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ABSTRACT

The advancement in wireless technology has witnessed the development of
many different types of wireless application. Among the more popular application in
the recent years are Wireless Local Area Network (WLAN) application and
Bluetooth technology. Both applications operate in the microwave region.
Microwave filters have become one of the most important components in the whole
system. The compactness of interdigital filter makes it a very popular filter where
band pass is concern. This thesis focuses on the design of single layer interdigital
band pass filter with elliptical response. The chosen frequency of operation is 2.45
GHz, suitable for wireless LAN and Bluetooth applications. MathCAD mathematical
software was used to compute all the relevant formulations. In addition, the optimum
order of filter was computed to be 4. Investigations on the designed filter were made
using the electromagnetic simulation software, Sonnet Suite. The simulated results
were satisfactory where the optimum designed filter exhibits the characteristics of an
elliptical response band pass filter, albeit large ripples and poor reflections within the
passband region. However, improvements can be made in order to achieve a well

performed elliptic response bandpass filter.
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ABSTRAK

Kemajuan teknologi tanpa wayar telah memperlihatkan perkembangan
pelbagai aplikasi tanpa wayar. Antara aplikasi tanpa wayar yang sedang mendapat
tempat di pasaran pada masa kini adalah teknologi Rangkaian Tempatan Tanpa
Wayar (WLAN) dan Bluetooth. Kedua-dua aplikasi ini beroperasi pada julat
gelombang mikro. Lantaran itu, penapis gelombang mikro telah manjadi satu
daripada komponen paling utama dalam sesuatu sistem gelombang mikro masa kini.
Saiznya yang padat telah menjadikan penapis interdigital antara penapis gelombang
mikro lulus jalur yang paling digemari. Fokus utama tesis ini adalah untuk
merekabentuk penapis gelombang mikro jenis lulus jalur yang mempamerkan ciri-
ciri eliptik. Frekuensi kendalian yang dipilih ialah 2.45 GHz yang sesuai bagi
kegunaan WLAN dan Bluetooth. Perisian matematik MathCAD digunakan untuk
penghitungan semua rumus berkaitan. Tambahan pula, tertib optimum penapis
bersamaan 4 telah diperolehi. Kajian terhadap penapis yang direkabentuk dibuat
menggunakan perisian simulasi elektromagnet, Sonnet Suite. Hasil simulasi adalah
memuaskan, dengan penapis optimum yang direkabentuk mempamerkan ciri lulus
jalur sambutan eliptik, namun terdapat riak yang besar serta pantulan buruk dalam
kawasan lulus jalur. Walau bagaimanapun, penambahbaikan boleh dibuat untuk

memperolehi penapis lulus jalur sambutan eliptik dengan prestasi yang baik.
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CHAPTER 1

INTRODUCTION

This thesis presents the objective of the project, the problem statement,

project background, the scopes of project, and the organization of the thesis.

1.1  Objective of Project

The objective of this project is to design and simulate single layer
symmetrical interdigital band pass filters with elliptical response operating at 2.45

GHz using MathCAD [1] and Sonnet v 9.52 [2] softwares.

1.2 Problem Statement

The recent years had witnessed the emergence and rapid development of

wireless technology. Among the popular wireless application at present are the



Wireless Local Area Network (WLAN) and the Bluetooth technology. Filter is one
of the most important components in an electronic circuit. Compact filter structure is
essential in a space-limited modern circuit. Microwave filters are the solutions to the
compact filter structure problem. Interdigital configuration has been chosen for this

project due to its compact size.

1.3 Background of Project

This project is a continuation of that done by Mohd Fairus bin Mohd Yusoff
[3]. The work presented the design of single and multilayer interdigital band pass
filters with Chebychev response for both symmetrical and asymmetrical
configurations. In this project, emphasize is given on the design of single layer
symmetrical and asymmetrical interdigital band pass filters with elliptical response.
It is aimed at investigating the characteristics of the response and its advantages

compared to Chebychev response filters.

1.4 Scopes of Project

The scopes of the project are as follows:

(1) Literature review on basic microwave and filter theories as well as
familiarization of MathCAD and Sonnet Suite softwares.

(11) Design of symmetrical and asymmetrical interdigital and pass filters
using MathCAD.

(ii1))  Simulating the designed filters with electromagnetic software,

Sonnet Suite v9.52.



(iv)  Analyze the characteristics and performance of the designed filter to
determine the ideal filter structure.

(v) Analyze and compare the characteristics and performance of the
optimum design structure with the results from the previous project.

(vi)  Thesis writing.

The specifications are as follows, which are similar to that of reference [3]:

(1)  Center Frequency :2.45 GHz

(i1))  Filter Response : Elliptic
(ii1)) Bandwidth : 0.3 GHz
(iv)  Pass band ripple :0.2dB

(v)  Stop band attenuation : 30 dB

The microwave board parameters are as follows:
(i)  Dielectric constant  : 9.6

(i)  Substrates thickness : 1.27 mm

(111))  Metal thickness :35um

The configuration of a single layer symmetrical interdigital band pass filter is shown

in Figure 1.1.

Interdigital Filter
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.Figure 1 : Configuration of an interdigital filter [4].



1.5 Organization of Thesis

This thesis consists of six chapters. Chapter I presents the objective of the
project, the problem statement, project background, the scopes of project, and lastly

the organization of the thesis.

Chapter II discusses the microwave fundamentals. This includes Scattering

parameters, frequency response and microwave transmission lines theory.

