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ABSTRACT

A power amplifier is an electronic circuit that increases the power of a signal. For
5G sub-6GHz applications, this project describes a detailed analysis, design, and
simulation approach for PA at 3.5 GHz. Higher frequency communications are
typically more prone to interference than lower frequency ones. Because it is a lower
frequency band than 6 GHz, the 2.4 GHz frequency band can be more prone to
interference. The objective of this project is to design and simulate a microwave
amplifier for a 5G sub-6 GHz application specifically on 3.5 GHz. This project is
comparing the performance between Gallium-Nitride (GAN) High-Electron Mobility
Transistor (HEMT), CG240025 and Gallium Arsenide (GaAs) Pseudomorphic High-
Electron Mobility Transistor (pHEMT), AM030WX-BI-R to design the matching
network and DC biasing network by using Advanced Design System (ADS) software.
Hence, AM030WX-BI-R has a better performance because of the high gain (17.799
dB) and a low noise figure (1.223 dB). To conclude, power amplifier projects in 5G
are essential to improving healthcare accessible, enhancing well-being, and supporting
programs aimed at strengthening people's health and safety because they enable

dependable, high-speed communication.
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ABSTRAK

Penguat kuasa (PA) ialah litar elektronik yang meningkatkan kuasa isyarat. Untuk
aplikasi 5G sub-6GHz, projek ini menerangkan analisis terperinci untuk PA pada 3.5
GHz. Komunikasi frekuensi tinggi biasanya lebih terdedah kepada gangguan
daripada komunikasi frekuensi rendah. Oleh kerana ia adalah jalur frekuensi yang
lebih rendah daripada 6 GHz, jalur frekuensi 2.4 GHz boleh lebih terdedah kepada
gangguan. Objektif projek ini adalah untuk mereka bentuk dan mensimulasikan
penguat gelombang mikro untuk aplikasi 5G sub-6 GHz khususnya pada 3.5 GHz.
Projek ini membandingkan prestasi antara CG240025 dan AMO30WX-BI-R untuk
mereka bentuk rangkaian padanan dan rangkaian pincang DC dengan menggunakan
perisian ADS. Oleh itu, AMO30WX-BI-R mempunyai prestasi yang lebih baik kerana
gandaan yang tinggi (17.799 dB) dan angka hingar yang rendah (1.223 dB). Sebagai
kesimpulan, projek penguat kuasa dalam 5G adalah penting untuk meningkatkan
kebolehcapaian penjagaan kesihatan, meningkatkan kesejahteraan dan menyokong
program yang bertujuan untuk mengukuhkan kesihatan dan keselamatan orang ramai.
Penguat kuasa sedia melebihi semua elektronik lain dan pemprosesan digital dari segi
penggunaan kuasa, yang secara amnya memerlukan tahap kuasa penghantaran yang

agak tinggi.
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CHAPTER 1

INTRODUCTION

In this chapter, an introduction with motivations and objectives of this project are
present. Thus, this chapter is focusing on the project background, problem statements,

project objectives, scope of works and thesis outline.

1.1 Introduction

A power amplifier (PA) is an electronic circuit that increases the power of a signal.
Its primary function is to amplify the power of a weak input signal to a level suitable
for driving a load such as a speaker or antenna. These amplifiers play a critical role in
strengthening signals to cover longer distances or to drive speakers or antennas
effectively. They come in numerous forms, each built for specialized applications,

whether it is for audio amplification in consumer electronics, amplifying radio



frequency signals in telecommunications, or raising the power of signals in scientific
equipment.

In Malaysia, the development and acceptance of 5G technology, notably in the sub-
6 GHz spectrum, have been essential in altering the country's telecommunications
landscape. The deployment of 5G within the sub-6 GHz frequency band has been a
focal point due to its balance between coverage and capacity, offering improved
speeds and connectivity compared to previous generations. Telecommunication
companies in Malaysia have been actively investing in infrastructure and spectrum
auctions to prepare the way for 5G networks. Higher frequency communications are
typically more prone to interference than lower frequency ones. Because it is a lower
frequency band than 6 GHz, the 2.4 GHz frequency band can be more prone to
interference. Many distinct wireless technologies, including Wi-Fi, Bluetooth, and
some cordless phones, share the frequently used 2.4 GHz frequency range. This can
result in interference problems and congestion. The 6 GHz frequency range, on the
other hand, is a less-used frequency band that has just lately been made available for
unauthorized use in some areas. This suggests that compared to the 2.4 GHz frequency
band, the 6 GHz frequency band may experience less interference.

The technologies used in this project are GaN for CG2H40025 transistor and GaAs
for AMO30WX-BI-R transistor. These technologies will determine which transistor
will give a better performance for the required specifications such as gain, noise figure
and stability in order to design the PA by using ADS software. The expected result for
designing a power amplifier is to create an amplifier that can amplify a signal to
desired power level with minimal distortion or noise. The PA readily exceeds all other
electronics and digital processing in terms of power utilization, which is generally

quite high transmit power levels necessary.



1.2 Problem Statement

As the early 5G deployments are mostly in the sub-6 GHz frequency range, which
covers frequency bands like 3.5 GHz, RF power amplifiers are created at sub-6 GHz
frequencies. These frequencies have favorable propagation properties, including
broader coverage areas per base station and better signal transmission over barriers
like walls and buildings. At sub-6 GHz, interference is less likely to happen than it
does at 2.4 GHz. The design of high frequency of PA is a difficult and challenging

problem which is in active network theory of great practical importance [1].

The 2.4 GHz band's reduced bandwidth might result in greater interference and
worsened signal quality, which could impact how well the RF power amplifier
performs [2]. Because the 2.4 GHz band is a commonly used frequency band,
interference from other devices that operate in the same frequency band may be very
intense. It may be challenging to achieve a low noise figure and high gain due to this
interference's effects on the PA's performance. The 2.4 GHz band has a limited
bandwidth, which may affect the PA's performance. This can make it difficult to

maintain a sufficient bandwidth while obtaining the required gain and noise figure [3].

Hence, the technologies of GaN and GaAs that used in this project will enhance the
performance of the transistors and proved that the 5G sub-6 GHz band is the best
frequency range for building PAs for 5G communication since it has a wider

bandwidth, better penetration, and less interference than the 2.4 GHz band.



1.3

Objectives

The objectives of this study comprise of the following:

1.

11.

1.4

To design and simulate the microwave Power Amplifier at 5G sub-6 GHz
application.
To compare the performance analysis of Power Amplifier based on different

technologies.

Scope and Limitation

In order to achieve the objectives of this project, there are following scopes will be

covered:

1.5

To study the concept of the power amplifier design.

. All parts of design are operating at 3.5 GHz band.

Advanced Design System (ADS) is used to perform the simulation.

Selecting the suitable technologies which are GaAs and GaN that will be used
for the design.

The analysis of design is based on PA parameters such as gain, noise figure

and stability.

Thesis Outline

Accordingly, there are five chapters in this thesis. Chapter 1 is an introduction to

the Power Amplifier, which includes background research; including the general

overview of the design using theoretical and experimental approach. This chapter

presented the problem statement, objectives, and scope of work.



Chapter 2 provides a relevant background study which consists of an overview of
the power amplifiers and 6 GHz application. This literature review also explained
about the parameters and technique involved in designing power amplifier. Moreover,
there is also a summary of power amplifier design using theoretical and experimental

approach.

Chapter 3 described about the research methodologies that consist of step of

designing power amplifier and details about the specification involved.

Chapter 4 mainly is for the result and analysis of power amplifier after designing
using ADS software and compare the type of two transistors that have been selected

which are CGH40025 and AM030WX-BI-R.

Chapter 5 concludes the achievements of the study. Several recommendations are
also included at the end of this chapter for the purpose of improving the quality of this

study in the future.



CHAPTER 2

BACKGROUND STUDY

Chapter two is about literature review regarding to the previous research done about
power amplifier (PA). It contains the method and some results that had been used by

the previous research and so on.

2.1 Introduction

Generally, an amplifier or simply amplifier is any device that changes, usually
increases, the amplitude of a signal. The relationship of the input to the output of an
amplifier, usually expressed as a function of the input frequency is called the transfer

function of the amplifier, and the magnitude of the transfer function is termed the gain.



