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ABSTRACT 

Periodic structures are used as microwave filters because of their inherent passband-
stopband characteristics. The structure exhibits alternative passbands and stopbands. The 
widths and positions of the passbands and stopbands are changed with the parameters of 
the structure. The analysis of non-planar periodic structure filters are well documented in 
the literature. Recently, investigations of these structures in the microstrip configuration 
have also been reported. The structures under consideration in the past investigations 
were microstrip lines with sinusoidally varying width and triangularly width modulated 
microstrip lines. 

The work reported in this thesis is an investigation of microstrip periodic structures 
with rectangular and circular geometries. Closed form expressions for the ABCD 
parameters of a structure with N unit cells are derived. The input-output characteristics 
of the structures are very similar to a bandpass/bandstop filter. The design procedure for 
a periodic structure bandpass filter is presented. Bandpass filters are designed and fabri-
cated. Theoretical results show agreement well with the measurement. The variations of 
the bandwidth and center frequency with the dimensions of the structures are studied. 
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I. Introduction 

1.1. General 

Planar microwave circuits (PMC) are suitable as circuit elements in microwave in-

tegrated circuits because of their planar configurations. The interest in PMCs arises 

mainly from their advantages with respect to volume, weight, reliability, cost and 

reproducibility. Combined with the recent developments in the microwave solid state 

devices PMCs have caused a radical change in the microwave technology far beyond 

what was thought possible in the beginning. 

The basis of the PMCs is the microstrip transmission line which consists of a strip 

conductor separated from a ground plane by a dielectric layer (Figure 1.1). It can be used 

1 

Figure 1.1: Microstrip line configuration 

for passive components as well as for interconnections. Although microstrip is the most 

popular transmission line for the microwave integrated circuits other transmission lines 

being used are slotline, coplanar waveguide and coplanar strip. Cross-sectional views of 
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these lines are shown in Figure 1.2. There are several variations of the microstrip con-

figuration that have also been suggested for use in the microwave integrated circuits. 

These include inverted microstrip, suspended microstrip, microstrip with overlay, strip 

dielectric waveguide and inverted strip dielectric waveguide. Cross-sectional views of 

these structures are illustrated in Figure 1.3. 

The strip line shown in Figure 1.4 is another very commonly used transmission line 

which resembles microstrip line. Most of the basic circuit design information available 

for the strip line is also applicable to the microstrip line. 

Figure 1.5 illustrates the electromagnetic fields distribution of the microstrip trans-

mission line. 

A complete RF circuit can be photo-etched on a dielectric, ferromagnetic or semi-

conductor substrate by microstrip technology and many active and passive components 

can be combined to provide overall signal generation or processing. This new technol-

ogy has a very important impact on advanced system designs, particularly on the low 

power microwave components market. 

Planar microwave circuits are now available to the microwave systems as a chal-

lenging alternative to conventional waveguides or coaxial circuits. Several waveguide 

systems have been successfully replaced by microstrip systems and the TEM (Transverse 

Electro-Magnetic) equivalent of the most of the waveguide components have been 

worked out. 

The mode of propagation of the microstrip transmission lines is quasi-TEM which 

allows an easy approximate analysis and yields wide band circuits. The characteristic 

parameters are determined by the width of the strip, thickness and the dielectric constant 



3 

”777'11 

MICROSTRIP 

‘44.4141414-44'14--rra=z1Er 

SLOTLINE 

COPLANAR WAVEGUIDE 

Er 

COPLANAR STRIP 

Figure 1.2: Planar transmission lines used in microwave 
integrated circuits 



4 

F77771 

Er 
EL/LI. 

tzrzrzfrzzzzrzrzzrzr4

INVERTED MICROSTRIP 

1 

Er 

Vzizzzzrz  zi-zz.zzzzz.4 

r aINI MINN 

SUSPENDED MICROSTRIP 

V77771 Erg 

En 
II_II -I1II - I11 - 7 - 1 - IIIi 

MICROSTRIP WITH OVERLAY 

t 

EnErg 
111_1_11;1f _If 

STRIP DIELECTRIC WAVEGUIDE 

Eri 
Ertl Viz/ witillizrirzzlit 

INVERTED STRIP 
• DIELECTRIC WAVEGUIDE 

Figure 1.3: Various transmission lines derived from microstrip 



5 

GROUND 
PLANES 1I 7 I 7 I 7   . 1 

STRIP -

Er 

IC -Z 

Figure 1.4: Strip line configuration 

• III seaman,. di E Er 

Figure 1.5: Fields of the microstrip transmission line 

of the substrate. The fields are mainly concentrated in the dielectric region below the 

strip line. Thus, most of the energy propagates in that region and the fringing field ex-

-tends into the air space. The formulas for the characteristic impedance of the microstrip 

transmission line are given in the literature [1]. 

In spite of all these advantages, the limitations of the planar microwave circuits are 

poor power handling capacity, low Q factor and the inability to adjust the circuit 

parameters once the circuit is fabricated. Also the dielectric-air interface changes the 

mode of propagation from TEM to a hybrid mode and therefore, it is much more difficult 

to study the high frequeny performance of the circuit. 

Various methods of the analysis [2] of the microstrip transmission lines are avail-

able in the literature. The TEM-mode of the propagation is considered in the quasi-static 
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method. In this method the characteristics of the microstrip line are calculated from the 

electrostatic capacitance of the structure. Numerous method are available to calculate the 

electrostatic capacitances, some of them are conformal mapping [3] and integral equation 

method [4]. 

1.2. Literature Review of the Microstrip Lines 

A basic building block of the microwave integrated circuits is the microstrip line. 

The theory and design of these lines have been reported in the technical literature. In this 

section the past work done on the microstrip lines and components using them will be 

briefly reviewed. 

A number of researchers have worked on the rigorous formulation of the charac-

teristic impedance, attenuation and propagation constant of the microstrip lines with 

various configurations. Wheeler [5] and Gupta et al [6] presented formulas for the 

characteristic impedances of a strip line and its conductor loss is given by Howe [7]. The 

effective length for the strip open end effect and the formula for the strip line step discon-

tinuity have been developed by Altschuler and Oliner [8]. A conformal mapping tech-

nique was used by Collin [9] for the description of the characteristic impedance of a strip 

of arbitrary width placed midway between the two ground planes. 

A simple synthesis formula for the width of a thin microstrip line is given by 

Wheeler [10]. This initial value for the width may be used in the formulas given by 

Hammerstad and Jensen [11] to obtain a very accurate value for the width and effective 

dielectric constant for a conductor with nonzero thickness. The added electrical length 

beyond the mechanical length of an open microstrip line is given by Hammerstad and 

Bekkadal [12]. The formula for microstrip discontinuity is developed by Gupta et al [6]. 

Bahl and Garg developed accurate formulas for the characteristic impedance, attenuation 
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due to the conductor loss and substrate dielectric loss for the microstrip line with a finite 

strip thickness [13]. 

Microstrip antennas have been developed utilizing the radiation characteristics of 

the microstrip resonators. Microstrip antennas have now become a topic of considerable 

research, and numerous articles on the theory and design of such antennas are available in 

the literature [14, 15, 16, 17]. 

1.3. Nonuniform Lines 

Nonuniform lines have varying characteristic impedance and width in the direction 

of propagation. In the planar circuit designs nonuniform lines have been found to be of 

considerable importance in recent years. Initially, they were used in broadband match-

ing, but now nonuniform lines have been used as circuit elements and resonators in the 

design of filters, directional couplers, etc [18, 19]. 

1.4. Periodic Structures 

Transmission lines loaded at periodic intervals with a reactive element are referred 

to as a periodic structure. Such a loaded line may be an ordinary waveguide with periodi-

cally spaced identical obstacles inserted across it as shown in Figure 1.6. It may be a 

guide with periodically spaced tees, each similarly terminated, or it may be a more com-

plicated structure such as a series of identical cavities each with two waveguide outputs, 

one on each side. The output of one cavity forming the input to the next. A coaxial 

transmission line can be made periodically loaded by introducing thin circular 

diaphragms at regular intervals. Also, there is a class of nonuniform microstrip lines 

where the nonuniformity is distributed periodically along the axial direction. 

The periodically loaded transmission lines have many interesting and useful 
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(n.1)-th Plan 

n-th Plan 

Figure 1.6: Waveguide with periodically spaced irises 

properties. These properties have been studied by many investigators in the past. The 

analyses of non-planar type of periodic structures are well documented in the literature 

[20, 21, 22, 23]. Planar periodic structures are found to be of considerable importance 

because of their interesting and useful properties. These properties have been studied by 

many researchers in the past. The structures under consideration were (i) microstrip lines 

with sinusoidally varying width [18] and (ii) triangularly width modulated microstrip 

lines [19]. 

A simplified approach for analyzing a nonuniform line is modelling the structure as 

a number of small uniform transmission line sections of different widths, connected in 

cascade [18, 24, 25]. The overall wave amplitude transmission (WAT) matrix can be ob-

tained by matrix multiplication and then from the resultant WAT-matrix various charac-

teristics of the structure can be computed. 

The Zig-Zag shaped structure has been analyzed by considering each cell of the 

structure as two radial lines of annular sectors, connected face to face [19]. From the 

solution of the wave equation, the electromagnetic fields inside the structure have been 
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obtained. Defining the modal voltage and modal current, the Admittance-matrix of each 

of the radial lines has been determined. By combining Admittance-matrices of the two 

radial lines, the overall Admittance-matrix and hence the WAT-matrix of the unit cell has 

been obtained. 