Chapter III discusses the filter theory. Discussion includes the various types

of filters, ideal and non-ideal filters, microwave filters and filter synthesis.

Chapter IV discusses on the softwares used in the design, mainly MathCAD
and Sonnet v9.52

Chapter V presents the results and discussions were made.

Chapter VI concludes the thesis and suggestions for future work were made.



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

61

REFERENCES

“Mathcad User’s Guide 2001,” MathSoft Engineering & Education Inc, 2001.

Sonnet Tutorial Guide, Sonnet Software Inc. 2000.

Mohd Fairus bin Mohd Yusoff, “Design of Single and Multilayer Interdigital
Band Pass Filter”, unpublished dissertation, Universiti Teknologi Malaysia,
October 2004.

Inder Bahl and Prakash Bhartia, Microwave Solid State Circuit Design, nd
Edition, John Wiley & Sons, 2003

David M Pozar, Microwave Engineering, New York; Addison-Wesley, 2002

G.L Matthaei, Interdigital Band Pass Filter, IRE Transaction on Microwave
Theory and Techniques, Nov 1962. 486 — 492

Annapurna Das, Sisir K Das, Microwave Engineering, Mc Graw Hill, 2001
http://www.circuitsage.com/filter, 05 Dec 2004.

S. G. Mao, H. K. Chiou, and C. H. Chen, Modeling of lumped-element
coplanar-stripline low-pass filter, IEEE Microwave Guided Wave Lett, vol.8,

pp. 141-143, Mar. 1998.

K. C. Gupta, R. Grag, 1. Bhal, and P. Bhartia, Microstrip Lines and Slotlines,
2nd ed. Norwood, MA: Artech House, 1996.



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

62

J. Caroll, M. Li, and K. Chang, New technique to measure transmission
line attenuation, IEEE Trans. Microwave Theory Tech., vol. 43 Jan. 1995.
219 —222.

E. Chen and S. Y. Chou, Characteristics of coplanar transmission lines
on multilayer substrates: Modeling and experiments, IEEE Trans. Microwave

Theory Tech, vol. 45, June 1997. 939-945

Celestino A Corral, Designing Elliptic Filters with Maximum Selectivity,
EDN, Motorola Inc. May 25, 2000.

John W Bandler, Radoslaw M. Biernacki, Shao Hua Chen,

Daniel G. Swanson, Jr. and Shen Ye Microstrip Filter Design Using Direct
EM Field Simulation, IEEE Trans. Microwave Theory Tech., vol. 44 Jul.
1994. 1353 — 1359.

John W. Bandler, Radoslaw M. Biernacki, Shao Hua Chen, and Ya Fei
Huang, Design Optimization of Interdigital Filters Using Aggressive Space
Mapping and Decomposition, IEEE Trans. Microwave Theory Tech., vol. 45
May 1997. 761-769.

Ralph Levy, Richard V. Snyder and George Matthaei, Design of Microwave
Filters, IEEE Trans. Microwave Theory Tech., vol. 5 No.3, March 2002. 783-
793.

I. C. Hunter and J. D. Rhodes, Electronically tunable microwave bandpass
filters, IEEE Trans. Microwave Theory Tech., vol. MTT-30, Sept 1982.
1354-1360

Byrd, P. F. and Friedman, M. D. Handbook of Elliptic Integrals for Engineers
and Scientists, 2nd ed.,Berlin: Springer-Verlag, 1971.



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

63

Dutta, M. and Debnath, L. Elements of the Theory of Elliptic and Associated
Functions with Applications. Calcutta, India: World Press, 1965.

V.Belevitch, Topics in the Designs of Insertion Loss Filters, IRE
Transactions Circuit Theory. 337-346

J.D Schoeftler, Insertion Loss Design of Symmetrical Lattice Piezoelectric
Resonator Filter with Symmetrical or Unsymmetrical Pass bands, IEEE. 251-
256

John David Rhodes, The Stepped Digital Elliptic Filter, IEEE Trans.
Microwave Theory Tech., vol. MTT-17, No.4, April 1969. 178 — 184.

Elena Semouchkina, Amanda Baker, George B. Semouchkin, Michael
Lanagan and Raj Mittra, New Approaches for Designing Microstrip Filters
Utilizing Mixed Dielectrics, IEEE Trans. Microwave Theory Tech., vol. 52,
No.3, February 2005.

S. Amari, G. Tadeson, J. Cihlar, and U. Rosenberg, New parallel A/2-
microstrip line filters with transmission zeros at finite frequencies, in IEEE

MTT-S Int. Microwave Symp. Dig., vol. 1, Jun. 2003, 543-547.

M. G. Banciu, R. Ramer, and A. loachim, Microstrip filters using new

compact resonators, Electron. Lett., vol. 38, no. 5, pp. 228-229, Feb 2002.

S. Kamba, V. Porokhonsky, A. Pashkin, V. Bovtin, J. Petzelt, J. Nino, S.
Trolier—McKinstry, C. Randall, and M. Lanagan, Broad-band dielectric

spectroscopy of Bi pyrochlores in the range 100 Hz—100 THz, in Proc.
COST525 Meeting, Oct. 2001, 49-53.

Young-Ho Suh and Kai Chang, Coplanar Stripline Resonators Modeling and
Application to Filters, IEEE Transactions on Theory and Techniques, vol.50,
No.5, 2002. 1289 — 1296.





