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ABSTRACT

In satellite communication systems, Ku and C bands have become highly congested
and future applications need to move towards Ka band. Satellite downlink
communication for Ka band at 20GHz in the tropical region is challenging because of
high precipitation rate and susceptible to high rain attenuation. That is why there is a
need to study rain fade and BER performance of RF receiver at Ka band for tropical
region. Low Noise Amplifier is the most crucial part of a RF receiver as it is located
immediately after the antenna in the receiver. An LNA with a quite high gain and low
noise figure can mitigate the noise contribution role of next stages of RF receiver and
thus enhancing the receiver BER performance. In this project, a six staged cascaded
Low Noise Amplifier with a high gain of 35.236 dB and a noise figure of 2.242 dB
has been designed. Rain fades using ITU-R model are calculated for 99.9%, 99.99%
and 99.999% availabilities for vertical, horizontal and circular polarization. The rain
fades at 99.99% availability for vertical, horizontal and circular polarizations are
found to be 34.741 dB, 40.843 dB and 37.635 dB respectively. Integrating the
designed LNA into a RF satellite earth station receiver, the BER performance of the
receiver is estimated for different availability rates for different levels of PSK
modulation schemes and different polarizations. The bandwidth of 20 MHz for DBS-
TV has been used. The result shows that BER performances are unacceptable at
99.9%, 99.99% and 99.999% availabilities for all three types of polarizations and all
levels of PSK modulation schemes. However performances are found acceptable at
varying availabilities from 99.1% to 99.7% for BPSK and QPSK modulation with
different polarizations. From 8-PSK to higher level of PSK modulation schemes, BER
is inappropriate for 99.1% or higher availabilities for all three polarizations. The
minimum fade margins for BPSK, QPSK, 8-PSK, 16-PSK, 32-PSK are 2.88 dB,
5.89dB, 11.22 dB, 17.07 dB, 23.08 dB respectively by considering 8.5 dB as threshold
for DBS-TV.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

The application of satellite communication system is increasing day by day in line
with all other wireless communications. In addition to Direct Broadcast Satellite TV
(DBS-TV) and telecommunication services, satellites are widely used for navigation,
remote sensing, pollution monitoring, disaster management, auto piloting etc.
Currently, C and Ku bands are completely congested and future satellite applications
are forced to move towards higher frequencies, Ka and V bands. Ka band generally
covers from 20 GHz to 30 GHz of frequencies. The ‘Ka’ is the short form of Kurtz
above implying that its bandwidth is just above the Ku. However, these bands are very
sensitive to environment and performance may degrade seriously due to tropospheric
impairment.

The tropical region, which is also known as tropics, covers the area of the
Earth which is around the Equator. It is extended from the tropic of Cancer in the
Northern hemisphere at about 23°26'13.6” N to the tropic of Capcicorn in the south
Hemisphere at 23°26'13.6” S. The most prominent features of this zone are high
temperature, heavy rainfall and active vertical uplift or convection of air. That’s why
it’s very common to observe high rate of precipitation with thunderstorm. These
features of tropical region actively play a role in distorting and attenuating the signals
transmitted by Satellite communication. Signals with frequency more than 10GHz,
hence the Ka band signals as well, are highly attenuated by rainfall (Saad et al, 2013).
Rain is the main impairment which contributes significant attenuation and noise

signals in tropical region (Chuan, Tian and Hon, 2015). The rain rate that exceeds



0.01% of a year in this region according to latest International Telecommunication
Union statistic ITU-R P.837-7 is 90 mm/hr. At Ka band, this rate of rain causes
serious attenuation reaching more than 30dB. Hence the performance of satellite
system is required to be investigated at Ka band in the tropical region.

Satellite receiver contains Low Noise Amplifier, Bandpass Filter, Down
Converter, Local Oscillator, Mixer, Image Rejection Filter, Intermediate Frequency
Filter, Intermediate Frequency Amplifier and Demodulator. Received signals are
attenuated and distorted by noise. Low noise amplifier (LNA) is the first component
of any receiver front end circuitry. The performance of the receiver mainly depends on
it. It is the first amplifying block which boosts the weak input signal from antenna
receiver without making noise dominating it. Optimum design of LNA is the major
part in optimizing the receiver performance (Yadav, Pandey and Nath, 2016).

While there have been many LNA designs for Ka Band specification such as
that by (Curuk, Bilgic, Yegin and Ozdemir, 2016) with a gain of 22 dB, none of their
performance effects have been assessed by integrating them into a satellite receiver.
That is why this research undertakes to combine LNA design and investigation of
performance of satellite receiver operating at Ka-band in tropical climate based on
rain fade occurred and optimum design of LNA. The satellite receiver performance in
this research will be compared with that in (Qonita and Muhtadin, 2019) for same Ka

band and downlink frequency of 20 GHz.