1.5. Thesis Objective 

From the literature survey, it is found that periodic structures with simple microstrip 

geometry have not yet been reported in the open literature. It is therefore,worthwhile to 

undertake the study of a microstrip periodic structure which can be used in the 

microwave integrated circuits. The microstrip periodic structures under consideration are 

formed with uniform lines periodically loaded by a distributed load. Such a periodically 

loaded microstrip line has been realized by (i) two different uniform microstrip lines 

periodically connected, (ii) a uniform microstrip line periodically loaded by open ended 

microstrip lines, (iii) a uniform microstrip line periodically loaded by circular microstrip 

conductors. Specific objectives for the present research work are: 

1) Investigation of the filter like characteristics of the microstrip periodic structures. 

2) Selection of the appropriate analytical technique which can accurately predict the 

performance of a given periodic structure. 

3) Comparison of the performance of three different types of structures as bandpass 

and bandstop filters. 

4) Development of a design procedure for a microwave filter using the structures 

under consideration. 
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1.6. Thesis Outline 

In this chapter different types of planar structures are presented, and an updated 

literature review on periodically loaded microstrip lines is done. 

The basic concept of the periodic structures is discussed in chapter 2. The conven-

tional method for obtaining the propagation constant of a periodic structure is outlined, 

and a detailed study of the passband-stopband characteristics of the capacitively loaded 

coaxial transmission line is presented. The formulas for the characteristic impedance and 

input impedance of a terminated periodic structure are given. Also, the design procedure 

of a bandpass periodic structure filter is presented. 

In the first part of chapter 3, a planar periodic structure formed with two different 

uniform lines is analyzed using the transmission line model. The effect of a step discon-

tinuity is considered. Closed form expressions for the ABCD parameters of a symmetric 

structure with N cells are obtained. A bandpass periodic structure filter is designed and 

the theoretical results are computed and compared with the measurement. 

The analysis of a uniform microstrip transmission line periodically loaded by open 

ended microstrip lines is also presented here. A bandpass filter is designed and fabricated 

and the experimental results are compared with the theory. The variations of the 

bandwidth and center frequency of the passband with the physical dimensions are also 

presented. 

In chapter 4, the periodic structure discussed in the first part of chapter 2, is 

analyzed by field analysis. The wider line is considered as a rectangular cavity resonator 

and the thinner line as its feed lines at the input and output ports. The modal expansion 

method is invoked to obtain the electromagnetic fields inside the cavity. The equivalent 
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conductance for the radiation loss of the microstrip cavity is obtained. The ABCD 

parameters of the cavity are determined including the radiation loss. The radiation loss is 

also incorporated in the analysis. 

A planar periodic structure formed with a uniform microstrip transmission line 

periodically loaded by microstrip circular patches is analyzed in chapter 5. The circular 

conductor is considered as a cylindrical cavity resonator with the uniform lines as its feed 

lines at the input and output ports. The fields inside the cavity are found by the modal 

expansion method, and the parameters of the ABCD-matrix of the circular cavity are ob-

tained. A bandpass filter is designed, fabricated and the theoretical results are compared 

with the measured results. The effects of the various parameters of the periodic structure 

on the bandwidth and center frequency of the filter are studied. 

Conclusions are presented in chapter 6. 
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2. Basic Concept of Periodic Structure 

2.1. Introduction 

The parameters of importance in a periodic structure are the Bloch-wave propaga-

tion constant and characteristic impedance. The Bloch-wave propagation constant is the 

phase shift per period, and characteristic impedance is defined as the impedance 

presented to the voltage and current waves at the input terminals of a unit cell. In a 

propagating mode, the wave travels without attenuation. The propagation constant and 

characteristic impedance are therefore, real quantities. In a nonpropagating mode, the 

above parameters are purely imaginary. In order to demonstrate the propagation charac-

teristics of a periodic structure an example of a capacitively loaded coaxial cable is 

worked out. The expressions for the propagation constant and characteristic impedance 

are presented. The variation of propagation constant with frequency is also shown. The 

input impedance of a terminated periodic structure is obtained and the design procedure 

of a periodic structure as a bandpass filter is outlined. 

2.2. Capacitively Loaded Coaxial Line 

In this section, we shall consider a simple example of a capacitively loaded trans-

mission line, in order to introduce the conventional method of analysis and typical 

properties of a periodic structure. 

A coaxial transmission line can be made periodically loaded by introducing thin cir-

cular diaphragms at regular intervals, as shown in Figure 2.1. The diaphragm may be 
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Unit 
Cel I 

z 

Figure 2.1: Capacitive loading of a coaxial line by means of thin circular 
diaphragms. 

machined as an integral part of the center conductor. The local storage energy is in-

creased by the fringing electric field in the vicinity of the diaphragm. From a circuit 

viewpoint, this may be accounted for, by a shunt capacitance. The total field can be 

described in terms of the incident, reflected and transmitted dominant TEM modes and a 

superposition of an infinite number of higher-order modes. An approximate expression 

for the shunt susceptance of the diaphragm is [20] 

ii=B/Yc— 8(b—c)21n(bla)In csc(n12 b—c) 
koc[In(blc)] 2 b—a 

where Yc=[601n(b/a)]4 1/ohms is the characteristic admittance of an air filled coaxial 

line. The expression for B is accurate for b-a<0.14. In this region, B is directly propor-

tional to co. 

In order to analyze a periodic structure, an equivalent network for a single section or 

unit cell should be constructed. The voltage and current waves that may propagate along 

the network consisting of the cascade connection of an infinite number of the basic net-
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work have to be analyzed. For the structure of Figure 2.1 an equivalent network of a 

basic section is a shunt normalized susceptance B with a length d/2 of transmission line 

on either side, as in Figure 2.2(a). The voltage-current relationships at the input and 

(a) 

(b) 

Figure 2.2: (a) Equivalent circuit for unit cell of loaded coaxial line; 
(b) Cascade connection of basic unit-cell networks. 

output of the n-th section in the infinitely long cascade connection are illustrated in 

Figure 2.2(b). 

The ABCD-matrix of a unit cell is defined as 

Vn

In

Au

Du

Vu+i

In+1 

where the voltage and current are the total voltage and current amplitudes, i.e., the sum of 

the incident and reflected TEM waves at the terminal plane. The circuit for a unit cell 

may be considered as three circuits in cascade, a transmission line of length d/2, followed 

by a shunt susceptance B, and then followed by another transmission line of length d/2. 

The ABCD-matrix for each of these networks is, respectively [20] 
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cos (8/2) j sin (0/2) 
[A]Ti = 

j sin (8/2) cos (8/2) 

1 0 
[A]L= 

cos (0/2) j sin (0/2) 
[A] = 

j sin (8/2) cos (8/2) 

where 0/2=k0d/2, ko=(00E0)1/2. 

The transmission matrix for the unit cell is the product of the ABCD-matrices of 

these three networks, and hence we have 

Au B: 

[U]= 
Cu Du

_[A]T1 [A]L[A]T2 

The overall ABCD parameters of a unit cell are obtained as 

Au=Du=cos 

Bu=j(0.513cos 01-sin 8-B/2) 

Cu=j(0.513/2cos 8+B/2) 

Note that for a symmetrical network Au=Du. 
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2.3. Propagation Constant 

When a wave is propagating in a periodic structure, and if it is assumed that the 

structure is lossless, the absolute values of the voltage and the current at the (n+l)th ter-

minal must be equal to the voltage and current at the nth terminal. Therefore, 

V n±+i= 

1,-,1+ 1= eTYd „I

where y=a+ji3 is the complex propagation constant of the periodic structure. 

In terms of the ABCD-matrix of the unit cell, we have 

Or 

Vu

In

Au Bu

Cu Du

Au Bu

Cu Du

v„i

In+1 

eid 0 

0 eYd 

= eYd 

Vn+1 
=0 

in+1 

This equation is an eigenvalue matrix equation for y. A nontrivial solution for Vn+i, In+i

exists only if the determinant is equal to zero. Hence 

Au—eYd Bu

Cu Du—eYd 
= AuDu—BuCu+e2Yd—e7d(Au+Du) = 0 

For a reciprocal network AuDu-BuCu=1, thus we obtain 

1 +e2Yd-eYd( Au+D u) = 0 
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or 

e-Yel+eid-(Au+Du)=2 cosh yd-(Au+Du)=0 

Then 

cosh yd=(Au+Du)/2 

For the capacitively loaded coaxial line, we can write 

(2.1) 

cosh yd=cos 0-0.5iTsin 8 (2.2) 

When the absolute value of the right hand side of equation 2.2 is less than unity, we must 

have y=j13 and a=0; that is 

cos Pd=cos 0-0.5risin 8 

When the right hand side of equation 2.2 is greater than unity,y=a and 13=0; so 

cosh ad=cos 0-0.5gsin 8 >1 

Finally, when the right hand side of equation 2.2 is less than -1, we must have yd=jrc+a, 

so that 

cosh yd=cos(j7c+ad)=-cosh ad 

=cos 0-0.5Bsin 0<-1 

Thus, there will be frequency bands for which a wave propagates unattenuated along 

the structure separated by frequency bands through which the wave is cut off and does 
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not propagate. The former is called a passband, and the latter is referred to as a stopband. 

Note that -y is also a solution so that, propagation in both directions is possible. 

The waves propagating along a periodic structure are often called Bloch-waves by 

analogy with the quantum-mechanical electron waves that may propagate through a peri-

odic crystal lattice in a solid. 

2.4. Wave Analysis of a Periodic Structure 

In each unit cell of a periodic structure the forward-and backward-propagating 

waves exist, and the structure can alternatively be analyzed in terms of these waves. 

With reference to Figure 2.3, the amplitudes of the forward- and backward-

propagating waves at the nth terminal plane Cn+ and Cn- are related to the forward- and 

Unit Cell 

c n 

d/2
• • 1 cA4

ci; 

C13,1 

Figure 2.3: Wave amplitudes in a periodic structure. 

backward-propagating waves at the (n+1)th terminal plane by the wave amplitude trans-

mission (WAT) matrix as follows: 
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cn+ A11 Al2 cn+1.+ (2.3) 

cn A21 A22 cn+l-

On the other hand, we must have 

c11,1+= elidcn+ 

and 

cn+1 = e+7 Cn-

Hence equation 2.3 becomes 

A11-e7c1 Al2 

A21 A22-e7d

Cn+1+

cn 1-

=0 

A nontrivial solution for cn+i+, cn+i- is obtained only if the determinant equals zero. 

