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ABSTRAK

Penguat kuasa (PA) biasanya pengguna utama kuasa arus terus (DC) dalam
kebanyakan peranti wayarles tangan, jadi kecekapan penguat adalah satu pertimbangan
yang amat penting. Untuk menyelesaikan masalah ini, kita perlu untuk mereka bentuk
kecekapan tinggi PA untuk evolusi jangka panjang (LTE) yang mengurangkan
gangguan apabila menghantar isyarat. Dalam komunikasi, pada dasarnya mereka
menggunakan penguat kuasa Kelas A & AB. Ini adalah kerana ia mempunyai nilai
gandaan yang lebih tinggi dengan mengurangkan kandungan spektrum tetapi
kecekapannya kurang dari 70%. Jangkaan kecekapan untuk penguat kuasa bagi projek
ini adalah lebih daripada 70%. Proses modulasi kuasa mesti cekap kerana hanya kuasa
dihantar (kadang-kadang hanya sebahagian daripadanya) akan ditafsirkan oleh
penerima. Penguat kuasa yang cekap adalah penting dalam teknologi terkini.dan akan
diperlukan pada masa akan datang juga. Objektif utama projek ini adalah untuk
merekabentuk dan membangunkan kecekapan tinggi kuasa penguat untuk LTE. Dalam
usaha untuk mencapai matlamat ini, beberapa kaedah telah dicadangkan. Pada mulanya,
kajian literatur termasuk pemahaman mengenai parameter penguat kuasa dan struktur
akan menjadi kajian. Kemudian, kita akan merekabentuk dan menganalisis penguat
kuasa. Pada akhir projek ini, saya akan belajar tentang reka bentuk penguat kuasa dan
teknik. Parameter yang akan digunakan dalam projek ini adalah kehilangan yang
dikembalikan. Kami menggunakan teknik pengukuran gelombang mikro untuk mengira
ukuran untuk reka bentuk ini. Dalam projek ini, saya sudah selesai reka bentuk penguat
kuasa untuk LTE.
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ABSTRACT

The power amplifier (PA) is usually the primary consumer of DC power in most
hand-held wireless devices, so amplifier efficiency is a very important consideration. To
solve this problem, we need to design high-efficiency PA for LTE (Long Term
Evolution) that reduce noise when transmit the signal. In communication, basically they
use Class A & AB power amplifier. It is because it has higher gain with reduced
spectral content but its efficiency below than 70%. The expected efficiency power
amplifier for this project is more than 70%. The power-modulation process must be
efficient, since only the delivered power (sometimes only part of it) is to be interpreted
by the receiver. Efficient power amplifiers are necessary in state-of-the-art technology
and are going to be necessary in the future as well. The main objective for this project is
to design and develop high-efficiency power amplifier for LTE. In order to achieve the
objective, several methodologies have been proposed. In the beginning, literature
review including understanding of power amplifier parameters and structure will be
studies. Later on, we will design and analyze the power amplifier. At the end of the
project, | will learn about power amplifier design and technique. Parameter that will use
in this project is return loss. We use Microwave measurement technique to calculate the
measurement for this design. In this project, | already finished design power amplifier
for LTE.
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CHAPTER |

INTRODUCTION

The power-modulation process must be efficient, since only the delivered power
(sometimes only part of it) is to be interpreted by the receiver. Despite the current
miniaturization and power saving trends in electronic devices, human-scale powers
must be handled in order to interact with the real-world environment. Therefore,
efficient power amplifiers are necessary in state-of-the-art technology and are going to

be necessary in the future as well.

The power amplifier is usually the primary consumer of DC power in most
hand-held wireless devices, so amplifier efficiency is a very important consideration. To
solve this problem, we need design high-efficiency power amplifier for LTE that can be
reduce noise when transmit the signal. Class A & AB designs are more to mobile unit
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because higher gain with reduced spectral content but the efficiency only below than

70%. The expected efficiency power amplifier for this project is more than 70%.

A better measure of amplifier efficiency is called power added efficiency,
defined as:

Npap = PAE = Z82in = (o) Pt (1.1)

Ppc

For this project we need to design and also develop high efficiency power
amplifier design for Long Term Evolution (LTE). To design power amplifier, we
choose to use Advanced Design System (ADS) software compare to Power Amplifier
Design (PACAD) software. To develop power amplifier, we have to fabricate design
from ADS software. ADS software also can print the circuit to the PCB board to

fabricate.

1.1 Problem Statement

The power-modulation process must be efficient, since only the delivered power
(sometimes only part of it) is to be interpreted by the receiver. Despite the current
miniaturization and power saving trends in electronic devices, human-scale powers
must be handled in order to interact with the real-world environment. Therefore,
efficient power amplifiers are necessary in state-of-the-art technology and are going to
be necessary in the future as well. In communication, basically they use Class A & AB

power amplifier. Currently high-efficiency power amplifier for LTE is below than 70%.
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1.2 Objective

The main objective for this project is to design and develop high-efficiency
power amplifier design for LTE. The other objective is learned how to use ADS

software to design power amplifier.