In popular use, the term usually describes an electronic amplifier, in which the input

signal is usually voltage or current.

The PA, a critical element in transmitter units of communication systems, is
expected to provide a suitable output power at a very good gain with high efficiency
and linearity. The output power from PA must be sufficient for reliable transmission.
High gain reduces the number of amplifier stages required to deliver the desired output
power and hence reduces the size and manufacturing cost. High efficiency improves
thermal management, battery lifetime and operational costs. Good linearity is

necessary for bandwidth efficient modulation.

However, these are contrasting requirements and a typical PA design would require
a certain level of compromise. There are several types of power amplifiers which differ
from each other in terms of linearity, output power and efficiency. Parameters which
quantify the various aspects of amplifier performance such as output power, gain,

intermodulation distortion, efficiency and are discussed in this section.

2.2 Overview of Power Amplifiers

There are specifications parameter should be considered in PA design. The gain of
an amplifier is the ratio of output to input power or amplitude, and is usually measured
in decibels. RF amplifiers are often specified in terms of the maximum power gain
obtainable, while the voltage gain of audio amplifiers and instrumentation amplifiers
will be more often specified since the amplifier’s input impedance will often be much
higher than the source impedance, and the load impedance higher than the amplifier’s

output impedance.



The bandwidth (BW) of an amplifier is the range of the frequencies for which the
amplifier gives satisfactory performance. The satisfactory performance may be
different for different applications. Efficiency is a measure of how much of the input
power is usefully applied to the amplifier’s output. Class A amplifiers are very
inefficient, in the range of 10% - 20% with a maximum efficiency of 25%. Class B
amplifiers have a very high efficiency but are impractical because of high level of
distortion. In practical design, the result of a tradeoff is the class AB design. Modern
class AB amplifiers are commonly 35% - 55% efficient with a theoretical maximum
of 78.5%. in RF power amplifiers such as cellular base station and broadcast

transmitters, specialist design techniques are used to improve efficiency.

An ideal amplifier would be a totally linear device, but real amplifiers are only
linear within certain practical limits. When the signal drive to the amplifiers is
increased, the output also increases until a point is reached where some part of the
amplifier becomes saturated and cannot produce anymore output; this is called
clipping, and results in distortion. Noise is an undesirable but inevitable product of the
electronic devices and components. The metric for noise performance of a circuit is
noise factor. Noise factor is the ratio of input signal to that of the output signal. Output
dynamic range is the range, usually given in dB, between the smallest and largest is
limited most often by distortion. The ratio of these two is quoted as the amplifier

dynamic range.

The applications of PA include many products in the field of microwave
communications. One of the important applications of this power amplifier is the
output stage of the transmitter where a signal needs amplification before it is

transmitted. A high PA is needed for transmitting a signal through an antenna medium.



The PA amplifies the input signal after the signal has been modulated in the
transmitter. The high-power amplification step is necessary for every application of

antenna transmission.

23 Overview of Amplifier Technology Types

The construction of microwave PA for 5G sub-6GHz applications often employs
an array of transistor technologies. Several factors including as noise performance,
linearity and manufacturability, influence the optimum transistor choice. Using low
noise transistors, which are made with a focus on reducing noise and delivering high
gain, is a different approach. Based on the summary of the most typical microwave
PA technologies, the best transistors/technologies often used in the construction of
microwave PAs for 5G sub-6GHz applications are Gallium Arsenide (GaAs) and
Gallium Nitride (GaN) transistors. GaAs and GaN technologies are commonly chosen

for PA design due to their unique advantages and characteristics.

GaAs technology refers to the use of Gallium Arsenide as the semiconductor
material in electronic devices and integrated circuits. GaAs is an alternative to Silicon
(S1) and is known for its superior performance in high-frequency and high-power
applications. GaAs devices can handle higher power levels than Silicon devices. They
are commonly used in power amplifiers for applications such as cellular base stations
and satellite communications. GaAs technology finds applications in various fields,
including telecommunications, wireless communication systems (such as cellular
phones and Wi-Fi), radar systems, satellite communications, optoelectronic devices,

and aerospace.

While GaAs offers certain advantages over Silicon in specific applications, it also

has some limitations. GaAs technology is generally more expensive compared to
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Silicon technology, and it may not be as suitable for large-scale integration due to
challenges in manufacturing and compatibility with existing fabrication processes.
However, in specialized applications that require high-frequency performance and

power handling capabilities, GaAs technology continues to be widely used.

GaN technology refers to the use of Gallium Nitride as the semiconductor material
in electronic devices and integrated circuits. GaN is a wide-bandgap semiconductor
that offers several advantages over traditional materials like Silicon (Si) and Gallium
Arsenide (GaAs). It has gained significant attention and adoption in various
applications, especially in power electronics and high-frequency devices. GaN devices
can operate at high frequencies, enabling faster switching speeds and efficient power
conversion. This makes GaN technology suitable for applications such as power
amplifiers, high-speed switching devices, and high-frequency communication
systems. GaN devices have lower conduction and switching losses compared to
Silicon-based devices. This results in higher. power efficiency, reduced heat

generation, and smaller form factors for power electronics applications.

While GaN technology offers numerous benefits, it also has some challenges. The
manufacturing processes for GaN devices are more complex and expensive compared
to Silicon-based devices. However, as the technology continues to mature and
economies of scale are achieved, the cost is expected to decrease. Overall, GaN
technology has the potential to revolutionize power electronics and high-frequency
applications with its high performance, efficiency, and compact size. It is being
actively researched and developed to further advance its capabilities and broaden its

range of applications.
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Two distinct semiconductor technologies that are frequently utilized for power

amplifiers are GaAs and GaN. Although all technologies have benefits and drawbacks,

it is important to note some significant performance variations. Table 2.1 below shows

the comparison between GaAs and GaN technologies.

Table 2.1: Comparison between GaAs and GaN Technologies

Parameters

GaAs

GaN

Frequency Range

Capable of operating at high
frequencies, but GaN offers
extended frequency

capabilities.

Can operate at higher
frequencies due to their
superior electron mobility and

higher saturation velocity.

Noise Figure

Known for its low noise
characteristics, making it
suitable for applications that

require low noise

Have slightly higher noise
figures due to their higher
operating voltages and

associated noise sources.

amplification.
Linearity Offers less better linearity GaN devices exhibit
compared to GaN. improved linearity due to their
high breakdown voltage and
higher power handling
capabilities.
Cost Less expensive compared to | More expensive due to the

GaN technology.

complexity of manufacturing
processes and lower

economies of scale.
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24 Review of Previous Research

Moreno Rubio et al. (2022), presented a strategy to design ultrawideband power
amplifiers with a fractional bandwidth of approximately 200% [4]. It exploited a
simple output matching network, which consists of a series transmission line together
with a shunt stub, to compensate the output parasitic network of the device. Several
output matching networks were designed for two different size GaN HEMT devices.
One of these examples was implemented and characterized and a drain efficiency from
52% to 70% and an output power between 40dBm were obtained, over 67% of the 5G
sub 6 GHz band (0.1 t0 4 GHz). The mentioned results, represented the state of the art

in broadband power amplifier.

According to M. Shahmoradi ef al. (2023), the main PA was designed using an
accurate approach that took the loading effect of the auxiliary amplifier on the main
amplifier during back-off into account [5]. A symmetric DPA is designed, made, and
tested as a proof of concept. According to the measurements, the device's operating
frequency range is between 3.3 and 3.9 GHz, its minimum peak output power is 36
W, and its drain efficiency is between 48 and 53.2% at peak and 34.6% to 44.5% at 6

dB back-off.

Lv Guansheng et al. (2019), implemented a dual-band power amplifier with hybrid
operating modes for 5G mobile communication and vehicle network using 0.25 ym
gallium nitride (GaN)-HEMT process [6]. The measurements show that between 3.3
and 3.8 GHz, a saturated power of 41.8 to 42.6 dBm, a saturated drain efficiency of
56% to 64%, and a 6-dB back-off DE of 42% to 51% are achieved, whereas at 5.8
GHz, a saturated power and DE of 41 to 55% are attained. This is the initial hybrid

operating mode dual-band GaN monolithic microwave integrated circuit PA. The
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same (GaN)-HEMT technology was used in publication by Liu R-J. et al. (2019),

albeit with a different frequency range [7].

