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1. Introduction

The broadband wireless access (BWA) is an important issue in current developments of the
modern wireless communication system. To meet this trend, the bandpass filters with relatively

wide bandwidth are frequently required in the RF front ends. In microwave communication
systems, the bandpass filter is an essential component, which is usually used in both
receivers and transmitters. Thus, the quality of bandpass filers is extremely important.
Planar filters are currently a popular structure because they can be fabricated using printed
circuit technology and are suitable for commercial applications due to their small size and
lower fabrication cost (D.M. Pozar, 1998). Therefore, how to design a bandpass filter at low
cost and with high performance is currently of great interest. Microstrip bandpass filters can
be easily mounted on a dielectric substrate and can provide a more flexible design of the
circuit layout. The dual-mode resonators filter have been known for years. The compact
high performance microwave bandpass filters are highly desirable in the wireless
communications systems. Consequently, the dual-mode filters have been used widely for
the system because of their advantages such as small size, light weight, low loss and high
selectivity. Many authors (Hsieh & Chang, 2001, 2003), (Konpang, 2003) and (Chen et al.,
2005) have proposed the wide-band bandpass filters using dual-mode ring resonators with
tuning stubs but the configurations still occupy a large circuit area, which is not suitable for
wireless communication systems where the miniaturization is an important factor.
Therefore, it is desirable to develop new types of dual-mode microstrip resonators not only
for offering alternative designs, but also for miniaturizing filters. On the other hand, the
modern wireless communication systems require the bandpass filters having effective out-
of-band spurious rejection and good in-band performance. The resonators with reasonable
spurious are required to meet the out-of-band requirements. The microstrip open-loop
resonators have a wide stopband resulting from the dispersion effect and the slow-wave
effect (Hong & Lancaster, 1997) and (Gortir, 2002).

In this book, a dual-mode wide-band bandpass filter using the microstrip loop resonators
with tuning stubs is proposed. Basic concepts and design equations for microstrip lines
introduced in section 2. The bandpass filter is based on the bandstop filter employing direct-
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connected feed lines on the orthogonal of the microstrip loop resonators. The introduction of
two tuning open stubs connecting opposite to the ports widens the passband and sharpens
the stopbands. Then, a dual-mode can be used to improve the narrow stopbands for lower
side band and higher sideband. The design descriptions dual-mode wide-band bandpass
filter are discussed in section 3.

2. Transmission lines

Basic concepts and design equations for microstrip lines, dual-mode wide-band bandpass
filter using the microstrip loop resonator with tuning stubs are briefly described.

2.1 Microstrip lines

2.1.1 Microstrip structure

The general structure of a microstrip is illustrated in Figure 1. A conducting strip (microstrip
line) with a width w and a thickness f is on the top of a dielectric substrate that has a
relative dielectric constant &, and a thickness &, and the bottom of the substrate is a ground

(conducting) plane.

Conducting strip

\ Ground plane

Fig. 1. General microstrip structure

2.1.2 Waves in microstrips

The fields in the microstrip extend within two media-air above and dielectric below so that
the structure is inhomogeneous. Due to this inhomogeneous nature, the microstrip does not
support a pure TEM wave. This is because that a pure TEM wave has only transverse
components, and its propagation velocity depends only on the material properties, namely
the permittivity € and the permeability x . However, with the presence of the two guided-
wave media (the dielectric substrate and the air), the waves in a microstrip line will have no
vanished longitudinal components of electric and magnetic fields, and their propagation
velocities will depend not only on the material properties, but also on the physical
dimensions of the microstrip.

2.1.3 Quasi-TEM approximation
When the longitudinal components of the fields for the dominant mode of a microstrip line
remain very much smaller than the transverse components, they may be neglected. In this
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case, the dominant mode then behaves like a TEM mode, and the TEM transmission line
theory is applicable for the microstrip line as well. This is called the quasi-TEM
approximation and it is valid over most of the operating frequency ranges of microstrip.

2.1.4 Effective dielectric constant and characteristic impedance

In the quasi-TEM approximation, a homogeneous dielectric material with an effective
dielectric permittivity replaces the inhomogeneous dielectric-air media of microstrip.
Transmission characteristics of microstrips are described by two parameters, namely the
effective dielectric constant &, and characteristic impedance Z , which may then be
obtained by quasistatic analysis. In quasi-static analysis, the fundamental mode of wave
propagation in a microstrip is assumed to be pure TEM. The above two parameters of
microstrips are then determined from the values of two capacitances as follows

in which C, is the capacitance per unit length with the dielectric substrate present, C,is the
capacitance per unit length with the dielectric substrate replaced by air, and ¢ is the
velocity of electromagnetic waves in free space (c = 3.0x10%m /s).

