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Abstract

A power amplifier (PA) in S band as a main component of satellite
jammer is presented. Amplifying a noise signal with high output power
and efficiency was target irrespectively of linearity, signal distortion and
conductivity.

A PA with GaN HEMT transistor operating in the beginning of
saturation region was the optimum choice to get maximum out power and
good efficiency with smallest power dissipation, the design of high S-
band PA with two different approaches and implementation of one of
them are carried out, in addition a Balanced PA using Microstrip line and
using stripline couplers are designed.

Keywords: GaN HEMT transistor; harmonic termination; power;
switched mode, power amplifier (PA), Efficiency, power added

efficiency, satellite jamming, stability, Dissipated power, Gain.
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Thesis Summary

This thesis is organized in six chapters. Chapter one introduces a
brief background of the research and defines the thesis objective, research
requirements, system block diagram which is the PA the key element of it
and the research methodology. In chapter two, a brief review of the PA
fundamentals is presented; followed by PA topologies, and PA design
considerations. In addition, the classes of PAs (linear and switching-
mode) are explained. Finally, brief discussion of linearity PA and the load
pull concept technique are clarified. Chapter three shows techniques of
the basic matching NWSs. Furthermore, it discusses different
transformations real to real and complex to real transformations TLs and
power combiners. Chapter four satellite overview, calculations of link
budget example and satellite jamming technique are presented. Chapter
five design then implement of high S-band PA with two different
approaches and design of balanced PA of this PA with Microstrip line and
stripline TLs. Finally, Chapter six concludes the work and suggests some

topics for future work.






Acknowledgment

Thanks, must go to Allah creator of universe who ordered us to
study and explore his creations to know Allah better. However, as | come
to understand more, | find that there is so much more knowledge to
absorb and to get to grips with. My gratitude intends to Prof. Dr. Hadia El
Hennawy for her supervision and creative direction during the progress of
this work. My gratitude intends to Col.Dr. Hazem Elbanna for his
continuous encouragement, supervision, correction and leading during the
progress of this work. | want to express my deepest gratitude thanks to
Let. Col. Dr. Ahmed Sleem who gave me creative direction during the
progression of work and his very deep information and continuous
guidance through this work and gave me his experience to complete the
simulation and hardware part of thesis. Special thanks to. Prig. Prof. DR.
Hesham Nabil for his advices and notes that helped me to correct my way
many times during this work. Special thanks for Eng. Wael Abdulla for
his advices and guidance at the start of this work. Let. Col. Dr. Bassem
Abd el Rahman for his help in the thesis writing and hardware problems.
Col. Walid Abo ElI Magd for his effort and help for bringing the
components in this work. Electronic ware fare spicily the middle work
shop family for their continuous encouragement and help at all my carrier
life and specially at this work. My special gratitude to my father, mother,
wife, sons, brother, who were very patient and helpful. They endured a lot
of effort to get this work completed. | would also like to express my
gratitude to my uncle col. Eng. Wael Abd AL Fatah for his

encouragement in my work; may Allah bless his soul.

Xl



Xl



Table of Contents

Abstract .. VIl
ThesiS SUMMANY .......ooiiiee e IX
ACKNOWIEAgMENT ..o XI
Table of CONENTS .....occvveiece e I
LiSt Of FIQUIES ..ot W41
List Of TabIeS.....ccoooeiiiice e XV
List of abbreviations...........cccccovv i XVII
List of SymbOIS........ccooiviiiec e XX
Chapter 1 INtroduCtion...........ccecveveeiiieiie e 1
L1 INtrOdUCHION.....coiie e 1
1.2 Background..........ccccooeiiiieece e 1
1.3 ThesiS ODJECLIVE ......ccvviieiiiecee e 2
1.4 Thesis organization..........ccccevveevieesiesreenee e see e 3
1.5 Application OVEIVIEW ........ccccveiieiieciieenie e see e 3
151 Research requirements and limitations:...........ccccccoeveeevenenn 3
152 System block diagram: .........ccccoeveiiiiinine e 5
153 Research methodology: ..o 5
1.6 SUMMAIY ..o 6
Chapter 2 Power amplifier fundamentals...............cccc.c..... 7
2.1 INErOAUCTION....cveiiieiecieec e 7