Thus, the eigenvalue equation for y is 

Ai 1A22-Ai2A2i+e27d-e7d(Ai. 1+A22) 

Since the determinant of the transmission matrix A11A22-Al2A21 is equal to unity when 

normalized wave amplitudes are used we obtain 

cosh yd=(A11-FA22)/2 (2.4) 

For the capacitively loaded coaxial line discussed earlier, the wave-amplitude transmis-

sion matrices for the three sections of the unit cell are 
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ejkOd/2 0 
Min= 

0 eik0d12

[A]L= 

[A]T2= 

243 
2 

—X/2 

J13/2 

4+ii2

2(2+j8) 

ejkOda 0 

0 eik0d12

The WAT-matrix for the unit cell is obtained by multiplying the three component 

matrices together. The elements of this matrix are obtained as 

A11=1/2(2+j13)e1e 

A12412

A21= —X/2

4 -Fri 2 •ci 

A22— e71-

2(2+1g) 

where 9=k0d. Using equation 2.4 , it is found that 
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cosh yd- 
(4-0)e-0 +(2-1-i8)2eie 

- cos 0-0.51iin 0 

which is similar to equation 2.2 obtained earlier. 

2.5. K0-0 Diagram 

In this section a detailed study of the passband-stopband characteristics of the 

capacitively loaded coaxial transmission line is discussed. The equation for the propaga-

tion constant 13 in a periodic structure is usually plotted on a ko-13 plane. The variations 

of 13 versus ko show immediately the frequency bands for which unattenuated propaga-

tion can take place and also the frequency bands in which the wave is attenuated. The 

resultant plot is called the ko-f3 diagram. 

For the capacitively loaded coaxial line, equation 2.2 gives 

cos f3d=cos k0d-0.513sin k0d=cos k0d-Kk0dsin k0d (2.5) 

where B/2 has been expressed as Kk0d. The variation of k0d versus 13d is plotted in 

Figure 2.4 with K=2 (ohms Rad.)-1. The real value of f3d is plotted in Figure 2.4. The 

first low frequency passband is for k0d=0 to 0.4167c Rad.. This passband is followed by a 

stopband and further alternating passbands and stopbands. As k0d increases, the widths 

of the passbands in terms of the frequency decrease, since the rate of change of equation 

2.5 increases. The corners of the bands occur when the magnitude of the right hand side 

of equation 2.5 is equal to unity. The lower corner of the first passband occurs when 

13d=n, and k0d is obtained by equation 

cos k0d-Kk0dsin k0d=-1 
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PASSBA ND 

kpd 

3ff

27 

STOPBAND 

- r 
 . Bd 

Figure 2.4: kod-Pd diagram for a capacitively loaded coaxial line, 

K=2 (ohms Rad.)-1. 

The higher corner occurs when f3d=0, and k0d is obtained by equation 

cos kod-Kkodsin k0d=1 

For this structure one corner of the passband always occurs when the length of d equals 

one half-wavelength, and in the present case when kod is a multiple of it. 
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The k, -13 characteristics of the other types of periodic structures are similar to those 

in Figure 2.4. For example if inductance is used instead of capacitance, the relative loca-

tions of the passbands and stopbands are interchanged. The low frequency passband will 

be a stopband since the shunt inductors will short-circuit the line at low frequency. 

2.6. Characteristic Impedance 

The characteristic impedance is another important parameter in connection with 

periodic structure, and it is defined as the impedance ZB presented to the voltage and 

current waves at the input terminals of a periodic cell. An expression for it in terms of 

the parameters of the ABCD-matrix may be obtained from 

Vn

In 

Au Bu V n+i V n+1 
= eYd 

Cu Du

which may be written as, 

Hence 

(Au e±id) V n±i = —B ul n±+1

Z: =Vn±+111 n±+i — 
Bu

Au—e±7d 

Replacing en', one obtains 

28 u 

D u—A u± [(An-I-Du)2-4]1/2

n+1 

where the positive and negative signs are for propagation in the +z, and -z directions, 

respectively. If the network is symmetric, Au.--Du. In this case the characteristic im-

pedance will be 
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ZB ± (Buicu)1/2 (2.6) 

In order to eliminate the Bloch-wave reflection in the -z direction, the periodic structure 

must be terminated to a load ZL=ZB+. Similarly, a series load -ZB- with the source will 

eliminate the reflection from the source end. 

2.7. Input Impedance of Terminated Periodic Structure 

Consider a periodic structure of length d and having N cells terminated in a load 

impedance ZL at the Nth terminal. The voltage at the Nth terminal plane is 

VL=VBN=ZLIBN 

Then 

VB+N+VBN = ZL (BB+N+1BN) 

--=4(yB+ vB+N+YB-  vBN) 

where YB+ and YB- are the Bloch-wave admittances of the waves in the +z and -z direc-

tions, respectively. The reflection coefficient FN at the Nth terminal plane is 

VBN- 1-ZLYB+ 

1N -
VBN+ ZLYB--1 

ZB ZL Z _ B
=- 

ZB+ ZL-ZB-

For a symmetrical structure ZB+=-ZB-=-ZB (Equation 2.6) , and the expression of FN is 



25 

ZL-ZB

ZL+ZB

At the 0th terminal plane the Bloch-wave reflection coefficient is 

VBO VBN-

v p+jNf3d -  rNe-i2N1341
BO BN 

where VB0+, and VB0- are forward and backward travelling waves of the periodic struc-

ture, which are different from V+ and V' of the input line, therefore, F0 is not the input 

reflection coefficient. 

The input impedance of the periodic structure is 

vB0+-1-vB0- v/30+(l+ro) zin-
-lBo++113o vBoilzB- vB6/zB 

i+ro
= z

B 1-ro 

Putting the values of To and rN
4+jZBtanNI3d 

Zin— ZB 
ZB+gLtanNf3d 

The input reflection coefficient p may be obtained by 

Zin—Zo

Zin+Zo

where Zo is the characteristic impedance of the input transmission line. 

From the equation of the input impedance for the periodic structure, it can be seen 
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that when Ni3d=nn, n=1,2, . . . and 13 is real (in a passband), then Zin=ZL. This means 

that the periodic structure is at resonance, and the frequency of resonance may be ob-

tained from the relation 13d=n7r/N. 

2.8. Periodic Structure as a Filter 

The ideal filter is a network which provides perfect transmission for all frequencies 

in certain passband regions and infinite attenuation in the stopband regions. Such ideal 

characteristics are not possible to obtain, and the purpose of filter design is to ap-

proximate the ideal requirements with an acceptable tolerance. There are three types of 

filters, namely: (1) low-pass filters, that transmit all signals from zero frequency to a 

cutoff frequency coc and attenuate all signals with frequencies above the cutoff value; (2) 

high-pass filters, that reject all frequencies below the cutoff value coe and pass all fre-

quencies above coc; (3) bandpass filters, that transmit signals with frequencies in the 

range between col to w2 and attenuate signals with frequencies outside this range. The 

stopband filter is the complement to the passband filter, which rejects frequencies in the 

range from col to (02. 

At low frequencies the filter elements are inductors and capacitors. These elements 

have very simple frequency characteristics, and a very general and complete synthesis 

procedure has been developed for the design of filters using them. The filter design 

problem at microwave frequencies where distributed parameter elements must be used is 

much more complicated. 

Many microwave elements have frequency characteristics essentially like those of 

an ideal inductive or capacitive reactance over a limited frequency range. In this case a 

low frequency prototype filter may be used as a model. Then, the microwave filter will 

be realized by replacing all inductors and capacitors by suitable microwave circuit ele-

ments that have similar frequency characteristics over the range of interest. 
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The periodic structure with passband-stopband characteristics can be used as a filter. 

The advantages of using periodic structure filters over conventional ones are as follows: 

(i) Unlike conventional filter structures, periodically loaded lines exhibit alternating 

bands of propagation and attenuation, making it possible to realize a bandpass filter with 

an infinite number of passbands. 

(ii) The design procedure of filters is better controlled by the parameters of the peri-

odic structure. For the Capacitively loaded coaxial line susceptance B and periodicity d, 

adjust respectively the width and the position of a passband. 

(iii) Because of the smooth variation of the geometry of the structure, better com-

pensation effects are automatically realized. 

The following conditions must be satisfied to design a periodic structure bandpass 

filter: 

i) The absolute value of equation (Au+Du)/2 should be equal to unity at the desired 

corner frequencies of the passband. 

ii) The characteristic impedance of the unit cell should be equal 50 ohms at the cen-

ter frequency. 

The parameters of interest for a filter are the return loss and insertion loss. For an 

ideal filter, the magnitude of these quantities should be zero and one, respectively, in the 

passband. The return loss, and insertion loss can be found from the elements of the scat-

tering matrix of the structure, and are 
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Return Loss= S11 
Refelected voltage at port 1 
Incident voltage at port 1 

Insertion Loss=1S21I—I Incident voltage at port 2 1
Incident voltage at port 1 

where S11 and S21, in terms of the ABCD parameters of the structure are obtained as 

A—BIZo+CZo—D 
S11— A+Bao-FCZo+D 

and 

2 
S21— A+B/Zo+CZo+D 

where Z0 is the characteristic impedance of the input and output transmission lines. 