Xiong H. et al. (2018), proposed an Asymmetric Doherty Power Amplifier using
Symmetric Devices (ADSD) for 5G base-station application to improve the back-off
efficiency and bandwidth. The primary and secondary elementary power amplifiers
(PAs) in this study are built to attain the best back-off efficiency and saturated power,
respectively [8]. By doing so, the limitations brought on by the usage of asymmetric
devices in traditional asymmetric Doherty Power Amplifier (DPA) can be overcome

while the overall performance is improved.

This research proposes a wideband power amplifier constructed in 28nm FDSOI
technology by R. Quéheille ez al. (2020) with regulated efficiency based on second
harmonic matching [9]. The class-J harmonic processing technique was employed by
the output network to regulate the Power Added Efficiency (PAE) over Bandwidth
(BW). In this essay, the efficiency control theory was examined. The papers that have
been reviewed is summarized in term of several parameters to distinguish between

each other as in the Table 2.2.



Table 2.2: Existing PA Design Comparisons
Research Operating Gain (dB) Output Method/
Papers Frequency Power Technology
(GHz) (dBm)
[4] 0.1-4.0 9-14 40-42.5 Ultra-Wideband
[5] 3.3-3.9 NA 45.6 Broadband
[6] 3.5-5.8 12 41.8-42.6 Dual-Band GaN
MMIC
[7] 4.8-5.0 6.1 40-40.3 GaN MMIC
[8] 34-3.6 7.5 39 Broadband ADSL
[9] 2.4-5.1 o (0 18.5-20.9 FDSOI
[10] 3.5 NA 30.0 GaN
[11] 4.5-52 8.6-11.6 40.4-41.2 C-Band GaN
MMIC
[12] 5.8 12.9 37.0 GaN HEMT
[13] 0.41-7.1 15.0 35.0 In-Band
[14] 24-30 19.8 322 GaN-on-Si

14



CHAPTER 3

METHODOLOGY

The methodology of this power amplifier (PA) is discussed in this chapter. This
chapter included the types of transistors chosen for the PA. Also, will discuss about

the flow chart of the design process and software that is being used for simulation.

3.1 Methodological Flowchart

Figure 3.1 shows the flow chart of the project that will be designed.
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Figure 3.1: Flowchart for Methodology Framework of PA Design
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To design the PA by using ADS software, there are few steps needed to make sure
the required parameters can be achieved. Hence, more details on how to do the

methodology will be explained in this section based on the flowchart created:

3.2 Design Methodology

In this section, it will briefly explain about the steps taken to design the PA. The
topology of the PA is examined first, followed by a discussion on specifications,
selection of transistor, stability, biasing on transistor, matching network, optimization,

and finally analyzing the simulation.

3.2.1 Power Amplifier Design

This following section presented the general procedures of PA design. The design
based on a single stage microwave transistor amplifier which be modeled by the circuit
of Figure 3.2. The matching network is used on the both sides of the transistor to
transform the input and output impedance, Z, to the source and load impedances, Zs
and Z; . The input matching circuit, including the bias circuit gives an important impact
on the operation of the RF power amplifiers [15]. From the matching networks it will
show the different in optimization which is the maximum gain, best linearity and

highest efficiency can be measured.

Rs
Zs Ru
Input u Output
Amplifier
Matching Matching Pl

Zin S11 S12 .

Figure 3.2: General Transistor Amplifier Circuit
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3.2.2 Specifications of Power Amplifier
Table 3.1 shows the specifications of the PA design. The operating frequency of

amplifier is at 3.5 GHz. The target of this project is that design microwave PA.

Table 3.1: Power Amplifier Specifications

Parameters Values
Operating Frequency 3.5 GHz
Gain, G >15dB
Noise Figure <3dB
Stability K>1
Input/Output Impedance 50 Q
Technology GaAs/GaN

The specifications of PA for the 3.5 GHz frequency band needed ahigh gain and
low noise figure. Moreover, the stability must be more than one which K>1 for it to
be in an unconditional stable state. Also, the technologies that will be used in this
project are GaN and GaAs. The performance of these technologies will be compared

based on the S-parameters for both transistors.

3.23 Selection of Transistor

The first step involved on designing the power amplifier is the selection of the
transistor. Therefore, transistor will be selected based on the requirements for the
target specifications. The requirements for the target specifications are the
combination of high gain and low noise. Details of the transistor can be referring based
on the datasheet. For this project, a type of transistor chosen is the GaAs pHEMT since

it is suitable for the high frequencies.
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The first step involved in the selection of the transistor of the amplifier is by
observing details about the transistor specification due to the amplifier specification
design. Initially, the different parameters were compared to each transistor and the
suitable transistor are CG2H40025 and AMO030WX-BI-R which both transistors
satisfying the requirements for the specification needed. Then, the stability of each
transistor needed to be checked to ensure that it can fulfill the required frequency range

at 3.5 GHz.

For CGH40025 transistor, it is a specific model number of GaN (Gallium Nitride)
High Electron Mobility Transistor (HEMT) manufactured by Cree, Inc. Here are the

key features and specifications of the CGH40025 transistor:

(a) High linearity performance

(b) Low noise figure

(c) High power gain

(d) High cost but it is still competitive with other GaN HEMTs that offer similar

performance

The specifications for the transistor CGH40025 are the target output or results for

the design of the amplifier. The specifications are:

(a) 15 dB at2 GHz and 13 dB at 4 GHz associated gain (typically)
(b) 30 dBm third-order intercept

(c) 1.5 dB noise figure

The GaAs pHEMT AMO030WX-BI-R is a high-performance transistor that offers
excellent noise figure, linearity, power gain and cost. It is ideal for a variety of RF and

microwave applications, such as cellular infrastructure, test instrumentation, and
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broadband amplifiers. Here are some features of the GaAs pHEMT AMO030WX-BI-R

in terms of its parameters:

(a) High linearity performance

(b) Low noise figure

(c) High power gain, making it suitable for applications where high-power
output is required.

(d) Low cost, which making it a cost-effective option for many applications.

The specifications for the transistor AM030WX-BI-R are the target output or

results for the design of the amplifier. The specifications are:

(a) 17 dB at 2 GHz and 13 dB at 4 GHz associated gain (typically)
(b) 35 dBm third-order intercept

(c) 2.5 dB noise figure

33 Design Parameter
To design power amplifier, it is required to identify the right parameter that need
to be used [16]. In designing power amplifier, there are several parameters such as

gain, noise figure and stability.

33.1 Stability
In power amplifier design, single power transistor is the method to provide
amplification at the desired frequency and the desired linearity. The amplifier must be

stable because with unstable amplifier, the signal will not transmit out from the
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transmitter but will oscillate inside the transmitter. The stability of power amplifier
can be determined by using K test. In K test, the will also a Rollet’s Condition that
need to be satisfied. If the K factor is greater than unity, at the frequency and bias level
in question, the expressions for matching impedance at input and output can be
evaluated to give a perfect conjugate match for the device. The set of unconditional

stability can be expressed in formula below.

Auxilary Condition

A= 511522 — 512521 (3.1)

_ 14]A]%—]S111%=]S221?
2|512S821]|

K (3.2)

The above equation is referred to Rollet’s Criteria for Unconditional Stability
which is the important condition. The value of K also can be found by using the

simulation.

The amplifier design naturally will be in stable state. However, it is difficult to
determine either an amplifier it is conditionally stable or unconditionally stable.
Insuring stability in an amplifier, especially an amplifier with substantial gain over a

wide frequency range requires more attention on the designing of the amplifier [17].

3.3.2 Noise Figure

In theoretical, noise figure is not so important in linearity of power amplifier, but it
must be used to design the power amplifier. Noise figure is defined as noise input
power corresponding to kTB from the passive device (no gain) held at 290k, where k

1s Boltman constant and B is noise bandwidth in Hertz.
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NF = 10log (F) (3.3)

333 Gain
There are different definitions of the gain. The most useful is transducer gain, which
is the ratio between the power delivered to the load and the power available from the

source [18]. Transducer gain can be expressed by:

Py

n=s.

