radio
system that are mentioned above. Unfortunatelyatiaif these important parameters
on the current 3G radio systems are found. Onlyesoithe typical values of these
parameters that are beinged currently in 3G systems are found to comparthe
specifications of the evaluation boards availablethe market. A survey on the
available frequency synthesizer evaluation boamis fdifferent manufacturers such as
Analog Devices, National Semiconductor, Texas Umtnts and etc is also being
conducted in the starting phase of this projectvifitpathe constraints of the budget
allocated as well as the suitable 3G specificati@ugiired, there are only a total of 6
potential frequency synthesizer evaluation bodnds @re available and suitable for this
project.

Some of the performance and technical details @&sah6 potential frequency

synthesizer evaluation boards are being capturedtable for easy comparison in the
next section as shown in the following page.
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2.4 Comparative Analysis on Frequency Synthesizenfaluation Boards

For comparative analysis on these 6 different feegy synthesizer evaluation boards available imtlaeket, a comparison table
had been drawn up as shown below.

Manufacturer Analog Devices National Semiconductor | Texas Slngapor_e
nstrument Technologies
Model No ADF4360-1 ADF4360-0 LMX2310U LMX2347 TRF361 STW81100
Price US$120 US$120 uUss$147 uUss$147 Not Indicated Not htdit
Integrated VCO Yes Yes No No Yes Yes
Operatin 2.05 GHz to 2.4 GHz to 375 MHzto 2.4| 825 MHzto4.4
Frpequengy Range|  2.45 GHz 2725 GHz 2.5 GHz 2.5 GHz GHz GHz
th%trﬁedmk Set| 19 ns (Min) 10 ns (Min) 50 ns (Min) 50 ns (Min) 86 (Min) 2 ns (Min)
pate tTomfe'OCk 10 ns (Min) 10 ns (Min) 20 ns (Min) 10 ns (Min) 26 (Min) 2 ns (Min)
\(f\}%‘iﬁ E‘f;‘f 25 ns (Min) 25 ns (Min) 50 ns (Min) 50 ns (Min) B8 (Min) 10 ns (Min)
Clock Pulse 25 ns (Min) 25 ns (Min) 50 ns (Min) 50 ns (Min) 66 (Min) 5 ns (Min)
cock Time/ 400ps (Typ) |  250us (Typ) | 500us (Typ) |  450us (Typ) |  300us (Typ) |  150us (Typ)
Switching Time
-148 dBc/Hz -145 dBc/Hz -160 dBc/Hz -148 dBc/Hz
VCO Phase-Noise (Typ) at 10 MHz| (Typ) at 10 MHz (Typ) at 10 MHz| (Typ) at 10 MHz
Performance offset from offset from N.A. N.A. offset from offset from
carrier carrier carrier carrier
-81 dBc/Hz -80 dBc/Hz -76 dBc/Hz -83 dBc/Hz -84 dBc/Hz -56 dBc/Hz
In-Band Phase (Typ)at1 KHz | (Typ)at1KHz | (Typ)atlKHz | (Typ)atlKHz | (Typ)atlKHz | (Typ)at1lKHz
Noise offset from offset from offset from offset from offset from offset from
carrier carrier carrier carrier carrier carrier
Software for the More user- More user- Less user- Less user- Did not look into| Did not look into
board friendly friendly friendly friendly it it

Table 4: Different Frequency Synthesizer EvaluatiorBoard Comparison Table
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From the specifications of each evaluation boatds, STW81100 multi band RF
frequency synthesizer evaluation board from Singaga@chnologies actually has the
better performance over the others due to its wideerage range of operating
frequency from 825 MHz to 4.4 GHz and other perfange factors. Unfortunately,
there is no price indication for it hence, it ist mosen. Since there is also no price
indication for the TRF3761 from Texas Instrumetitg, final choice are being left with
either the frequency synthesizer evaluation boaothfAnalog Devices or National
Semiconductor. From performance wise, both the AIBPB41 and ADF4360-0 from
Analog Devices is indeed better than both the LMMA3 and LMX2347 from
National Semiconductor. They are also slightly lesgensive in price as compared to
the LMX2310U and LMX2347. Moreover, both the ADF436 and ADF4360-0 from
Analog Devices had integrated VCO (unlike the LMXQB and LMX2347 from
National Semiconductor) that allows user to measueeinputs and outputs from this
VCO.

On top of that, the user-friendliness and the ¢iffeness of the software available to
drive both the evaluation boards from Analog Desieed National Semiconductor are
also being considered. Firstly, the evaluation 8aaftware from Analog Devices and
National Semiconductor are being downloaded frospeetive website for testing out
on their usage and user-friendliness. There anéahdf 2 types of software available on
the Analog Devices website. They are the ADISimRL2.0 software and the ADF4360
evaluation board programmable software.

The ADIsimPLL is actually a PLL Circuit Design aMirtual Evaluation Software. It
can be considered as a simulation tool and thueetie no need to connect the
evaluation board in order to use this software sTADISIMPLL software supports a
wide range of devices from Analog Devices. By clwgsthe PLL chip to be
ADF4360-1 and following the steps given in the waite, a series of output results such
as frequency and time domain graphs and etc wilgéeerated out automatically.
Appendix F of this dissertation displays an exangpuiehese output results generated by
ADIsimPLL v.3.0 software.

As for the ADF4360 evaluation board programmabliénsoe, from the first tried out,

it seems to be an evaluation tool for user to pethe data for the registers and other
settings, and then program them into the evaludt@ard for it to run. However, further

investigations on how and where the evaluation d@an be connected to a computer
running this software are still required. This sa@fte is mainly being used by the
ADF4360 series of devices. In short, this softw&tik needs sometime and experiment
on it before we finally understand what it can atiftudo. The main interface page of
the ADF4360 evaluation board programmable softisteeing reflected as Figure 10
under Section 3.3 in this dissertation.

On the other hand, there are also a total of 2stgesoftware available on the National
Semiconductor website. They are the Code LoadeR.0.Zoftware and the Easy PLL
software. The Code Loader software needs to sbripdrt settings and connections to
the evaluation board via the computer parallel.@@irhilar to the ADF4360 evaluation

board programmable software, it is consider as naragnable software that uploads
data for the register into the evaluation boardtftw run. An example of the Port Setup
tab and the PLL tab of this Code Loader softwaeebaing captured as Appendix G and
H respectively in this dissertation.
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Finally, for the EasyPLL software, it can be comesiéds online simulation software.
Unfortunately, it seems like there is no selectimnLMX2310U PLL in this software.
Only LMX2347 PLL can be chosen in this softwarenkt, it is not suitable to be use
to simulate the performance for the LMX2310U ev#braboard.

After the first attempt in trying out to see whisbftware is more easy to be use,
ADIsimPLL software v.3.0 seems to be more usemftig and is able to generate better
output results when compare to EasyPLL and CodedémaHowever, both the
ADIsimPLL v.3.0 and the ADF4360 evaluation boardgrammable software still
requires further investigation and experiment orbéfore we can finally draw a
conclusion on what is their actual usage. As pew,nadDIsimPLL software v.3.0
maybe consider as a suitable software that canulstien and cross check all
measurements or findings being done physicallyheretvaluation board.

From all the performance and the software findimgsntioned above, it is no doubt that
Analog Devices evaluation boards are slightly ettean those from National
Semiconductor. Therefore, the idea of choosingeeithe LMX2310U or LMX2347
evaluation boards from National Semiconductor heehldropped.

Finally, it left only the ADF4360-1 and ADF4360-@atuation board to choose from.
Since the operating output frequency range for AB#®41 is from 2.05 GHz to 2.45
GHz, which is very close to the predicted future @terating frequency range of 2.3
GHz to 2.5 GHz and its performance are very simitaADF4360-0, ADF4360-1 is

finally selected to be use for this project. ThiB360-1 is a fully integrated integer-
N synthesizer and VCO that is suitable for 3G WCDBiAtems applications.
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3. EVALUATION BOARD

3.1 Description on Evaluation Board

The ADF4360-1 evaluation board (EVAL-ADF4360-1EBi)m Analog Devices is
designed to allow user to evaluate the performasfcéhe ADF4360-1 Frequency
Synthesizer consisting of an integrated Phase ldbdkaop (PLL) and a Voltage
Controlled Oscillator (VCO). This ADF4360-1 evaligat board mainly consists of the
following important items inside it. They are:

i) ADF4360-1 Synthesizer Integrated Circuit (IC)i€h

i) TCX010 External Reference Oscillator

iii) Power On/Off Switch

iv) Battery Compartment

V) RF Output A & B (Sub-Miniature Type-A “SMA” Fent@Plug)
Vi) Serial Port (9-Pin Personal Computer Male Catog

Apart from those important items mentioned abovggapulated SMA footprints are
also made available for the power supplies, Chiphln (CE) and external reference
input. It also contains a loop filter to complete tPLL. This board can be modified as
necessary for the customers PLL requirements. Aedahincluded with the board for
connection to a Personal Computer (PC) paralled ywoallow software programming
on the registers. Section 3.3 will elaborate marehis software programmaubility part.
A picture of the ADF4360-1 evaluation board is captl as Figure 8 as shown below.

’ RF Output A Power  Batter
ADF4360-1 y
r‘%’ :m &B(“SMA”  On/Off  Compartment

Synthesizer ICChip fh emale Plug) SW|tch

., og m {r;qi ag

n L

S30IA30
J0TVNY

vi90ros

10 "A9Y 183%-09€YIQY-1VA3
OAY6YS L10S

Reference Oscnlato B gy S — — | ﬁfgnector)

Figure 8: Picture of the ADF4360-1 Evaluation Board
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This evaluation board is powered from a single @¥tdry. All components necessary
for Local Oscillator (LO) generation are catered ém-board. The 10 MHz TCX010
external reference oscillator provides the necgssaut reference frequency to the
ADF4360-1 Synthesizer IC Chip.

The ADF4360-1 Synthesizer IC Chip consists of alyfuihtegrated integer-N
synthesizer and Voltage Controlled Oscillator (VCT)e ADF4360-1 is designed for a
center frequency of 2.25 GHz. In addition, thereaislivide-by-2 option available,
whereby the user gets a Radio Frequency (RF) ouftpl¢tween 1025 MHz and 1225
MHz. Control of all the on-chip registers is thrbug simple 3-wire interface. The
device operates with a power supply ranging fro\8to 3.6 V and can be powered
down when not in use. The following page showsftimetional block diagram of this
ADF4360-1 Synthesizer IC Chip which is already soédl mount onto the ADF4360-1
evaluation board.
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Figure 9: Functional Block Diagram of ADF4360-1 Sythesizer IC Chip inside the
Evaluation Board

Basically, the ADF4360-1 Synthesizer IC Chip opesavery similar to Figure 7, the
basic block diagram of the Phase Locked Loop (Pghdwn in Section 2.3.2. With
respect to the functional block diagram shown absimilarly, there will be an input
reference frequency coming from the TCX010 extemef¢rence oscillator into the
circuit (in this case it is going into the Righode), this reference frequency will then
need to pass through the 14-Bit R Counter whicH thién divide this reference
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frequency to produce the reference clock to thes@harequency Detector (PFD)
frequency or the channel spacing. Finally, it isntlapplied to one of input to the Phase
Comparator or the Phase Detector. Depending otyfieeof PLL design created by the
user, the integer R or the division ratio, R tisadliowed in this evaluation board ranges
from 1 to 16,383. In this project, the divisionioatR is set at 2 since the Phase
Frequency Detector (PFD) frequency or the chanpetisag required for this PLL
design is agreed to be at 5 MHz. By dividing thguinreference frequency of 10 MHz
by 2 (using the division ratio, R), it is able twguce a channel spacing of 5 MHz.

On the other hand, the clock from the VCO will neéedjo through the Multiplexer and
then the Dual-Modulus Pre-Scaler (P/P + 1), whighdds it down to a manageable
frequency for entering into the Complementary M@aide Semiconductor (CMOS) A
and B Counters. This Dual-Modulus Pre-Scaler, alamidy the A and B Counters,
enables a large division ratio, N in the PLL feadbaounter. This division ratio, N is
actually equals to (BP + A). There is a minimumidiyv ratio possible for fully
contiguous VCO output frequencies and this minimsietermined by P, which is the
pre-scaler value given by the formul& (PP).

The A and B Counters (which is the 18-Bit N Coupter conjunction with the Dual-

Modulus Pre-Scaler, make it possible to generat€\Wilitput frequencies that are
spaced only by the reference frequency dividedritgder R. Finally, the output from
both the A and B Counters is then applied to theeotinput pin to the Phase
Comparator.

Following next, the output from the Phase Comparaiitl then goes into the Charge
Pump (CP), whose output point is in fact the inpoint for the external loop filter (not
shown in the functional block diagram of Figure 9he output of the Phase
Comparator mainly consists of pulses whose lengtpedds linearly on the phase
difference between the two inputs. These pulsekthdén activate the charge pump,
which eventually drives the external loop filtemoected between the Charge Pump
(CP) pin and the Y)ng pin.

Generally, this external loop filter connected betw the Charge Pump (CP) pin and
the Vrune pin, can either be the standard third order padsiop filter or the third order
active loop filter that was normally used if thening voltage required for the VCO is
higher than the output range of the synthesizergehpump. For this project, the type
of loop filter configuration chosen is the Charger Passive 2 Capacitors type. When
the Charge Pump (CP) output is enabled, the cupalstes from the charge pump
output are then filtered by this external loopefilto become a voltage, which in turn
drives the tuning port of the internal VCO.

Next, from the output of the loop filter, it willogto Vyyne pin that acts as the control
input to the VCO, which is at the VCO CORE moduléis voltage determines the
output frequency and is derived from filtering 6B output voltage. Finally, the VCO
output frequency will come out from the OUTPUT STRGhodule, and then to the
RFouta and Rlbyts SMA female plug. The output level of the Rfra and Royrs is
programmable from -6 dBm to -13 dBm.

It is note that the register and latch settings tfee 14-Bit R Counter, the 24-Bit
Function Latch and the 13-Bit B Counter and 5-Bi€CAunter (which forms the 18-Bit
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N Counter) will need to be set by the user using ADF4360 evaluation board
programmable software that comes along with théuatian board.

3.2 Capabilities of the Evaluation Board

The features of this ADF4360-1 evaluation boardrafiected in the table shown below.

Self contained board for generating RFE  Flexibility for reference input, PFD
frequencies frequency and loop bandwidth
Output frequency range of 2.05 GHz to Accompanying software allows complete
2.45 GHz control of synthesizer functions from PC
Battery operated: 9V supplies Analog and digitakldetect
Typical phase noise performance of -140Typical spurious performance of -70 dBc
dBc / Hz at 3 MHz offset at 200 KHz offset, (2.25 GHz Output)

Table 5: Features of ADF4360-1 Evaluation Board

Some applications of this ADF4360-1 evaluation daaclude:

i.  Wireless handsets (DECT, GSM, WCDMA)
ii. Test equipment
iii. Wireless LANs
iv. CATV equipment

On top of that, the ADF4360-1 evaluation board atso be used as a local oscillator
for a direct conversion modulator that had beemeasingly being used to implement
base station transmitters. Other applications lig €valuation board can be found at
the end of the ADF4360-1 data sheet.