For very thin conductors (i.e., t — 0), the closed-form expressions that provide an accuracy
better than one percent are given as follows (Hong & Lancaster, 2001).

Forw/h<1:
-0.5 2
g ot &1 (1+1zﬂj +0.04(1—f) (2a)
2 2 w h

ln[—h +0.25— j (2b)

27z\/7

where 7 =120z ohms is the wave impedance in free space.

Forw/h>1:
-0.5
gm:gr”ﬁr_l(lﬂzﬁj (3a)
2 2 w
w w h
z =1 {h +1.393+0.6771n (ﬁ + 1.444]} (3b)
gn’

Accurate expression for the effective dielectric constant is
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The accuracy of this model is better than 0.2% for ¢, <128 and 0.01 < u < 100.

The more accurate expression for the characteristic impedance is

2
Z, = T In E+ 1+(%] (5)
VY NS u u

where u = w/h, 1 = 120w ohms, and

0.7528
p:6+(zﬁ_6)exp{_(w666) ]
u

The accuracy for Zc\/(?m is better than 0.01% for u <1 and 0.03% for u < 1000.

2.1.5 Guided wavelength, propagation constant, phase velocity, and electrical length
Once the effective dielectric constant of a microstrip is determined, the guided wavelength
of the quasi-TEM mode of microstrip is given by

2= (62)

where 1, is the free space wavelength at operation frequency f. More conveniently, where

the frequency is given in gigahertz (GHz), the guided wavelength can be evaluated directly
in millimeters as follows:

A, = &mm (6b)

* " F(GHz) |z,

The associated propagation constant () and phase velocity (v,) can be determined by
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_w_c
P ﬁ &
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0

where c is the velocity of light (c ~3.0x10°m /s) in free space.
The electrical length (0) for a given physical length (I) of the microstrip is defined by

0=pl ©)
Therefore, 0 = 7x/2 when | = A;/4, and 0 = 7 when | = A;/2. These so-called

quarterwavelength and half-wavelength microstrip lines are important for design of
microstrip filters.

2.1.6 Synthesis of w/h
Approximate expressions for w/h in terms of Z. and ¢, are available.

Forw/h <2
w__8exp(4) (10)
h  exp(2A)-2
with
0.5
A:é{ngrl} &1, 010 (11)
60( 2 g +1 &
and for w/h =2
w_2 (3_1)_1n(23_1)+‘9"1 In(B—1)+0.39—% (11)
h o 2e, 2
with
B 607°

T

These expressions also provide accuracy better than one percent. If more accurate values are
needed, an iterative or optimization process based on the more accurate analysis models
described previously can be employed.

2.1.7 Effect of strip thickness

So far we have not considered the effect of conducting strip thickness t (as referring to
Figure 1). The thickness t is usually very small when the microstrip line is realized by
conducting thin films; therefore, its effect may quite often be neglected. Nevertheless, its
effect on the characteristic impedance and effective dielectric constant may be included.
Forw/h<1:

Z.(t 8 025 wﬂ(t)} (12a)

_._n
)= 27r\/aln{we(t)/h I
Forw/h=1:
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ZxﬂzJg_{wi”+L%B+Ob6ﬂn(wiﬂ+14@Q} (12b)

where
w 1351(1+méfﬁyuqhso5ﬁ)
w(t) _jh 7 h t (13a)

h w 125 t(lﬂn%)(w/hzo&z)

h 7 h

e -1 t/h

(=g, -
gVL( ) 67‘5’ 4.6 w/h

In the above expressions, ¢, is the effective dielectric constant for t = 0. It can be observed

(13b)

that the effect of strip thickness on both the characteristic impedance and effective dielectric
constant is insignificant for small values of t/h. However, the effect of strip thickness is
significant for conductor loss of the microstrip line.