N

(3.4)

where Ps is the Ry drives power and P;, is the output Rp power. The typical value of

the transducer gains for a Ry PA is 10 — 15 dB (assumed one-stage structure).

The other useful definition is maximum available gain (MAGQG). Available gain is a
ratio between the power available from the output of the transistor and the power
available from the source. The maximum value is occurred when the input of the PA
is conjugate-matched to the source [19]. The MAG is the highest possible value of
transducer gain in case when both the input and output ports are conjugated-matched.
MAG can be defined only if the transistor unconditionally stable. It is also useful to
evaluate the MAG versus swept frequency. It gives, so called, maximum frequency of
oscillation (f;,,4x), Which shows the frequency when MAG reaches magnitude of 1 (0

dB).
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334 Input and Output Matching

In designing power amplifier, it is essential to design the input and output matching
network of the amplifier. There are several numbers of matching technique that can
be used such as single stub matching, double stub matching, lumped elements
matching, quarter wave transformer matching and many more. The matching network
is use to provide maximum power delivered to the load. Matching network is usually
place between the transistor which is in the source and the load. Input and output

matching network is illustrated as Figure 3.3.

INPUT MATCHING

1
1
1
—
)
1
: OUTPUT MATCHING
SOURCE H NETWORK
1
1
1
— 1
1
1

Transistor NETWORK

LOAD

Figure 3.3: Input and Output Matching Network

For this project, single stub tuning is used for matching network. The important
factors in the selection of a particular matching network include complexity,
bandwidth, implementation, and adjustability. In the single stub matching that uses a
single open circuited or short circuited of transmission line (stub), connected either in
parallel or in series with the transmission feed line at the certain distance from the
load. The shunt tuning is especially easy to fabricate in microstrip or strip line form.
The matching network can easily be determined using Smith Chart. For the shunt-stub
case, the basic idea at d from the load is form Y, + jB. Then the stub susceptance is

chosen as —jB, resulting in the matching condition.
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The main steps to perform single stub matching are needed in order to design the
PA. The impedance mismatch needed to determine the characteristic impedance of the
transmission line and the impedance of the load that needs to be matched. Moreover,
the stub length also will be calculated and the stub can be open-circuited or short-
circuited and is usually a fraction of a wavelength at the operating frequency. If the
match is not perfect, small adjustments to the stub length or location might be
necessary. Repeating measurements and fine-tuning can help achieve the desired

impedance match.

3.3.5 Optimization

The aim of optimization is to improve the performance of amplifier such as the
gain, input, and output return loss. For example, in the simulation using ADS, tune
parameter is used to tune the input matching (magnitude of S;4) and output matching
(magnitude of S,,). Both magnitudes are referred to the reflection coefficient, I which
for the perfect matching, the value of I' should be equal to zero. Optimization of the
component values and microstrip line geometries is necessary to achieve the required
performance in a fabricated amplifier. Optimization and goals were selected under the
component pallet list of ADS. The input and output matching network were separately
optimized based on the optimum load and source impedances. The width and length
of the microstrip transmission lines and component values were both tuned to achieve

the required impedances.
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3.3.6 Advanced Design System (ADS)

ADS is a powerful electronic design automation software system. It offers complete
design integration to designer of products each as cellular and portable phones, pagers,
wireless network, radar and satellite communication systems, and high-speed digital
serial links. The Agilent ADS software provide every step to design in form of
schematic design, layout design, frequency and time domain circuit simulation and
electromagnetic field simulation. The advantage of ADS software is it allowing
optimizing entirely the RF designs without changing tools. The ADS also provide a

complete, integrated set of accurate and easy to use.

In ADS software section, the simulation firstly is based on 2 — port network which
is to find S-Parameters for the transistor at desired frequency, noise figure, stability,
source and load impedances, several type of gain such as power gain, available power
gain, transducer gain and maximum conjugate gain. After all the needed parameters
are achieved and the value is suitable for designing power amplifier based on the
standard, the circuit of DC biasing, input and output matching and single stage power

amplifier is simulated on ADS software.

3.3.7 Parameter Identification Using Advanced Design System (ADS)

Firstly, the step to use the ADS software is to identify the stability of the transistor.
Avago Technologies provide 2 type of files that can be run by using ADS software
which is ZAP file and S2P file. ZAP file containing the model of the transistor and the
characteristics of the transistor while S2P file contain the S-Parameters for the
transistor at specific frequencies. The value of S-Parameters also can be determined

inside data sheet of the transistor as seen in Appendix A. First, the ZAP file needs to
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be unachieved into the ADS so that it could create a workspace along with the
transistor model. To determine the stability of the transistor, the circuit in the Figure

3.3 can be used.

From the simulation, the graph of stability, noise figure and available gain with
automatically designed inside the graph file. The desired frequency can be selected by
sweeping the value of the frequency inside the graph file. For other parameters, the

step will be stated in next chapter.

3.3.8 Analyzing Simulation

A careful analysis was performed to understand the operating frequency of 3.5 GHz
and observation done on the measured parameters of amplifier. The analyzing should
be concerned on the matching elements and review of the power amplifier circuit
design on the ADS. Comparison from the simulation results to the expected results
will be analyzed. From the analysis, if the obtain results is not satisfied to the expected
results, it can be tune at optimization to obtain the best and closed to the expected
results. Once all the parameter’s measurement obtained nearly to the aim results, this

project can move to the next steps.



CHAPTER 4

RESULTS AND DISCUSSION

In chapter four, the calculation, simulation, and analysis of the result of Power
Amplifier for 6 GHz application is presented. The simulation of this power amplifier

is fully used with Advanced Design System (ADS) software.

4.1 Basic Power Amplifier Design

The maximum achievable gain, input and output matching, stability, noise
figure, and bias point simulation must all be considered while designing a power
amplifier. At the first step of PA design, simulation is necessary to determine whether
a transistor is suitable for use in a power amplifier. To optimize the power amplifier
design, every relevant parameter will be contrasted between the two transistors.

Because of its intuitive interface, the ADS software was utilized for the simulation.



28

4.2 Transistor Device Testing

The transistors must first be tested to ensure their stability and gain before
beginning the design of the power amplifier [20]. The conditional and unconditional
stability of the transistor needed to be examined. To verify the transistor's stability, the
S-parameter must be chosen. Transistor S-parameters can be compared with

simulations using the data sheet available in the Appendix.

4.2.1 Comparison of S-Parameters for 2.4 GHz and 3.5 GHz Performances
Interference is less common at sub-6 GHz than it is at 2.4 GHz. The narrower
bandwidth of the 2.4 GHz band may lead to increased interference and worsened
signal quality, which could affect the RF power amplifier's performance. Table 4.1
shows the comparison of S-parameters for 2.4 GHz and 3.5 GHz performances based
on the datasheet of selected transistors which are CG2H40025 and AM030WX-BI-R.

Table 4.1: Comparison of S-Parameters between 2.4 GHz and 3.5 GHz Based on
Selected Transistors

Transistor CG2H40025 AMO030WX-BI-R
(GaN HEMT) (GaAs pHEMT)
Frequency 2.4 GHz 3.5GHz 2.4 GHz 3.5GHz
S11 0.9292£170.65° | 0.9342161.36° | 0.8552175.51° | 0.830£146.78°
S12 0.0132£-2.99° 0.01228.26° 0.02428.13° 0.032£1.01°
So1 2.512445.57° 1.65426.26° 5.207455.76° | 3.276£20.61°
S,z 0.611£-172.71° | 0.681£-179.44° | 0.3872-171.83° | 0.3982£172.43°




4.2.2 Calculation Results of S-Parameters for 2.4 GHz Application
4.2.2.1 Transducer Gain, Gt

Calculation of transducer gain for CG2H40025:

Gy = SalPQ-ITsPHa-Ir®
[1-TsTLI2|1=522T |2

=21.6dB

Calculation of transducer for AM030WX-BI-R:

Gr = 1S211%(1=|Ts|®)(1—|T |2
[1-TsTL|2[1=52,T 1|2

=16.84 dB

4.2.2.2 Noise Figure

Calculation of noise figure for CG2H40025:
NF=10logF

=1.08 dB
Calculation of noise figure for AM030WX-BI-R:
NF=10logF

=0.842 dB

29
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4.2.2.3 Stability

Calculation of stability for CG2H40025:

1— 84112 — 1S521% + |42
K:< [Sul? = 1522 ||)>1
2181211524

=0.927<1

Calculation of stability for AM030WX-BI-R:

1—|S1412 = 1S,,1% + 14>
K=< 1S111% = [S22] ||>>1
2 |512 | |521|

=0.807 <1

The comparison of the calculation’s results for the gain, noise figure, and stability

of 2.4 GHz and 3.5 GHz for both transistors (CG2H40025 and AM030WX-BI-R)

based on the S-parameters are tabulated in Table 4.2.