3.3 ADF4360 Evaluation Board Programmable Software

The ADF4360-1 digital section includes a 24-bitunphift register, a 14-bit R counter,
and an 18-bit N counter, comprising of a 5-bit Aieter and a 13-bit B counter. Data is
clocked into the 24-bit shift register on eachngsedge of the serial clock input (CLK).
The data is clocked in Most Significant Bit (MSBi)st. When the Load Enable (LE),
goes high, the data stored in the shift registetsaded into one of the four latches, and
the relevant latch is selected using the contitsl bi

Basically, the destination latch is being deterrdibg the state of the two control bits
(C2, C1) in the shift register. The truth table foese bits is shown in Table 6 on the
following page. Note that the test mode latch isyamsed for factory testing and

therefore it should not be programmed by the user.
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Control Bits
Data Latch co cl
Control Latch 0 0
R Counter 1 1
N Counter (A and B Counters) 1 0
Test Mode Latch 1 1

Table 6: Truth Table for Control Bits C2 and C1

In order to measure the respective parameterseimyaluation board such as the Lock
Time, VCO Output Frequency and etc, the registersife R Counter, Control Latch
and N Counter needs to be programmed first by slee wsing the ADF4360 evaluation
board programmable software. A screenshot of thenMaterface Page of this
ADF4360 evaluation board programmable softwardasvé below as Figure 10.

Ca Main Interface Page @@@

File Settings Options  Help

Device In Use 7 Evaluation Board
NVEES ADF4360-1 ADF4360-1EB1

Frequency Settings Settings
Current Setting 2: 25000  ma

RFYCO Output Frequency: 2400 00000MHz Current Setting 1; 26000 mé

PFD Frequency: 200.00000kH=z
REF IM Frequency: 10, 00000MHz
RF Prescaler: 32433

Internal Divide by 2 Not Selectad

Output Divide by 2 Not Selected

YLD Settings

o | |

bute till Lock Detect Disabled

-3 dBm 15 mA
Band Select Clock Divider Yalue = 1 @ ‘ @ ‘
Anti Backlash Width — - Three-State Output Mormal Operation
3.0ns ABP width & }@
Sweep | LockTime C%}
dumaut Powerdown Settings

Figure 10: Main Interface Page of the ADF4360 Evalation Board Programmable
Software

Some standard steps for using this ADF4360 evalndioard programmable software
are shown below.

Steps:
i) Install ADF4360.exe evaluation board programmeadaftware (version REV
2.0) into a computer or a laptop that have a pelrpbrt.
i)  Connect the ADF4360-1 evaluation board to ttesnputer via the 9 Female
D-Type to 25 Male D-Type PC cable that comes withévaluation board.
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iii) Insert a 9V battery into the ADF4360-1 evalioat board and power it up
using the Power On/Off switch on the evaluationroa

iv) Run the ADF4360.exe evaluation board programmamftware (version
REV 2.0).

v)  Start the programming of registers and othetimgs.

Before programming the registers for the respeativenters or latches, it is always a
good practice to first check on the connectionsn(frthe evaluation board to the
computer parallel port) to see if they are corsectlecure or to check if the
programmable software is working fine or not (aprilgrammed of register is working
fine or not). To check on these 2 points, the feilg intialisation steps need to be
performed.

Steps:

i) Check if the red LED (D4) lights up when applgithe power to the
evaluation board by switching the Power On/Off stvito on.

i) Run the programmable software and select ADP4B6as the desired
device.

iii) Click on the “Muxout” button shown on the Malnterface Page.

iv) Select to program “DVdd” and load it by preggifLoad Now” button
once. If the green LED (D1) on the board attacteethis pin lights up, it
means the user is programming the part correctly simows that the
connection is secure.

V) Now, select to program “Digital Lock Detect”,gus “Load Now” button
once followed by pressing “OK” button once.

Vi) Then, click on “RF PD Polarity Positive” buttoshown on the Main
Interface Page (refer to Figure 10) to “RF PD Roladegative” and back
(make sure it is finally at positive). With the RFD Polarity bit set to
positive, it will ensure that all registers areded. If the green LED (D1)
is still lighted up, then an output frequency 0D@4MHz should be seen
on the spectrum analyzer when the spectrum analyzssnnected to the

point, Rioyra.

By selecting the ADF4360-1 device as the desiredcdeto program the register, the
software will automatically display the desired REO output frequency as 2400 MHz,
the PFD frequency as 200 KHz and the REF IN frequexs 10 MHz. Generally, for an
Integer-N PLL, the Phase Frequency Detector (PFEuency is equal to the step size,
which is also equal to the channel spacing as a®lthe Phase Detector Frequency
(PDF).

A screenshot on the “Muxout Options” menu with exgdo the steps mentioned above
is shown as Figure 11 on the following page. ThedwtDigital Lock Detect” is being
circle in red so as to highlight that the softwareow programming the Muxout feature,
“Digital Lock Detect”.

If the above-mentioned steps are completed and teveame results as mentioned, it
means that the connections are correctly securetl@dorogrammable software is
working fine. User can now proceed to change thergbarameters or set the registers
as they wish.
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Figure 11: Screenshot on the Muxout Options menu

Following next, at Muxout feature set at DigitaldkoDetect, the user will need to set
the desired RF VCO output frequency and the PFuiacy, this will in turn

automatically set the registers for both the N Geuand R Counter. For this project,
the desired RF VCO output frequency and the PFQuigacy is chosen to be 2350
MHz and 5 MHz respectively and below are the staken to achieve these 2 settings.

Steps:
i)

i)
)

iv)

Click on the “RF VCO Output Frequency” shown tive Main Interface
Page (refer to Figure 10), a pop up menu on the CREput Frequency”
will be displayed.

Enter the desired VCO output frequency in MHz.

Enter the desired PDF reference frequency keK

Press “Load Now” button once. This action wifldate both the N Counter
register and the R Counter register. The N regisi#rshow a value of
470 (in decimal) with B register showing a valueldf(in decimal) and A
register showing a value of 22 (in decimal).

Now, press “OK” button once to exit this pop ogenu. It should goes
back to the Main Interface Page showing now thérel@fkF VCO output
frequency as 2350 MHz, the PFD frequency as 5000 &htl the REF IN
frequency as 10 MHz.
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A screenshot on the “RF Output Frequency” pop umun&ith respect to the steps
mentioned above is shown as Figure 12 below. Theesafor the desired RF VCO
output frequency, PDF frequency and the respectgesters are being circle in red so
as to highlight the new settings set by the user.

Device In Use 7~ Evaluation Board
EVEES ADF4360-1 ADF4360-1EB1
Frequency Settings Settings

Current Setting 2: 28000 mé&
Current Setting 1: 25000 mé

RF WCO Dutput Frequency: 2350 00000MH 2
PFD Frequency: 000 00000kH=

REF IN Freguency: 10.00000MH 2
RF Prescaler. 32/33

RF FD Polari

Zal RF Output Frequency

Intemal Divid

Synthesizer Frequency Single channel jump
Enter the desired VCO output frequency (MHz)
2350.000000
Increment by one channel space
WO Settings Hote: These buttons wil wiite to the M
register anly.

Mute till Lock e il Enter the desired pfd reference frequency [kHz):
[« 5000.000000 ]

Decrement by one channel space

Band Select Clock Divider Value = 1

Anti Backlash Width— .
o | % )
3.0ns ABP width i Resend : NS
Registers | Data
Load Mow 0K Cancel

Mote: The Load Maw and OK buttans only update the N register and R Register. |f the user changes only the autput frequency, then anly the M
register will be updated. 1fthe user changes only the pfd reference frequency. then only the B register will be updated. |f the user changes both
operating frequency and pfd reference frequency, then both the N register and R register will be updated.

Figure 12: Screenshot on the RF Output Frequency nmel

Note that the “Load Now” and “OK” button will onlypdate the N register and R
Register for the N Counter and R Counter respdgtivé the user changes only the
VCO output frequency, then only the N register Vol updated. If the user changes
only the PFD reference frequency, then only theedister will be updated. If the user
changes both the VCO output frequency and the RF&eance frequency, then both the
N register and R register will be updated.

Now, in order to see what are the exactly bitsrsggtfrom Least Significant Bit (LSB)
to Most Significant Bit (MSB) for the control latclN register and R register, user can
press on the “Registers” button shown on the Materface Page (refer to Figure 10).
This “Registers” button is useful as it can show tiser the three registers settings at
once. The user can simply see these settings bpiessing the updates button for each
of the register.

A screenshot on the “Registers” menu is shown gar€il3 below. To highlight the

values (in hexadecimal) written for each registeey are being circle in red in the
figure shown below.

31



Ll ADF 4360 Register Map

Prescal ler FDZ2 PD1 --Curr Setting 2---- -—Curr Setting 1~ —Puwr Out-- MLD CPG CP3 Pal  -—--humou | - CR  -Care Pwr-
Jﬂﬂﬂjjjjjjjjﬂﬂﬂjﬂﬂﬂﬂjﬂﬂﬂ
msB < Update Function Latch D @ LSB

gllE\‘If_ DIW2CF‘ 13 Bit B Counter 5 Bit A Countfesemseemsemees & ddress

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂjjjﬂﬂjﬂjjﬂjj

Reserved - BSCE-- LDP ---ABP--- 14 Bit B Counter address

ﬂjﬂjﬂﬂﬂﬂjjﬂﬂﬂﬂﬂﬂﬂjjjjﬂﬂj

VI v

Load Naw QK. ‘ Cancel ‘

Figure 13: Screenshot on the Registers menu

By pressing the “Load Now” button as shown in tregRters menu seen above, it will
load these updated register settings into the texgisThe correct sequence of register
writes is to the R Counter, the Control Latch aindlfy the N Counter.

In general, this ADF4360 evaluation board progratmmaoftware is not an intelligent

software. It simply programs the registers whengheruser instructs it to do it. It does
not monitor the part to see if it is actually a¢ ttlesired frequency or not. It is just a
simple Graphic User Interface (GUI) software tgpha$er to program the registers.

3.4 Measurements and Difficulties Encountered

One of the tasks for this project is to measurepdw@ameters and performance of this
ADF4360-1 frequency synthesizer evaluation boarth wespect to the following
parameters that are important for future 3G apftios.

)] Channel Spacing

i) VCO Inputs and Outputs

iii) Filter Outputs

iv) Lock Time (Frequency & Phase)
V) Phase Noise

First of all, in order to familiarize with the ADB80-1 evaluation board, measuring all
the test points that are already made availabléherevaluation board itself had been
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carried out. There are a total of 11 test pointslieing Test Point T4, which is the
ground point for the evaluation board. All theseasw@ements are measured without
knowing the fact that the registers for the R Ceuyn€Control Latch and N Counter
needs to be programmed first using the ADF4360 uat@in board programmable
software that comes with the board.

Before moving directly to measure all the test pim order to prevent Electro Static
Discharge (ESD) from my body into the evaluatioratband eventually damage the
board, an ESD or an anti-static wrist straps waigfly bought to combat the static
build up on my body. By using this ESD wrist strapwill ensure that any charge built
up on a person working on this evaluation boaghfely dissipated.

An ESD wrist strap consists of two sections. Fafsall, the band itself, which is worn
around the wrist. This is connected to earth v le/ad, which incorporates a large
value resistor, normally in excess of 1 Mega OhhisTs included for two reasons. The
first is safety, and the second is again to enthatany static is removed in a controlled
fashion. Normally, the ESD wrist straps should égufarly tested to ensure they have
not become open circuit. Without a test of thisunata faulty strap could go undetected
for many months. Many companies insist that evéngpsthat is in use is tested every
day. In this way any defects can be discoveredydagfore they cause too much
damage on the electronic components or circuitsliiRalectronics, 2006).

ESD wrist straps, connections to workbench tops amg other points are normally

connected together using a special junction boxes&hjunction boxes usually have
resistors of 1 Mega Ohm for each of the contack®s€ are joined and then taken to
earth. Often a special mains plug with a connectionly the earth pin can be used.
These special plugs are usually yellow and haveptastic pins for the live and neutral,

and a metal pin for the earth. In this way it idyopossible to connect to earth. A

picture of this ESD wrist strap is shown below agiFe 14.

Figure 14: Picture on the ESD Wrist Strap

At the same, in order to measure the output frecqpersponse from Rjgta and
RFouts SMA female plug, there is need to look for a dul@gaconnector available for
connecting the Réyta and Rlbyte SMA female plug on the evaluation board to a 3
GHz spectrum analyzer. Since there isn’t any sldataionnector available in my
workplace hence, a trip down to Sim Lim Tower waade to look for one that is
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suitable. After visiting a few different electricabmponent stores, 2 suitable Sub-
Miniature Type-A (SMA) Male plug to Bayonet NeilloGcellman (BNC) Female jack
connector from one of the electrical componentest@d been finally found and bought
for the project. A picture of this SMA Male plug BRNC Female jack connector that
had been bought for this project is shown belowFapre 15. To facilitate the
connections, a 50 Ohm (RG 58) BNC (Male to Mald)leavas also made available
from my workplace.

Figure 15: Picture on the SMA Male Plug to BNC Femke Jack Connector

The high speed oscilloscope that was being usethéfirst measurements on all the
test points is the Tektronix TDS3014B high speedlloscope, with the specifications
of 100MHz (1.25GS/s) and the probe used here H0d¥IHz bandwidth. A picture of
this Tektronix TDS3014B high speed oscilloscopghiswn below as Figure 16.

Tektronix [DPO

ESEEEES
S e reoe———

Figure 16: Picture on the Tektronix TDS3014B High geed Oscilloscope

The first measurements are being carried out sirbglypowering up the evaluation
board and connecting the probe from Channel 1 efhilgh speed oscilloscope to the
respective test points with the ground pin of tliebp connected to Test Point, T4
(which is the ground point for the evaluation bdafithe output results and the output
waveforms for the Test Point, T1 and T2 will becdiss later in Chapter 5.

From the first measurements, the measurement seseém to be a bit strange and

incorrect as most of the other test points haveessort of a DC straight line output
waveforms. Therefore, in order to verify and makeesvhat had been measured so far
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are actually correct, a second round of measurenzenall the test points using another
high speed oscilloscope had been carried out. The $peed oscilloscope that was
being used this time for the second measurementdl dhe test points is the LeCroy

Wave Surfer 424, with the specifications of 200 M2&S/s). The probe used here is
of 200 MHz bandwidth. A picture of this LeCroy Wavkurfer 424 high speed

oscilloscope is shown below as Figure 17.
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Figure 17: Picture on the LeCroy Wave Surfer 424 Hih Speed Oscilloscope

The output results for these second measuremeltisa be discussed later in Chapter
5.

With this second round of measurements, it hadqudtaat the measured values in the
first round of measurements should be correct, ewehe values and the output
waveforms for the other 9 test points still seenbéoincorrect. After checking these
measurement results with the Applications Enginieem Analog Devices, it was
realized that there is a need to program the egigor the R Counter, Control Latch
and N Counter first using the ADF4360 evaluatiorardoprogrammable software
before starting to measure all the test points thedparameters on the board that are
required for future 3G applications.

After realizing this point from the Analog DevicAgplications Engineer, it shows that
what had been measured before are not the comgmiitaresults. In order to know how
to program those registers for the R Counter, @brtatch and N Counter using the
ADF4360 evaluation board programmable software, es¢rands on session on this
software using a trial and error method had beefopeed. However, a lot of problems
were encountered when using this ADF4360 evaludtaard programmable software.
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The only way to overcome all these problems fasew iread through all the required
information and data sheets for this evaluationrthaa details and tries to understand
them since there is no instructions booklet fos thiogrammable software inside the
evaluation board package. Problems encounteredstiiahave not been resolved by
end of Wk 631 (which is by end of first week of Aisfj 2006) even with the advice
from the Application Engineer from Analog Devicasere also highlighted to the

project supervisor.