2.1.8 Dispersion in microstrip
Generally speaking, there is dispersion in microstrips; namely, its phase velocity is not a
constant but depends on frequency. It follows that its effective dielectric constant ¢, is a

function of frequency and can in general be defined as the frequencydependent effective
dielectric constant ¢, (f). The previous expressions for ¢, are obtained based on the quasi-
TEM or quasistatic approximation, and therefore are rigorous only with DC. At low
microwave frequencies, these expressions provide a good approximation. To take into
account the effect of dispersion, the formula of ¢,(f)is given as follows (Hong & Lancaster,

2001).

gv — grz'

&(f)=6 —— " (14)
1+(f/ fs)
where
fTM

= . 15a
fa 0.75+(0.75-0.332¢, " )w / h (15

-1
fop, =————tan| &, Er (15b)

* 2rhye —¢, £ —&,
m=mym, <2.32 (16a)

~ 1 1Y
m”_1+1+JE7E+032[1+J57ZJ (16b)
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1+i 0.15-0.235exp 0457 forw/h<0.7

m, = 1+w/h 50 (16¢)
1 forw/h>0.7

where c is the velocity of light in free space, and whenever the product mgm, is greater than
2.32, the parameter m is chosen equal to 2.32. The dispersion model shows that the &,(f)
increases with frequency, and ¢,(f) — &, as f — . The accuracy is estimated to be within
0.6% for 0.1 <w/h<10,1< & <128 and for any value of 11/ Ay.

The effect of dispersion on the characteristic impedance may be estimated by

— gm(f)_l e
2=z 20 e )

where Z. is the quasi-static value of characteristic impedance obtained earlier.

2.2 Microstrip discontinuities

Microstrip discontinuities commonly encountered in the layout of practical filters include
junctions, bends and open stubs. Generally speaking, the effects of discontinuities can be
more accurately modeled and taken into account in the filter designs with full-wave
electromagnetic (EM) simulations.

2.2.1 Junction
The junction is used when we wish to split a signal into another paths. The asymmetrical
microstrip line T junction is indicated in Figure 2.

Fig. 2. Asymmetric microstrip line T junction and Model
The equations for a symmetric T junction to model the asymmetric junction. The equations
are
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2.2.2 Bends

Right-angle bend and mitered bend of microstrips may be modeled by and equivalent T-
network, as shown in Figure 3. (Kupta et al., 1996) have given closed-form expressions for
evaluation of capacitance and inductance:

C =0.001h {(10.355, + 2.5)(%}2 +(2.6¢, + 5.64)(:7)} pF (26)
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w 1.39
L=0.22h {1 - 1.35exp{—0.18(zj }} nH (27)
for the microstrip mitered bend, and as
wY w
C=0.001h {(3.935, + 0.62)(Zj +(7.6¢, + 3.8)(;)} pF (28)
w 0.947
L=0.44h {1 -1.062 exp[—0.177(ﬁj }} nH (29)
w w

Fig. 3. Right-angle bend, mitered bend and model

2.2.3 Open stub
According to the transmission line theory, the input admittance of an open circuited
transmission line having a characteristic admittance Y, =1/Z and propagation constant

B=2r/4, isgive by

8

Y, =Y. tar{i—ﬁlJ (30)

Where [ is the length of the stub. If /<4, /4 this input admittance is capacitive. The input

admittance may be approximated by

Y, ilc{z—”lj - ]w[y—lj G1)
A v

8 r
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Where v, is the phase velocity of propagation in the stub. It is now clearer that such a open

circuited stub is equivalent to a shunt capacitance C =Y./ v, , as indicated in Figure 4.

Y,

<2, /4 )

I

Fig. 4. Open circuit stub and Model

At the open end of a microstrip line with a width of w, the fields do not stop abruptly but
extend slightly further due to the effect of the fringing field. This effect can be modeled
either with an equivalent shunt capacitance C, or with an equivalent length of transmission
line

;- cZC,

(32)

re

Where c is the light velocity in free space. A closed-form expression for [, /h is given by

by _ 61685 o)
h &
where
0.81 0.8544
51 =0.434907 SKSI i 0.26(w/h) 08544+ 0.236 (34)
& —0.189(w/h)"™" +0.87
(w/h)0.371
=1t ase 11 35
2=t 35 41 (35)
0.5274arctan] 0.084(w / h)"**/* |
53 - 1 * 80.9236 (36)
& =1+0.0377 arctan[ 0.067(w /1) ** ]{6 - 5exp[0.036(1 - &,)]} (37)
& =1-0.218exp(-7.5w /h) (38)
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The accuracy is better than 0.2% for the range of 0.01<w/h<100and ¢, <128.