2.9. Conclusion 

The basic concept of the periodic structures was discussed with an example of a 

capacitively loaded coaxial transmission line. The expressions for the complex propaga-

tion constant and characteristic impedance of the periodic structures were presented. The 

condition for propagation was also specified. It was noted that a periodically loaded 

transmission line exhibits alternating propagation and attenuation bands. The width and 

position of the passband can be controlled by the parameters of the structure. 
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3. Microstrip Periodic Structure 

with Uniform Lines 

3.1. Introduction 

The analyses of two different planar periodic structures formed with uniform 

microstrip transmission line sections connected in a periodic fashion are presented in this 

chapter. The ABCD-matrix of a period (a unit cell) is determined first, from which the 

propagation constant and the characteristic impedance are obtained. The above matrix is 

diagonalized in order to obtain a simplified form of the ABCD matrix of a periodic struc-

ture with N unit cells. The scattering parameters are then determined from the ABCD 

matrix of the structure. Bandpass filters are designed utilizing the design procedure 

presented in the preceding chapter. Two different periodic structure filters are fabricated 

and their performances are evaluated. Numerical results are compared with the ex-

perimental data. The effect of the number of sections in a structure on the frequency 

response are shown. Various filter characteristics of a terminated periodic structure are 

presented. 

3.2. Periodic Structure with Different Transmission Lines in Series 

The periodic structure under consideration is illustrated in Fig. 3.1(a). It consists of 

a number of unit cells connected in cascade. A unit cell is a combination of three 

microstrip lines as shown in the Fig. 3.1(b). The unit cell can be characterized by its 

equivalent ABCD-matrix. The ABCD matrix of the unit cell is obtained by multiplying 

the ABCD matrices of the transmission line sections, and the step discontinuities arising 

from the junctions of the two microstrip lines. 
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(a) 

1 z2 

• -dLI 

d2 

(b)

Figure 3.1: (a) Geometry of a planar periodic structure; 
(b) A unit cell of the structure 

Fig.3.2 represents the T equivalent circuit for the step discontinuity consisting of 

two lumped inductances and a lumped capacitance. The effect of the junction induc-

tances can be accounted for by shortening the line lengths by All and Al2 (Fig 3.3). The 

formulas for inductances, capacitance and lengths Ali and Al2 are given in the literature 

[11] and will be presented later. Thus, the junction of two uniform microstrip lines is 

equivalent to a shunt capacitance, and can be represented by the ABCD-matrix given 

below 

A B 1 0 

C D jB 1 
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Co

L1 L1

Figure 3.2: Approximate T equivalent circuit for a step discontinuity 

t•— at' tit2 

Figure 3.3: Approximate compensation for a step discontinuity 

In the foregoing B=coCo, co is the angular frequency and Co is the shunt 

capacitance. 

For a uniform line having an electric length 0 the ABCD-matrix is given by [20] 

A B 

C D T.L 

cos 0 jZosin 

jsin 0/Zo cos 0 



32 

where Zo is the characteristic impedance of the line, 9=kd, k=a)(E0E41.0)1/2, Ee is the ef-

fective dielectric constant of the substrate on which the structure is etched and can be 

obtained from the equation 

Ee=1/2(Er+1)+ 1/2(er- 1)(1 +10h/w)-1/2

where Er is the relative dielectric constant, h is the thickness of the substrate and w is the 

width of the uniform microstrip transmission line. 

The overall ABCD-matrix of the unit cell is given by 

A Buu 
[U]= 

where 

and 

Cu Do

[AT114AT3]: ---

[AT21= 

= [AT1][A.1]{AT2]{Ai][AT3] 

cos (01/2) jZisin (01/2) 

j1/Zisin (01/2) cos (01/2) 

cos 02 jZ2sin 02

j 1/Z2sin 02 cos 02

01 and 02 are the electrical lengths of the transmission line sections (including the effect 

of junction inductances) and Z1, Z2 are the characteristic impedances. 

The overall ABCD parameters of a unit cell are obtained as 
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Au=Du=cos(01)cos(02)-0.5 sin(01)sin(02)(Z1/Z2+Z2/Z1) 

+0.5Z1Z2B2sin(01)sin(02)-Z1B sin(031)cos(02)-Z2B sin(02)cos(91) 

(3.1) 

Bu=j Z1sin(e1)cos(02)+0.5sin(02)/Z2[Z22-Z12+cos(01)(Z12+Z22)] (3.2) 

-Z1Z2B sin(131)sin(02)-Zi2B(1-cos(91))cos(02)+0.5 Z12Z2B2 sin(02)(1-cos(91)) 

Cu=j ( 1/Zisin(8 °cos (192)+0.5Z2sin(02)[1/Z22- 1/Zi2+cos(131)(1/Z12+1/Z22)] (3.3) 

+B cos(02)(1+cos(81))-Z2/Z1B sin(81)sin(82)-0.5 Z2B2sin(132)(1+cos(01))1 

The junction capacitance, inductances, and the value of 011, 012 are obtained from the 

following expressions [6]: 

co
(w1w2)1/2

(pFlm)=[10.1Log(Er)+2.33]W2/1471-12.6Log(Er)-3.17 

This expression is in error by less than 10% when c < 10, and 1.5 < W2/14// < 3.5. The 

junction capacitance has been calculated using the above equation. 

tions 

The values of the inductances in the equivalent circuit are obtained from the rela-

Llh(nHlm)=40.5[W2/W1-1.0]-75 Log(W2/W1)+0.2[W2/W1-1.0]2

The inductance per unit length of a microstrip is 

so that 

LW1—
Zo(W2)(Eeff(W2))1/2

C 

Zo(Wi)(ceiwi))1/2 
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Lwi
Li— 

L +L WI W2 L

Lw2
L2= 

L +L W1 W2 

and 

011=Al2 
(Lwi+Lw2)112 

L 

where W1 and W2 are the widths of the lines, c=3x108 m/s, h is the substrate thickness and 

Zo(W),and een(W) are given in [26]. 

3.2.1. Overall ABCD-matrix of the Structure 

In the diagonalized form, the ABCD-matrix of the unit cell is represented as 

[U] = [ S ] [A ] [ S]- 1

where [S] represents the eigen vector matrix of the unit cell, A is the eigen value matrix 

(diagonal) and [S]-1 is the inverse of [S]. For a symmetric matrix they are obtained as 

[S]= 

[A]= 

-Bu -Bu

Au-X-

0 

0 X.-
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-Bu

[S]-1=1/A 
X4--Au Au-X-

Xt, and X: are eigen values of the unit cell matrix, and they are obtained as 

X+=Au+(Au2-1)1/2

X-=Au-(Au2-1)1/2

The value of A is derived as 

A=Bu(X--X+) 

When N-such cells are connected in cascade, the overall ABCD-matrix of N unit cells is 

AN BN

[UN]= 

where 

[A]N= 

=[U]N=[S] [A]N[S]-1 (3.4) 
CN DN

o ct-)N 0 

0 (X-)N 

From 3.4, the ABCD parameters of the periodic structure are obtained as 

A =DN=Rxt)N+(x-)Nia 

BN=BuRX+)N-(X-)N]/(X+-X-) 

CN=Cu[aiN-ooN]/ott-k-) 

(3.5) 
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The above formulation, therefore, yields the closed form expressions for the ABCD 

parameters of a structure with any number of cells. 

3.2.2. Results and Discussion 

A three-section periodic structure bandpass filter was designed and fabricated with 

center frequency of 6 GHz, a bandwidth of 2 GHz and characteristic impedance of 50 

ohms at the center frequency (Fig. 3.4). The characteristic impedance of the narrow 

microstrip transmission line was chosen as Z1=50 ohms. The electrical lengths of the 

microstrip lines and the characteristic impedance of the wider line Z2 were obtained 

utilizing equations 2.1 , 2.6 , 3.5 and filter design criteria presented in chapter 1. The 

value of Z2 was found to be 26.5 ohms, and the physical dimensions were obtained as 

d1=0.9 cm and d2=1.68 cm. The substrate had a dielectric constant of 2.2 and a thickness 

of 0.159 cm. 

The insertion loss and return loss of the structure were measured by the HP8510B 

Network Analyzer and compared with the theoretical results. The measurement had an 

error of 0.1 dB. The results are shown in in Figures 3.5 and 3.6. The slight difference in 

the passband can be attributed to the radiation loss, dielectric loss and the copper loss. 

These losses have not been considered in the computation. The radiation loss can be 

reduced by making the width of the microstrip lines as low as possible or by reducing the 

dielectric thickness. It can be eliminated completely by using a strip line configuration. 

The dielectric loss will also be reduced considerably by reducing the thickness of the 

dielectric substrate. 

The expressions for the propagation constant 13 and characteristic impedance Zo, 

have been computed for various circuit parameters. Figures 3.7 and 3.8 show the varia-

tions of r3 and Zo versus frequency with Z1 as a parameter. It is seen that in the passband 
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Figure 3.4: Experimental periodic structure filter with d14.9 cm, 
d2=1.68 cm, h .159 cm, er=2.2, Z1=50 ohms, 

Z2=26.5 ohms. 
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43 

[3 and ZB are real, and in the stopband they are imaginary. However, the bandwidths of 

the passband and stopband depend on the value of Z1. 

It is seen that by increasing the number of sections, the power loss ratio (ratio be-

tween the output power and input power) in the stopband decreases, and the response of 

the filter is improved. However, a number of ripples are produced in the passband. The 

number of ripples increases with N. This is due to the multiple reflection of the incident 

wave occurring at the input of each cell. The reflected fields come back to the input end 

of the structure with various phases and the magnitude of the resultant reflected field 

oscillates. Matching is perfect when ZB=Z0, which is true only at the center frequency of 

the passband and the resonant frequencies of the structure. Away from the center fre-

quency, ZB differs considerably from Zo and the input impedance becomes oscillatory. 

This yields a mismatch to the input with subsequent ripple in the input-output charac-

teristic of the structure. 

Figures 3.9 and 3.10 show the variations of the center frequency and bandwidth of 

the passband with d2 (the length of the wider microstrip line) as a parameter. As ex-

pected, the center frequency and bandwidth decrease with d2. 