Without having to resolve all the problems facedusing the ADF4360 evaluation
board programmable software, a limitation of the FP¥B60-1 evaluation board had
been found out from the Application Engineer fromafog Devices. This limitation is
that the evaluation board will not remember thestegs programmed after it have been
powered down. This ADF4360-1 evaluation board dusishave a memory cache or a
memory location to store/save the register settthgs had been programmed into the
evaluation board before it is power off. In otheords, it will not remember the
previous settings that had been programmed toebisters after power off and user
will need to re-program the registers all over agdter power up.

With this limitation on the ADF4360-1 evaluationdrd, it leads to another problem.
The problem is that, now there is a need to ingtel ADF4360 evaluation board
programmable software in my workplace computeresialt the measuring equipment
that are required for this project are all from wgrkplace. However, in order to install
any new software into my workplace computer, it necessary to request for
administrator rights from my company. Unfortunatedg this software is not meant to
be used for work purposes, the administrator rifdrtsnstalling this software were not
approved. Therefore, it is required to look foresthlternatives to resolve this issue.

Another alternative that had been taken is to Ih#t@ ADF4360 evaluation board
programmable software into my laptop. By installihg software into my laptop allows
me to have the flexibility to bring my laptop to mprkplace any day whenever there is
a need to program the registers for measurementetder, since my laptop does not
have a standard parallel port built in, | had tmkiof other means to create a standard
parallel port out from the other output ports sastihe Universal Serial Bus (USB) port
in my laptop.

After doing some research on that via Internet, 8BUo 25-Pin Female (Parallel)
adaptor cable had been bought for connecting mjopapo the evaluation board.
Unfortunately, the outcome is not feasible and tlesls me to search for another
alternative. A picture of the USB to 25-Pin Femé®arallel) adaptor cable that had
been bought for this project is shown as Figurerighe following page.

36



Figure 18: Picture on the USB to 25-Pin Female (Paliel) Adaptor Cable

From the Internet, it is found that the Trans P@dGaUniversal Parallel Port Personal
Computer Memory Card International Association (RCQIK) card is able to perform as
a real parallel port unlike the low cost USB to dMet adaptor cable (which is not the
real parallel port and provide very limited parhi®rt functionality) that had been
bought for the project. This PCMCIA card is an amd-Standard Parallel Port for
Notebook PCs to connect printers and other parddleices (such as chip programmers,
data acquisition, machine process control, scientifasurement systems and software
protection dongles). This PCMCIA card offers a neatallel port that is mapped to the
standard port Input/Output (I/O) addresses. Itamgatible with all parallel devices,
which can be driven by the fixed parallel portsdetktop PCs. A picture of this Trans
PC Card - Universal Parallel Port PCMCIA card iewh below as Figure 19.

Figure 19: Picture on the Trans PC Card - UniversaParallel Port PCMCIA card

However, after some discussion with the projectesuipor and due to the time
constraint, it had been decided not to purchase RAMCIA card since it is also not
guaranteed if it is really able to resolve the probfaced in using a laptop.
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Another problem that was encountered in the pragettte difficulties in accessing the 3
GHz spectrum analyser for the measurement of theubfrequency response from the
evaluation board. As there is only one 3 GHz spettanalyser in my workplace,
getting access to it seems to be really difficuktrethough | had already convinced the
person who have the access to it to lend it to ftee work. The common problem that |
had faced is either the person who had accesst8 BHz spectrum analyzer is not
around in my workplace when | need to borrow itles 3 GHz spectrum analyzer had
been used for overnight testing.

On top of all the problems and difficulties thdtdd faced throughout the project phase,
the workload given to me by my company sometimes atfrained me from carrying
out such measurements after work.

With all these difficulties and problems encounden resulted in not able to carry out
the measurements on the evaluation board as plafugthermore, due to the time
limit and the fact that it is really difficult toeg the access to the 3 GHz spectrum
analyser for measuring the requirements or paramttat are needed for 3G and future
3G applications, these measurements are being esuppted by using simulation
software from Analog Devices, called the ADIsimPLL.
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4.  SIMULATION SOFTWARE

4.1 Description on Simulation Software

ADIsimPLL is a simulation software that had beerveleped by engineers for
engineers for the sole purpose of optimizing Phas&ed Loop (PLL) designs, making
it faster and easier for any user to accomplisthérsindividual goals. This simulation
software enables the rapid and reliable evaluatbmew high performance PLL
products from Analog Devices. It is the most corhpresive PLL Synthesizer design
and simulation tool available today. Simulationsf@ened include all key non-linear
effects that are significant in affecting PLL perfance. From the entry-level engineer
to the seasoned veteran, ADIsimPLL has an arsdnahlmard tools and options that
are guaranteed to maximize the efficiency of trex’s<ircuit design.

In general, the ADIsimPLL is the easy way to designalyse and simulate PLL
frequency synthesizers using the ADF4000 rangelaf IE’s from Analog Devices.
With its superior functionality, unlimited flexibiy, and user-friendly interface, it
allows user to analyse the performance (includingsp noise, transient response, and
lock time to frequency or phase tolerances). Ctlyernhe latest version of this
ADIsimPLL simulation software is 3.0 and it can dewnloaded from the Analog
Devices homepage.

4.2 Functions of ADIsimPLL

First of all, in order to get to know the functioasd the capabilities of what the
ADIsimPLL simulation software can do, it is alwaycommended that one full round
of tutorial session that is embedded inside thisutation software needs to be go
through.

This self-learning tutorial session first startefl by going through the New PLL
Wizard with an Introduction Page explaining to first time usage user that it will
includes a trial runs example in using the ADIsiraPimulation software. This trial
runs example mainly covers the design on a PLL¢baér 100 MHz to 130 MHz in 25
KHz steps using the ADF4116 PLL IC from Analog Dmms. The first thing that any
user will need to do when comes to designing a BhLtheir own, is that they are
required to specify the frequency requirementsheir PLL synthesizer in ADIsimPLL.

A screenshot on the menu for specifying the frequerequirements for a PLL
synthesizer is shown on the following page as 0. With this menu, the user is
required to enter the minimum and maximum outpatdiency range as well as the
channel spacing for their PLL synthesizer. If gieneference frequency, the user will
need to check on the checker box for the “Use Rafex Frequency of:” and enter the
values of the reference frequency in hertz.
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Output Freguency Reguirements E3

Specily the Output Frequency regquirsments far your PLL
syrithe el

Mirirnumn Frequency ]W
M awitrum Frequency ] 130MHz
Channel Spacing 125 DkHz

If pou have & given reference fieguency that you must uge then
check the box below and enter the frequency,  Othenwise the
iefeience fraquency can be selecled |ata,

[T Use Feference Frequency of

Al frequencies are entered mHz,  To enter 10MHz
-samplp type "10M" or *10e6”, to enter 22 BkHz type
“Z2 5 or 22 583" and o0 on

< Back Nest » Cancel Help

Figure 20: Screenshot on the Menu for specifying thFrequency Requirements

After specifying the frequency requirements, therusill need to select a particular
PLL IC chip that are shown in a drop down list givey the New PLL Wizard, which is
base on the covering frequency range that was atiere A summary showing the
frequency range, reference frequency and chanaelrgp values will be display on the
menu whenever the user selects a particular PLthi@. If the user would like to view
a particular PLL IC chip datasheet before makindhigomind, he can also click on the
“View Datasheet” button provided. Moreover, usen edso select the chip options such
as the Lock Detect and Speedup Type at their edes.

A screenshot on the menu for selecting a PLL I ¢hishown on the following page
as Figure 21.
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Figure 21: Screenshot on the Menu for selecting aLlP. IC chip

Following next, the user will need to select theddilter configuration for their PLL
design. There will be a few variety of loop filteonfiguration to choose from and all
the configurations shown in the menu actually mescihe Phase Detector and Speedup
Mode that were selected earlier. A screenshot emtanu for selecting the loop filter

configuration is shown on the following page asuFey22.
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Figure 22: Screenshot on the Menu for selecting tHeoop Filter Configurations

After selecting the desired loop filter configuaatifor the PLL design, the user will
need to select a VCO for their PLL design. They edher choose from the existing
library files or they can customize their own VCBowever, by selecting a custom
VCO requires entering the tuning sensitivity, Kv. skreenshot on the menu for
selecting a VCO is shown on the following page igsife 23.
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VCO Selection E3
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Figure 23: Screenshot on the Menu for selecting aGO

Lastly, the user will move on to select or inpueithdesired reference frequency.
Similarly to selecting a VCO, user can either cleotiseir desired external reference
oscillator from the existing library files or thegan customize their own crystal
oscillator by specifying the desired reference dietcy. A screenshot on the menu for
selecting the reference frequency is shown ondheviing page as Figure 24.
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Figure 24: Screenshot on the Menu for selecting theeference Frequency

Then, the tutorial will goes on informing the useow to navigate the tutorial
navigation buttons, what are the navigation talailable and also the main screen
description. The tutorial will also include somefommation on how the user can
customize his/her PLL and how to use some of teduliseatures (e.g. Marker/Enable
feature) that are already built within the ADIsimiP&imulation software. At the same
time, it also covers some information on topicshsas Transient Simulation, Phase
Noise Calculation, Changing Loop Filters, Lock ¢t€ircuits and so on and so for.
No matter if the user is in the tutorial sessionnormal session, there are always 2
panels displayed on the screen.

One of them is the Data Panel, which shows the datings for the Reference

Oscillator, the VCO, the PLL Synthesizer IC chipe tLoop Filter and etc. The Data

Panel is displayed on the left hand side of theestiand it is the panel that can controls
most of the data entry to ADIsimPLL. The Data Pgrelides the main path where the
user can alter the loop bandwidth, change the ehpump current, and add in some
leakage current and so on.

Some of the data settings that are shown in thia Banel were the one that are defined
at the beginning stage by the user as explaindigredhe others are those data settings
that can either be change or not change by thetlus®rghout the phase of designing a
PLL. Notice that those data settings that can t@ngé or set by user are highlighted
within a green coloured box. As for those datairsggtthat cannot be set or change by
the user, it will not have any green coloured boouad it. User can always change
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those data settings that are changeable and thertamthe outcome from the other
panel.

The other panel stated above is actually calledResults Panel. It is situated on the
right hand side of the screen. This Results Panptimarily used for displaying pages

of results (and also for the tutorial page). Inmak cases (not tutorial session), there
will be a total of 5 navigation tabs inside thissBks Panel. They are the Components
tab, FregDomain tab, TimeDomain tab, Schematiatabfinally the Results tab.

A screenshot showing these 2 panels (Data PaneRasdlts Panel) as well as those
changeable data settings are captured below aseR2gu
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Figure 25: Screenshot showing the Data Panel anddtResults Panel

Basically, under the Results Panel, the Componittswvill includes some generated
output graphs such as VCO Phase Noise, VCO Freguearsus Voltage, VCO
Sensitivity versus Voltage and etc.

The FreqgDomain tab will show the output graphs geteel based on frequency domain,
this will includes graphs such as Open/Closed LoGain, Phase Noise,
Reference/Leakage Spurs and etc. While on the ditwed, the TimeDomain tab will
display output graphs that are generated in timeailo. The time domain graphs
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generated out includes graphs such as Frequensgl#tb Frequency Error, Output
Phase Error and etc.

As the name specifies, the Schematic tab will mtevihe user with the schematic
diagram on the selected PLL synthesizer IC chip #@mdconnections. Finally, the
Report tab will list a summary of all the outpusuéis such as the Phase Noise at
particular frequencies offset define by the ude,ltock Time with respect to frequency
and phase and etc in figures format or in a tatmienf An example showing all these 5
navigation tabs inside the Results Panel can bedfas Appendix F in this dissertation.

From here, based on all these output graphs anttsegnerated by ADIsimPLL, user

is able to know the performance and capabilityhefrt PLL design. If user is not satisfy

with the outcome or would like to improve their Pesign in some ways, they can
always change some of the data settings on the Patal so as to enhance their PLL
design accordingly.

In normal PLL design case, just right after theruselect he/her desired loop filter
configurations, ADIsimPLL will provide a default k& of the loop bandwidth and
phase margin to get the simulation started. Howeuser can still set his/her own
desired loop filter bandwidth and phase marginmttiime later to optimize the PLL
design. In any PLL design, the loop filter bandWid$é an important parameter that
requires much attention to it. User can vary thaplélter bandwidth to compensate for
different part of the PLL design such as the Loakd or the Phase Noise performance.
As mentioned before, when using ADISImPLL, at amgiof the PLL design phase,
user can still change the loop filter bandwidthhi®'her preference if they would like to
improve on any part of their PLL design’s performoan

Each new design will always commences with the RéWw Wizard and go through the
starting phase of defining the frequency requirdsieselecting the VCO and etc. At
any stage of the design process, the user cartlsaivd®LL design file as a .pll file. By
saving the design file as a .pll file will save® tvorkspace, everything in the Data
Panel and the locations of the graphs on the meqdtes. However, currently for
ADIsimPLL version 3.0, it does not save the markeations, custom graph scales or
saved traces in the graphs.

To get a hardcopy of the results pages and thetrepm ADISImPLL, user can simply
click on the page they wish to print (ensuring ti@use pointer has the focus) and then
click on the print icon on the toolbar. To copy eamh or schematics onto a word
processor such as Microsoft Word, user can simpigtrclick on the graph or
schematics and select copy, followed by selectagigponto the word processor.

4.3 Usage of ADIsimPLL

When using the ADIsimPLL, there are a few featultest are quite interesting and
useful. One of them is called the Marker/Enablduiea The user can enable a marker
on any of the generated output graph. In ordeotthd, user can just simply right click
on the particular graph chosen and on the menwafhagars select® The marker will
then appears as a brown dashed vertical line ogrégeh, with a black triangle at the
bottom. It will initially appear in the middle oi¢ graph. Basically, the black triangle at
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the bottom acts as a “handle” that allows the tsairag with the mouse to move the
marker to any desired location on the graph.

An example showing how the marker can be used terméne the lock time to 100 Hz
is shown on the following page as Figure 26.
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Figure 26: Example showing the Usage of the Markdfeature

From the above graph, by using the Marker/Enald¢ufe, we can see that the lock
time to 100 Hz is around 1.5ms. Whenever the grapiot selected, the marker handle
will disappear but the marker and its display etilll remains. To move the marker
again, user just need to click on the graph andriaeker handle will reappear.

Another interesting feature that ADISimPLL provideshe Save Trace feature. Before
the user alter any changeable data settings suthea®op bandwidth to see if the
changes made will optimise the PLL performanceair he/she can simply right click

on the Phase Noise graph on the FregDomain talkclgidon the Save Trace menu
item. This will saves the trace of the current ghasise performance for comparison
with the new results after changing the loop baxthviAn example showing how the

save trace feature works is shown below as Figtre 2
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Figure 27: Example showing the Usage of the Savedae Feature
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The pink trace that is shown on the above grapicates the previous phase noise
performance results while the red trace on the algraph indicates the new phase
noise performance results. With this feature, gsereasily compare and know what is
the outcome of his/her changes made and there iseed for the user to spend
unnecessary time to set back to the previous gsttio compare the results with the
new one. This Save Trace feature can be use faymdk of generated output graphs
from the ADIsimPLL simulation software.