Table 4.2: Comparison of Calculation's Result between 2.4 GHz and 3.5 GHz
Based on Selected Transistors

Transistor CG2H40025 AMO030WX-BI-R
(GaN HEMT) (GaAs pHEMT)
Frequency 2.4 GHz 3.5 GHz 2.4 GHz 3.5 GHz
Gain, dB 21.6 dB 17.8 dB 16.84 dB 17.71 dB
Noise Figure, NF 1.08 dB 1.30 dB 0.842 dB 1.20 dB
Stability, K 0.927<1 1.35>1 0.807<1 1.15>1
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The results show that the performance of 3.5 GHz is much better than 2.4 GHz.

This is because 3.5 GHz has a high gain, low noise figure and in unconditional stable

state.

4.2.3 Calculation and Simulation Results of S-Parameters for 3.5 GHz
Application
The S-parameters from the simulation circuit, as shown in Figure 4.1, are used to

determine the stability for the transistors CG2H40025 and AM030WX-BI-R.

S-Parameters, Noise Figure, Gain, Stability,
Circles, and Group Delay versus Frequency

= JSOF 24 Terr
+4 Term _L SNP1 Term2
Term1 = File="C:\Users\User\Desktop\ INIB4:PSM2\TRANSISTORS\1\CG2H40025_28V_400mA.s2p"
Num=1 7=70
Z=20
= Set System
Impedance Z0:
= var) VAR —
[wa] searamerers | | Evari | [EF] oprions l
—— Z0=50 —
SP1 Options1
Start=1.5 GHz Temp=16.85
Stop=6.0 GHz Mnoma2s—#4 &0 e 1 &
Step=1.0 GHz . c
o Set S-parameter analysis frequency s
CalcNoise=yes range.d If an S-parrjarr'!leter file without
noise data is used, the noise o ’
simulation results will be invalid. e

Figure 4.1: S-Parameter Simulation Circuit



4.2.3.1 Transducer Gain, Gt

Calculation of transducer gain for CG2H40025:

Gy = Sl a-Ir®
[1-TsTL|2|1=522T 1|2

=17.8dB
Calculation of transducer for AM030WX-BI-R:

Gr = 1S2112(1=|Ts|®)(1—|T |2
[1-TsTL|2[1=S2,T 1|2

=17.71 dB

4.2.3.2 Noise Figure

Calculation of noise figure for CG2H40025:

NF =10 log F

=1.30dB

Calculation of noise figure for AM030WX-BI-R:

NF=10logF

=1.20dB
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4.2.3.3 Stability

To investigate the stability of the transistor by identifying the stable and
unstable regions, the S-parameters are required. The input matching network that
maximizes the owner gain is also found using the transistor's S-parameters. A circuit
simulation must be run to ascertain the S-parameters. The values of K and A can be

used to determine the stability.

The stability factor calculation result is derived from the simulation outcome.
The result is obtained by applying equations (4.1) and (4.2). The Rollet's Condition is

obtained using equation (4.2), and the Auxilary Condition is obtained using equation

(4.1).

Auxilary Condition,

A = Sll . 522 G 512 . 521 (41)

Rollet’s Condition,

_ (1=1S111%=1S22 124142
K= ( 2|S1211S21] ) >1 (4.2)
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Calculation of stability for CG2H40025:

1= 151112 = |S221% + 142
K=< 1Syl = ISz2] ||)>1
21521521

=135>1

Calculation of stability for AM030WX-BI-R:

1— 151112 = |S221% + 14]?
:< 1Syl = ISz2] ||>>1
2112152

=1.15>1

The calculation result for stability factor obtain from the simulation above are as

below. The calculations were calculated by using equation (4.1) and (4.2).

Stability Factor, K

o E ;nz'SSOOGH
1.0 Kol 083
0.9
X ]
0.8
0.7
O.e-llllllllllllllllllll‘ll‘l[ll]l’lllIlllllllll
15 20 25 3.0 35 40 45 50 55 6.0
freq, GHz

Figure 4.2: Simulatiation of Graph Stability Factor for CG2H40025
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Stability Factor, K

1.3
DS T mo
1.2 m2 freq=3.500 GHz

1 K=1.142

1.1—_
1.0
0.9—_
0.8—_
07—
0.6-+—r—r—r—r—r—r e

1.5 20 25 30 35 40 45 50 55 6.0

freq, GHz

Figure 4.3: Simulation of Graph Stability Factor for AM030WX-BI-R

Table 4.3 shows the results of the calculation and simulation for both transistors by
comparing the S-Parameters that included the transducer gain, noise figure and the
stability.

Table 4.3: Comparison of S-Parameters between Calculation and Simulation
Results for Both Transistors

Transistor CG2H40025 AMO030WX-BI-R
(GaN HEMT) (GaAs pHEMT)
Parameters Calculation | Simulation | Calculation | Simulation

Transducer Gain, Gr 17.8 dB 17.091 dB 17.71 dB 17.799 dB

Noise Figure, NF 1.30 dB 1.299 dB 1.20 dB 1.223 dB

Stability, K 1.35>1 1.083>1 1.15>1 1.142>1
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Therefore, to meet the transistor's stability requirements, K needs to be bigger than
1 (K > 1). The simulation and calculation results shown that both transistors had

reached the stable state, where K values are greater than 1.

However, the results for the transducer gain show for both transistors meet the
requirements for the power amplifier specification but the GaAs pHEMT transistor
(AMO030WX-BI-R) has the most similar results for both calculation and simulation.
Hence, the most suitable transistor for 3.5 GHz power amplifier design is GaAs

pHEMT transistor (AM030WX-BI-R).

4.3 Input and Output matching Network

Every power amplifier design must include a matching network since it is crucial
to avoid unnecessary power loss. Matching networks are often made to ensure that the
impedance they look at is equivalent to the characteristic impedance, Z, = 50Q.
Consequently, to maximize the design circuit's power transfer, the input and output

matching networks are crucial.

To determine the length and distance of the stub from the load, stub matching was
employed in the amplifier design. A certain amount of calculation is required to
determine the length and distance. It is necessary to determine the stub's length, / and
distance, d from the load to construct the stub matching. Only the focal frequency,

which is 3.5 GHz, will be used for calculation.

B1 =1+ |511|2 — |522]2 — |A[? (4.3)

B2 = 1+ |S22|%2 — |S11]2 — |A)? (4.4)
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C1 =511 — A .S22* (4.5)

C2 = S22 — A.Sir* (4.6)

The Table 4.4 summarized the value of calculation for reflection coefficient,

distances, and lengths of the stub at input and output matching for both transistors.

Table 4.4: Reflection Coefficient, Length and Distance of Stubs for Both

Transistors
Transistor CG2H40025 AMO030WX-BI-R
Parameter Input Output Input Output
Matching Matching Matching Matching

Reflection 1.501-j10.536 | 3.523+j1.345 | 2.159-j13.498 | 7.988+)7.599

Coefficient
Distance of Stub 2.7 mm 2.5 mm 2.5 mm 2.3 mm
Length of Stub 5.49 mm 5.9 mm 5.3 mm 5.6 mm

The value from the calculation is implemented in the circuit as in the Figure 4.4.

