Project Thesis

X band Low Noise Amplifier and

Ultra Broad Band Wilkinson Power Divider

UNIy
P> (3
& s,

.t ot A
Qv ot il

e STy K

Supervisor: Khawaja Qasim Magbool

Group Members

Tahir Imran 01-133072-060

Tanveer Zahid 01-133072-063

Waseem Ahmed 01-133072-070



-: DEDICATION:-

We dedicate our final year project to our beloved and honorable parents. Without there
support this project and above all our degree would not have been completed.

We would also like to dedicate this project to all our faculty members and our friends and to
those who helped us in the completion of this project.



Table of Contents

Chapter No 1 INtrodUucCtion...........cccooviiiiiiiee e Error! Bookmark not defined.
1.1 ADSTIACT ... Error! Bookmark not defined.
1.2 MOTIVALION ... s Error! Bookmark not defined.
1.3 Project ChalleNges .......cccceiveiiiiiieic e Error! Bookmark not defined.
1.4Personal Challenges .........coeoveveieiiiiere e Error! Bookmark not defined.

Chapter N 0 2 Literature REVIEW ........ccoviviiie i Error! Bookmark not defined.
2.1 LSt OF LITErature .....cc.ooveieieieieise e s Error! Bookmark not defined.

Chapter No 3 Broad Band Power Divider (2GHz — 18 GH2) ................... Error! Bookmark not defined.
3L INErOTUCTION: ...ttt e Error! Bookmark not defined.
3.2 Broad Band Power Dividers and their USes: .........ccoccoveineincnnnn. Error! Bookmark not defined.
3.3 Design Methodology ........cccoveiiiiiiiniiciccee s Error! Bookmark not defined.
3.4 Different Sections of power diVider..........ccccocviiiieiiiecie e Error! Bookmark not defined.

3.4.2 Input and OULPUL .......coviiieiccr e Error! Bookmark not defined.
3.4.2 Quarter-Wave Transformers .......c.cccovovvvereviesieeniesieenese e Error! Bookmark not defined.
3.4.3 1S01atION FESISTOT .......viviveiiiieiecee e Error! Bookmark not defined.
3.4.4 OULPUL POIES ..t Error! Bookmark not defined.
3.5 Calculation of Length A/4 TransSformer ..........ccccoovvvvvncienenennnn Error! Bookmark not defined.
3.6 Mat-lab Code to calculate length A/4 transformer.............c.......... Error! Bookmark not defined.
3.7 Advance Design System (ADS) LineCalC.........cccccevvvveicieiieiennnns Error! Bookmark not defined.
3.8 Chebyshev Multi-section Matching Transformers...........cc.cccceveeee. Error! Bookmark not defined.
3. 9 Final schematic Layout of the Wilkinson Power Divider................ Error! Bookmark not defined.
Chapter No 4 Results and Conclusion...........cccocoveiiviieneniiie e Error! Bookmark not defined.

4.1 Momentum Simulation ReSUILS............ccooiiiiiiiirccccec Error! Bookmark not defined.
4.2 Discussion and CoNCIUSION ..........covviiiiiriniieiece s Error! Bookmark not defined.
Chapter No5 X Band Low Noise Amplifier (LNA) .......c.ccccvvevenes Error! Bookmark not defined.
5.1 INErOTUCTION....c.vitiiiieieeee e Error! Bookmark not defined.
5.2 Block Diagram of Components of Microwave Receiver .................. Error! Bookmark not defined.
5.3 Design CoNSIARIAtION ........ccveiriieie e eiee e Error! Bookmark not defined.
5.4 DeSIigN Parameters ..........cooeieiriririesesieseesiesee s eens Error! Bookmark not defined.

5.4.1 StaDIITY ..o Error! Bookmark not defined.
5.4.2 How to improve Stability of LNA ... Error! Bookmark not defined.

R B I To [ 1] [=Tox Ao ] LA Error! Bookmark not defined.



Chapter No 6 Simulation ReSUILS ..........cocoiieiiieeieeeere e Error! Bookmark not defined.

6.1 Simulation RESUIES ..........ccooiiiiiiii Error! Bookmark not defined.
6.2 Practical RESUILS: ..o Error! Bookmark not defined.
[ - 22 N C T 1] o 1O Error! Bookmark not defined.
6.2.2 Input and output Return LoSS (RL) ......ccceovvivririiiininerieicienes Error! Bookmark not defined.

_ B.2.3NOISE FIQUIE ..ottt s Error! Bookmark not defined.

6.3 CONCIUSION ...ttt sree e Error! Bookmark not defined.



List of Figures

Figure 3.1: Block diagram of basic power divider.................ccooiiiiiiiiiiinan... 12
Figure 3.2: ADS LinCalc tool..... ... 17
Figure 3.3: Schematic design of single section Broad Wilkinson Power divider........ 18
Figure 3.4: Final schematic design of Broad Wilkinson Power divider.................. 21
Figure 4.1: Simulation ResSUlts S(1,1) ....ooviniiniiiiii e, 22
Figure 4.2: Simulation Results S(2,1) .......ooviiiiii e 23
Figure 4.3: Simulation Results S(3,1) ....ooviiriii e 24
Figure 4.4: Stability of Wilkinson Power Divider .............cooooiiiiiiiiiiiiiiiinnn. 25
Figure 5.1: Block Diagram of Components of Microwave Receiver...................... 27
Figure 5.2: Import S parameters of Transistor into the ADS..................coceiiiennn. 30
Figure 6.1: Shows the S parameters of the Transistor ARF36163.......................... 31
Figure 6.2: Stability of the transistor. ..o 31
Figure 6.3: Simulation results of stability of the transistor.................................. 32
Figure 6.4: ADS schematic for unconditionally stable transistor........................... 34
Figure 6.5: Simulation Results for unconditionally stable transistor........................ 35
Figure 6.6: gamma S and gamma L for designing LNA for maximum available gain... 37
Figure 6.7: Shows the complete the complete LNA design............coovviieiiiinnnn... 38
Figure 6.8: Gain of the designed amplifier inthe X band.................................. 39
Figure 6.9: The input and output return loss of the designed amplifier................... 40

Figure 6.10: Noise figure of designed amplifier................ccoooiiiiiiiiiiiinnss 41




List of Tables

Table 1: Simulated Result



Acknowledgements

We would like to greatly thank our supervisor Sir Khawaja Qasim Magbool for his excellent
guidance in this project. His ability to point out the delicate technicalities of the project proved
an invaluable resource. We would also like to thank Engr. Ahmad Mushtaqg, for his help in the
project especially with Chebyshev Multi-section Matching Transformers tool and selection of
Microwave transistor for our Low Noise Amplifier (LNA).

Finally, we would like to thank all the faculty of the Department of Electrical Engineering for

providing the facilities and excellent work environment for the development of this project.