Apart from using the ADIsimPLL for simulation purges, it can also be use as a testing
software by an engineer or anyone who wanted tovkhe performance of a particular
PLL synthesizer IC chip that they are interestetefore they decided to buy the chip
or the evaluation board from Analog Devices. Afteying out and if the output
performance really suits what they want for thepatiresults, they can then purchase
these PLL synthesizer IC chip or the evaluationrhdeom Analog Devices, knowing
roughly what will be the output results of it. Thigll resulted in an increase in
efficiency when using this particular PLL synthesizC chip or the evaluation board
and at the same time helps companies or individoadave money in buying unsuitable
or incompatible PLL synthesizer IC chip or evalaatboard.
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5. RESULTS

The Work Breakdown Structure (WBS) provided in #hgpendix B shows that the

project has been underway since the first week afcil 2006. In fact, some of the
research was started from early January 2006 omsw&rdm the first week of March

2006 onwards till now, almost all the tasks wereoatplished according to the timeline
schedule in the WBS except for the measuring psoesthe evaluation board (due to
the unforeseen difficulties and constraints facéd)).the milestones reflected in the
methodology flowchart of Figure 1 in Chapter 1 werlso almost accomplished
although there are some delays in finishing somasks within the milestones.

At the first milestone, the planning stage phase eampleted after defining the way of
working, the tasks required to be completed andtlegall general planning required in
running this project.

The second milestone, the research and reviewingeptvas completed as discussed in
Chapter 2, Background of this dissertation whei@byesearched information and work

reviewed are illustrated. The actual due date Ha milestone is being planned to be

completed is by 31 August 2006. This is to allomtawuous gathering of more details

information and data at a slower rate until theetim start writing the dissertation.

The third milestone, sourcing of available resosrie described in Appendix D,
Resource requirements and planning of this digsemta Whenever there is any
insufficient information faced during the next nsiene, measuring and stimulating,
more work had been carried out in these milestonasurrently with other processes.

The fourth milestone that was completed is basicdle measuring and stimulating
milestone. After the purchased evaluation board teathed Singapore on th& af
June 2006, the starting of this milestone was tlearried out. The measuring
experiment had been performed on the ADF4360-1luatiah board as described in
Chapter 3 and the stimulating of ADF4360-1 syntresiC chip using the ADIsimPLL
simulation software was also covered in Chapter 4.

The fifth milestone on evaluating and comparinghaf results will be discussed in this
chapter and the sixth milestone on recommendatimhcanclusion will be covered in
the last chapter, Discussion and Conclusion of dissertation. Last but not least, the
final milestone, which is the documentation andorépg, is just simply the
documentation of all the work done and things/lasdearnt into this dissertation.

Throughout the whole project phase, in order toatpdhe project supervisor on the
current progress of the project at all times, aklyeprogress report had been created.
This weekly progress report will be updated accuylyi and send to the project

supervisor in weekly basis. A sample of the wegklygress report that was submitted
for Week 637 is captured as Appendix | in this elitstion.

As detailed in Chapter 3, all the test points &f &hDF4360-1 evaluation board had
been measured in order to get the actual perforengesuilts of this evaluation board. In
Chapter 5.1, it will present the output resultsnirall these measurements made.
Following that, in Chapter 5.2, the output resutts the simulation done with
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ADF4360-1 synthesizer IC chip by using the ADIsinhPdimulation software will then
be discussed.

5.1 Results on Hardware Evaluation

As mentioned in Chapter 3, the first measuremamtaing carried out by powering up
the evaluation board and connecting the probe fhannel 1 of the Tektronix
TDS3014B high speed oscilloscope to the respetdisepoints with the ground pin of
the probe connected to the ground point of theuatadn board, Test Point, T4. The
first measurements output results on the wavefdonshe Test Point, T1 and T2 are
shown below as Figure 28 and 29 respectively.
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Figure 28: Test Point T1 Output Waveform using Tektonix TDS3014B
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Figure 29: Test Point T2 Output Waveform using Tektonix TDS3014B
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At the same time, a table had been drawn up tordette voltage readings (in V or
mV), the time/period readings (in ns) as well as fiequency readings (in MHz) for
each individual test points on the evaluation bodrdis table can be found under
Appendix J of this dissertation.

From all the output waveforms displayed from theti@ix TDS3014B high speed
oscilloscope, it can be seen that only Test Poihtafid T2 shows a definite shape
waveforms (e.g. some sort of a square or sine wéwve)other 9 test points only shows
some sort of a DC straight line output waveformestTPoint T1 is actually connected to
the TCX010 external reference oscillator of 10 Matzd Test Point T2 is actually
connected to the input of the RigMpin (which is Pin 16 of the ADF4360-1 frequency
synthesizer IC chip).

From the readings in the table under Appendix daiit be seen that only Test Point T1
and T2 have period and frequency recorded, ther &hest points have no period or
frequency shown on the measurement scale disptaydide Tektronix TDS3014B.

Since the measurement results from the first measemts seem to be a bit strange and
incorrect as most of the other test points haveessort of a DC straight line output
waveforms, therefore, in order to verify and makkeesvhat had been measured so far
are actually correct, a second round of measuresmamtall the test points had been
carried out using the LeCroy Wave Surfer 424 higesl oscilloscope.

The output waveforms for the Test Point, T1 andfd@2the second measurements are
shown below as Figure 30 and 31 respectively.

File ‘ertical Timehase Trigger Display Cursors Measure  hath  Analysis  Ltilities Help

F

Measwre P1:period(C1] P2 pkpk(C1) P3:max(C1) P4:min(ic1) PS:fregiC1) PE:rize(C1)

valle 99 896 nz 267 my 89 my -178 my 100104 MHz 51.087 ne
mean 100.00010 n= 266.76 my G5.33 my -175.43 m¥ 10.000000 MHZ 10782 ne
min 99391 nz 263 my 54 my -188 my 99598 MHz 22574 nz
max 100403 ne 273 my g2 my 173 my 10,0612 MHz ab.337 ne
acley 9767 p= 1.86 my' 1.48 my 181 m¥ 9768 kHz 7 00666 ns
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Figure 30: Test Point T1 Output Waveform using LeCpoy Wave Surfer 424
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Figure 31: Test Point T2 Output Waveform using LeCpoy Wave Surfer 424

Similarly to the first measurements, a table had &keen drawn up to record the voltage
readings (in V or mV), the time/period readings (ig) as well as the frequency
readings (in MHz) for each individual test pointstbe evaluation board. This table can
be found under Appendix K of this dissertation.

From all the output waveforms displayed from th€t@y Wave Surfer 424 high speed
oscilloscope, it can be seen that again only TesttH'1 and T2 shows a definite shape
waveforms (e.g. some sort of a square or sine waéwve)other 9 test points only shows
some sort of a DC straight line output waveforms.

From the readings in the table under Appendix Kgaih be seen that again only Test
Point T1 and T2 have both period and frequencyroeth the other 9 test points have
unstable or no period or frequency shown on thesomemnent scale displayed on the
LeCroy Wave Surfer 424.

One of the example output waveform from the othtes® points such as Test Point T3
is display as Figure 32 shown on the following pdgkas a voltage peak-to-peak value
of 14 mV, ground to positive voltage peak valuesahV, ground to negative voltage
peak value of -8 mV. The unstable values for TeshtPT3 period and frequency are
reflected as 6.865 ns and 145.7 MHz respectivedyindlicated by LeCroy Wave Surfer
424, those values displayed with this icc - ” seen below means that the values are
unstable and may not be correct. Thus, these tfpeslues are reflected as a “-” in the
table under Appendix K.
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Figure 32: Test Point T3 Output Waveform using LeCpoy Wave Surfer 424

With this second round of measurements, it provedl the measured values in the first
round of measurements should be correct, however vdlues and the output
waveforms for the other 9 test points still seenbéoincorrect. After checking these
measurement results with the Applications Engingem Analog Devices, it was
realized that there is a need to program the egigor the R Counter, Control Latch
and N Counter first using the ADF4360 evaluatiorardoprogrammable software
before starting to measure all the test points thedparameters on the board that are
required for future 3G applications.

As discussed in Chapter 3.4, a lot of unforesedficulties and limitations were
encountered when using this ADF4360 evaluation dgmogrammable software and
conducting the measuring experiment, hence, eviyttlae process of measuring the
ADF4360-1 evaluation board performance are beingplemented by using the
simulation software from Analog Devices, called &2lsimPLL instead.

Unfortunately, when using the ADISimPLL, some oé trequirements or parameters
that are needed for future 3G applications stiddsto be measured physically using
the ADF4360-1 evaluation board. This means in arotford, some of these future 3G
requirements values cannot be found by using thdsidiPLL. The only way to
retrieve their values is by the means of measutiiveg ADF4360-1 evaluation board
again. These requirements or parameters that ndeel imeasured physically are shown
the following page.
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Loop Filter Output / VCO Input

The VCO Input or the Loop Filter Output results aradues will only be retrieved by
measuring Pin 7 (dne) of the ADF4360-1 synthesizer IC chip on the eatibn board.
Unfortunately, there isn’t any available test psitinked to this pin on the evaluation
board, thus it is unable to measure this parameter.

VCO Output

On the other hand, the VCO Output results and gata@ only achieved by measuring
the RRoyrta. However, as mentioned before in Chapter 3.4,etlae difficulties in
getting the 3 GHz spectrum analyzer for measuresnand therefore, this parameter
had been left unmeasured as well.

5.2 Results on Software Simulation

After familiarized with the usage of this ADIsimPLdoftware via the tutorial session
(as mentioned in Chapter 4), similar steps usiegNBw PLL Wizard as mentioned in
Chapter 4.2 had also been carried out. Firstly, rdspective ADIsimPLL Starting
Options are selected as shown below in Figure 33.

ADIsimPLL Starting Options g]

The PLL haz to:
* produce arange of equal spaced output frequencies

(" produce a single output frequency

SirnPLL should:
{* check that all channels can be generated

" nhot check that all channels can be generated

The PLL iz
{* an |nteger-M PLL

™ aFractional-N PLL

| want to zpecify the:

output channel spacing. Thiz will equal the phaze detector
frequency unlezs an external prezcaler iz chosen

= phaze detectar frequency. This will equal the channel
zpacing unlesz an external prezcaler iz chozen

| Mext » | Cancel Help

Figure 33: ADIsimPLL Starting Options for this Proj ect

Then, the subsequent settings defined on the NelwWizard for the project are as
follows (shown in Table 7 on the following page).
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Minimum Frequency: 2.20 GHz

Maximum Frequency: 2.45 GHz

Phase Detector Frequency / Channel Spacing§.00 MHz

Select PLL Chip: ADF4360-1 Integrated-N PLL Chip

Lock Detect: None

Speedup Type:None

VCO Divider: div=1

Loop Filter Configuration: Charge Pump Passive 2 Capacitors type (which i s
the one shown on Figure 22)

PLL Reference SelectionFrom Library, Model: “TCX010”, Frequency: 10.0 MHz
Loop Bandwidth: 10 KHz (which is the default setting for the a¢t@dF4360-1
evaluation board loop bandwidth value)

Phase Margin: 45 degree

3

Table 7: Phase Noise with Loop Bandwidth of 10 KHz

Since ADF4360-1 synthesizer IC chip has an in-bd@O, thus there is no need to
select any desired VCO from the ADIsimPLL software.

Next, the values for the other requirements or ipatars (apart from the VCO input
and output) that are needed for future 3G appbaoatiare being retrieved by tackling
one by one using the ADIsSimPLL software as showtinéfollowing sections.

Channel Spacing

Generally, for an Integer-N PLL, the Phase Frequebetector (PFD) frequency is
equal to the step size, which is also equal toctiennel spacing as well as the Phase
Detector Frequency (PDF). Using ADIsimPLL simulatisoftware with ADF4360-1
synthesizer chip chosen as the base, the charmghgps actually user specified as set
in Table 7. However, in order to select an appaiprivalue for the channel spacing,
there is one important criterion, which is relatedhe reference frequency that needs to
be taken care of.

A reference frequency is a stable frequency thatRhL uses to generate an output
frequency. Standard values of an external referesc#lator are those that are already
available in the market. A custom value of an exkreference oscillator is the one
that mathematically will work, but it may be a aust order from an external
reference/crystal manufacturer. Now, the critesithat the reference frequency must be
an integer multiple of the channel spacing. Sinloe éxternal reference oscillator
chosen in the ADF4360-1 evaluation board is the DC®& external reference oscillator
with a reference frequency of 10 MHz, thus evemyuile channel spacing was chosen
to be 5 MHz, which is the same as the current 3@irements.

Lock Time (Frequency & Phase)

Both the requirements “acquisition time after swibg to a new frequency (to get
within one cycle slip of new frequency)” and “timequired to change channels” are all
referring to the same parameter known as the “lcle” with respect to Analog

Devices terminology. The values of this lock tim@ncbe found by looking at the
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Absolute Frequency Error graph generated by thes®lPLL software or by looking at
the Frequency Locking Time stated in the Reportuiatber ADIsimPLL software. The
Absolute Frequency Error graph generated for thigjept using the ADF4360-1
synthesizer IC chip is shown below as Figure 34.
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Figure 34: Absolute Frequency Error Graph

For the requirement on the “settling time (for phasror to decrease from near 360
degrees to near zero)”, it is also referring to ‘tloek time” with respect to Analog
Devices terminology. Just that now, the valueshi$ fock time can be found by
looking at the Output Phase Error graph generatethé ADIsimPLL software (as
shown below as Figure 35) instead or by lookinghat Phase Locking (VCO Output
Phase) Time stated in the Report tab under ADIsim&Riftware.
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Figure 35: Output Phase Error Graph
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Logically, an increase in the loop bandwidth willeeds up the lock time but at the
same time decrease the phase noise performancee Herfind out a suitable value for
the loop bandwidth in order to have the best t@ffidbetween the lock time and phase
noise, a few rounds of trial and error experimemésl been conducted using the
ADIsimPLL simulation software.

First of all, the following parameters are being@ethe New PLL Wizard and the Data
Panel inside the ADISimPLL software.

i. PLL output/operating frequency = 2.35 GHz

ii. Loop bandwidth = 10 KHz

iii. Phase Margin = 45 degrees

V. Channel Spacing = 5 MHz

V. TCXO010 Crystal Oscillator / Reference frequerci0 MHz

Since the actual default value of the loop bandwidt ADF4360-1 evaluation board is
define as 10 KHz, thus in our first trial and erexperiment, the loop bandwidth is set
at 10 KHz. This loop bandwidth value of 10 KHz @nsidered as the initial starting
point or can be treated as the lowest value fotabp bandwidth to have a stable loop.

The Phase Noise Table generated by the ADIsimPlftwace is as shown below in
Table 8.

Phase Noise Table

Freq Total VCO Ref Chip Filter

100 -94.05 -99.34 -- -95.57 -135.8
1.00k -88.40 -89.38 -- -95.37 -115.9
10.0k -84.04 -84.68 -- -93.25 -101.9
100k -110.7 -110.8 -- -127.9 -135.9
1.00M -132.0 -132.0 -- -167.9 -175.8
10.0M -150.0 -150.0 -- -207.9 -215.8
100M -159.6 -159.6 -- -247.9 -255.8
1.00G -160.0 -160.0 -- -287.7 -294 .4
2.35G -160.0 -160.0 - -298.2 -299.6

Table 8: Phase Noise with Loop Bandwidth of 10 KHz

The Frequency Locking Time and the Phase Locking@\Output Phase) Time stated
in the Report tab of ADIsimPLL software are as shdelow in Table 9.

Frequency Locking
Time to lock to 1.00 Hz is 39
Time to lock to 5.00MHz is 8.9%s

Phase Locking (VCO Output Phase)
Time to lock to 1.00 deg is 286
Time to lock to 45.0 deg is 188

Table 9: Frequency and Phase Locking Time with Loofandwidth of 10 KHz
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Following next, the loop bandwidth is then set teeay high value until just before the
loop becomes unstable (in another word. This vadeund to be 790 KHz, which can
be considered as the final ending point or carrdsted as the highest value for the loop
bandwidth to have a stable loop.