13 Scope

For this project, we use ADS2008 (Advanced Design System) software to
design high-efficiency power amplifier for LTE. This project also use hardware based
on design from ADS. Hardware that use are Power Amplifier. For measure power
amplifier, we use Microwave measurement technique. In this project, parameter that use
is return loss.

In order to achieve the objective, several methodologies have been proposed. In
the beginning, literature review including understanding of power amplifier parameters
and structure will be studies. Later on, we will design and analyze the power amplifier.
At the end of the project, | will learn about power amplifier design and technique. We
also will gain programming skills. Parameter that will use in this project is return loss.
We use Microwave measurement technique to calculate the measurement for this
design.

Chart on the next page show summary of scope in this project.
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High Efficiency Power Amplifier Design for LTE

v ¥

Software Hardware
g !
ADS PACAD Fabrication
(Advanced (Power
Design Amplifier
System) Design)
Software Software

Figure 1.1: Scope work of Project

1.3.1 SOFTWARE (ADS Software)

In this project, we use software and hardware to accomplish this project. For this
project, we have two softwares that we can use to design power amplifier. But in this
project, we choose ADS software compare to Power Amplifier Design (PACAD)
software. The introduction and advantage of ADS software will be discuss further in the

subtopic of this topic. We will go deep to what exactly this software.

Why we use software to design power amplifier? This is because we can’t
estimate the possibility of design in success by using calculation. By using software, we
can simulate the design circuit with the other possibility easier. For example we can to

test design on the difference frequencies without do so much calculations.
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1.3.1.1 What is Advanced Design System (ADS)

Agilent Technologies Inc. made ADS software in the industry’s leading RF,
microwave & high speed digital electronic automatic software for wireless
communication & networking, aerospace & defense, and signal integrity application.
ADS software is software that has high speed digital design and simulation tools that

provides solution for multi-gigabit/s chip-to-chip links.

Why communications use ADS software? It is because in nowadays
communication we used high speed digital signal and the frequency is higher. So, ADS
can design on the high speed digital signal. Agilent always upgrade ADS software to
meet the needed of increasing complexity and integration. Most of ADS looked like
same as the other version but some importance been made to support the breakthrough

technology in new ADS.

The new ADS have their new capabilities such as easier to simulate and multi-
chip design. User no longer restricted to a single project folder. They can easy to create
multi-technology design and designs containing IP from multiple engineers. User can
create design tat use components from multiple process and designs will use the
technology defined in the library. Duplicate of the component names are supported as

long as the parts are in different libraries.

The other capabilities are easily select models for simulation. User can easily
simulate without activating and deactivating and this concept known as dynamic model

selection that means user can simulate same designs with different models.

The next capabilities are more efficient electromagnetic (EM) setup. This new
ADS has redesigned EM user interface for both momentum and FEM which provides a
ore streamlined use model for creating substrates (MSub), defining port(Port) and

generating EM models. EM setup are easier to configure and can be reused.
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1.3.1.2 How to use ADS?

If this is first time on using ADS software, firstly we need to create some

workplace for save our design. To create workplace, just click on button W with symbol

= ﬁ

plus like this figure. Workplace not only can create one folder. We also can

create other workplace with the difference name. To create workplace, make sure that

name not contain any symbol.

L |

W

This button is to open the workplace that we already create. We can

choose which one workplace that we want to open. It will display window that we need

to search the directory of the workplace. Display window shown as picture below.

' Open Workspace - PR
lookin: [ ) D:WADS e oo EE

& My Computer MyWorkspace_wrk

aaaaa

Directory:

Files of type: | Directories

After opened the workplace, it will show the all design that we already save
before this. Display below showed the opened workplace that already has the previous

design.

File wiewe | Folder Wiews Library WViews

- [ DEADS R W o rkspace_werkh
Dohertyfmp
Filter
FH Filter.dds
(= HEBE1TonePAE Pswp _Doherty
- A= Potorcla_Plosfet_Podel
(= RF
e RE.dds
Sample_Pa
S5 _ARMP_SINL
SS_AMP_TOP2

06

oo

DA DS b W orkspace wwrk
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To start design circuit, we need to know the use of the button at the header of

ADS software. For this button

plm
RANM)

, it’s for design new schematic of the design

circuit. We can name or rename the schematic based on the circuit design. Picture

below show the specification schematic that we want to the circuit.