In Figures 3.11, the bandwidth of the passband and adjacent stopband have been 

plotted against Z1. It is found that the bandwidth of the passband decreases, however, the 

bandwidth of the adjacent stopband increases with Z1, resulting a wide separation be-

tween adjacent passbands. This would be useful in designing a bandpass filter when the 

separation between two passbands is specified. The variation of the center frequency 

with Z1 is shown in figure 3.12. It is seen that the rate of change of the center frequency 

with Z1 is low. 



44 

3.3. Analysis of Uniform Line Loaded by Open Ended Microstrip Line 

A periodic structure, illustrated in Figure 3.13(a) is considered in this section. It is 

formed with a uniform microstrip transmission line periodically loaded by open ended 

microstrip lines. A unit cell of the structure is shown in figure 3.13(b). The impedance 

of an open ended transmission line is reactive, and is equal to 

Z2

Zin=7/ tan 

In the above equation, 9=kd2, d2 is the length of the transmission line with characteristic 

impedance of Z2. When 0=mr, n=1,2, . . ., the line is at resonance, and the corresponding 

frequency of resonance is obtained as 

f r
2d2(µe)1/2

n 

This result can be utilized in designing a periodic structure filter. 

As it has been shown in figure 3.13(b) the impedance of the two open ended trans-

mission lines are in parallel, and the effect of these impedances can be represented by 

ABCD-matrix as 

[Az] = 
1 0 

2/Zin 1 

The overall ABCD-matrix of the unit cell is obtained by matrix multiplication as follows: 

[U]=[AT [AO [AT3] 

where 
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(a) 

(b) 

Figure 3.13: (a) Geometry of a planar periodic structure; 
(b) A unit cell of the structure 

In the above, 01 and Z1 are the electrical length and characteristic impedance of the 

uniform line, respectively. The elements of the resultant matrix of a unit cell are 

[AT1]={AT2]= 
cos (01/2) jZ1sin (01/2) 

j1/Z1sin (01/2) cos (01/2) 
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Au=Du=cos Oi+jZi/Ziusin 01

Bu=j(Zisin 01)-Z12/Zin(1-cos 01)] 

Cu=j(1/Zisin 01)+1/Zin(l+cos 01)] 

Note that, the lower corner of the passband occurs when 01=n. This makes the design of 

the filter simple. 

3.3.1. Results and Discussion 

A structure was designed and fabricated to operate as a bandpass filter with a center 

frequency of 6 GHz and a bandwidth of 2 GHz (Fig 3.14). The lengths and characteristic 

impedances obtained for the microstrip transmission lines were d1=2.5 cm, d2=1.68 cm, 

Z1=50 ohms and Z2=70 ohms. The number of sections was taken as N=3. The length of 

the open ended microstrip line d2 is equal to half the wavelength at the center frequency, 

which means at center frequency the line is at resonance. 

The insertion loss, and return loss of the periodic structure filter were measured and 

compared with the computed results. The results are illustrated in Figures 3.15 and 3.16, 

respectively. The measurement shows about 2 dB power loss in the passband. The losses 

have not been considered in the computation. The theoretical results of the insertion loss 

and return loss of a six-section periodic structure are also shown. The radiation loss of 

the structure discussed in the first part of this chapter is lower than the structure with 

open ended microstrip lines. 

The variation of the propagation constant and characteristic impedance of the struc-

ture are plotted against frequency with Z1 as parameter in Figures 3.17 and 3.18, respec-
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Figure 3.14: Experimental periodic structure filter with d1=2.5 cm, 
d2=1.68 cm, h 1' 159 cm, er=2.2, Z1=50 ohms, 

Z2=70 ohms. 
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tively. It is seen that the propagation constant and characteristic impedance are real in 

the passband and imaginary in the stopband and the bandwidths of the passband and stop-

band change with Z1. 

In Figure 3.19, the center frequency is plotted against d2, the length of the open 

ended microstrip transmission lines. As expected, the center frequency decreases with 

the length d2, because an open ended transmission line acts as a resonator, and the fre-

quency of resonance decreases by increasing the length of the line. In Figure 3.20, it can 

be seen that the bandwidth of the passband also decreases with d2. 

Figures 3.21 and 3.22 show the variation of the bandwidth, and center frequency of 

the passband and adjacent stopband with Z1. It is found that the bandwidth of the 

passband decreases, and the bandwidth of the adjacent stopband increases with Z1, and 

the center frequency of the passband remains almost constant. 

3.4. Conclusion 

In this chapter two different microstrip periodic structures were analyzed by the 

transmission line method. The method is very simple and computationally efficient. 

However, there are a few limitations such as 

i) If the ratio of the widths of the wider microstrip transmission line and the thinner 

line (structure discussed in the first part of the chapter) is large the expression for the 

junction capacitance is not accurate, 

ii) The losses can not be incorporated in the analysis. However, for a structure in 

strip line version, the radiation loss will be eliminated and the present method can be 

applied with a reasonable accuracy. 
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iii) Applicable for uniform microstrip line structure only. 

Two microwave periodic structure filters were designed and fabricated, and the 

results of the measurement were found to be close to the theoretical data. It was seen that 

by increasing the number of sections the frequency response of the filter in the passband 

oscillates and the number of peaks is related to the number of sections. The dimension of 

the structure determines the bandwidth and center frequency of the filter. 
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4. Cavity Model Analysis of a Unit Cell 

with Rectangular Patch 

4.1. Introduction 

In the preceding chapter a planar periodic structure formed with two uniform 

microstrip transmission lines of different characteristic impedances was analyzed using 

the transmission line method. It was mentioned before that, if the ratio of the line widths 

is large, the expression for the junction capacitance becomes inaccurate. In such cases a 

more accurate method should be invoked to analyze the microstrip periodic structure. 

In this chapter a method based on the cavity model is developed to analyze the peri-

odic structure. In this method, a unit cell of the periodic structure discussed in chapter 3 

is modelled as a rectangular microstrip cavity resonator with two microstrip transmission 

feed lines connected at the two ends. The electromagnetic fields inside the cavity are 

obtained using the modal expansion technique [16]. The Z-matrix of the equivalent cir-

cuit of the microstrip cavity is found from the field expressions. The equivalent conduc-

tance, Gr ,for the microstrip cavity is computed. From the Z-matrix and the equivalent 

conductance for the radiation loss, the ABCD parameters of the microstrip cavity are ob-

tained. The elements of the ABCD-matrix of the unit cell are obtained by matrix mul-

tiplication. 

The performance of a periodic structure bandpass filter is examined theoretically. 

The variations of the bandwidth and center frequency with the physical parameters of the 

periodic structure are studied. 
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4.2. Modal Expansion Method 

In this method a patch is considered to be a rectangular cavity resonator. In order to 

derive the expressions for the fields inside the resonator, the following assumptions are 

made. 

i) The small thickness of the dielectric substrate between the microstrip conductor 

and the ground plane suggests that only the z component of the electric field E, and the x 

and y components of the magnetic field H (Fig. 4.1) exist in the region bounded by the 

microstrip and the ground plane. 

ii) The field in this region does not depend on the z-coordinate for all frequencies of 

interest. 

iii) The electric current in the microstrip conductor does not have components nor-

mal to the edge at any point on the edge, which implies a negligible tangential component 

of H along the edge. 

Thus, the region between the microstrip conductor and the ground plane may be 

considered as a cavity bounded by a magnetic wall along the edge, and by electric walls 

at the top and the bottom (Fig. 4.1). In order to account for the fringing field, the mag-

netic wall is placed slightly away from the periphery. 

4.2.1. The Wave Equation of the Electric Field 

The cavity is assumed to be lossless with a perfect magnetic wall in its periphery. 

For microstrip feed lines, the feed source may be modelled using Huygen's principle, by 

a strip of z-directed electric current backed by a magnetic wall [27]. When the microstrip 

line is thin, this current is negligible at any point on the edge of the conductor except in 

the immediate vicinity of the feeds. In the ideal case, the feed source can be assumed to 
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h 

T 

Figure 4.1: Geometry of a rectangular microstrip patch with dimensions 
a along x-axis and b along y axis, fed by two microstrip lines 

be a uniform current ribbon of constant current. Fringing of the feed line fields indicates 

that the width of the current ribbon is the effective width of the feed line. Thus, it is 

assumed that the cavity is excited by two surface current sources located at y=0, and y=b, 

respectively. The above excitation can be expressed as: 

Jz= {/18(Y)/w+/28(y—b)/w if a/2—w/2 <x < a/2+w/2 
0 Otherwise 

(4.1) 

where II and 12 are the line currents, and w is the width of the transmission feed lines. 

S(y) represents the Dirac-delta function of y. 

When a microstrip patch is fed by a microstrip line, many modal waves are 

produced in general. The wave equation for E in the cavity with excitation current J is 

(a time dependence of ei°3t is assumed) given by [27] 
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V2 +k2E=jcopT— V(V.1) (4.2) 
jwE 

where k2=co2µ0cee. As mentioned before, E and T are assumed to have only the z-

component, with no variation along z-axis implying that 

a/7v.j= =0

az 

Thus, equation 4.2 becomes 

02 Ez±k2 Ez= Jo* J z

4.2.2. The Cavity Mode Eigenfunction 

(4.3) 

(4.4) 

The electric field inside the cavity must satisfy the wave equation 4.4 and the fol-

lowing boundary conditions: 

Or 

and 

or 

a E lax (x=0)=aE jax (x=a)=-0 

HY (x=0)=HY (x=a)=0 

a E (y=0)=aE Jay (y=b)=0 

H x(y=0)=H x(y=b)=0 

The fields inside the cavity for a given TMmn mode can be obtained from the following 

set of equations: 



59 

km= Wmn z (4.5) 

V xfmn=-- jo* H nn (4.6) 

a  \li mn a  Emn (V t2+kmn2)Alf mn=0, with 
ax a 

— 0 on the magnetic wall (4.7) 
y 

where V t is a transverse del operator with respect to the z-axis and Wmn is the field 

solution for the rectangular microstrip patch resonator with resonant wave number 

k2mn..,(02.mnge

The others EM field components are obtained from Ez using the Maxwell equations [27]. 