The following parameters are set under the Dat@lRaside the ADIsimPLL software.

I PLL output/operating frequency = 2.35 GHz

ii. Loop bandwidth = 790 KHz

iii. Phase Margin = 45 degrees

iv. Channel Spacing = 5 MHz

V. TCXO010 Crystal Oscillator / Reference frequerci0 MHz

The Phase Noise Table generated by the ADIsimPlftwace is as shown below in
Table 10.

Phase Noise Table

Freq Total VCO Ref Chip Filter

100 -95.57 -175.2 -- -95.57 -192.8
1.00k -95.57 -165.2 -- -95.57 -172.8
10.0k -95.56 -155.3 -- -95.56 -152.8
100k -95.25 -139.3 -- -95.25 -132.8
1.00M -95.09 -128.9 -- -95.10 -122.5
10.0M -132.0 -149.9 -- -132.0 -158.9
100M -159.4 -159.6 -- -172.0 -198.9
1.00G -160.0 -160.0 -- -212.0 -238.9
2.35G -160.0 -160.0 - -226.9 -253.8

Table 10: Phase Noise with Loop Bandwidth of 790 KH

The Frequency Locking Time and the Phase Locking@\Output Phase) Time stated
in the Report tab of ADIsimPLL software are as shdelow in Table 11.

Frequency Locking
Time to lock to 1.00 Hz is 5.88
Time to lock to 5.00MHz is 1.62s

Phase Locking (VCO Output Phase)
Time to lock to 1.00 deg is 3.Q%
Time to lock to 45.0 deg is 1.83

Table 11: Frequency and Phase Locking Time with Lgw Bandwidth of 790 KHz

From here, the loop bandwidth is then slowly reduaed this resulted in slowing down
the transient as well. Finally, in order to strik®alance between both the lock time and
the phase noise, which are consider as the imgorequirements for future 3G
applications, the loop bandwidth is being reduca toost suitable value of 80 KHz.
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The following parameters are set under the Dat@lRaside the ADIsimPLL software.

i. PLL output/operating frequency = 2.35 GHz

ii. Loop bandwidth = 80 KHz

iii. Phase Margin = 45 degrees

V. Channel Spacing = 5 MHz

V. TCXO010 Crystal Oscillator / Reference frequerci0 MHz

The Phase Noise Table generated by the ADIsimPlftwace is as shown below in
Table 12.

Phase Noise Table

Freq Total VCO Ref Chip Filter

100 -95.57 -135.5 -- -95.57 -162.9
1.00k -95.56 -125.5 -- -95.57 -142.9
10.0k -95.21 -115.5 -- -95.26 -123.0
100k -94.69 -107.9 -- -94.98 -112.4
1.00M -128.8 -131.9 -- -131.8 -148.8
10.0M -150.0 -150.0 -- -171.8 -188.8
100M -159.6 -159.6 -- -211.8 -228.8
1.00G -160.0 -160.0 - -251.8 -268.8
2.35G -160.0 -160.0 -- -266.6 -283.5

Table 12: Phase Noise with Loop Bandwidth of 80 KHz

The Frequency Locking Time and the Phase Locking@\Output Phase) Time stated
in the Report tab of ADIsimPLL software are as shdelow in Table 13.

Frequency Locking
Time to lock to 1.00 Hz is 50i&
Time to lock to 5.00MHz is 2.0s

Phase Locking (VCO Output Phase)
Time to lock to 1.00 deg is 28,8
Time to lock to 45.0 deg is 18.3

Table 13: Frequency and Phase Locking Time with Lgw Bandwidth of 80 KHz

By comparing these new settings with the previosstfings, the lock time to lock to 5
MHz (which is from 1 channel to another) as stdtece will be about 4.5 times faster
than the lock time to lock to 5 MHz with loop bandtih of 10 KHz and about 0.8 times
slower than the lock time to lock to 5 MHz with pbandwidth of 790 KHz. Moreover
the phase noise with loop bandwidth of 80 KHz i staintaining in quite a good
performance as compare to the one with loop barttivatl 790 KHz. The phase noise
graph for both the loop bandwidth of 10 KHz andKdfz are reflected as Figure 36.
The pink trace represents the total phase noigghgréth loop bandwidth set at 10 KHz,
while the red trace represents the total phasee rgaph with loop bandwidth set at 80
KHz.
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Phase Noise at 2.35GHz
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Figure 36: Total Phase Noise Graph at 2.35 GHwith Loop Bandwidth of 80 KHz

The Frequency graph for the loop bandwidth of 80zK#i reflected as Figure 37 as
shown below. From this Frequency graph, notice thatoutput VCO frequency first
raises from 2.28 GHz to about 2.456 GHz withinfihet 1 microsecond and after that it
fluctuates and final get stabled at 2.45 GHz (wlcthe desired output VCO frequency)
after 10 microseconds.
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Figure 37: Frequency Graph with Loop Bandwidth of & KHz
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In conclusion, with the loop bandwidth set at 80KIH improved the lock time to lock
to 5.00 MHz from original 8.99s (based on loop bandwidth of 10 KHz) to 2.80and
improve the phase time to lock to 45.0 degrees foviginal 189us (based on loop
bandwidth of 10 KHz) to 18.3s.

At the same, notice that with loop bandwidth set8&t KHz, the phase noise
performance at Frequency 100 KHz and 1 MHz is egraded so much as compare to
the setting with loop bandwidth of 790 KHz.

Phase Noise

For phase noise, it is always the lower the phasger(which means the larger negative
value), the better the phase noise performanceb@il(E.g. -160dBc/Hz is better than -
150dBc/Hz).

Inside the ADIsimPLL simulation software, the VCOrsthe library files can have
tabulated phase noise data (and this is how recomete measured VCO's are
modelled). The VCO built inside the ADF4360-1 eian board has a phase noise
Floor of -160dBc/Hz from the table of VCO libramjes. Which means, at 2.35 GHz or
2.45 GHz, the phase noise is at -160dBc/Hz.

As mentioned earlier, any changes to the loop baitbwvill have direct impact on the
phase noise. From the generated phase noise gsagown below in Figure 38, the
phase noise has a significant hump around the bamplwidth and the initial reaction
may be that the phase margin is poor. In factatiteal main reason for the hump to be
present around the loop bandwidth is due to thele phase noise performance of
the ADF4360-1 synthesizer chip, which causes thsenmside the loop bandwidth to
be low.

Phase Noise at 2.35GHz
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Figure 38: Phase Noise Graph at 2.35 GHa&ith Loop Bandwidth of 80 KHz
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As we currently have an ideal external referenasgllator (TCX010), the only noise
contributions come from the VCO, Chip and the Ldeitter. The Chip clearly
dominates at low frequencies, the VCO at high feemies, but around the ‘hump' there
are similar contributions from all three components

From the phase noise graph shown in Figure 38, gaou see that the loop filter
contribution for the lower current implementati@@hiarge Pump (CP) Current: 3j13]
contributes substantially greater noise when coagp#o the loop filter contribution for
the higher current implementation [Charge Pump (Ci)yent: 2.50 mA|.

As displayed in the above phase noise graph inr€ig8, the pale green trace indicates
the phase noise performance of the loop filter ttarge Pump (CP) Current of 2.50
mA while the bright green trace indicates the phasiee performance of the loop filter

with Charge Pump (CP) Current of 31A.

Higher charge pump currents generally reduce phmasse; however they result in
larger loop filter capacitors. Smaller currentsueslthe size of the filter capacitors, but
increase the resistor value(s) resulting in aneiase in phase noise.

Changing the charge pump current does not chamgetk time if the loop bandwidth
is kept constant. This can be easily verified bgngding the charge pump current under
the Data Panel and look at the lock time undeiRégort tab of the Results Panel in the
ADIsimPLL simulation software.

As mentioned earlier in Chapter 3, the type of Ifitipr configuration chosen for this
project is the Charge Pump Passive 2 Capacitoes #py changes made on this loop
filter configuration, will resulted in a change ime lock time and phase noise
performance even if the loop bandwidth is kept tamsat 80 KHz.
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6. DISCUSSION AND CONCLUSIONS

6.1 Results Discussion

After using the ADISImPLL simulation software to giign for a suitable frequency
synthesizer (based on ADF4360-1 synthesizer chop)fdture 3G applications and
optimised the lock time by increasing the loop haidth with the best trade off
between the lock time and phase noise, the valfiesost of the requirements or
parameters mentioned in the previous chapter anedfoThese parameters values from
the frequency synthesizer design created by ADIkim&re then compared with other
manufacturer’s frequency synthesizer design (bamedlatasheets only) as well as
future 3G predicted requirements (based on whatevemation found in the Internet
and books).

For easy visualization and comparison, 2 comparisires on these requirements
between the synthesizer design created by ADIsimBhdl the other manufacturer’s
frequency synthesizer design had been drawn up@snsin Table 14 and 15 on the
following pages.

From Table 14, notice that when compared the tieagiired to change channels or the
lock time between the ADF4360-1 and ADF4360-0 festpy synthesizer IC chips,
with the same preset settings, the ADF4360-1 sgitbe chip seems to have a slightly
better and a faster lock time than ADF4360-0 sysiteg chip. From Table 14,
ADF4360-1 synthesizer chip have a lock time to leaks MHz at 2us whereas the
ADF4360-0 synthesizer chip have a lock time to laok5 MHz at 2.4us. When
comparing this lock time for ADF4360-1 synthesigbip with the typical lock time for
both the LMX2310U and LMX2347 frequency synthesii€r chips, ADF4360-1
synthesizer chip is obviously better as it is desd@yand optimised by the user using
ADIsimPLL simulation software.

When comparing the phase noise at 2.5 KHz withinfital frequency under Table 14,
ADF4360-0 synthesizer chip have a slightly betterfgrmance than the ADF4360-1
synthesizer chip but still, LMX2347 have the bebkage noise performance of -83
dBc/Hz at 2.5 KHz within the final frequency. Hovesy both the LMX2310U and

LMX2347 synthesizer chips from National Semicondusthave a fixed operating
frequency range at only 2.5 GHz which made thera fesible as compared to the
ADF4360-1 and ADF4360-0 synthesizer chips whichthasoperating frequency range
from 2.05 GHz to 2.45 GHz and 2.4 GHz to 2.725 Gétpectively.

From Table 15, when comparing the phase noise qeaioce at 1 MHz within the final
frequency, TRF3761 synthesizer chip from Texasuinsént have a better phase noise
performance of -138 dBc/Hz than the ADF4360-1 sgsiter chip.

At the same time, a comparison table on these nemeints between the synthesizer
design created by ADIsimPLL and the future 3G prtedl synthesizer design based on
the information found in the Internet and books badn drawn up as Table 16 shown
on the following pages as well.
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Manufacturer Analog Devices National Semiconductor
Model No ADF4360-1 ADF4360-0 LMX2310U LMX2347
Operating 2.05 GHz t0 2.45 GHz 2.4 GHz t0 2.725 GHz 2.5 GHz 5 @Hz

Frequency Range

Time required to
change channels

Time to lock to 1.00 Hz is 4725
Time to lock to 5 MHz is 2is

Time to lock to 1.00 Hz is 49,85
Time to lock to 5 MHz is 2.4s

500us (Typical)

45Qus (Typical)

VCO Inputs and
Outputs

Need to measure Ve (Pin 7).

Need to measure e (Pin 7).

No evaluation board.

No evaluation board.

Filter Outputs

Need to measure{¥ne (Pin 7).

Need to measure e (Pin 7).

No evaluation board.

No evaluation board.

Acquisition time
after switching to
a new frequency
(to get within one
cycle slip of new
frequency)

Loop bandwidth = 80 KHz
Phase Margin = 45 degrees
Operating Frequency = 2.45 GHz
Channel Spacing = 5 MHz
Reference Oscillator Frequency = 10 MH
Frequency Locking
Time to lock to 1.00 Hz is 4725
Time to lock to 5 MHz is 2s
(from ADIsimPLL)

Loop bandwidth = 80 KHz
Phase Margin = 45 degrees

Operating Frequency = 2.45 GHz Channge

Spacing =5 MHz

z Reference Oscillator Frequency = 10 MHz

Frequency Locking
Time to lock to 1.00 Hz is 49,85
Time to lock to 5 MHz is 2.4s
(from ADIsimPLL)

Not available from
datasheet

Not available from
datasheet

Settling time (for
phase error to
decrease from

Loop bandwidth = 80 KHz
Phase Margin = 45 degrees
Operating Frequency = 2.45 GHz
Channel Spacing = 5 MHz
Reference Oscillator Frequency = 10 MH

Loop bandwidth = 80 KHz
Phase Margin = 45 degrees
Operating Frequency = 2.45 GHz
Channel Spacing = 5 MHz

z Reference Oscillator Frequency = 10 MHz

Not available from

Not available from

near 360 degrees Phase Locking Phase Locking datasheet datasheet
to near zero) Time to lock to 45.0 deg is 15 Time to lock to 45.0 deg is 164
Time to lock to 1.00 deg is 27,3 Time to lock to 1.00 deg is 26,3
(from ADIsimPLL) (from ADIsimPLL)
Channel Spacing Max. 8 MHz (user-specified) Max. 8 MHz (user-spietij Max. 10 MHz Max. 10 MHz
Operating Frequency = | Operating Frequency =
2.45 GHz 2.45 GHz
Operating Frequency = 2.45 GHz . _ Channel Spacing =200| Channel Spacing = 200
Channel Spacing = 200 KHz Operating Frequency = 2.45 GHz KHz KHz

Phase Noise at a
specified offset
from the output

Reference Oscillator Frequency = 10 MH
Loop Bandwidth = 12 KHz
Phase Margin = 45 degrees

Phase Noise = -79.74 dBc/Hz at 2.5 KHg

within the final frequency
(from ADIsimPLL)

Channel Spacing = 200 KHz

Z Reference Oscillator Frequency = 10 MHz

Loop Bandwidth = 12 KHz
Phase Noise = -79.81 dBc/Hz at 2.5 KHg
within the final frequency

(from ADIsimPLL)

Reference Oscillator
Frequency = 10 MHz
Loop Bandwidth = 12
KHz
Phase Noise = -78 dBc/H
at 2.5 KHz within the final
frequency (from
Datasheet)

Reference Oscillator
Frequency = 10 MHz
Loop Bandwidth = 12
KHz
z Phase Noise = -83 dBc/H
at 2.5 KHz within the final
frequency (from

N

Datasheet)

Table 14: Comparison Table 1 on Requirements betwadhe Synthesizer Design created by ADISsimPLL andhe other

manufacturer's Frequency Synthesizer Design
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Manufacturer Analog Devices Texas Instrument Singapore Technologies
Model No ADF4360-1 ADF4360-0 TRF3761 STW81100
Operating

Frequency Range

2.05 GHz to 2.45 GHz

2.4 GHz to 2.725 GHz

375 Méi24 GHz

825 MHz to 4.4 GHz

Time required to
change channels

Time to lock to 1.00 Hz is 4725
Time to lock to 5 MHz is 2is

Time to lock to 1.00 Hz is 49,85
Time to lock to 5 MHz is 2.4s

300pus (Typical)

15Qus (Typical)

VCO Inputs and
Outputs

Need to measure\ne (Pin 7).

Need to measure)e (Pin 7).

No evaluation board.

No evaluation board.