The circuit is for single stub matching.
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Figure 4.4: Schematic for Input and Output Matching Single Stub

4.4 DC Biasing

Finding the biasing point by using the ADS software's simulation is the first
stage in constructing a single-stage power amplifier. Passive DC biassing will be used
on both transistors because this project has a single stage architecture. To finish the
biassing process when building the power amplifier, use the voltage divider consisting
of R1 and Ra. The voltage divider, which is derived from the drain voltage, creates a
form of voltage feedback when R3 is used. The power supply voltage (Vpp) for each

design was set at 5.5V. As shown below are the values of Ri, Rz, and Ra:

Where; VDC = 55V, VDS = 4‘V, VGS = 034‘V, IDS = 60mA, IBB = 2mA

Rs =M=259 4.7
Ips
R, = 28 = 1700 (4.8)
IpB
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R, = YosTVeslk _ 29700 (4.9)

Vs

The following values and functions of the various elements that are added to
the design to aid improve the PA are as follows (Table 4.5): Without these parts, the
PA would not function correctly and will have a very high noise figure and extremely

low gains. Examples of these elements are resistors and capacitors.

Table 4.5: Summary of DC Biasing Component

Component Value Function
Cz and Cs 3.3 pF Supply the matching network with a low
impedance RF bypass
Cs and Cs 10000pF RF bypass capacitor with low frequency for R3

and R4 resistors

Ri 170€2 Resistance used in voltage dividers

R» 21700 Resistance used in voltage dividers

R3 25Q Maintain a constant drain current

R4 50Q Boost stability at low frequencies

Rs 10000€2 Enhance low frequency stability and give the

gate current limitation

Figure 4.5 shows the design of a single stage PA with input and output
matching and DC biasing. The SNP1 will put the S-parameter files (CG2H40025 and

AMO30WX-BI-R) in the circuit based on the transistors that are used.
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Figure 4.5: Single Stage Power Amplifier Design

Two transistors, CG2H40025 and AMO30WX-BI-R, were used in this
project. To construct the single stage PA, the DC biassing circuit will be added to the
input and output matching circuit [21]. The design of the single stage PA is finished
after the DC bias is added. To compare the gain and noise figure, the DC biasing was
devised. Figure 4.6 below shows the single stage PA's (gain) for CG2H40025 and
AMO30WX-BI-R. For CG2H40025 and AM030WX-BI-R, the gain values are 17.091

dB and 17.799 dB, respectively.
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Figure 4.6: (a) Gain Analysis CG2H40025 (b) Gain Analysis AM030WX-BI-R
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The results for the gain that obtained from the DC Biasing analysis show that
transistor AMO30WX-BIR-R I much greater than CG2H40025 which are 17.799 dB
and 17.091 dB, respectively. As we know, the PA design need a high value of gain for
it to give a better performance and well-functioning. A high gain PA also can boost
the signal power significantly without distortion or degradation. Higher gain also
enhances the signal level compared to any noise or interference that might be present.

Hence, transistor AM030WX-BI-R has a better gain than CG2H40025.

Figure 4.7 shows the noise figure for the single stage PA (CG2H40025 and
AMO30WX-BI-R). The single stage CG2H40025 has a noise figure of 1.299 dB and

AMO30WX-BI-R with a noise figure of 1.223 dB.

m2
freq=3.500 GHz
NFmin=1.299

m2
35 2
3.0+
2.5
= 2.0
E
(T
Z 1.5+
1.0—
0.5
0.0 llll]llllllllllllll LIlll]lllllllll'lllllllll
1.5 20 25 30 35 40 45 5.0 55 6.0
freq. GHz

(a) Transistor CG2H40025
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(b) Transistor AM030WX-BI-R

Figure 4.7: (a) Noise Figure Ananlysis CG2H40025 (b) Noise Figure Analysis
AMO30WX-BI-R

The values for the gain will decrease while the values for noise figure will increase
after DC bias are inserted in the design. This is normal because the added elements in
DC Biasing will affect the overall performance of the transistor. The value of the noise
figure for AM0O30WX-BI-R is lower which is 1.223 dB compared to CG2H40025
which is 1.299 dB. A low noise figure can give a better performance since PA is
usually situated towards the end of the signal chain. It amplifies the signal that has
already been processed and optimized. At this stage, the signal has ideally been

amplified while keeping the noise figure level as low as possible.



44

Table 4.6: Comparison of S-Parameters between Calculation and Simulation
Results for Both Transistors

Transistor Parameters Calculation | Simulation

CG2H40025 Transducer Gain, Gt 17.8 dB 17.091 dB
(Gan HEMT) Noise Figure, NF 1.30dB 1.299 dB
Stability, K 1.35>1 1.083>1

AMO30WX-BI-R Transducer Gain, Gt 17.71 dB 17.799 dB
(GaAs pHEMT) Noise Figure, NF 1.20 dB 1.223 dB
Stability, K 1.15>1 1.142>1

To meet the transistor's stability requirements, K needs to be bigger than 1 (K> 1).
The simulation and calculation results shown that both transistors had reached the

stable state, where K values are greater than 1.

However, the results for the transducer gain show for both transistors meet the
requirements for the power amplifier specification but the GaAs pHEMT transistor

(AMO030WX-BI-R) has the most similar results for both calculation and simulation.

Transistor AM030WX-BI-R achieved high gain for both calculation and simulation
which is 17.71 and 17.799 dB. The stability for transistor AM030WX-BI-R also

reached the stable state, where K values are greater than 1 and has a low noise figure.
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4.5 Project Significant/Impact

This proposed project is relevant to sustainability and environmentally friendly as
for the sustainability impact, it develops more energy-effective amplifier designs that
still match the performance standards of 5G networks. This project considers utilizing

sustainable materials and manufacturing techniques.

For the environmental impact, the main goal should to create more power-saving
amplifier designs that nevertheless match the performance specifications of 5G
networks. It is also can limit the number of hazardous materials used in the production

of PA and incorporate the usage of recycled resources.

Here is a summary of the project significance of power amplifier (PA) design for
sub-6GHz at 3.5GHz for 5G applications, relating it to sustainability, environmental

effects, and societal impacts:

1. Sustainability Aspects

e The PA designed for high efficiency helps limit power consumption in
5G base stations, aligning with sustainable infrastructure goals by
reducing electricity usage and enabling greener 5G networks.

e Optimizing the PA design to efficiently utilize sub-6GHz bands like
3.5GHz facilitates widespread 5G coverage reach to drive inclusive
connectivity - a key sustainable development priority.

2. Environmental Effects

e High-efficiency PA design leads to lower overall power requirements

in 5G networks. This helps reduce associated carbon emissions,

minimizing the environmental footprint.
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e Enabling wider 5G coverage reach with optimized sub-6GHz PA
means less infrastructure and associated raw material usage. This leads
to lower pollution related to setting up 5G base stations.

3. Societal Effects

e The reliable and low-latency connectivity enabled by efficient 5G PAs
can empower several sectors like education, healthcare, agriculture and
smart cities to enrich quality of life.

e Wider 5G coverage driven by optimized utilization of 3.5GHz band
can bridge the digital divide by providing affordable connectivity

options to underserved communities.

In summary, the advanced PA development contributes to sustainable 5G networks,
reduces environmental impact, and enables social progress - highlighting the immense

significance of this project across sustainability, ecological and social dimensions.

4.5.1 Sustainable Development Goals (SDG)

The Sustainable Development Goals, also known as the Global Goals, are a set of
17 goals that aim to address the global challenges and guide global development
efforts to achieve a more sustainable and equitable world by 2030. For this project,

there are some SDGs that involved such as:

(a) SDG 7: Affordable and Clean Energy

Increasing the power amplifiers energy efficiency can assist to lessen the
infrastructure’s carbon imprint and facilitate the switch to more cheap, clean

energy.
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(b) SDG 9: Industry, Innovation, and Infrastructure

Encourage industry innovation and contribute to the construction of more
durable and sustainable infrastructure by creating more effective and

environmentally friendly power amplifiers for 5G applications.

(c) SDG 11: Sustainable Cities and Communities

Reducing the energy consumption of various applications and promoting the
growth of sustainable cities and communities can both be accomplished by

increasing the energy efficiency of power amplifiers.

(d) SDG 13: Climate Action

Creating more effective and environmentally friendly power amplifiers for 5G

applications.