If the origin is taken at one of the patch corners of Fig. 4.1, the solution of the 

homogeneous wave equation of 4.7 can be written, subject to the above boundary con-

ditions, as 

Ez=Amncos (—mit X)COS (—tiny) 
a 

(4.8) 

In the presence of a z-directed source at the feed, the total Ez must satisfy the wave equa-

tion 4.4. The general solution is comprised of an arbitrary linear sum of a complete set of 

orthogonal functions each of the form of 4.8, and can be written as 

00 00 

E z= EIAmn cos (—
mitx)cos(—nny) 

m=n=0 a 
(4.9) 

Each term of 4.9 satisfies the boundary conditions, and the unknown constants Amn are 

obtained by putting Ez in equation 4.4 as follows: 
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1717C rat Amn(k2—kmn2)cos (—
a

x)cos (-17.y) = j 0 µ .1, 
rr=0 n=0 

(4.10) 

Note that this is in the form of a double cosine Fourier series in the x and y. It is thus 

evident that Amn(k2-knan2) are the Fourier coefficients of the right hand side of the equa-

tion 4.10 or, 

where 

me n 
o 
a 

o 
a

Amn(k2—kmn2)-2  jo* J z cos 
(—a

x)cos 
(—rat

y) dx dy 
ab 

m and e = n 11 if m and n = 0 
2 Otherwise 

Performing the integration, the expressions for Amn are obtained as 

2 
A0n— [I1+cos (nn)12] 

ab(k2-1c0n2) 

Am0 — 
4sin [mrtw/(2a)]cos (mIt/2) 

V1-42] 
micbw(k2—km02) 

8sin [micw/(2a)]cos (nric/2) Amn
  [/1-1-cos (nn)12] 

mnbw(k2—kmn2) 

ktnn2=(nnac)2+(7)2 

The field inside the cavity will be of the TM type, so that all other field components can 

be determined from E. 
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4.3. Equivalent Circuit 

Let E1 and E2 be the average fields at the input port and output port, respectively. 

Then: 

a/2+w/2 
E l = 

i/Wf 
(Ez)v_o dx 

a/2-w/2 

00 00 00 

=I Aon+ E E 2Anzna/mrccos (mic/2)sin [mtw/(2a)] 
n=0 n=0 

a/2+w/2 
E2=1Iw (E z)y=b dx 

fa/2-wa 

Evn +s-i 2Amn a/(mic)cos (mic/2)cos (mt)sin [mnwl(2a)]) 
n3 m=0 n=0 

In order to obtain the ABCD parameters of the microstrip cavity resonator, the Z-

parameters should be known first. The Z-matrix is defined as 

- - 
V1

V2

Z11 Z12 

Z21 Z22 /2

where V1 and V2 are the line voltages at the input and output ports, respectively. The 

port voltages are related to the electric fields and are obtained as 

V1= -E h 

V2= -E2 h 

Comparing the Z-matrix definition and the equations for V1 and V2, which are related to 

II and 12, the elements of the Z-matrix are determined as 

1 -  2 
Z 1=Z22=jcogh { 

abk2 n=i ab(k0n2-k2) 
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8asin (micw/(2a))2cos (mit/2)3 

m=1 (m102bw(km02-k2) 

+E 16asin (mnw/(2a))2cos (mn/2)3

m=1 n=1 (M7)2bW(knin2—k2) 

1 --,"  2cos (mt) 
Z12=Z21=jallin 

abk2 n=1 ab(kon2—k2) 

8asin (m/tw/(2a))2cos (mit/2)3

m=1 (mit)2bw(kni02—k2) 

+E 16asin (mitw/(2a))2cos (mn/2)3cos (nn) 

m=1 n=1 (MTC)2bW(kinn2—k2) 

It can be seen that the input impedance of the rectangular microstrip patch conductor is 

equivalent to infinite parallel LC resonators, for which the frequencies of resonance are 

given by 

1 
fr— 

2,70112)1/2
Rmitia)2+(nic/b)2] 1/2 

For the TMoi mode the equivalent L and C of the resonator are obtained as 

and 

L— 
21.thb 
it2a

C= 
abe 
2h 

(4.11) 

The ABCD parameters of the microstrip patch in terms of the Z-parameters are obtained 

as 
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Ap=Dp=Z 1 1/Z2 1 

Bp'2 12+(Z 11Z22)/Z21 

Cp= 1/Z2 1 

It is evident that, in the passband the microstrip conductor should be close to a resonance. 

Thus, the dimensions of the rectangular conductor should be about n4/2, n=1, 2, . . . (?wj

is the wave length at the center frequency). 

If the characteristic impedance of the thinner line is chosen as 50 ohms, the dimen-

sion of the rectangular conductor patch (wider line) should be such that for the center 

frequency the cavity is at resonance. This would be useful in the design of a periodic 

structure filter. 

In this section the ABCD parameters are derived using the modal expansion 

method. The parameters do not include the radiation loss. The radiation loss is discussed 

in the following section. 

4.4. Radiation Loss 

The radiated field can be found by considering the microstrip cavity as two slots 

spaced at a distance b in the x-y plane( Fig. 4.2). Assuming that in the passband the 

dominant mode is TM01, the variation of Ez along x-axis is constant, and along y is 

sinusoidal. The radiated fields in the y-z plane will vanish, because the equivalent mag-

netic currents are in the opposite directions (Huygen's principle). The magnetic currents 

on the slots in x-y plane are : 

T-2nxyEz=—azE0 if —w/2 w/2 , and —h12.5.zh12 
L 0 Otherwise 

where the factor of 2 accounts for the presence of the ground plane, n is the outward 
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Figure 4.2: Coordinate system for slot (aperture) 

normal to the magnetic wall, and E0=E1=E2. Thus, if aAo, and b=X0/2 , in the passband 

the dominant mode is TM21, and no power will be radiated by the magnetic walls of the 

microstrip patch conductor. 

Since the magnetic current is the source of the outside radiation, the fields can be 

obtained from the electric vector potential [28]. The electric vector potential is given by 

[28] 

F(r) = of  
M(r)

  Cilcolr- r' I ds' 
s 47c1r-ti 

where r is the location of the source point, r is the location of the observation point, k13 is 

the wave number and s is the aperture area. 

The total far-zone fields radiated by each slot of the microstrip patch are [28] 
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hako 
{ sin E 

sinXsinZ
e -j n e[ 

XZ 
cos (koh/2sin 8sini0) } 

where 

X=koh/2sin 8cos 4 

Z=k0a/2cos 0 

ko=0)(1,0E0)in 
The total power loss radiated by each slot is 

ic/2  
Pr=Rei

s 
-E H9 * r2sin &WO 

o o 

where 

He=E4/11 

The conductance due to radiation for each slot is 

Pr
Gr=

IV12 

where V=V1=-V2. 

Considering radiation loss, the effective ABCD-matrix of the microstrip patch is ob-

tained from the equation 

- - - 
AT BT 1 0 BP 1 0 

CT DT Gr 1 C P D P Gr 1 
_1 

yielding 
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AT=DT=Ap+GrBp

BT=Bp 

CT=2GrAp+Gr2Bp+Cp

Multiplying the ABCD-matrix of the transmission lines connected to the input and output 

ports, the parameters of the unit cell matrix are obtained as 

Au=Du=ATcos 0+j{0.5sin 8 (ZiCT+BT/Z0) 

Bu=j{0.5[ZiATsin 0 )}+0.5BT(l+cos 8 )-Z12(1-CTcos 0 ) 

Cu=j{l/ZiATsin 0}-0.5(1-cos 8 )BT/Zi2+0.5CT(1+cos 0 ) 

where 0=kd, d and Z1 are the length and characteristic impedance of the microstrip trans-

mission feed lines connected to the microstrip patch conductor. The overall ABCD-

matrix of the periodic structure can be obtained using equation 3.5 in chapter 3. 

The above radiation loss can also be incorporated in the transmission line method by 

assuming a conductance Gr due to the radiation loss parallel to the junction capacitance. 

The ABCD-matrix of the wider microstrip transmission line, including the junction 

capacitance and the conductance Gr for the radiation loss, is derived as 

AT BT 1 0 cos (01/2) jZisin (01/2) 1 0 

CT DT Y 1 j1/Zisin (01/2) cos(01/2) Y 1 

where 

Y=jB+Gr
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The elements of the ABCD-matrix of the unit cell are 

Au=Du=cos 81cos 02-0.5 sin Oisin 02(Z1/Z2+Z2/Z1) 

-0.5Z1Z2Y2sin Oisin 02+j[(Z1Ysin 81cos 02+Z2Ysin 02cos Oi } 

Bu =j Visin 81cos 82+0.5 sin 02/Z2[Z22-Z12+cos 01(Z12+Z12)] 

-0.5 Z12Z2Y2sin 02(1-cos 81)}-Z1Z2Ysin Oisin 02-Z12Y(1-cos 01)cos 02

Cu =j 1/Z1sin 81cos 02+0.5 Z2sin 02[1/Z22-1/Z12+cos 01(1/Z12+1/Z22)] 

+0.5 Z2Y2sin 82(1+cos 01))+Ycos 82(l+cos 01)-Z2/Z1Ysin 81sin 02

We note that Au is complex, resulting a complex propagation constant, the real part of 

which is due to the radiation loss. 