Filter Outputs

Need to measure\ne (Pin 7).

Need to measure)e (Pin 7).

No evaluation board.

No evaluation board.

Acquisition time
after switching to
a new frequency
(to get within one
cycle slip of new
frequency)

Loop bandwidth = 80 KHz
Phase Margin = 45 degrees
Operating Frequency = 2.45 GHz
Channel Spacing =5 MHz
Reference Oscillator Frequency = 10 MH
Frequency Locking
Time to lock to 1.00 Hz is 4725
Time to lock to 5 MHz is 2is
(from ADIsimPLL)

Loop bandwidth = 80 KHz

Phase Margin = 45 degrees

Operating Frequency = 2.45 GHz Chann|
Spacing =5 MHz

z Reference Oscillator Frequency = 10 MH

Frequency Locking
Time to lock to 1.00 Hz is 4985

Time to lock to 5 MHz is 2.4s
(from ADIsimPLL)

e

Not available from
datasheet

Not available from
datasheet

Settling time (for
phase error to
decrease from

Loop bandwidth = 80 KHz
Phase Margin = 45 degrees
Operating Frequency = 2.45 GHz
Channel Spacing =5 MHz
Reference Oscillator Frequency = 10 MH

Loop bandwidth = 80 KHz
Phase Margin = 45 degrees
Operating Frequency = 2.45 GHz
Channel Spacing =5 MHz
z Reference Oscillator Frequency = 10 MH

Not available from

Not available from

near 360 degrees Phase Locking Phase Locking datasheet datasheet
to near zero) Time to lock to 45.0 deg is 15 Time to lock to 45.0 deg is 164
Time to lock to 1.00 deg is 27,3 Time to lock to 1.00 deg is 26,3
(from ADIsimPLL) (from ADIsimPLL)
Channel Spacing Max. 8 MHz (user-specified) Max. 8 MHz (user-spied] Max. 30 MHz Max. 10 MHz
Operating Frequency = | Operating Frequency =
2289 MHz 2200MHz
Operating Frequency = 2289 MHz Operating Frequency = 2400 MHz Channel Spacing = 200 Channel Spacing =
Channel Spacing = 200 KHz Channel Spacing = 200 KHz KHz Unknown
Phase Noise at a Reference Oscillato_r Frequency = 10 MHz Reference Oscillato_r Frequency = 10 MHz Reference Oscillator Reference Clock Signal 3
specified offset Loop Bandvv_ldth =15 KHz Loop Bandvv_ldth =15 KHz Frequency = _Unknown 19.2MHz_
from the output Pha§e Margin = 45 degrees Pha_se Margin = 45 degrees Loop Bandwidth = 15 Loop Bandwidth =
Phase Noise =-131.8 dBc/Hz at 1 MHz| Phase Noise = -132.8 dBc/Hz at 1 MHz KHz Unknown

within the final frequency
(from ADIsimPLL)

within the final frequency
(from ADIsimPLL)

Phase Noise =-138
dBc/Hz at 1 MHz within
the final frequency (from

Datasheet)

Phase Noise = -61 dBc/H
at 1 KHz within the final
frequency (from

N

Datasheet)

Table 15: Comparison Table 2 on Requirements betwadhe Synthesizer Design created by ADIsimPLL andhie other

manufacturer's Frequency Synthesizer Design
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PLL Design
Specifications required
for 3G Applications

PLL Design Specifications
concluded from the information
found in Internet for current 3G

Specification

My own PLL Design
Specifications based on
ADF4360-1 chip

Frequency Range

1.5 GHz to 3 GHz

2.25 GHz to 2.45 GHz

Step Size = Channel Spacing

Step Size 5 MHz PDF frequency = user-defined|(5
MHz)
Channel Spacing 1.25 MHz to 5 MHz 5 MHz
For an output frequency of 2.35

Phase Noise at a specif
offset from the output

For an output frequency of 1.9
GHz, the TRF3761 delivers -13
dBc/Hz phase noise when
measured at a 600 kHz offset, 4
noise floor of -160 dBc/Hz wher
measured at a 10 MHz offset.

GHz, this own created PLL
design delivers -121.5 dBc/Hz
Eiﬂase noise when measured at a

0 kHz offset, and noise floor
-160 dBc/Hz when measured at a
10 MHz offset.

8

N

Acquisition time after
switching to a new
frequency (to get within
one cycle slip of new
frequency)

80 ms

Loop bandwidth = 80 KHz
Phase Margin = 45 degrees
Operating Frequency =2.35 G
Channel Spacing =5 MHz
Reference Oscillator Frequenc
10 MHz
Frequency Locking
Time to lock to 1.00 Hz is 4725
Time to lock to 5 MHz is 2is
(from ADIsimPLL)

Settling time (for phase
error to decrease from
near 360 degrees to ne
zero)

Typically 200us

Loop bandwidth = 80 KHz
Phase Margin = 45 degrees
Operating Frequency =2.35 G
Channel Spacing =5 MHz
Reference Oscillator Frequens
10 MHz
Phase Locking
Time to lock to 45.0 deg is 1i&
Time to lock to 1.00 deg is 27
us
(from ADIsimPLL)

N

Switching Time / Time

Loop bandwidth = 80 KHz

Phase Margin = 45 degrees
Operating Frequency =2.35 G

Channel Spacing =5 MHz
Reference Oscillator Frequenc

L?]gl#;i?sto change Not Available 10MHz
Frequency Locking
Time to lock to 1.00 Hz is 4725
Time to lock to 5 MHz is 2is
(from ADIsimPLL)
Spurious signal level Not Available No spurious signal level

Power

consumption/dissipation

Max. Tx Power 30dBm (1W)

Not Available

Min. Tx Power -50dBm

Table 16: Comparison Table on Requirements betweefynthesizer Design created

by ADIsimPLL and the Future 3G predicted Synthesize Design
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Since it was impossible to gather all the datahendther manufacturers’ synthesizer IC
chips that are required to compare with the ADF4B@@equency synthesizer design,
therefore it was unable to fully select and justfiwhich is the best frequency
synthesizer design for future 3G applications. Heimt conclusion, after optimizing the
performance of the ADF4360-1 synthesizer IC chimgishe ADISImPLL software,
ADF4360-1 seems to have a good performance thasuitable for future 3G
applications. When comes to lock time to lock tdblz (which is switching from 1
channel to another with channel spacing of 5 MitZ)as the best performance so far
although the phase noise performance is not the dadsof all the other frequency
synthesizer IC chips.

6.2 Conclusion

This dissertation has summarized the work involwedulfilling the objectives of the
project. Although, quite a lot of work had been gbeted in this project, however there
are still some more researches and experimentsreelgoefore we can actually define
exactly what will be the future 3G requirements padameters.

Throughout the whole project phase, besides legriow the PLL frequency
synthesizer actually works, what are the differgypges of frequency synthesizer
techniques available and the important key paraméteide a frequency synthesizer, |
also get to learnt what is the history of the melystems generations, how 3G systems
comes about, how WCDMA functions and etc. Apartfrall these, | also get the
chance to learn how to use some of the up to dai@suning equipment such as the
Tektronix TDS3014B and the LeCroy Wave Surfer 4Rfhlspeed oscilloscopes which

| had not yet seen before. Not to forget, | had déarnt how to use the dynamic
ADIsimPLL simulation software from Analog Devices.

In the near future, the future 3G systems or thesy§iems will be developed. One of
the main objectives of developing the future 3Gtays or the 4G systems is to
overcome the shortcomings and limitations of theresu 3G systems. Future 3G
systems or 4G systems will focus more on the fdalgvwkey points.

)] Offer higher bandwidth up to 100 Mbps

ii) Allows global roaming

iii) Enhanced network architecture, having entirelyacket switched network
iv) Accommodate a collection of wireless networks

V) Provides asymmetrical services

This will also mean that the future 3G or 4G systemil need to have the requirements
cater for all these above mentioned key points.

As mentioned before in Chapter 2, the current 3&esys offer maximum bandwidth
up to 2 Mbps, however in practical the bandwidthikable to the users can be less than
2 Mbps. Even though the bandwidth offered by 3@esys is higher than 2G systems,
it is still actually insufficient to support all ¢h different types of multimedia
communications. That is the reason why currenthg&pore is looking at enhancing the
bandwidth or the data rate by using the High Spg2ednlink Packet Access (HSDPA)
for downlink transmission. Performance-wise, Highe&d Packet Access (HSPA)
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offers data transfer rates comparable with Digiabscriber Line (DSL) but with full
mobility, service continuity and roaming. MoreovEISPA has the unique capability to
support virtually any known mobile or Internet seev

The HSPA phase provides typical average speedsoahd 1 Mbps downlink and 0.5
to 1 Mbps uplink, the peak speeds being multiptees higher, up to 14.4 Mbps. The
requirements have already been agreed in 3GPPaagets have been set to increase
data rates to reach up to 100 Mbps, as well axhieee further increased spectral
efficiency and reduced latency. With the HSPA texdtbgy, it will enhance the
bandwidth up to 100 Mbps and at the same time laadse 3G systems or 4G systems
networks into more of a packet switched networks.

As mentioned in the earlier chapters, 3G techne®gvere originally proposed to
provide global roaming. Global roaming here impliteat whenever any subscriber
roams across the globe, he/she would always recwainected. However, in the end, a
set of five standards under the IMT-2000 was adbfae 3G networks. The reason for
having multiple standards is to encourage competitand also to cater for the
migration of the Second Generation (2G) networksdifferent 2G standards that are
already defined in different countries. This metret the current 3G implementations
had failed to achieve the requirement of globafhmog. Hence, in future 3G systems or
4G systems, the target of providing global roamsngequired to be achieved.

Currently, 3G networks consist of both the circawitched and packet switched
domains. However, for future 3G or 4G networksyilt be expected to be base entirely
on packet switched network using Internet ProtddB). Basically, IP is a packet

exchange protocol for Internet works, and allowes ¢bnnection between any two hosts
that are connected to the Internet no matter whethey are on the same or sub
networks.

There are a number of problems associated witluskeeof IP in 3G networks. IP does
not support real time quality of service and regsiiother protocols to do this. IP will
require real time support in order for it to oflewide range of services, such as data
and multimedia. Internet Protocol version 4 (IPwl)the main version used on the
Internet today. 3GPP has stated that Internet Bobteersion 6 (IPv6) will be the
alternative protocol for future releases of thes?@dards or for the future 3G systems.
For 3GPP, its current developments about IP issulde divided in two aspects. The
first one is the provision of Internet connectivitythe mobile station, and the other one
is using IP technology in the interior of the mehiletwork (Wikipedia, 4G, July 2006).
Thus, by using IP within the packet switched neksowill allows the accommodation
of different wireless network such as the Interpetsonnel area networks and etc.

From the viewpoint of providing asymmetric serviggsch as Internet access) in the
future 3G systems, it is expected that the Timeidiin Duplex (TDD) mode of
operation would be more suitable when comparechéoRrequency Division Duplex
(FDD) mode. FDD mode is used for the paired spettmhile TDD is used for
unpaired spectrum. In the FDD mode of operationo tseparate 5 MHz carrier
frequencies with equal bandwidths are used in ghi@kiand downlink direction. In the
TDD mode of operation, only one 5 MHz carrier rmétshared between the uplink and
downlink. The main benefit of TDD mode is that thandwidths in forward and
backward direction can be altered. Which means ipassible to have a downlink
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bandwidth much more than the uplink bandwidth. Tais be very helpful especially in
Internet applications (e.g. downloads from Intermétereby a small request is followed
by a large amount of information. The unpaired reataf TDD makes it use the
spectrum more efficiently. Furthermore, as the spet becomes scarce in the near
future, getting an unpaired spectrum will be muelsier as compared to attaining a
paired spectrum. With all these advantages mertiabeve, it would not be surprise to
see TDD becoming more popular than FDD in the hgtare. TDD is also presumed to
be use in hot spots (e.g. bus interchange) so @®wde high data rate connectivity.

In conclusion, in the future 3G systems, mobilevoeks would be able to offer richer
services than today's wireless communication né&twan do. Users could easily create
their own personal area networks and with the nattégn of the 3G systems, Wireless
Local Area Network (WLAN), and Public Switched Teft®ne Network (PSTN)
network, it will be able to offer the possibility achieving anywhere, anytime Internet
access (Uskela, 2003).

6.3 Suggestions for Future Work

If more time are given and if all the required rarman resources such as the 3 GHz
spectrum analyzer and other measuring equipmentagable for the project, the
hardware evaluation portion to get the measuredrpaters necessary for future 3G
applications would have been able to be accomplisbs, one of suggestions for future
work is to focus more on the hardware evaluatiod get the measured parameters
values from the ADF4360-1 evaluation board. Themgared these measured values
to the one that had been simulated using the AR&imsoftware to see if they are
matched and indeed suitable for future 3G appboatior not.

On-going research and experiment with respecttirdéwr post 3G requirements needs
to be carry out again in order to be always alignétth what had been done for the
project since any new changes or updates on theef@G requirements announced by
3GPP or other 3G systems bodies (such as ITU andvit affect the outcome of this
project as well.
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9. APPENDICES

9.1 Appendix A — Project Specifications

The Project Specifications that have been agretuelea the project supervisor and the
student are stated as shown below.

ENG 4111/4112 Research Project

PROJECT SPECIFICATION

FOR: Woo Mun Kit

TOPIC: Frequency synthesizer requirements foréutellular radio
systems

SUPERVISOR: Associate Professor Jim Ball

SPONSORSHIP:

Faculty of Engineering & SurveyingQJS

ENROLMENT: ENG 4111 — S1, X, 2006;
ENG 4112 — 322006
PROJECT AIM: This project aims to evaluate the Bgsizer requirements (
future radio systems, which will probably involvengxture of
technology evaluation and simulation.
PROGRAMME: Issue B, 18 September 2006

1. Become familiar with 3G and post 3G radio préfiany standards.
(Timeline: Immediate start — Completion date 31 Astg06)

2. Survey available frequency synthesizer technetognd design techniques.
(Timeline: Immediate start — Completion date 31 Astg)6)

Decide on a frequency synthesizer evaluatiomcbaad ask USQ to purchase. Pr

limit is about $AU200. Synthesizer should be cldase performance to 3G

requirements for channel frequency and spacing btd. an exact match is n
likely or necessary.
(Timeline: Completion date 16 April 06)

Measure the parameters and performance of dgpéncy synthesizer evaluati
board.
(Timeline: Completion date 01 September 06)

Simulate the dynamic behaviour of this syntherschosen by the means of usin
simulation software and get the parameters thatregeired for 3G application

from it. In particular, try to stimulate and geettime required to change channels.

ce

A"

ot

(Timeline: Completion date 15 September 06)
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6. Evaluate this synthesizer design against futeigeirements for 3G and post 3G |so
as to see if the same general design will be adequanot. Also evaluate other

designs, as an exercise on paper with no measutemen
(Timeline: Completion date 15 September 06)

7. Comparison of synthesizer designs, and formaratf recommendations as |to
which designs are likely to be suitable for 3G podt 3G radio.
(Timeline: Completion date 15 September 06)

8. Write first draft of project report/dissertatiand provide to supervisor for comment
and advice.
(Timeline: Start 15 September 06 — Completion @&t©ctober 06)

9. Complete final draft of project report/dissadatfor submission.
(Timeline: Start 20 October 06 — Completion dateNaXember 06)

10. Return frequency synthesizer evaluation boatd3Q.
(Timeline: By 30 November 06)

AGREED: %}’/j (Student) ﬁ idéi __ (Supervisor)
i

DATE: 92 / 10 / 2008 DATE: 0L / |0 /10§
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9.2 Appendix B — Timelines Planning and Work Breakdwn
Structure (WBS)

At the start of the project, one of the importaagks is to plan the timeline for the
project as it will helps both the supervisor anel student himself/herself to oversee the
progress of the whole project. Most importantlgiites a guideline of the approximate
time frame allowed and effort required for eachestibne and important deadlines for
the project. The timelines schedule is also beiefiected in Appendix B, which
includes both the resource tracking plan and thekVBoeakdown Structure (WBS) for
Wk 635, which is being extended for both ENG411H4 &NG4112 modules. It
illustrates the planned timelines for major milest® or activities that need to be
completed in terms of number of weeks.

