NS NS NS NS NS N TN NS N N NS N N N N N N N N AN AN X

=X

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

@ ASUNET
HANAA ALY

oA DEAD DA ADEEADEDEAE AN EADE=

SN NN N NN NN NN AN N NN/

Y7
12

N AN AN A AN AN A AN AN NN NN EAEEANEENEAE N




BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

=X

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

“|

5
*

* &

Uy

df

| il gdugal

@ ASUNET
le

la

ds2
ol
.

(el
HANAA ALY
ceAEEAEEAEEAEEAEEAEEAEEATE AT AT A A AN

SN NN N NN NN NN AN N NN/

Y7
12

PR AR A A A A A A A A




BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

=X

il o ==
@ ASUNET

et | i ekl | S
(O el 1§ w3 G ol

Al

b

*

b ey

2al) Gal j3Y) sla Jadad

* ® o0

Al Bala) o aglial) Allly

s

19 ol § bl d| ot el
(o=t

»

@ ASUNET
N]
Loy daa

(ol
it

b ogd cane 28 daasal) (ol 31 oda o
HANAA ALY

»

)
A g
i
okl e
—

<

oA DEAD DA ADEEADEDEAE AN EADE=

SN NN N NN NN NN AN N NN/

Yo
12

N AN AN A AN AN A AN AN NN NN EAEEANEENEAE N




AIN SHAMS UNIVERSITY
FACULTY OF ENGINEERING
Electronics and Electrical Communications Department

Applications of Multi-mode Junctions in Passive Microwave Components

A Thesis submitted in
partial fulfillment of the
Master of Science in Electrical Engineering
(Electronics and ELectrical Communication Department)

by
Mohamed Hussein Aly Elsawaf
Bachelor of science in electrical engineering, electronics and electrical communications
department
Faculty of Engineering, Ain Shams, 2018

Supervised By
Prof. Khaled Mohamed Wagih Sharaf
Prof. Amr Mohamed Ezzat Safwat

Cairo, 2021



AIN SHAMS UNIVERSITY
FACULTY OF ENGINEERING
Electronics and Electrical Communications Department

Applications of Multi-mode Junctions in Passive Microwave Components

by
Mohamed Hussein Aly Elsawaf
Bachelor of science in electrical engineering, electronics and electrical communications
department.
Faculty of Engineering, AinShams, 2018

Examiners’ Committee:

Name and affiliation Signature

Prof. Tamer Mustafa Aboelfadl ...

Faculty of Engineering, Cairo University

Prof. Hadia Mohamed El-Hennawy ...
Faculty of Engineering, Ain Shams University

Prof. Khaled Mohamed Wagih Sharaf ........................
Faculty of Engineering, Ain Shams University

Prof. Amr Mohamed Ezzat Safwat ...
Faculty of Engineering, Ain Shams University



STATEMENT

This Thesis is submitted as a partial fulfillment of master of science in electrical engineering
(Electronics and electrical communications), Faculty of Engineering, Ain Shams University.
The author carried out the work included in this thesis, and no part of it has been submitted
for a degree or a qualification at any other scientific entity.

Student name: Mohamed Hussein Aly Elsawaf
Signature:

i



RESEARCHER DATA

Name: Mohamed Hussein Aly Elsawaf

Date of Birth: September 2374, 1994

Place of Birth: Cairo,Egypt.

Last academic degree: Bachelor of Electrical Engineering.

Field of specialization: Electronics and Electrical Communications.

University issued the degre: Ain Shams University.

Date of issued degree: June 2018.

Current job: Software Development Engineer in Mentor Graphics, Siemens Egypt.

11



DEDICATION

This thesis is dedicated to the soul of my Mother. May mercy fall upon her soul.

v



ACKNOWLEDGMENT

First of all, thanks to allah for reconciling me into this thesis. The gratitude is also paid
to my dear father for his continuous support during this period. Tributes are paid to my
beloved mother, whom I had wished to be there with me.

Acknowledgments are also paid to the supervising committee; especially: Prof. Amr
Safwat for his great effort with me to create this thesis. Special thanks are also dedicated
to Prof. Khaled Sharaf for supervising this work.

Credits are also paid to the examination committee. I am also grateful to my work
mates; especially: Eng. Ahmed Abo-Elhadid for his continuous support, and creating a
healthy working environment that helped me a lot to reach this point.

I also want to give a hat tip to my lab mates Engs: Abdelhamid Nasr, Mahmoud
Mabrouk, Mohamed Elsheikh, Mariam Amr, Michael Moheb, Nancy Ammar, and Omar
Eid.

Finally I thank Allah for this work, and pray for him to prevail his favors among us.



ABSTRACT

In this thesis, symmetric three-conductor multi-mode junctions are exploited to de-
sign novel passive microwave components. The main goal is to build a fully-differential
beamforming network for 5G applications. For that purpose, the junctions are applied in
the design of couplers with different port configurations i.e. single-ended, single-ended to
differential, and fully-differential configurations.

The thesis is divided into seven chapters as listed below:

Chapter 1:

This chapter gives a brief presentation of the motivation, objectives, and major contribu-
tions. It also discusses the organization of the thesis.

Chapter 2:

This chapter presents a literature survey of the state-of-the art beamforming networks. It
introduces static beamforming networks like Butler and Nolen matrices. Later, it focuses
on the Butler matrix and its constituent components i.e. couplers, crossovers, and phase
shifters.

Chapter 3:

This chapter starts by giving a quick overview of the multi-mode cross-junction and its
applications. Next, it proposes the novel multi-mode star-junction with 8 three-conductor
structures, 16 electrical ports, connected in a star configuration. The proposed junction
is applied to the design of miniaturized hybrid and rat-race couplers with single-ended
ports.

Chapter 4:

This chapter extends the applications of the star-junctions to design fully-differential hy-
brid and rat-race couplers. The chapter starts with the design methodology of differential
hybrid and rat-race couplers using slotline technology. Later, it provides their realization
using the star-junction. It also introduces a slot-line to differential microstrip coupled line
transition. The proposed couplers have wider bandwidth than that the state-of-the-art
couplers. The usage of slotline makes the couplers superior in terms of common-mode
rejection ratio, common-mode and mode conversion rejection fractional bandwidths.
Chapter 5:

This chapter gives the design guidelines of single-ended to differential rat-race coupler with
combined microstrip/slotline ports. The couplers use the design methodology presented in

Chapter 3. They also use the transitions introduced in Chapter 4. The proposed coupler



exploit the characteristics of the slotline ports to achieve a high common-mode rejection
ratio, wide common-mode and mode conversion rejection fractional bandwidths.
Chapter 6:

This chapter introduces an alternative design methodology to realize single-ended to
differential hybrid coupler with microstrip/slotline ports. This alternative methodology
achieves wider differential bandwidth at the expense of a relatively larger size than the
state-of-the-art ones. The proposed coupler is then used to design 4 x 4 fully-differential
Butler matrix (BM). The matrix has 50-dB common-mode rejection at the operating
frequency. The CM rejection and mode conversion FBWs exceed 375%

Chapter T7:

This chapter gives the conclusion of this thesis and introduces several recommendations
and suggestions for future work.

Keywords: Beamforming, Butler matrix, Differential passive Components, Hybrid Cou-

plers, Multi-mode Junctions, Rat-race Couplers, Single-ended to differential couplers.
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