4.5. Results and Discussion 

The insertion loss of the filter in chapter 3 was computed, and compared with the 

measurement. For the theoretical results the radiation loss was taken into the considera-

tion. The comparison is illustrated in Figures 4.3. It can be seen that the theoretical 

results are close to the measurement. This confirms the validity of the method used to 

incorporate the radiation loss. 

In order to examine the validity of the modal expansion method, the performance of 

the structure designed in chapter 3 was computed. Figure 4.3 shows the comparison be-

tween the results obtained from the modal expansion method and the transmission line 

method. Within the passband, the agreement is satisfactory. However, near the lower 

cut-off region, a discrepancy between the two methods is observed. The modal expan-

sion method is found to differ from the experimental data in this region. This is due to 

the assumption of magnetic wall, which is valid only when the feed lines joining two 
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patches are sufficiently thin. In such a case, the field inside the patch is more like a 

standing wave which supports the magnetic wall assumption. In the present case, the 

feed lines are not thin, as compared to the width of the patch and the results deviate from 

the experimental data. However, for a thin feed line, the modal expansion method would 

yield a more accurate result as we shall see in the following chapter. 

Figures 4.4 and 4.5 illustrate values of the insertion loss and return loss of a filter 

with d1=0.9 cm, a=1.16 cm, b=1.68 cm and Z1=70 ohms. The DC mode (m and n zero) 

and two higher order modes have been considered in the computation . The solid lines 

show the results of the insertion loss and return loss for a periodic structure with three 

sections. The dotted lines indicate the insertion loss and return loss for a six-section 

periodic structure. As expected, the loss increases with the number of sections due to the 

radiation. Also, at the center frequency, b is equal to X0/2. 

The variations of the center frequency and bandwidth with the width of the rectan-

gular microstrip conductor are plotted in Figures 4.6 and 4.7, respectively. As expected, 

the bandwidth decreases with the width of the patch. However, the variation of the center 

frequency with the width of the patch is low. In the passband the dominant mode for the 

microstrip cavity is TMon, and for TMon mode the resonance frequency of the microstrip 

conductor is not a function of a. Thus, if a periodic structure filter is designed such that 

in the passband the TM01 mode is dominant in the microstrip cavity then, the center fre-

quency of the filter will not vary with the width of the cavity. However, the bandwidth of 

the filter is a function of the width of the cavity, and it increases with the width of the 

cavity. The power loss of the structure is reduced by decreasing the width of the patch. 

In Figure 4.8 the bandwidth of the passband and adjacent stopband are plotted 

against the characteristic impedance of the transmission feed line, Z1. It is seen that by 
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Figure 4.3: Variation of the insertion loss with frequency 
for the periodic structure designed chapter 3. 
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increasing the value of Z1 the bandwidth of the passband decreases, and the bandwidth of 

the adjacent stopband increases. The center frequency of the passband is also plotted 

against Z1 in Figure 4.9. It is noted that the center frequency is almost constant with Z1. 

4.6. Conclusion 

The analysis of a planar periodic structure with two different uniform lines was 

presented employing the cavity model theory. It was noted that, from a circuit viewpoint, 

the rectangular microstrip patch with open output is equivalent to infinite parallel LC 

resonators. The resonant frequency of each resonator is a function of the width and 

length of the patch conductor. Thus the dimension of the rectangular patch should be 

such that in the passband the cavity is close to resonance. If in a passband the dominant 

mode for the microstrip cavity is TMon, the bandwidth is changed with the width of the 

cavity. However, the center frequency of the passband is constant with the width of the 

cavity. The center frequency is also constant with the characteristic impedance of the 

transmission feed line. 

The radiation loss for the rectangular patch conductor was considered in the filter 

designed by transmission line method (chapter 3), and the theoretical results were found 

to agree closely with the experimental data. In the following chapter a periodic structure 

with circular patch will be considered. 
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5. Periodic Structure with 

Circular Patches 

5.1. Introduction 

It was shown in the previous chapter how a periodic structure with rectangular patch 

elements can be analyzed both by the transmission line theory and by the cavity modal 

theory. However, the transmission line theory is not applicable to circular patches. The 

cavity modal analysis of a circular patch will be presented in this chapter. 

The periodic structure under consideration is illustrated in Figure 5.1(a). The 

geometry of a unit cell is shown in Figure 5.2(b), which consists of a circular patch and 

two uniform microstrip transmission lines connected at the two diametrically opposite 

edges of the patch. The circular conductor is considered as a cylindrical cavity resonator. 

.The fields inside the cavity are obtained utilizing the modal expansion method discussed 

in the previous chapter. The Z-matrix of the equivalent circuit of the microstrip circular 

conductor is determined from the fields inside the cavity. From the Z-matrix the ABCD-

parameters are obtained. The ABCD-matix of the unit cell can be obtained by multiply-

ing the individual ABCD matrices of the cavity resonator and microstrip feed lines. 

A periodic structure bandpass filter formed with uniform microstrip transmission 

lines and circular conductors is designed and fabricated. Numerical results for various 

filter characteristics are compared with the experimental data. The effects of various 

parameters of the periodic structure on the bandwidth and center frequency of the filter 

are studied. 
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(a) 

( b) 

Figure 5.1: (a) Geometry of a planar periodic structure with circular 
patches; (b) A unit cell of the structure. 

5.2. Model Expansion of the Inside Field 

The thickness of the substrate being much less than the wave length of interest, the 

electric field within the substrate has the z-component only. The magnetic field has es-

sentially x and y components, and the fields do not vary along the z-direction (Fig 5.2). 

The component of the current normal to the edge of the microstrip conductor approaches 

zero at the edge, implying that the tangential component of the magnetic field at the edge 

is negligible. With these assumptions, the region between the microstrip disk and the 

ground plane can be modelled as a cylindrical cavity with electrical walls at the top and 

the bottom of the cavity, and with a magnetic wall along its periphery. Thus, the fields in 
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Figure 5.2: Geometry of a circular microstrip patch, fed by two 
microstrip lines. 

this region corresponding to the TMmn modes may be determined by solving a cavity 

problem. 

The source which excites the cavity is assumed to be (Huygen's principle) [27] 

T=i.1,--1J,(4))8(p—a)/a 

where 

I1/w if -8/2 < 4 < 8/2 
I2/w if 7c-8/2 < 4 < it+8/2 
0 Otherwise 

where I1, and I2 are the line currents, w is the width of the feed lines, a is the radius of the 

microstrip disk, and 8 is given by the following equations: 
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sin 4512=
w12 
a 

which yields 

8=2sin-1
2a 

When a microstrip patch is excited by a current source, various cavity modes are 

produced. The modal expansion model is used to find the electromagnetic fields inside 

the cylindrical cavity. The wave equation for E inside the cavity in the presence of a 

current source, J, is 

v2f +k2E=i0v.i_v(V.1 ) 

fox 
(5.1) 

where J and E have only the z-component, with no variation along the z-direction, which 

implies that 

_ a./ 
v.J = 

az 

Thus the wave equation becomes 

pJa

(5.2) 

(5.3) 

where k=o)(1.1.e)112. The electric field must satisfy this equation and the following mag-

netic wall boundary condition 

nxH =0 at p=a 

where n is the normal to the microstrip patch. The magnetic field component H4) is ob-

tained from the Maxwell equation: 
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x 

yielding 

aEz
H = — 

ap 

Thus, the magnetic wall boundary condition at p=a is equivalent to 

aEz
ap 

=0 at p=a 

For the cavity model, the electric and magnetic fields for a given mode (TMmn mode) 

may be obtained from the following set of equations: 

=Ili tnn z

xEmn =Apia Hmn

(V +kmn2)w mn=0, with a lifmniap=o at p=a 

where 

k2mn=c02mngE

The solutions of the homogeneous wave equation 5.6 consist of an infinite set of or-

thogonal functions each of the form 

lifmn=4(kninp)cos n4) 

where Jn(kmnp) is the Bessel function of order n, and 

kmn=XmnIa 
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In the above, Xmn is the mth zero of the function fn(kmnp)• J'n(kmnP) represents the 

derivative of J n(x) with respect to x. 

The total field Ez is a linear sum of these orthogonal functions, which must satisfy 

the wave equation 5.3. Mathematically, Ez can be written as 

CO 00 

Ez= yAninfn(kmnp)cos nt 
m.o n=o 

(5.7) 

The field in the cavity is of the TM type,and all other field components can be found 

from E. The unknown constants Amn can be obtained by putting Ez in equation 5.3. 

This gives 

jAmn[k2—(Xmn/a)2]4(Xinnp/a)cos n0=jcv./z
m=0 n= 

(5.8) 

The Bessel functions Jn(Xmnp/a) are orthogonal in the interval p=0, to p=a. Therefore, 

we can write 

Lar Amn[k2—(Xmnia)2]p.12n(Xmnpia)COS 2 noOdpd0= 

jwilfaf 21rJ zp./n(Xinnp/a)cos dpckto 
0 

[f 0 8/2 ii/WEs(p—a)MAg mnpia)C OS pckt•d 
/2 

+fa' 71+812/ 2/w8(p—a)/apJn(Xmnp/a)cos nOdpd4)] 
0 it-8/2 

Performing the integration with respect to 4, one obtains 

(5.9) 
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A Inn[k2—(Xnula)2]5 ao pJ2 n(Xmlap)dp= 

J  2" 1. Jn(Xmn/ap)sin n8/2[/1+cos n1112] 
nwa m

where 

a =12 ifm=0 
m L 1 Otherwise 

In particular, 

A00— j e  8 1+12] 
wica 

Amp—. 
wita[k2_(xm0ia)2]jo(Xmo) 

Amn
 
=i num [k2—(Xincia)2] [1—(namn)2].1n(Xmn) 

0418 [I 1+12] 

4cogasin n8/2 
Vi+cos nn/21 

The above expressions for Amn can be substituted in 5.7 to obtain the electromagnetic 

fields inside the cavity resonator. The ABCD parameters of the two ports circular patch 

will be derived in the section that follows. 