Fig. 5. (a) Microstrip open-end discontinuity (b) equivalent capacitance representation, and
(c) equivalent line length representation

3. Dual-mode wide-band bandpass filter design

The bandpass filter is based on the bandstop filter employing direct-connected feed lines on the
orthogonal of the microstrip loop resonators. The introduction of two tuning open stubs
connecting opposite to the ports widens the passband and sharpens the stopbands. Then, a
dual-mode can be used to improve the narrow stopbands for lower side band and higher
sideband.

3.1 Bandstop characteristics

3.1.1 Bandstop filter (Type A)

The first bandpass filter is based on the bandstop filter employing direct-connected feed
lines on the orthogonal of the microstrip loop resonator (Konpang et al., (2007). The
microstrip loop resonator with direct-connected feed lines on the orthogonal depicted in Fig.
6 is a bandstop configuration. The resonator consists of four identical branches with
attached to an outer corner of the square loop. The bandstop filter is designed at
fundamental resonant frequency f,= 2.45 GHz and fabricated on a RT/Duroid substrate

having a thickness 4 = 1.27 mm with relative dielectric constant &, = 6.15. The filter was
designed and simulated by IE3D program. The dimensions of the loop are [, = 8 mm, s=
0.715 mm, w, =1.85 mm, w, =0.75 mm, w,=1.35mm and 4= 9.3 mm.

The equivalent microstrip loop circuit as shown in Fig. 7 is divided into input and output
ports forming a shunt circuit denoted by the upper and lower parts, respectively. The
capacitance jB;,is the T-junction effect between the feed line and the microstrip loop

resonator (Hsieh & Chang, 2003). The capacitance jB;, is the junction effect between the
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loop resonator with each branch. The analysis of the characteristic of the microstrip loop
resonators is performed by IE3D program. Fig.8 presents the simulation results of the
microstrip loop using direct-connect orthogonal feed lines, the frequency response exhibits
bandstop behaviours.

Port2

Fig. 6. Microstrip loop resonator using direct-connected orthogonal feeders (Type A)

O O
— O-

I %]BTZA l / / %]Brz

/
/
[ / / [ / /
I JBr>  JBp, JI%J I [Br
Port 2

Fig. 7. Equivalent circuit of the microstrip loop resonator using direct-connected orthogonal
feed lines
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Fig. 8. Simulation results of the microstrip loop resonator using direct-connected orthogonal
feed lines

3.1.2 Bandstop filter (Type B)

The second bandpass filter is based on the bandstop filter employing direct-connected feed
lines on the orthogonal of the microstrip loop resonator (J. Konpang, 2008). The microstrip
loop resonator with direct-connected feed lines on the orthogonal depicted in Fig.9 is a

bandstop configuration. The resonator consists of four identical branches with a small
square patch attached to an inner corner of the square loop.

Port 2

Fig. 9. Microstrip loop resonator using direct-connected orthogonal feeders (Type B)
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The bandstop filters is designed at fundamental resonant frequency f,= 2.45 GHz and

fabricated on a RT/Duroid substrate having a thickness 4 =1.27 mm with relative dielectric
constant &, = 6.15. The filter was designed and simulated by IE3D program. The dimensions

of the loop are lf =8 mm, w, =1.85 mm, w, =0.75 mm, w, = 6.8 mm, w;=44mm, g=04

mm and b=11.5 mm.

l / / / l
% JBr,

O O O
O O

% By

! I ;
]Bn% o

Port 2

Fig. 10. Equivalent circuit of the microstrip loop resonator using direct-connected
orthogonal feed lines
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Fig. 11. Simulation results of the microstrip loop resonator using direct-connected
orthogonal feed lines

The equivalent microstrip loop circuit is shown in Fig.10 is divided into input and output
ports forming a shunt circuit denoted by the upper and lower parts, respectively. The
capacitance jB;,is the T-junction effect between the feed line and the microstrip loop

resonator (Hsieh & Chang, 2003). The capacitance jB;, is the junction effect between the

loop resonator with each branch. The analysis of the characteristic of the microstrip loop
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resonators is performed by IE3D program. Fig.11 presents the simulation results of the
microstrip loop using direct-connect orthogonal feed lines. The frequency response exhibits
bandstop behaviours.

3.2 Two tuning stubs for a single-mode bandpass filter

3.2.1 Single-mode bandpass filter (Type A)

Based on bandstop filter, The first resonator is modified by adding two tuning stubs
connecting opposite to the ports. The resonator (Type A) with tuning stubs is shown in
Fig. 12. The length of tuning opened-stub is [, = 4, /4.

