X SEE XS EEXNEENEEXEEXNEXEEENE

clb-

B>

PRSP e
ot k) il bl | s
L 4

o gkl
@ ASUNET

bl -

e

(R deids st bt

AN AN AN AN AN NN AN AN A AN AN AN AN AN




e bl b k|
@ ASUNET

(R deids st bt

ot k) il bl | s

) bl | ) Gl | ot
@ ASUNET

e bl o gl Ao
ok sl 19 (gui sl il) Gutei guid




e bl b k|
@ ASUNET

(R deids st bt

Sl (el lin) b
ok 551y (oo ST Gusigad
EE

Wbaunkig bl g i gl DALY o) ot e pometi
i Gl 599 i) i Gl @ ] O3 (oo

-----

anER
llllllll

RPN EET DY o
@ ASUNET

o) i

shiid] ol daoad) gal 580 02R Laa




e bl b k|
@ ASUNET

(R deids st bt

ot k) il bl | s

.

=4
llllll

et | G|
@ ASUNET

Seiligd] g
aall dubail




X SEE XS EEXNEENEEXEEXNEXEEENE

clb-

B>

PRSP e
ot k) il bl | s

o ekad|
@ ASUNET

Wl -

dsinkt

(R deids st bt

AN AN AN AN AN NN AN AN A AN AN AN AN AN




'ANALYSIS OF MICROSTRIP COUPLERS USING
THE MEASURED EQUATION OF INVARIANCE
AND THE MOMENT METHOD

. rBy

Eng. Ramy Ahmed Hassan El-Ganainy
Microstrip Department, Electronics Research Institute.

A thesis submitted to the faculty of engineering at Cairo
University in partial fulfillment of the requirements for the
degree of Master of Science

In

Electronics and Communications Engineering

Faculty of Engineering, Cairo University,
Giza, Egypt
August, 2003

B

BN




-




e

ANALYSIS OF MICROSTRIP COUPLERS USING
- THE MEASURED EQUATION OF INVARIANCE
AND THE MOMENT METHOD

By

Eng. Ramy Ahmed Hassan El-Ganainy
Microstrip Department, Electronics Research Institute.

A thesis submitted to the faculty of engineering at Cairo
University in partial fulfillment of the requirements for the
degree of Master of Science
In
Electronics and Communications Engineering

Under the supervision of

Prof. Dr. Adel Mohammed El-Nadi Prof. Dr. Esmat Abdelfattah Abdallah

Electronics and Communication Chairman of Microstrip Department
Department Electronics Research Institute
Faculty of Engineering, Cairo, Egypt

Cairo University

Faculty of Engineering, Cairo University,
Giza, Egypt
August, 2003






{2

ANALYSIS OF MICROSTRIP COUPLERS USING
THE MEASURED EQUATION OF INVARIANCE
AND THE MOMENT METHOD

By

Eng. Ramy Ahmed Hassan El-Ganainy
Microstrip Department, Electronics Research Institute.

A thesis submitted to the faculty of engineering at Cairo
University in partial fulfillment of the requirements for the
degree of Master of Science

In

Electronics and Communications Engineering

Approved by the Examining Committee

1. Prof. Dr. Ibrahim Ahmed Salem

_Sall.

2. Prof. Dr. Mo§tafa .El—Said Mostafia

W etel

3. Prof. Dr. Adel Mohammed Abdel-Maksoud El-Nadi
OALI. eL nyy

4. Prof. Dr Esmat Abdlel-Fattah Abdallah  AbA<{C

Faculty of Engineering, Cairo University,
| Giza, Egypt
August 2003

I






o

ACKMOWLEDGMENT
All Gratitude is Due to ALLAH -
All Thanks to My Parents

The author wishes to express his gratitude and sincerest thanks to
Prof. Dr. Esmat Abdel-Fatah Abdallah, chairman of Microstrip
Department, Electronics research Institute, for her supervision,
suggestions, fruitful guidance through out the course of the work,

encouragement, endless help and many illuminating discussions.

I am very grateful to Prof. Dr. Adel Mohammed Abdel-Maksoud
El-Nadi, Electronics and Communications Department, Faculty of
Engineering, Cairo University, for his guidance and powerful

support which enabled the production of this thesis.

Special thanks to Dr. Ashraf Mohra for his help during the

fabrication process.

Finally I would like to express my special deep thanks to my

parents.



L



ABSTRACT

Numerical techniques in electromagentics can be classified into two main
categories, differential equations techniques and integral equation techniques. Each
category has its own advantages and disadvantages. In the microstrip structures the
main disadvantage of the differential equation techniques is the need of artificial
boundary conditions that should be put at some distance far from the structure which
results in a great increase in the computational domain and consequently the
required storage memory and computational time. The integral equation techniques
on the other hand do not suffer from this problem as the computational domain is on
the metallic part of the structure (i.e. the microstrip conductors laying over the
dielectric). The main disadvantage of the integral equation technique is that it
produces full matrices that require large memory storage and time to solve them as
well as the need of Green’s function. In 1993, Kenneth Mei and his research team at
University of Célifomia, Berkley invented a new method, which is a mixture
between the differential equation techniques and integral equation technique,
namely the Measured Equation of Invariance (MEI).

In this thesis the problem of finding the characteristic impedance of a single
microstrip line was studied and solved numerically using the finite difference
technique, which belongs to the first category, the differential equations techniques.
The same problem was approached using the moment method, which belongs to the
second category. After that the same problem was solved using the measured
equation of invariance and a comparison between the three methods showing the
required memory, time and accuracy was introduced. A study of the sources of error
in the measured equation of invariance was carried out and this led us to propose a
different scheme for discretizing the computational domain, which results in an
increase in the accuracy while decreasing the required computational time to half its
value.

The problem of two symmetrical coupled lines was studied using the moment
method and the measured equation of invariance. It was shown that the technique of
the measured equation of invariance is applicable only if we make use of the even
and odd modes property of the structure. If we tried to solve the problem without

this property the measured equation of invariance gives incorrect results.



The problem of three coupled lines was approached using the moment method and
the measured equation of invariance and again the measured equation of invariance
gives incorrect results for the field distribution and the characteristic impedance. An
analytical argument that explains reason of this failure of the measured equation of
invariance in certain cases was introduced.
The moment method was used to derive design curves for three-line coupler. This
coupler has five different mode impedances, three mode numbers and three effective
dielectric constants. Then the coupler was modified by slightly increasing the width
of he center line to reduce the five mode impedances into three only, which
facilitates the design. A curve fitting formula for the ratio of the center line to the
outer lines width for equal mode impedance was performed and a simple general
equation was obtained, This equation is valid over the geometric range of interest
and moreover is valid over a2 wide range of different materials. A coupler was
designed center frequency of 2 GHz, it was fabricated using thin film technology
and photolithography technique on Teflon substrates and its performances was
measured -using HP network analyzer. Good agreement was found between
numerical and experimental results.
As an application for the three-line coupler, the six-port reflectometer was studied.
It uses three-line coupler to measure the magnitude and phase of unknown complex
impedance using power measurements only and without heterodyne techniques.
Another coupler suitable for six-port reflectometer application was designed,
fabricated, measured and again it gives good experimental results. After calibrating
the six-port reflectometer using one matched load and three positions of short
circuit, it was used to measure unknown complex impedance. Good agreement was
found between results obtained by using six-port reflectometer and that obtained by

using vector network analyzer.
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