5.3. Equivalent Circuit 

The input voltage V1, and the output voltage V2 are related to the electric fields , 

and are given by 

V 1= —E1 h 

V2= —E2 h 
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where h is the thickness of the substrate, and E1 and E2 are the average electric field at 

the input and output ports, respectively. The expressions for E I and E2 are obtained as 

8/2 
E 1= 1/81 

-8/2 
(E z) p =a  Chi) 

1 
=I Amo Jo(Xmoae/a)+ 2A rnrs Jn(Xmnae/a)sin n8/2 

nmo n8,3 n.1 
71+8/2 

E2= 1/84 (E d4 

1 
=I Amo Jo(Xm oae/a)+ 2Amn J n(X mna el a)sin n8/2cos nn 

ni=0 n8 nz4) n=1 

Note that an effective radius ae has been introduced to account for the fringe fields along 

the edge of the resonator. The relation between the physical radius and the effective 

radius is given by [17] 

ica 
aea[l + 

2h 
—irae (In —

2h
+ 1.7726)] 112

In the above equation Cr is the dielectric constant of the substrate. The elements of Z-

matrix are obtained as 

Z1 1=Z22=—M-th 8  + 8  (Xmoae/a) 
wk27ca m='2wita[k2—(Xmola)2]10(Xmo) 

.0 00 Basin 2 no/2 
+II 2 

J n(Xmna el a)} 
n 1 n=1 n-8wit[k--(Xmn/a)21[1—(n/Xmn)21./n(Xmn) 

—   8 
Z 2=Z2 =7/4th { + (Xmoae/a) 

wkhita n2 14/7ta[k2—(Xmota)2]4(Xmo) 
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00 00 Basin 2 n8/2cos 
+ II Jn(Xmnaela)) 

n2isivic[k2_(xmnia)2][1_(na mn)2]Jn(xmn)

It can be seen that, similar to the rectangular microstrip patch, the input impedance of a 

circular microstrip conductor is equivalent to infinite parallel LC resonators. The fre-

quency of resonance of a resonator is 

2
1 

fr —(X m rlae )1a 
(ge) 

For the TMi mode the equivalent L and C of the resonator are obtained as 

and 

81.tha sin 28/2 J1 (X iiala) 
L—

&vial i/a)2[1—(10(11)2]Jgii) 

8ha sin 28/2 fi (Xi iae/a) 
 • 

C
— 

8ewic[ 1 —(1/Xi 1)2]/gi 

The radius of the microstrip circular conductor should be such that in the passband the 

cylindrical cavity is near resonance. If the characteristic impedance of the uniform line is 

taken as 50 ohms, it is evident that at the center frequency the characteristic impedance of 

the periodic structure would be 50 ohms which is desirable to minimize the return loss of 

a terminated periodic structure. 

The elements in the ABCD-matrix of the circular microstrip patch are obtained from 

the Z-parameters. The ABCD parameters of a unit cell are obtained by multiplying the 

ABCD-matrix of the microstrip feed lines connected to the input and output ports. The 

overall ABCD-matrix of the periodic structure is obtained using equations 3.5 in chapter 

3. 
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5.4. Results and Discussion 

Using the filter design procedure a periodic structure bandpass filter with a 

bandwidth of 3.8 GHz and center frequency of 7 GHz was designed and fabricated (Fig. 

5.3). The characteristic impedance of the microstrip transmission feed lines was taken as 

Z1=50 ohms. The length of the feed line was found as d1=0.9 cm, and the radius of the 

circular microstrip patch conductor was obtained as a=0.99 cm. The substrate thickness 

was 0.159 cm with a dielectric constant of 2.2. The number of sections was N=3. 

The theoretical results for the insertion loss and return loss are shown in Figures 5.4 

and 5.5, respectively, which include the DC mode and three higher order modes. 

Measurement taken from a three-section periodic structure are also shown. Note that, for 

the structure with circular patches the ripples are higher than those in the structures dis-

cussed before. This is due to the higher rate of change of the characteristic impedance of 

the structure with frequency. 

The variations of the propagation constant and characteristic impedance of the struc-

ture were computed and are plotted in Figures 5.6 and 5.7, respectively. Note that, 

similar to the periodic structures discussed in the preceding chapters, the propagation 

constant and characteristic impedance are real in the passband and imaginary in the stop-

band. Also , the bandwidth of the passband decreases with Z1, and the center frequency 

is almost constant. However, the bandwidth of the adjacent stopband increases with Z1. 

The variations of the bandwidth and center frequency with the radius of the circular 

patch are illustrated in Figures 5.8 and 5.9, respectively. It can be seen that, the 

bandwidth and center frequency decrease with the radius of the patch. 

The variations of the bandwidths of the passband and adjacent stopband and the 
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Figure 5.3: Experimental periodic structure filter with d1=0.9 cm, 
a=0.99 cm, h=0.159 cm, er=2.2, Z1=50 ohms. 



86 

In
se

rti
on

 L
os

s 
(d

B
) 

MEASURED 

-10-

8 1 
f (OHz) 

Figure 5.4: Variation of the insertion loss with frequency 
for the periodic structure with circular patches. 
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Figure 5.9: Plot of the center frequency vs. the radius of the circular 
patch. Zi=110 ohms and d1=0.9 cm. 



90 

2 — 

1.5 — 

C
en

te
r 

Fr
eq

ue
nc

y 
(G

H
z)

 

0.5 60 

0 /

80 100 
Z (Ohms) 

140 

Legend 
■ Passband 

❑ Sla2129._nd 

Figure 5.10: Variation of the bandwidth with the characteristic impedance 
(Z1) of the feed line. d1=0.9 cm and a=1.4 cm. 

4.5 — 

4 — 

3.5 
60 so 100 120 

Z1 (Ohms) 
140 180 

Figure 5.11: Variation of the center frequency with the characteristic 
impedance (Z1) of the feed line. d1=0.9 cm and a=1.4 cm. 
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tion of the center frequency of the passband are shown in the Figures 5.10, and 5.11, 

respectively. It is seen that the bandwidth of the passband decreases with Z1. However, 

the bandwidth of the adjacent stopband increases with Z1. The variation of the center 

frequency of the passband with Z1 is small. Similar characteristics were also noted in the 

case of rectangular patches. 

5.5. Conclusion 

A planar periodic structure with uniform transmission line loaded with circular 

patches was analyzed. It was seen that, the input impedance of a circular patch is equiv-

alent to parallel LC resonators. The frequencies of resonance are determined by the 

radius of the patch conductor. It was also noted that this structure has a narrow adjacent 

stopband in comparison with the structures discussed earlier. The theoretical results were 

compared with measurements and the agreement was satisfactory. The bandwidth and 

center frequency of the filter are determined by the parameters of the structure. 
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6. Conclusion 

The investigations reported in the thesis can be broadly categorized as follows : 

i) Analysis of planar periodic structures with different patch geometries such as rec-

tangular, circular, etc. 

ii) Performance study for periodic-structure filters with the above geometrical 

shapes, which provides a guideline for the design of a filter using these shapes. 

iii) Experimental verification of the theory 

The important conclusions and scope of the studies can be grouped into two classes. 

a) Conclusions arising from the methods used to analyze the structures. 

b) Performance of various periodic structures as bandpass filters. 

a) CONCLUSIONS ARISING FROM THE METHODS USED : 

In the thesis, two different methods were employed to analyze various periodic 

structures. They are the transmission line method and the modal expansion method. 

Numerical computations were very simple for the transmission line method, and it 

provided accurate results for rectangular and comb-line periodic structure filters. 

However, we observed that the method has few a limitations. These are listed below : 
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i) It is applicable for rectangular geometries only, i. e., when the patch shapes are 

rectangular. 

ii) It does not provide very accurate results, when the feed lines joining two patches 

are very thin. 

The modal expansion method on the other hand, is more versatile than the trans-

mission line method. It can be used for rectangular, circular, elliptic and other 

geometries (except the comb-line structure). Our studies were confined to two different 

periodic structures, which are formed with rectangular and circular patches. Numerical 

results show agreement with the results obtained experimentally. 

Although the modal expansion method has several advantages over the transmission 

line method, it has some limitations too. These are: 

i) It is more numerically complex than the transmission line method. 

ii) If the intermediate feed lines joining two patches are not very thin (for example 

greater than X0/4), the method yields inaccurate results. This is due to the assumption of 

a magnetic wall which is not valid for wider feed lines. 

Therefore, when the intermediate feed lines are thin (width < X.0/4), the modal ex-

pansion method provides accurate results, however, in all other cases, the transmission 

line model yields better accuracy. This is an important criterion for selecting the ap-

propriate method for a structure where both methods, in principle, are applicable. 

b) PERFORMANCE OF VARIOUS PERIODIC STRUCTURES AS FILTERS : 

We have studied three different structures with (1) rectangular patches (2) open 

microstrip lines (3) circular patches. The important conclusions were as follow: 
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i) The theoretical results had agreement with measurements. 

ii) For all structures the center frequency and bandwidth of the bandpass filters 

decreased with the physical parameters of the patches. These parameters were : a) the 

length of the rectangular patch, b) the length of the open microstrip line and c) the radius 

of the circular patch. 

iii) The bandwidth of the bandpass filters were found to decrease with the charac-

teristic impedance of the uniform line Z. However, the center frequency of the passband 

remained constant with Z1. 

iv) The structure formed with different uniform lines were found to have better filter 

performance in comparison with the others structures. 

Therefore, the analytical methods presented in this thesis have been shown to 

provide accurate predictions of the experimental results. Also, it was demonstrated that 

the microstrip periodic structure can be used as a bandpass or bandstop filter. Filter 

response can be improved by reducing the power loss of the structure. This can be ac-

complished by using a stripline configuration, or by reducing the thickness of the sub-

strate. 
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