We
!
1

Port1 —

Port2
Fig. 12. Structure of two tuning stubs for single-mode (Type A)

. Y .
/ %JBnn / Eﬁ’z 1 %JBn

/
/
I A Y,
T . 1
:‘[:]BT2 JBHJI% IJBrz
Port 2

Fig. 13. Equivalent circuit of a microstrip loop resonator with tuning stubs

The equivalent circuit of resonator with tuning stubs is shown in Fig. 13. Y, is the

admittance reflecting into the stubs Y, can be expressed by
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Y, =y, tanh(ylt+1 )+ jB;; (39)

open )

where v, is the characteristic admittance of the stub, y is the complex propagation

constant, [, is the equivalent open effect length and jB;, is the capacitance of the T-

open
junction between the microstrip loop with stubs/,.
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-0
15
.zu.-
25 .

Loss (dB)

-30 4

=35 -

-40 -

— & Measurement 5, '(T ype A)
®  Measurement S, (Type A)
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L] H L] L ! o L) " T ¥ ) o U
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Frequency (GHz)
Fig. 15. Measurement for single-mode bandpass filter

The implemented of single-mode resonators filter is pictured in Fig. 14. The measurement
results of the microstrip loop with tuning stubs of I,= 16.25 mm, w;=0.4 mm. The

frequency response of the filter is portrayed in Fig. 15. The introduction of two tuning stubs
connecting opposite to the ports widens the passband and sharpens the stopbands. The
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single-mode filter exhibits the 3-dB fractional bandwidth of the filter is 37%, the insertion
loss better than 0.26 dB and return loss greater than 12.6 dB in the passband.

In fact, this approach can be interpreted as using two stopbands induced by two tuning
stubs in conjunction with the wide passband. In some cases, an undesired passband below
the main passband may require a high passband section to be employed in conjunction with
this proposing approach.

3.2.2 Single-mode bandpass filter (Type B)
We

Port1

Port2
Fig. 16. Structure of two tuning stubs for single-mode (Type B)

I B,
% JBr

=~

Fig. 17. Equivalent circuit of a microstrip loop resonator with tuning stubs
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Fig. 18. Photograph of a single-mode bandpass filter
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Fig. 19. Measurement for single-mode bandpass filter

Based on bandstop filter. The second resonator is modified by adding two tuning stubs
connecting opposite to the ports. The resonator (Type B) with tuning stubs is shown in Fig
16. The length of tuning opened-stub is I, = 4, /4. The equivalent circuit of resonator with

tuning stubs is shown in Fig 17.

The implemented of single-mode resonator filter is pictured in Fig. 18. The measurement
results of the microstrip loop with tuning stubs of [, = 15.35 mm, w, =04 mm. The
frequency response of the filter is portrayed in Fig. 19. The introduction of two tuning stubs
connecting opposite to the ports widens the passband and sharpens the stopbands. The
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single-mode filter exhibits the 3-dB fractional bandwidth of the filter is 36%, the insertion
loss better than 0.19 dB and return loss greater than 17 dB in the passband.

3.3 Dual-mode bandpass filter

3.3.1 Dual-mode bandpass filter (Type A)

By observing the frequency response in Fig. 15, the two stopbands for lower sideband and
higher sideband of the filter propose a narrow bandstop. Based on a dual-mode can be used
to improve the narrow stopbands.

Port1

Port2
Fig. 20. Structure of dual-mode bandpass filter (Type A)

%jBTZ JBr % %jBTZ

Port 2
Fig. 21. Equivalent circuit of a dual-mode bandpass filter
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Fig. 22. Photograph of a dual-mode bandpass filter
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Fig. 23. Measurement of the dual-mode bandpass filter

A square perturbation stub inner corner the loop resonator in Fig. 20. The square stub
perturbs the fields of the loop resonator so that the resonator can excite a dual-mode around
the stopbands in order to improve the narrow stopbands. By increasing the size of the

pertubation stub, the stopband bandwidth between two modes is increaseded. The length of
the pertubation stub is w, =1 mm.
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Fig. 24. Measurement group delay of the dual-mode bandpass filter
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Fig. 25. Measurement wide-band of the dual-mode bandpass filter

Fig.21 delineates the equivalent circuit of the dual-mode bandpass filter (Type A). The
asymetric step capacitance C, can be calculated by

C, =w,(0.012 +0.0039,) pF

(40)

The implemented of dual-mode resonators filter (Type A) is pictured in Fig. 22. The
frequency response of the filter is portrayed in Fig. 23. The 3-dB fractional bandwidth of the
filter is 36%, the insertion loss is better than 0.34 dB and the return loss is greater than 17 dB

in the passband. The group delay of the dual-mode filter can be calculated by
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r= —a% (41)

where £S,, is the insertion-loss phase and  is the frequency in radians per second. Fig. 24

shows the group delay of the filter. Within the passband, the group delay is below 2 ns.