Generally, from the WBS, more time is allocated foe research that needs to be
carried out on 3G and future 3G radio preliminamndards as well as the survey that
needs to be performed on the current availablauéeqy synthesizer technologies and
design techniques. This is because in order to theemeasured and stimulated
performance of the evaluation board synthesizeigdesgainst future requirements for
3G and future 3G, it requires some understandingshe current 3G mobile radio
standards, plans for future 3G and some basic balravof the Phase Locked Loop
synthesizers. Moreover, it is also a good pradiicstart the survey on the available
frequency synthesizer evaluation boards in theyesddge as there may be substantial
delays in delivery, especially for small orders.eDio time constraints, some of the
tasks are being planned in the way to run conctlyrahthe same time. However, there
are some tasks that can only proceed after antabkrad been complete. Refer to the
WBS of Appendix B for such tasks that are cascddee followed after by another).
These tasks may require more attention as onedelalyed may directly affect the rest
of the tasks behind.

Notice also from the WBS, there are coloured bardgating the status of each and
every task. This helps to track if the tasks aiiedeompleted on time or if there is a
need for more time to complete the task. The pldrstatus will be in pink colour,
while the on-going status and completed statusbaneg reflected in blue and green
colour respectively. Time deviation against thenpked task completion duration is also
captured in this WBS in red colour. Thus, if thedgint or the project supervisor wants
to track the reasons why there is a delay or whytithe needed to complete the task is
longer than planned, they can simply refer to thhedeboxes. The red boxes reflected in
the WBS are due to unforeseen events that require@ time to investigate and to
complete the task.
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Appendix B — Timelines Planning and Work BreakdownStructure (WBS)

Resource Tracking

Planned Resources March, 2006 April, 2006 May, 2006 June, 2006 July, 2006 August, 2006
Summary Total 609 | 610 | 611 | 612 | 613 | 614 | 615 | 616 | 617 | 618 | 619 | 620 | 621 | 622 | 623 | 624 | 625 | 626 | 627 | 628 | 629 | 630 ]| 631 | 632 | 633 | 634 | 635
Remus Woo 15 0.5 05 | 08 |08 | 04)]04)|08|08|08)]04)|04|04|08)|08)|08)]08]01]01]01[03]08])08]08] ]O04]|08]08]08
WBS
Actions To Do March, 2006 April, 2006 May, 2006 June, 2006 July, 2006 August, 2006

609 | 610 613 | 614 | 615 | 616 | 617 | 618 | 619 | 620 | 621 | 622 | 623 | 624 | 625 | 626 | 627 | 628 | 629 | 630 | 631 | 632 | 633 | 634 | 635

Prepare Project
Specification

Search for Frequency
Synthesizer Specs/details to
decide on a frequency
synthesizer evaluation
board to purchase

Prepare Project
Appreciation

Prepare Progress
Assessment

Measure performance of
evaluation board

Evaluate synthesizer design
of evaluation board against
future requirements for 3G
& Post 3G

Research on 3G & post 3G
radio preliminary standards

Survey available Frequency
Synthesizer technologies &
design techniques

Compare synthesizer
design & recommend which
designs for Post 3G Radio
System

First Draft of Project
Dissertation for supervisor
to comment

Final Draft of Project
Dissertation for submission

Return frequency
synthesizer evaluation
board to USQ

Planned
Ongoing
Completed
Deviation
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9.3 Appendix C — Risk Assessment and Management

In nature, there are 2 types of risks. One of tiethe risk that will affect directly on
the progress of the project or what we normallyechbs Project Risks. The other type
of risk is basically referring to the risk that Idlause a potential threat to personal or
public safety. The details on project risks as \aslisafety issues will be covered in the
following sections under Appendix C of this disaéidn.

9.3.1 Project Risks

At the start of the project, a Risk Assessmentadagement Plan (RAMP) had been
created for project risk tracking purposes. Anydmted upcoming project risks that
might happen in the near future or any projectsritthat are encountered during the
project running phase will be captured in this RAgsessment and Management Plan
for tracking. For every risk item identified, thé&&ct or Impact it has on the project will
be stated. Original risk factor will also be cadteld based on the Probability of
Occurrence and the Severity of the risk. To mineniz eliminate the risk, mitigation
actions will also be planned and carried out. Afterrying out the mitigation actions,
the risk will be reviewed again and risk factorlvaé re-calculated again based on the
current status. All the risk items identified wile track till closure with target and
actual closure date defined.

9.3.2 Safety Issues

Although this project is mainly based on evaluatiogrrent 3G and future 3G
requirements via investigation, measurement andilation on a suitable frequency
synthesizer evaluation board and it does not iremlany heavy duty machineries,
however there will still be chances where sometgagsues can arise. Some of these
safety issues that could arise in this projectlsimg considered and listed down as
follows.

Electric shock

When it comes to measuring on the performance ef filequency synthesizer
evaluation board, there is need to power it upitheea power supply or by a computer.
Measuring equipment such as frequency analyzerllassope and etc will also
required electricity power in order to function. e if the connections and safety
measures are not put into consideration, there tigla possibility of electric shock to
the user or the student. Some safety measuresverirsuch injury to occur would be:

» Operate all the power point connection and eleateguipment with dry hands
instead of wet hands.

* Always ground yourself via a waist strip connectedhe earth when handling
electrical equipment and the frequency synthesizaluation board.

« Check that the power connections to all electrazplipment are being securely
connected before powering up the equipment.

* Ensure no faulty power cords or cables are beieg.us
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Appendix C — Risk Assessment and Management

Foot Injury

As this project will also involve using some bultlyheavy equipment such as spectrum
analyzer or oscilloscope, thus there might belathat such heavy equipment will drop
off from the table and landed onto the feet ofuker or student. Therefore, it is always
a good practice and a need to wear covered shuedd of non-covered shoes such as
slippers) to protect your feet in the laboratoryirotthe testing environment. It is also
advised to always put bulky or heavy equipment cstadble table before start using
them.

Burnt or Overheated Equipment

If incorrect voltages or power are being supplythe electrical equipment or the
frequency synthesizer evaluation board, it may kaurd spoilt the electrical equipment
or the evaluation board. Smokes that are harmfhlutbnan beings may be released out
into the air, which directly pollutes the enviromrmheor the surroundings. For some
worse cases, sparks or fires may also occur frasrbtirnt or spoilt equipment that will
eventually injured the user or the student himiselBelf. If electrical equipment are
being switched on for long hours even when it i being used, it will also get
overheated and eventually burnt out. Hence, somihefsafety measures to prevent
such issues to occur would be:

« Make sure correct voltages or polarity are beingpbu to the electrical
equipment.

» Switch off the electrical equipment whenever they ot in use.

» Check and make sure the power cords or cablestengdwer points are not
faulty and they are being certified with the Safiétgrk from PSB Corporation.

Apart from tracking the project risks, this Risk skssment and Management Plan

(RAMP) showing only 1 risk out of total 11 riskss ahown in the following page of
this dissertation will also be used to track risisited to personal or public safety.
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Appendix C — Risk Assessment and Management

Current Original
Syl 2|8 | 35|28
Risk . = 2 ) AT = 2 2 AT L . e pGiEL
1d Risk/ Issue Effect/Impact o 5 L S g S u o Mitigating Action Owner Due Status Remarks Closure Closure
HE 9 x = 85 ¢ == Date Date
°8 | & |& | 28 | & |&
oo oo
622.04 | No proper Resulted in Low B 2.0 Medium B 4.0 Need to look for Remus | 06/06/2006 | Closed | Had already ask around the 06/06/2006 | 06/06/2006
anti having the suitable electrostatic lab in my working area but
electrostatic | ADF4360-1 discharge (ESD) wrist yet to confirm if there is any
precaution Evaluation Board strap available in the ESD wrist strap available or
is being put | spoilt due to lab, if not will need to not. If not will need to look for
in place electrostatic purchase one from the a suitable one from the
when discharge from electrical components electrical components store
handling the student. store in Sim Lim in Sim Lim Tower. Having a
the Tower. Had look for proper ESD wrist strap to be
ADF4360-1 suitable electrostatic connected to the person
Evaluation discharge wrist strap handling it will have 2
Board available in the lab but reasons. The first is safety,
unable to find and and the second is again to
borrow one, hence, ensure that any static is
had purchase one removed in a controlled
from the electrical fashion.
components store in
Sim Lim Tower.
Total Risk 34
Exposure
Total Risk Exposure
History
Mar Apr | June July | Aug | Sep Oct | Nov
‘ Risk 0 2 2 18 12 5
Exposure
Total Risk Exposure Trend
20
o —
5 15
)
o —
x pr—
2 5
@
0 — —
Jan Feb Mar Apr May June July Aug Sep Oct Nov
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9.4 Appendix D — Resource Requirements and Planning

At the start of the project, resource requiremants planning are considered. Normally,
we can classify resource into 2 categories, the amumesource or the non-human
resource such as equipment resource, books/reésreasource and etc.

For human resource, it will be mainly contributedtbe student himself/herself and a
small portion of the resource support will comesnfrhis/her supervisor. A resource
tracking plan with respect to a Work Breakdown &tiee had been created for this
project so as to organize and track the usageeohtiman resource required as well as
the tasks that need to be complete in this profdoivever, this resource tracking plan
does not includes the small portion of the resosgtggoort from the project supervisor
as it is mainly used to track the resource planpinidpe student. Appendix B shows the
resource tracking plan and the Work Breakdown $&trecfor Wk 635 that had been
created for this project.

For non-human resource, it will be further dividatb 2 parts, the equipment resource
and the books/references resource. For equipmetumee, it mainly covers the

selected frequency synthesizer evaluation boare, rigister programming and

simulation software that comes along with it aslvasl all the measuring and testing
equipment that are essential for this project. Hedected frequency synthesizer
evaluation board (ADF4360-1EB1) is purchased atabst of US$120 from Analog

Devices. This evaluation board is sponsored by élsity of Southern Queensland,
Faculty of Engineering and Surveying.

The measuring and testing equipment such as tlotrgpeanalysers and the high-speed
oscilloscopes that are required to be used irpttagect are listed in the table below.

Equipment Name Model Specifications Probe Used

Spectrum Analyser| HP 8591E 100 KHz — 1.8GHz | 10 MHz bandwidth
Or 100 KHz — 3GHz

High-Speed LeCroy Wave | 200 MHz (2GS/s) 200 MHz bandwidth

Oscilloscope Surfer 424

High-Speed Tektronix 100 MHz (1.25GS/s)| 10 MHz bandwidth

Oscilloscope TDS3014B

High-Speed Tektronix 300 MHz (2.5GS/s) 10 MHz bandwidth

Oscilloscope TDS3034B

High-Speed Tektronix 1 GHz (5GSI/s) 10 MHz bandwidth

Oscilloscope VM5000

Table 17: Table on the Measuring Equipment used ithe Project

For books/references resource, it is referringiltoaty and reference books on PLL
frequency synthesizer as well as on UMTS, 3G ragigiems and etc. It also includes
online Internet resources on frequency synthesi2ér,and future 3G radio system
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requirements and standards. Both the library retese resources and Internet resources
are accessible by the student.

82



9.5 Appendix E — Articles requesting for higher freuency
below 3 GHz

band

To maximize these potential benetits. DA should adopt a band plan that is consistent with one of the
scenarios identilied by WP 8F in its revised drafi of TTU Recommendation M. 1036-1, which
addresses possible frequency arrangements for the 2500-2690 MHz band to accommodate IMT-2000
mobile services”. The draft recommendation lists several possible band plan scenarios. most of which
include a combination of FDD and TDD frequency blocks, Moreover, three of the scenarios
incorporate an FDD spectrum pairing separated by a “core™ frequency block that would consist of

TDD and/or additional FDD Spr:clrunf'. Most notably, all of the scenarios consider the deployment of

only lower power operations in the 2500-2690 MHz band. Although the draft ITU recommendation
does not specily bandwidths for these scenarios or take into account incumbent wireless services—as
IDA must—it provides a good indication of likely [uture international frequency arrangements in the
2500-2690 MHz band. and thus offers valuable guidance regarding harmonization as 1DA considers
various plans to configure this band. 1DA should therefore use this drafl recommendation as a wol to
assess the harmonization potential ol proposed band plans for the 2500-2690 MHz spectrum.,

RECOMMENDED FEATURES OF A NEW BAND PLAN FOR THE 2500-2690 MHZ BAND

Any configuration of the 2500-2690 MHz band must balance a number of competing factors. The
new band plan should provide adequate regulatory certainty to enable the commercial success of
licensees in the band. while providing Licensees with sufficient flexibility to deploy new and
innovative technologies, Morcover, the new licensing rules must allow licensees to successfully
utilize the mobile allocation.

With these considerations in mind, Motorola recommends that any proposed band plan should
incorporate the following key features:

Appropriate Power Limits

The new licensing rules should focus on promoting low power operations in the 2500-2690 MHz
band. 1DA should adopt limits on signal strengths that will allow deplovment of Tow power
cellularized operations.

Contiguous Spectrum Blocks

To maximize flexibility and efficient use of the 2300-26%90 MHz band. the band plan should include
large contiguous spectrum blocks. Contiguous spectrum would also enable more efficient operation of
spread spectrum technology,  Furthermore. large contiguous blocks would allow TDA to make
spectrum assignments that provide the highest level of technological neutrality and would facilitate the
deplovment of broadband services.

Accommaodation of FDD Operations

The 2500-2690 MHz band should facilitate the development of mobile services by accommaodating
FDD operations. Motorola believes that FDD technology will be the primary enabling technology for
IMT-2000 because it is well sutted to high mobilitv. wide area applications.  The
Telecommunications Industry Association (“TLA™Y has noted. in contrast. that TDD technology is
useful generally in low power. lower mobility applications.  The band plan for the 2300-2690 MHz
spectrum therefore should accommodate FDD technology. 15 IDA were to designate paired spectrum
for FDD operations, the spectrum pairing should provide an adequate duplex gap to minimize the size
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Appendix E — Articles requesting for higher frequercy band below 3
GHz

The 2500-2690 MHz spectrum is well suited for mobile operations, including mebile broadband
services. [t is well established that the propagation characteristics of spectrum below 3 GHz' are
particularly suttable for wide arca mobile services. The ITU recognized this fact when it identified
additional freguency bands for IMT-2000_ inciuding the 2300-26%0 MHz band, at the World
Radiocommunication Conference in Istanbul, noting that IMT-2000 applications “require spectrum
below 3 GHz.”

Motorola belicves that the suitability of this spectrum for mobile uses is likely to lead to significant
use of this band for a range of mobile services, provided that IDA makes an allocation to the mobile
service in this band and adopts a licensing structure that allows mobile operations to be a viable option
in this spectrum.