1.2 PROBLEM STATEMENT AND ITS SIGNIFICANCE

The tropical region is characterized by features such as heavy rainfall, high
temperature, high humidity, cloud etc (Lee, Natarajan, Meng, Yeo and Ong, 2014).

All of these effects degrade the performance of satellite communication, but the most



significant of them is high rainfall. Any satellite communication performed above 10
GHz frequency is susceptible to high rain fade. Since C and Ku bands are already
congested, future applications are forced to move to Ka and V bands. In Ka band,
which operates at frequency above 20 GHz, rain fade is severe and may reach up to 30
dB in tropical region.

Rain causes not only attenuation, but also contributes in increasing noise.
Every droplet of rain acts as noise source. Rain increases system temperature of RF
receiver and thus decreases the CNR ratio of the signal received by the receiver,
which in turn degrades BER performance of the received signal.

That is why the RF receiver’s performance at Ka band in rainy situation needs to
be investigated. LNA is one of the most significant parts in a satellite receiver. An
LNA of a good configuration can significantly improve noise performance of the
whole satellite receiver by minimizing the noise contributed by stages subsequent to
it. There have been many LNA designs specified to work at Ka band but none of them
has been assessed by integrating them into a RF satellite receiver.

In this research, An LNA is designed and integrated into a RF receiver and the
BER performance of the receiver is investigated for different availabilities and for
different modulation schemes at different polarizations for tropical region thus
enabling a novel and more comprehensive study of the performance of a RF satellite
receiver at Ka band. In designing LNA, the designs proposed by (Curuk, Bilgic, Yegin
and Ozdemir, 2016) have been considered as benchmarks. The performance of the
Satellite receiver in this research will be compared with that of found in (Qonita and

Muhtadin, 2019) for Ka band at the same downlink frequency of 20 GHz.



1.3 RESEARCH OBJECTIVES

The study aimed to achieve the following objectives:

1-

To design a low noise amplifier with a gain of at least 30 dB and noise
figure less than 2.8 dB at the operating at Ka-band with 20 MHz
bandwidth.

To estimate the rain fades at Ka-band for various outage probabilities of
and for vertical, horizontal and circular polarizations in a tropical climate.
To evaluate the performance of the satellite receiver using designed LNA

at Ka band based on estimated rain fades.

1.4 RESEARCH METHODOLOGY

The main steps of the methodology followed in this research are as follows:
Step 1: To Design an LNA using Advanced Design System (ADS)

Selecting a proper transistor

Finding out bias point

Designing RF choke

Designing first stage of LNA using transistor and RF choke
Designing input impedance matching network

Adding stages until optimum noise and gain are achieved

Step 2: To estimate rain fade for different outages for vertical, horizontal and circular

polarizations

Finding out rain rate that exceeds 0.01% of a year using digital map given
in ITU-R P.837-7.

Calculating rain fade for rain rate that exceeds 0.01% of a year using
instructions given in ITU-R P.618-13.

Finding out other rate of outages from that of 0.01% using formula given
in ITU-R P.618-13.

Step 3: To find out BER performance of the receiver for different outage rates and

different polarizations



- Finding out received power for clear air and for different rain fades
calculated in step 2.

- Finding out noise power for clear air and for different rain fades.

- Finding out Carrier to Noise Ratio (CNR) for clear air and different rain
fades.

- Finding out Bit Error Rate (BER) from CNR calculated in the previous
step for different levels of PSK demodulation schemes.

- If the BER is unacceptable then find out BER repeating the steps
mentioned previously in step 2 and step 3 for lower availability rate.

- Finding out minimum fade margin for different levels of PSK modulation

scheme.

The research methodology has been represented by algorithm block diagram in figure
1.1.

Designing LMA using

ADE

Y
»

Finding our rain fade for different
antenna polarizations at different
svailabilities

¥

Decrease availability

Finding out CHNR o
rates

-~

A 4

Finding out BER for different
evels of PSR demodulation
schemeas

L

some or all are acceptable

v Mone is
acceptable

Finding out which
combinations of antenna
polarization, demadulation
scheme and availability gives
acceptable BER

Figure 1.1 Research Methodology Chart



1.5 RESEARCH SCOPE

This work focuses on the down link of Ka-band with centre frequency of 20 GHz and
bandwidth of 20 MHz. The LNA in this work has been designed for this specification
with an aim of minimum 30 dB of gain and noise figure less than 2.8 dB. The rain
fade and BER performance have been estimated considering the climate of Malaysia.
BER performance has been estimated for Phase Shift Keying (PSK) modulation
schemes (BPSK, QPSK, 8-PSK, 16-PSK and 32-PSK) and for various outage

probabilities and for vertical, horizontal and circular polarizations.