The measurement of wide-band response is shown in Fig. 25. Unlike the conventional
structure of the wide-band filters using dual-mode ring resonators with tuning stubs, the
filter exhibits a wide stopband due to four identical branches at the outer corner of the
square loop and proposes the first spurious resonance frequency of the dispersion effect.

3.3.1 Dual-mode bandpass filter (Type B)

By observing the frequency response in Fig. 19, the two stopbands for lower sideband and
higher sideband of the filter propose a narrow bandstop. Based on a dual-mode can be used
to improve the narrow stopbands.

Port 1

Port 2

Fig. 26. Structure of dual-mode bandpass filter (Type B)

X~

Fig. 27. Equivalent circuit of a dual-mode bandpass filter
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Fig. 28. Photograph of a dual-mode bandpass filter

A square perturbation stub outward corner the loop resonator in Fig. 26. The square stub
perturbs the fields of the loop resonator so that the resonator can excite a dual-mode around
the stopbands in order to improve the narrow stopbands. By increasing the size of the
pertubation stub, the stopband bandwidth between two modes is increaseded. The length of
the pertubation stub are w,= 0.7 mm and [,= 0.7 mm. Fig.27 delineates the equivalent

circuit of the dual-mode bandpass filter. Y, is the admittance reflecting into the pertubation
stub. Y, can be expressed by

Yd = yo tanh(}/ld + lopen) + jBTB (42)
where Yy, is the characteristic admittance of the stub, y is the complex propagation

constant, I ,, is the equivalent open effect length and jB,, is the capacitance of the junction

open

between the microstrip loop with pertubation stub!, .

.
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Fig. 29. Measurement of the dual-mode bandpass filter
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Fig. 30. Measurement group delay of the dual-mode bandpass filter
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Fig. 31. Measurement wide-band of the dual-mode bandpass filter

The implemented of dual-mode resonators filter is pictured in Fig. 28. The frequency
response of the filter is portrayed in Fig. 29. The 3-dB fractional bandwidth of the filter is
36%, the insertion loss is better than 0.15 dB and the return loss is greater than 15 dB in the
passband. Fig. 30 shows the group delay of the filter. Within the passband, the group delay
is below 2 ns. The measurement of wide-band response is shown in Fig. 31. The filter have a
wide stopband resulting from the dispersion effect and the slow-wave effect.

4. Conclusions

In this book, A dual-mode wide-band bandpass filter using the microstrip loop resonators
with tuning stubs is proposed here.

4.1 Conclusion

The dual-mode bandpass filter is based on the bandstop filter employing direct-connected feed
lines on the orthogonal of the microstrip loop resonators. The introduction of two tuning
open stubs connecting opposite to the ports widens the passband and sharpens the
stopbands. Then, a dual-mode can be used to improve the narrow stopbands for lower side
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band and higher sideband. The filters are designed 2.45 GHz. The 3-dB fractional bandwith
of the filter are more than 36%. The group delay of the filter within the passband are below 2
ns. The filters can suppress unwanted passband to below -10 dB.

The first resonator (Type A) consists of four identical branches with attached to an outer
corner of the square loop with outer tuning stubs. The filters proposes 0.34 dB insertion loss
and return loss greater than 17 dB.

The second resonator (Type B) consists of four identical branches with a small square patch
attached to an inner corner of the square loop with outer tuning stubs.The filter proposes
0.15 dB insertion loss and return loss greater than 15 dB.

The both filters (Type A) and (Type B) have a wide stopband resulting from the dispersion
effect and the slow-wave effect.

4.2 Problem and suggestion for furure work

There are some problems. The filters can suppress unwanted passband to below -10 dB. On
the other hand, the modern wireless communication systems require the bandpass filters
having effective out-of-band spurious rejection and good in-band performance. This
problem can be overcome by bandstop filter. Microstrip bandstop filter using shunt open
stubs and spurlines are presented (Tu & Chang 2005). Basically, by cascading more identical
open-stub and spurelines filter, a deeper rejection and a wider rejection bandwidth can be
achieved at the expense of increasing circuit size and insertion loss.
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