2.2 Historical Development of PAS.........cccccvivvieiieciieene, 7



2.3 PA CONSIABIALIONS ...ttt 7

231 OULPUL POWET ...t 7
2.3.2 POWET GAIN ... e 8
2.3.3 Y ) 13 AP 9
2.34 EFfICIENCY ..o 11
2.35 PA LINGAITY .oveeie ettt 12
2.4 RF PAS TOPOIOQIES: .....eeiveiiieiieiieesiiesie e e 14
2.5 Power amplifier Classes .........ccccoovevviivieiieiieeseesienn, 15
25.1 Linear Power amplifier Classes........cccocvvveveiecicieieciennnn, 15
2511 ClaSS A PA .. s 16
25.1.2 ClasS B PA ...ttt 16
2513 ClaSS C PA ..o e 17
2514 Class AB PA........ooiiie ettt 18
2.5.2 Switching-mode power amplifier classes........c.ccccoevevvenaee. 19
2521 ClaSS D PAS......ooiiiicieistee e 20
2.5.2.2 ClIaSS E PA ... 20
2523 ClaSS F PA ..o s 21
2.6 SUMMAIY ..ooiiiiiiiie it aiee e sbessieessreeessaeesnnee s 22
Chapter 3 Microwave and RF Fundamentals................. 24
3.1 INrOdUCTION. ..., 24
3.2 Basic types of matching NWSs ... 24
3.21 LC matching NWVS........cooiiiiiiiieeeeeesese e 24
3.2.2 TL Matching NWS .......coiiiiiiiiiieeeee e 30
3.2.3 Transformer matching NWS. ... 30
3.3 Transmission lINES .......cccooeviiieiiniienee e 30

3.31 T L SETUCTUIES ..ttt esesennnnresnrnnnees 30



3.3.1.1 SHAPINE oo 31

3.3.1.2 Embedded Differential Line.........cccooooviviiiiiiiiniiiiceee 32
3.3.1.3 MICTOSEIID ..t 32
3.3.14 Coplanar Waveguide (CPW)......c.cccvvevivneeieveeese e 32
3.3.15 Coplanar Strip (CPS) and Differential Line.............c.c...... 33
3.4 POWEr COMDINEIS ....ooviiiieiiiie e 34
341 Device level COMDINET ..o 34
3.4.2 Circuit level power COmbiner............ccooeoveineinenscen, 35
3421 Resonant COmDINErS. ..o 36
3.4.22 Non-resonant CoOMBINETS.........ccceieieieiiniiise e 37
3.5 SUMMAIY ..ottt 38
Chapter 4  Satellites OVEIVIEW ..........cccoveveevieiiece e 40
4.1 INtrOdUCTION......oiiieiiecee e 40
4.2 Satellite classifications .........ccccceevvevieeiiieeiie e, 40
4.2.1 Classification according to applications..........c.ccccocvevenaee. 41
4.2.2 Classification according to orbitS..........cccccevveviveveiecinesnenne. 41
4.3 Satellite link budget........c.cccooovveviiiiie, 41
4.3.1 Downlink budget analysis ..........ccccoeveveiieeveiiecicce e, 42
432 Uplink budget analysis ...........cccveireiiniinineeeeees 46
4.4 Satellite cOverage area.........coccooeveeiereeneneenesie e, 47
4.5 Communication time and Swath width ...................... 49
451 CommuNICALION TIME ......c.eeiiiiriiieeeee s 49
45.2 Swath WIdth ... 49
4.6 Satellite Jamming ........ccoocvvveriinieiiere e 50
4.6.1 Downlink JammIing ........ccooovierineie e 50

4.6.2 Uplink Jamming .......ccoooeiiiiiiieeneie e 52