1.6 THESIS ORGANIZATIONS

Chapter 1 of this thesis gives an introduction where research background, research
problem statement, research objective, methodology and scope have been delineated.
Chapter 2 presents literature review in details. Chapter 3 discusses the details of
designing of proposed Low Noise Amplifier and its performance. Chapter 4 is on the
second and third objective of the research namely, estimating rain fade at different
availabilities and evaluating BER performance for different modulation schemes.

Chapter 5 is about conclusion and suggesting future work.



CHAPTER TWO
LITERATURE REVIEW

2.1 INTRODUCTION

This chapter presents an overview of a satellite receiver. It includes different
approaches to Low Noise Amplifier design. The different factors leading to signal
attenuation when signal is transmitted through channel are discussed in brief. This
phenomenon is also known as channel transmission impairment. This chapter also
describes how to estimate rain fade step by step using the updated model proposed by

International Telecommunication Union in details.

2.2 SATELLITE RECEIVER

A RF receiver is an essential component of satellite communication. It receives the
transmitted signal and processes it to extract the replica of the original transmitted
signal from the received signal, which becomes distorted as the transmitted signal
travels through the channel because of attenuation and noise. A simplified block

diagram of a satellite receiver is shown in Figure 2.1.

Signal from
saftellite
\"\
\3\‘-* Receiving
~.  antenna
/,r" \'\.x
z'_|_ Y
| )
[ LMA BPF Mixer BFF IF amplifier
L 2
;. % ] =
G, IF output

1" G'rl

G|_|:
Local oscillator

Figure 2.1: A Superheterodyne Receiver Block Diagram (Pratt, 2003)



Most of the satellite systems now-a-days use superheterodyne receiver. A RF receiver
generally consists of three parts namely, front end, IF amplifier and a demodulator and
baseband section. Front end is composed of LNA, mixer and oscillator. IF amplifier
section consists of IF amplifiers and filters. The demodulator and baseband section
contains demodulator and other stuffs (Pratt, 2003). Low Noise Amplifier is situated
after the receiver antenna. It amplifies the received attenuated signal and amplifies it
adding a minimal amount of noise from itself. The bandpass filter filters out signals
outside of the desired bandwidth. The downconverter consists of a mixer and local
oscillator. The signal amplified by the LNA is mixed with signal of lower frequency
produced by local oscillator and converted down to a fixed intermediate frequency
that is suitable to process for the receiver circuitry. The signal then can be amplified

and filtered more accurately (Pratt, 2003).

2.3 LOW NOISE AMPLIFIER

Low noise amplifier is a very significant component in the front end part of the
receiver. It receives the transmitted signal, whose power becomes very low during the
transmission because of the attenuation and noise in the channel, and amplifies the
received signal and adds noise of a low level from itself. Low Noise Amplifier plays a
very important role in decreasing the overall noise of the satellite receiver. If Low
Noise Amplifier has a sufficiently large gain, it helps to undermine the noise
contributed by the stages situated after the LNA in the receiver to an extent where
their contributed noise can be almost ignored. In the following from 2.3.1 to 2.3.9,
different approaches to designing Low Noise Amplifier presented by different

researchers have been described in brief.



2.3.1 0.18pm pHEMT Based Four Stage Monolithic LNA
Yang, Yang & Liu in 2009 proposed a design fora four-stage self-biased monolithic
low noise amplifier for Ka band application, which is shown in Figure 2.2.A

commercial 0.18-pum pseudomorphic high electron-mobility transistor(pHEMT)

process was used to fabricate this LNA.
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Figure 2.2: Circuit topology of the Ka-band four-stage monolithic LNA (Yang et al.,
2009)

The low noise amplifier (LNA)is biased from a single power supply rail to achieve
self-bias technique. The LNA has a gain of more than 18 dB, a noise figure of less
than 3.8 dB in the RF frequency of 26to 40 GHz as shown in figure 2.3. The chip size
is 3x1 mm?2. The stability of the LNA as well as low noise figure can be attained by
using series inductive feed-back.A transmission line is inserted via hole ground
between source electrode of the pHEMT to form the sourceinductor. Increasing
transmission line length can enhance the circuit’s stabilitybut with the cost of a serious

decrease of the gain at MMW band. An optimal compromise among gain, low noise,
andstability is achieved by choosing the length of the transmission linecarefully. In

this design, the self bias circuit is used to stabilize the lowerfrequency region.
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