E Mew Schematic &J
Library: [Mylerary_Iib = ]
cell: =il Browse Cells...
views

Options
Enable the Schematic Wizard
Schematic Design Templates (Optional):

[ <none >

|

o [ comea |

Help |

This button is to create new layout to the circuit. In the cell can have

schematic, layout and symbols. Picture below show the option on create new layout.

This button

,
",
.-:
|

¥ New Layout Iér
Library: [MyLibrary_Iib - ]
Cell: = Browse Cells...
view:
[ Ok ] [ Cancel ] [ Help ]

is for add new symbol to the circuit or cell. Figure below

shown option on creating new symbol for circuit design.

ril.l".l'l.lll1

Button L

'F¥ Mew Symbol Ié]
Library: [M\-’Library_lib - ]
Cell: Browse Cells. ..

View: Edit View Name...

[ OK ] [ Cancel ] [

Help ]

‘| use when want to display the simulation. This button use to display

data window. In this window we can get the data not only the digital value input output,

we can also display the input and output value via smith-chart and graph. It also has the

other method to display the result of this design. It easier to student compares the value
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between calculation and measurement simulation. Figure below show the data display

window.

File Edit View Inset Marker History Options Tools Page Window Help

NEHES B X9 &6 2R % )

e ) (M) [« [ (o] [v] ] B ] ] S
J AN A F DaVe'a

Palette a8

o/ gfie |
I EEGH

Figure 1.2 shows the example of circuit for designing 3dB branch line coupler.
In this circuit, we use micro-strip line component. We can see the component name
MLIN, MTEE and etc. Based on the name of the component, we can know the
designing use which type of applications. At the end of the component, we need to put
port. This port is the importance part because result will measure from this port. In all
port should have termination (TERM) with the ground. In coupler, we measure by using
s-parameter. So we need to put s-parameter to measure from the circuit. Msub is use to
set the specification of the design. In S-parameter, we also put the frequency that we

want to measure.

nTEE .
e . NTEE_ADS g
N SUtENSBT MLN et M
ns phig= o iy SSEVELT e
W2=4585mm bst="US =
Subst=WSb 1" - Wi=4885mm e
e W3-2282rm FEIET S EE
L<18.4mm eme= W3E282 fam eza
MEUB — 1 — 1 ')
MSubt Pl — LT =
ErdD Nism=1 - LB
Mot Num=3
Corc=10E+2D
Hu=38e+02¢ mi
T-0008 mm -
BnD=0 ‘{7‘ oF B
Rough=0 mil LI
Ao Subst="MEub 1" o &hvm;
Dpeas W=2.83 mim Eitan =
| . DT  We2gmin B
L=t6. 4mm
SPARAVETERS = =
- 8P .
| Stsi=10GH: . :
Step=5GHz —
Steps05 Giz T} <>
N MIEE ADS MN MIEE_ADS [ Fa
i s T o2 5 Num=4.
Subst="MSLD1" Subst="NBup1’ Subst="NS1b1" Subst="WSLH1" Subst="NSub1" |, L8 Ter
W=2e2mm Wi=4565mm W=4 585 mm Wi=282mm w=22 mm o
. L=B4mm W2=283mm L=tE2mm W2=4865mm L=t8.4mm Num=4
o Wa=282mm Wa=282mm 2-500M
Num=2
Z-506h

Figure 1.2: 3dB Branch Line Coupler
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Sometime we have problem when want to find this components. So, from the
designing, we should know that what application we use to design circuit. We also can

search the component by typing on the search component. It shows in figure below.

| Lumped-Components - - |

In scrolling the application on ADS, we can see the component. It’s specific to
source, simulation and etc. If we want to use GSM technology, it also can be find at the

component. The display of component searching can be show in figure below.

File Edit Select View Insert Options To
DEHS L M X

LTE Channel Coding x| ads_rflib:R
HSUPA Multiplexers & Coders -
HSUPA Receivers
HSUPA Signal Sources
Instruments

c

1 al 1 ] 1=
g i
T

The first bar on other software, it usually the basic item like file, edit, select,
view, insert, option, tools and helps. For ADS, it have additional item like layout,
simulate, window, DynamicLink and DesignGuide. What use of this item? For layout
and window item, it uses to add another layout and window to the design. In simulate
item, it’s about how to simulate the design and the simple simulation of the other

design.

File Edit Select View Inset Options Tools Layout Simulate Window Dynamiclink DesignGuide  Help

We can refer simulate to compare between example and our design if there
something wrong when design can’t simulate. For item DesignGuide, its guide users
how to design circuit. In this option, it uploads the example of the designing on the

other application.

For example, it already uploads the design of amplifier of class A to class D. if
we want to design amplifier, we can refer only with the example circuit. It’s not only for
amplifier. The other applications like mixer and WiMAX also already upload to the

DesignGuide. It make user easier to use this software.
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