(e) SDG 17: Partnership for the Goals

Government, business, and civil society must work together to build

sustainable power amplifiers for 5G applications.



CHAPTER 5

CONCLUSION AND FUTURE WORKS

Chapter five conclude all the information contains in this report and for the whole

project. Besides, the future works to improve this project are explained clearly.

5.1 Conclusion

By the time the project ends, students ought to have gained experience and
knowledge from it. They can also demonstrate their expertise and project-producing
ideas. The learner should be able to comprehend the fundamentals of power amplifiers
and how they are used. A PA’s primary purpose is to boost a signal's power level to a

level appropriate for the intended use.
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Consequently, the most important aspect of designing a PA is choosing the
transistor. From there, stability, maximum gain, and matching network are found using
the S-parameter at the operating frequency of 3.5 GHz. The findings of the gain, noise

figure and stability were presented considering various characteristics of the PA.

When all the simulation work for both transistors was completed using the ADS,
the results obtained by both transistors demonstrate that, in terms of gain, noise figure,
and stability, transistor AMO30WX-BI-R is performing better than transistor
CG2H40025, which achieved high gain for both calculation which is 17.71 dB and
simulation which is 17.799 dB. Moreover, the noise figure for the AM030WX-BI-R
is lower which is 1.223 dB than CG2H40025 which is 1.299 dB. The stability for
transistor AM030WX-BI-R is also had reached the unconditional stable state, where

K value is greater than one (1.142>1).

Hence, the most suitable transistor for 3.5 GHz PA design is GaAs pHEMT
transistor (AMO030WX-BI-R) because it has a high gain, low noise figure and
unconditional stable. To conclude, GaAs pHEMT transistor (AM030WX-BI-R) has a

better performance compared to GaN transistor (CG2H40025).
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5.2 Future Work

Theoretical research and practical domains are the two categories of future work
pertaining to the issues and innovations covered in this project. The first covers all
modelling, analysis, and extraction-related concerns, as well as certain simulation-
related ones. On the other hand, the load pull technique can be used in PA design to
find the load impedance needed to maximize efficiency. Moreover, the performances

with other technologies also can be compared.

A practical test and fabrication of the power amplifier design will follow. The
measurement’s outcome and the simulation’s outcome will be compared. It could be
necessary to make certain design changes for manufacturing. The substrate type and

biasing arrangement, for instance.
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APPENDICES

APPENDIX A

CGH40025

25 W, RF Power GaN HEMT

Description

Cree’s CGH40025 is en unmatched, gallium nitride {GaN) high
electron mobility transistor (HEMT). The CGH40025, operating
from a 28 volt rail, offers a general purpoze, broadbend solution
to a variety of RF and microwave applications. GaN HEMTs

offer high efficiency, high gain and wide bendwidth capabilities
making the CGH40025 idesl for linear and compreased amplifier
circuits. The istor is aveilable in & screw-down, flange

package and solder-down, pill packages.

Features

Up to 6 GHz Operation

15 dB Small Signal Gein at 2.0 GHz
13 dB Small Signal Gein at 4.0 GHz
30 W typical P,

62% Efficiency st P,

23V Operation

Large Signal Models Available for ADS and MWO

—_
WOIf Speed, | A CREE COMPANY

Applications

2-Way Privete Radio
Broadband Amplifiers
Cellular Infrastructure
Test Instrumentation

Package Types: 460196 & 440166
PN: CGHE0025P & CGHA0025F

Class A, AB, Lineer amplifiers suitable for OFDM,

W-CDMA, EDGE, CDMA

0 Drive | Durham,
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CGH40025

Absolute Maximum Ratings (not simultaneous) at 25° C Case Temperature

Parameter Symbol Rating Units Conditions
Drain-Source Voltage Vg 120 Volis 25°C
Gete-to-Source Voltage Vo -10,+2 Volts 25°C
Storage Temperature To -85, +150 c

Opersting Junction Temp T, 225 “c
Meximum Forward Gate Current T 7.0 mA 25°C
Meximum Drain Current! [ -~ 3 A 25°C
Soldering Temperature? T, 245 *c
Screw Torque T 40 inoz

Thermal Resistance, Junction to Caze® R 43 ow 85°C
Caze Operating Temperature™ T, ~40,+150 *c

Notes:

1 Current limit for long term, rellable operation

? Refer to the Application Note on soldering at wolfspeed, com SF/Document Library

*Measured for the CGHA002SF at P = 28W

* See also, the Power Dissipation De-rating Curve on Page 6

Electrical Characteristics (TC=25°C)
Characteristics Symbol Typ. Max. Units Conditions

i
Gete Threshold Voltage - 3.0 23 Voo Vig=10V,,=7.2mA
Gate Quiescent \ioltage Vears 27 - Voo Ve =28V, =250 mA
Seturated Drain Current I 70 - A V, =6.0V,V, =20V
Drain-Source Breakdown Voltag= Vo - - Vi | Ve=-8VL =72mA

=GR 37 O

LY

V=28V, 15, =250 mA

Small Signal Gein G, 13 - db

Power Output® B 30 - w Vo =28V, by, =250 mA

Drain Efficiency* n 62 - % Vo =28V, Iy, =250 mA, Py,
No damege at all phase angles,

Output Mismatch Stress VSWR L 10-1 v Vo =28V, 1, =250 mA,
Po=25W

Dywaric Charactansie ™~ Tt Va2l AR

it . LS T

Input Capacitance C 2.0 - pF V“=28V,V'=-8V,f=1m'k

Qutput Capacitance Cos 26 = pF V,:ZBV,V._:-SV,‘:!MH:

Feedback Capacitance Co 04 - pF Vi =28V, V,. =-8V,f=1MHz

Notes:

 Measured on wafer peior to packaging
? Measured In CGH40025-ANP

2P, Isdefined as | =0.72mA

* Oraln Eficlency =P, [ Py
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CGH40025
Typical Performance
Small Signal Gain and Return Loss vs Frequency
of the CGH40025F in the CGH40025-AMP
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Typical Package S-Parameters for CGH40025
(Small signal, Vy =28V, 1, =400 mA, angle in degrees)

Frequency MagS11 AngSi1  MagS21  AngS21  MagS12 AngS12  MagS22 AngS2

500 MHz 0924 +159.12 1264 91.13 0.015 827 0485 -163.72
600 MHz 0923 «163.56 1058 87.23 0.015 584 0491 ~165.34
T00 MHz 0923 ~166.92 9.08 83.86 0.015 396 0497 -166.41
S00MHz 0923 ~169.60 7.95 80.83 0.015 243 0502 +167.13
900 MHz 0923 17182 7.06 78.03 0.015 116 0508 -167.65
10GHz 0923 «173.72 6.34 75.40 0.015 008 0514 ~168.05
11GHz 0923 17539 5.75 72.89 0.015 0.84 0520 +168.36
12GHz 0924 17688 5.26 70.48 0.015 -1.62 0526 -168.63
13GHz 0924 ~178.24 4.84 68.15 0.015 -2.29 0533 -168.88
14GHz 0924 ~179.50 4.48 65.89 0.015 285 0539 +169.13
15GHz 0.925 17933 417 63.68 0.014 -331 0546 16938
16GHz 0.925 17822 3.89 61.52 0.014 367 0553 -169.65
17GHz 0.926 17747 3.65 59.41 0.014 393 0560 -169.94
18GHz 0926 17616 343 57.34 0.014 409 0568 -170.26
19GHz 0927 17518 3.24 55.30 0.014 416 0575 170,60
20GHz 0927 174.24 3.07 53.29 0.014 -4.13 0582 17097
21GHz 0928 17332 2.91 51.32 0.013 400 0589 17136
22GHz 0928 17241 2.76 49.38 0.013 3.76 0597 ATLT9
23GHz 0.929 17153 2.63 47.46 0.013 343 0504 A72.24
24GHz 0.929 170.65 2.51 45.57 0.013 2959 0511 AT2.71
25GHz 0.929 169.79 2.0 43.71 0.013 244 0518 A73.22
26 GHz 0530 16893 2.30 41.87 0.013 179 0525 -A73.75
27GHz 0.930 168.08 2.20 40.05 0.012 104 0532 17430
28GHz 0931 167.24 2.12 38.26 0.012 0.18 0538 17487
29 GHz 0.931 166.40 2.04, 36.48 0.012 77 0545 17547
30GHz 0532 16556 1.96 3473 0.012 182 0551 176.08
32GH 0.932 16388 1.82 31.28 0.012 418 0663 A7737
3.4 GHz 0933 16220 1.70 2791 0.012 683 0575 -178.12
36 GHz 0934 160.51 1.60 24.60 0.012 9.69 05386 179.86
38GHz 0934 158.80 1.51 21.35 0.012 12.64 0596 17839
4.0 GHz 0935 157.07 1.42 18.16 0.013 15.58 0.706 176.88
4.2 GHz 0935 15532 135 15.01 0.013 15.40 0.715 17531
44GHz 0935 15353 1.29 na 0.014 n0 073 17370
4.6 GHz 0.935 15170 1.23 8.84 0.014 833 0730 17205
4.8 GHz 0.935 14984 137 5.80 0.015 5.32 0.737 17036
5.0 GHT 0.935 14793 113 .79 0.016 26.96 0.743 16863
52GHz 0535 14598 1.09 .20 0.017 28.24 0.749 166.86
54 GHz 0535 14397 1.05 319 0.018 9.16 0.754 165.05
5.6 GHz 0934 14191 1.01 416 0.020 9.75 0.759 16320
5.8 GHz 0.924 139.78 0.98 914 0.021 30.02 0.763 16130
6.0 GHz 0933 137.58 0.96 ~12.12 0.023 9.99 0.767 15935