Configuration of the 2300-2690 MHz band to allow the successtul deplovment of mobile operations,
including IMT-2000 scrvices, would enable harmonization with future global uses of this spectrum,

The 2500-2690 MHz band has the potential 1o achieve significant harmenization benefits in the longer
term, particularly il the band plan in is consistent with one of the scenarios being considered by the
ITU. The benefits that would ow from such harmonization include:

* Manufacturing Economies of Scale: Consistent licensing rules for the 2300-2690 MHz band
would enable manutacturers to produce equipment that can be used in both local and international
markets and thus achicve economies of scale. which in turn would lead to reduced equipment costs.
Lower equipment costs would directly benefit consumers and make equipment affordable fora
wider base of customers, encouraging more widespread deployment and the provision ol services to
4 broader cross-scetion of the commuinity.

= Global Roaming: Harmonization of the 2500-2690 MHz band plan and licensing rules with
international markets would allow Singapore consumers to use their mobile phones when travelling
abroad. which is likely to encourage increéased consumer use of mobile wireless devices,

= Facilitation of Multi-Mode Equipment: Harmenized global spectrum would facilitate the design
and development of multi-mode equipment that would operate in the 2300-2690 MHz spectrum as
well as other bands.
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9.6 Appendix F — Generated Output Results from ADIgnPLL v.3.0
Software
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Appendix F — Generated Output Results from ADIsimPLL v.3.0
Software
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120 +o180 120+ +.180
HEveo ADF4350-1 10k 100K M 10M 100M 10K 100k M 10M 100M
— Tuning Law Multiband Frequency [Hz) Frequency (Hz)
[l Cax x Phase Noise at 2.35GHz
— Divider M 1 ;
¥ Phase Noise Table FM Response at 2.35GHz
B[ Chip ADF43601 = apn 150
Mede e M| & s 180
Main Divider E 2 5, 0
@ H 120 B
Ref Divider k= E’ 10 100 2
—{# Phase Detector  Charge Pump ‘g T s &0 g
i~ Lock Detect Mone = % - 80 F
L SpeedupMode | Hone g 3 .5 i
£ i 2 =
Loog Filker LR = e 100k 1 10M 00
— Specify; | Phase Margin Frequency (Hz)
— Loop Bandwidth | 80.0kHz ||
i~ Phase Margin | 450deg | 1k 100k 1M 10 100M
— Zero Loc. 331kHz Frequency (Hz)
- E:‘e £ 1553:'12 Leakage Spurs at 2.35GHz
= o
—R1 200k ~| v
< | & ol | |
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For Help, press F1
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Appendix F — Generated Output Results from ADIsimPILL v.3.0
Software

[0 ADISimPLL - [Design5 (Latest)

Fie Edt View Recalc Tools Libraries Links Window Hslp BIEE
0| 2| slee|
£l System | Frequency Output Phase Error 5|
— Min Fren 220GHz :
Max Freq 2 45GHz = '§
— Channel Spe 5.000MHz £ -
1 PD Freq 5 00MHz 7 5
Ref Divider 2 3 o
Design Freq | 1z E .g 2
L o
() Reference L2010
— Frequency 10.0MHz
Phase Noise | Nore 10 20 30 40 a0 B0 70 80
EE3veo ADF4360-1
— Tuning Law Multiband —_ 1
= 1
i Input Cap. 0F =) :
— Divider M 1 5 's
21 Phase Noise Tatle o =
CI[ Chip ADF4360-1 5 3
— Made [ Momal E i=]
Main Divider E :
Fief Divider L :
—# Phase Detector  Charge Pump o 40 20 30 40 50 60 70 a0
|- Lock Detect None Hemeifisl Timefus]
L SpeedupMode | None
Phase Detector Output =
Loop Filter CPP_2C gg LRy Bl
— Specif: [ Phase Margin Z is
— Loop Bandwidth | 80.0KHz | ) i
|- PhassMargin | 45.0deg | 5 5o
— ZeroLoc. 33.1kHz g 10
i
— Fole Loc. 193kHz %g
- 457pF o 40 = w4 & 80 7O 80
—R1 200k 5| Time [us] i
< | i | 1\ Components FreqgDomain 3, TimeDomain ¢ Schematic Report # _}J
For Help, press F1 rm |
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Appendix F — Generated Output Results from ADIsimPLL v.3.0
Software

[0 ADISimPLL - [Design5

F\\E Edit View Recalc Tools LUbraries Links Window Help

- 8
0| | = ale(w||
~ |
=] System — =
— Min Freq 220GHz
Max Freq 2 45GHz
— Channel Spe. 5.000MHz
—1 PD Freg, 5.00MHz
Fef Divider 2
Design Freq [ 2735G6H:
() Reference L2010
T: Frequency 10.0MHz ‘ ‘
Phase Moise | MNone vl Dudd
EJ@YCD ADF4360-1 7] une I _ -
— Tuning Law Multiband l i B
I~ Input Cap. 0F l 497 pF 2,00k
— Divider M 1
131 Phose Noise Table Rset 12 ZCZWF
Supply Rsat
Cl 5+ Chip ADF4360-1 T ADFAGED-X 470k l
— Made [ Nomal E
Main Divider Fout 8 Retin
Fief Divider Gnd muzouT |22
—# Phase Detector  Charge Pump A8
—lockDalect  Mone $ |
~sposcntte [ e | o 7o a2 )
[Z] Loop Filter | PP 2C TR S
— Specify: rﬁﬁﬁﬁa_rg-ih
— Lop Bandwidth | B00kHz || Gnd @ndénd
i~ Phase Margin :l
— Zero Loc. 33.7kHz $ J7 J7
— Pole Loc 193kHz Notes:
= C1 437pF 1. ADF4360-% contains an integrated VOO
A1 200k il 2. Consult datasheet for full pinout detail "
< | & | __I_]\ Components FreqDomain TimeDomain % Schematic / Report 4

For Help, press F1

[ |
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Appendix F — Generated Output Results from ADIsimPLL v.3.0
Software

U ADIsimPLL - [Design5

est)]

File Edit Wew Recalc Tools Ubraries Links Window Help - 8x
Df|a| «[o@m =] g2
~ H 47 -~
£l System #|| Design3 (Latest) analysed at 10/26/06 00:47:11 8|
— MinFreq 220GHz PLL Chip is ADF4360-1
— Max Freq 245GHz YOO is ADF4360-1
— Channel Spe. 5.000MHz Reference is TCXO10
—=1 PD Freg 5.00MHz : R
Fief Dividder 5 Frequency Domain Analysis of PLL
2 Analysis at PLL output frequency of 2.35GHz
Design Freq
Phase Noise Table
& Reh TC<O010
@ SRS b Freq Total vCo Ref Chip Filter
- Mequency 2 100 -85.57 -135.5 - -B5.57 -162.9
Phase Noise [ Hone | 1.00k -85.56 1255 - -B5.57 1429
10.0k 8521 -1158.5 - 8526 -1230
HEveo ADEAICH 100k 8458 4079 - 8498 4124
— Tuning Lave Multband 00k 1215 270 - 1230 -140.0
— Input Cap. oF 1.00m -128.8 -131.9 - -131.8 -148.8
— Divider N 1 10.0M -150.0 -150.0 - -171.8 -188.8
L@ Phase Naise Table 100mM -159.8 -159.6 - 2118 2288
1.00G -160.0 -160.0 - -251.8 -268.8
Gl Chip ADF4350-1 235G -160.0 -160.0 - -266.6 2835
-~ Mode [ Nomal ] )
Main Divider Reference Spurious
Fief Divid Moise and Jitter Calculations include the first 10 ref spurs
st Livider First three spurs: 300 dBc -300 dBc  -300 dBc
—{# Phase Detector  Charge Pump
— Lock Detect None Phase jitter using brick wall filter
L SpeedupMode | None from 10.0kHz to 100kHz =
Phase Jitter 0.53 degrees rms
Loop Filter CPP_2C
— Specify: ACP - Channel 1
— Loop Bandwidth [ B0.0kHz | Channe_l Tis centred 26.0kHz from carrier with bandwidth 15 0kHz
h ; i Power in channel = 52.1dBc
— Phase Margin :l
— Zero Loc. 33.7kHz - End of Frequency Domain Results —
— Fole Loc. 193kHz
—C1 497pF Transient Analysis of PLL
Rl 200k || Freguency change from 2.2GHz to 2.45GHz @
< | r Di\ Ién;npﬂnanls: Fdle,‘anmaln TimeDomain Schematic: % Report 4 _DJ
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9.7 Appendix G — Port Setup Tab from Code Loader .2.0
Software

it Wiew Insert Format  Tools  Table  Window  Help Type a question forhelp %
DeEHag|/Ely iR v-o- | ABE BT owow -

- 24 Normal + Justif -

{ LMX2310

 Final Showing Markup gy ooboard Controls Select Device Optians Mode Help

etup r Registers T Bits/Pins T BurstMode T PLL
- Port Address: 1 : - Port Setup Diagram
COLPTIC LPTZ & LPTAC Other B0 |E\a'°a'd Even[10 sec O Cock B OherPins
- Clack Bit - - - B Dats N Giound
a2 e B OO RO RO OO0 RO EC B LE [LachEragle] B Addiess Confict
- Data Bit

- : T e : 10/14 Pin Connector { Top View)
FAF 2R EC B O 12 0 O cof cac cg|| TW/1APIN Connector ( Top View)
- LEBit — -
CAr2@ e a6 RO BOIBTOC R0

Fin 1

o :
Car2o e e E RO MOIBC 0 CEl0
- TRIGGER — -
ClC 2 A g B0 2 C MO ECO F L2 300

DB1 4 | N
[Ib_d',(dii.\b\ A I..]
feannsss

DB 25 Connector

“Draw~ [3  Autoshapes~ S w [ O & 4 2 3 - A ERN.
Page 1 Sec 1 11 ALz Ln i1 ol 27 REC TRE EET OUR Engishils  CEK

‘4 Start
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9.8 Appendix H— PLL Tab from Code Loader v.2.2.0 8ftware

bear A - Microseft Word @ ?
x

- Ble Edt Wiew Insert Format Took Table Window Help Type a question forhelp
DEELaE sy taad oo all [l TS 7

-2 Normal + Justi - —

£ Final Sfiowing Markup File Keyboard Contrals :SelectD_ewce Optmris Mode  Help

Port Setup T Registers i ‘Bits/Pins | BurstMode T

Reference
Helies d R Courter
Detector  Pump

C ] O5Cin —!SD—“
 Polarity  Gain

10 MHz Phase Detector Freg \
I

.LikHz-
Fnl s Frezs0 £

K.j‘leﬁcalel N Counter

_Phase  Charge Charge

Loop Filter

CValue BValue & Value 2450 MHz
et ] [Tt ] [Te2 ]

B

CDrawr I3 AutoShapes~ N w [ ERE-
Page 1 Sec 1 11 Ak oz Ln 11 2 REC TREE EET OVR Engishius O
s start
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9.9 Appendix | — Weekly Progress Report for Wk 637

Sr. No. Highlights (Key Accomplishments/Updates)
Traffic Light
1 Finish up and organise all the comparison valués/detween the synthesizer design created usingsmPLL
simulation software (based on ADF4360-1 chip) ab agethe other company's frequency synthesizegdesd the po:
3G predicted requirements.
2 Come up with the first Draft of Project Dissertatifor supervisor to comment.
Sr. No. Maijor Activities / Events Planned for the next 2-3Weeks
1 Start looking into preparing of the presentatiodes for ENG4903 Professional Practice 2 Reside®thool Trip on 2
Oct to 6 Oct 2006.
2 Try to meet up with A/Prof. Jim Ball on the firseek of Residential School on 25 Sep to 29 Sep &d@fign on the
Project Specification, Project Dissertation andRhesentation Slides and preparation.
3 Try to go through the slides with A/Prof. Jim Bafter reviewed and reworked. If time permits, dekearsal as well.
Sr. No. Lowlights (Not Accomplished) _ Action
Sr. No. Risks / Issues to be Resolved (Key Issues) [ TrafficLight | Supervisor Attention
1 Not enough time to meet all the requirements stiaidlte Project Specifications on time. Resultedahable to finish O « Plan to stay up late at nigh
the project on time. over the weekends to finish
« If really can't make it on
time, request from extensior
from Supervisor, A/Prof. Jim
Ball and A/Prof. Frank Youn
2 Not sure what to prepare inside the ENG4112 PratientSlides. Resulted in not well prepared forghesentation « Try to meet up with A/Prof.

during Residential School.

Jim Ball on the first week of
Residential School on 25 Se
to 29 Sep 2006 to align on tt
Project Specification, Projec
Dissertation and the
Presentation Slides and
preparation.

« Try to go through the slides
with A/Prof. Jim Ball after
reviewed and reworked. If
time permits, do a rehearsal
well.

Legend for Traffic Light

. Critical issue, need USQ Faculty of Engineering Snodveying attention

(O  Majorissue, need supervisor attention

@  Minorissue, can be managed by the student
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9.10 Appendix J — 1st Measurements on all Test Pagin ADF4360-
1EB1

Test Voltage Readings Time/Period Frequency Readings
Point No. (V/ImV) Readings (ns) (MHz)
Vpp =218 mV
T1 Gndto +Vp=82mV | Period =100.3ns| Frequency =10 MHz
Gnd to -Vp =-136 mV|

_ Period = 75 ns to | Frequency = 10 MHz
T2 Gndto Vp =146V 100 ns to 14 MHz
T3 GndtoVp=15V - -
T5 GndtoVp=4.8YV - -
T6 GndtoVp=2.88V - -
T7 GndtoVp=2.96 V - -
T8 GndtoVp=2.96 V - -
T13 oV - -
T14 oV - -
T15 ov - -
T16 GndtoVp=2.96V - -

Equipment Used: Tektronix TDS3014B High Speed Oscilloscope, 100MHz
(1.25GS/s)

Probe Used:10 MHz

Note: Test Point No. T4 is Ground.
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9.11 Appendix K — 2nd Measurements on all Test Pasin ADF4360-
1EB1

Test Voltage Readings Time/Period Frequency Readings|
Point No. (V/ImV) Readings (ns) (MHz)
Vpp =267 mV
T1 Gnd to +Vp =89 mV | Period = 99.896 ns
Gndto -Vp =-178 mV
Vpp =233 mV
T2 Gnd to +Vp =53 mV | Period = 100.088 n
Gnd to -Vp =-180 mV
Vpp =14 mV
T3 Gnd to +Vp =6 mV - -
Gnd to -Vp =-8 mV
Vpp =14 mV
TS5 Gnd to +Vp =6 mV - -
Gnd to -Vp =-8 mV
Vpp =13 mV
T6 Gnd to +Vp =6 mV - -
Gnd to -Vp = -6 mV
Vpp =16 mV
T7 Gndto +Vp =8 mV - -
Gndto -Vp =-8 mV
Vpp =17 mV
T8 Gnd to +Vp =8 mV - -
Gnd to -Vp =-9 mV
Vpp =16 mV
T13 Gnd to +Vp =8 mV - -
Gnd to -Vp =-8 mV
Vpp =17 mV
T14 Gnd to +Vp =8 mV - -
Gnd to -Vp =-9 mV
Vpp =13 mV
T15 Gnd to +Vp =6 mV - -
Gnd to -Vp =-6 mV
Vpp =14 mV
T16 Gnd to +Vp =6 mV - -
Gnd to -Vp =-8 mV

4=

Frequency = 10.0104
MHz

. Frequency = 9.9912
MHz

Equipment Used: LeCroy Wave Surfer 424 (200 MHz Oscilloscope 23S/s
Probe Used:200 MHz
Note: Test Point No. T4 is Ground.
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