To download the s-parameters In 52p format, go to the CGH40025 Product page and click on the documentation tab.



Product Ordering Information

Order Number Description Unit of Measure Image
OGHA0025F GeM HEMT Each
COGH40025P GeN HEMT Each

COGHA0025F-AMP Test board with GaN HEMT installed Each
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APPENDIX B

fncom

COMMUNICATIONS

The AF Power House DC-10 GHz

Ceramic Packaged GaAs
Power pHEMT

AMO30WX-BI-R

AMO30WX-BI-G-R
December 2014
Rev2

DESCRIPTION

AMCOM's AMO20WX-BI-R is a discrete GaAs pHEMT
that has a total gate width of 2.0mm. Itis in a ceramic Bl
package for operating up to 10 GHz.The Bl package
uses a specially designed ceramic package with bent
(BI-G) or straight (Bl) leads in a drop-in mounting style.
The flange at the bottom of the package serves
simultaneously as DC ground, RF ground, and thermal
path. This part is RoHS compliant.

FEATURES

High Frequency Operation up to 10 GHz
Gan=14d8B, P,-=33dBm Eff = 48% @ 4GHz
Surface Mountable

Bottom ground for Effective Heat Removal

RF PERFORMANCE
Load pull @ 4 GHz, (Ves = 8V, lgs = 450mA)

APPLICATIONS

Wireless Local Loop
Driver Amplifier
Celular Radio
Repeaters

C-Band VSAT
Radar

L )

ABSOLUTE MAXIMUM RATING

_Parameters : Drain-Source Voltage (V)
Ps (dBm) 1 Gate-Source Voltage (V)
E_;f—@- P } " Drain Cument (mA 1080
Pyg (@Bm) . 33 = Continuous Dissipation
EF @ Pas ! K At Room Temp. (W) Py 55
| Small Signal Gain (dB) 112 14, Operating Temp. (C) Te  |-55to+85
| IP3 (dBm) e 41 { Max. Channel Temp.{*C) | Tq (| +175
* Power typically remains the same as frequency
changes.
DC PARAMETERS
Saturation Current |, (mA) V4=3V, Vgs=0V 720 000 1080
Pinch-of Voltage V, (V) V=3V, Ids=2.5% ldss 18 12 08 |
Drain to Gate Breakdown Voltage BV (V) I = 3mA 15 20 \
Thermal Resistance (“C/W) 28 ]

E-mail: info@amcomusa.com
hitp-//www.amcomusa.com

Tel. (301) 253-8400 Fax. (301) 353-8401
401 Professional Drive, Gaithersburg, MD 20879
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S-Parameters for AMO30WX-BI-R. Vds = 8V, Vgs = -0.8V, Ids = 450mA *

Freq(GHz) | MAG(S11) ANG(S11) | MAG(S21) |ANG(S21) MAG(S12) | ANG(S12) MAG(S22) ANG(S22)

0.1 0077 | -41.80 38.728 15448 | 0.007 82.93 0196 | -8252
02 0041 | -80.87 30700 | 13022 | 0014 51.87 0246 | -104.28
0.2 0012 | -93.26 25573 126.17 | 0.017 4237 0287 | -122.13
0.4 0.895 | -112.08 | 2132 11531 | 0.018 2443 0318 | -138.08
05 0884 | -126.32 17.05 106.67 0.02 28.04 034 | -146.12
08 0.883 | -135.08 | 15463 | 100.23 0.02 2322 0352 | -152.28
07 0.88 1435 13.549 2503 0.021 2024 0350 | -156.87
08 0875 | -149.81 | 12.043 2035 | 0.021 17.50 0362 | -180.43
0.2 0874 | -155.24 | 10.795 86.04 0.022 15.23 0378 | -163.31
1 0871 | -150.83 | ©0.767 8227 0.022 139 0381 | -185.48
15 0884 | -175.35 5.623 56.44 0.023 837 028 | -17157
2 0855 | 17551 5207 5576 0.024 8.13 0387 | -171.83
25 0845 | 166.16 4.300 4363 0.026 583 020 | -17558
3 0837 | 156.67 3727 3172 0.020 375 0394 | 170.82
35 0827 | 14727 3327 10.87 0.021 125 0305 | 175.34
4 0818 | 137.57 301 7.86 0.025 -1.91 0392 | 160.88
45 0808 | 12757 2782 421 0.038 504 0396 | 164.60
5 0797 | 117.71 2,803 1632 | 0043 | -1021 0398 | 150.11
55 0.78 106.91 2.485 201 0048 | -1591 0387 | 153.54
[ 0.758 2476 2413 425 0.057 234 0373 | 147.32
65 0.736 8017 22373 5723 | 0086 | -3248 | 0353 | 140.14
7 0712 6241 2345 7335 | 0076 | -4358 | 0325 | 130.64
75 07 4202 2289 9082 | 0086 | -58.07 | 0203 | 117.24
8 0.707 2007 2.201 10848 | 0096 | -69.81 0.250 2883
85 0.734 087 2078 12854 | 0104 | -8408 | 0233 726
0 | 4713 1.827 14434 | 0.100 280 0228 304
a5 0812 | -3200 1.767 16183 | 0112 | -11358 | 0281 473
1 . 2 Y - 24.11
105 0878 | -8355 1.408 163 0111 | -142.16 | 0402 | -47.41
02 j 1. | 534 | 0 72 404 -67.63
115 0024 | -23.53 1.027 1283 0.1 171.76 | 058 -84.10
12 - " 0.852 129 | o 1746 | | [0857 | -0832

* S2P fie downloadable from the web : htto:/lwww amcomusa.com/productsiritrans html
Maximum Available Gain (8V,450mA)

o1 2 3 4858 6 7T 85 N
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APPENDIX C

PROJECT PLANNING (GANTT CHART)
SEM I SEM BREAK SEMII
ErojectAciviiles 1/2(3/4|5 6|78|9(10[11]12]13|14|15[16|17|18|19(20(21|22/23/24| 1|2 |3 |4 5|6 |7|8|9 10[11/12/13|14|15/16
Carry out literature survey
related to the Power Amplifier
and 5G sub §GHz licati |
Define the specifications of the

parameters for 5G RF amplifier.

Choose the amplifier technology
for the 5G RF amplifier.

Select a suitable active device
based on the amplifier
technology and specifications.

Design a biasing network, design
the input and output matching
networks for the 5G RF ampilifier.

SEMINAR PSM Il

SEMINAR PSM |

Simulate the circuit by using ADS
Software and analyze the

Data analysis and verify the
performance of the 5G RF
amplifier circuit.

Thesis writing and submission. ok o L ) o




