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ABSTRACT A low loss, highly selective and miniaturized dual pass band filter for the wireless (WiMAX,
WLAN) application is proposed in this paper. The filter is designed with Multimode Uniform Impedance
Resonator (UIR) and multiple open stubs. The method of stepping down from a triple mode resonator to a
dual mode resonator for better performance is presented. Two different coupling schemes (electric and
magnetic) are observed for the said dual pass bands. A detail analysis about the dimension of the resonators,
resonating conditions and frequency calculations are depicted in this paper. The dual pass bands are achieved
at 3.45 GHz and 5.4 GHz with minimum pass band insertion loss (|[IL|) 0.1 and 0.18 dB and the pass band
Fractional Band widths (FBW) 4% and 8% respectively. With proper optimizations, Transmission Zeros (TZ)
are achieved on both sides of the dual pass bands and the spurious pass band are kept around -20dB level and
hence good selectivity is achieved. The overall size of the filter is optimized for the best possible results in
terms of Insertion Loss, Return Loss and selectivity, is found to be (24.2 x 21) mm = (0.28 x 0.24)A¢ = 0.06

)\4g2 .

INDEX TERMS Dual Bandpass Filter, Admittance Ratio, Electrical Functional Circuit, Insertion Loss,

External Quality Factor.

I. INTRODUCTION

ULTIBAND filters, especially the dual band filters

have several applications in wireless communication.
Research on dual band filters is boosted up in last two
decades on the basis of low cost, high selectivity, excellent
stop band performances and size miniaturization. Various
methods, mathematical models and analytical tools were
used to achieve these goals.

In [1, 2], the asymmetric transmission zero technique to
develop dual pass band filter was described with excellent
selectivity and good IL. But the overall size of the filter is an
issue to discuss with. Two excellent proposals were found in
[3, 4], where the first one employed UIR and hairpin
resonator and the second one used electric and magnetic
coupling scheme to develop dual pass band filters. But Apart
from all the excellent characteristics both are seriously
lagging in terms of Insertion Loss (IL). One hexagonal split
ring resonator was used in [5], to design a dual pass band
filter with size miniaturization and good IL, but seriously
lagged behind from Return Loss point of view. A dual layer,
dual mode resonator approach was taken in [6], to achieve
controllable TZ and to improve the selectivity of the filter.
Overall size of the filter is also appreciable. But again, the
pass band IL is very poor. Similarly [7, 8] both lags from the
IL point of view though they have excellent stop band

64

characteristics. On the other hand, the proposed filter in [9]
shows excellent pass band characteristics in terms of IL and
RL but TZ is missing on the left side of first pass band and
hence it degrades the selectivity. While analyzing [10, 11,
12] it is found that the Fractional BW of these filters is in the
higher side though they give excellent performance in terms
of overall size. One Quasi-planner resonator was introduced
in [13], which showed excellent performance in terms of
FBW and IL, but the size of the filter and absence of TZ will
degrade the stop band performances. A substrate Integrated
Waveguide (SIW) is well explained in [14], and to achieve
the finest IL and FBW the overall size of the filter is again
compromised. So, it is well observed that appreciable pass
band and stop band performances and size miniaturization at
the same time is very hard to achieve.

In this research, we have proposed one simple and
compact dual pass band filter with excellent pass band and
stop band performance. The filter is designed on Arlon AD
250 substrate of dielectric constant 2.5 and height 0.76 mm.
The filter simulation is done with HFSS 13 which generates
two pass bands at 3.45GHz and 5.4 GHz, with in band
Insertion Loss |0.1] & |0.18] dB and with FBW 4% & 8%
respectively. These pass bands are suitable for WiMAX and
WLAN applications. The overall size of the filter is (24.2mm
x 21mm) = 0.28 Ag x 0.24A; = 0.06 A,%, where A is the guided
wavelength at the center frequency of first pass band.
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Il. THE RESONATOR ANALYSIS

A. THE PROPOSED RESONATOR

A basic Quad mode Stub Loaded UIR (QMSLUIR) is
shown in Figurela), which generates four resonating modes
in the specified frequency band of 0-8Ghz [15]. All the stubs
are symmetrically and centrally loaded around the UIR
structure. In this study, we have changed the orientation of
the stub loading around the UIR structure such as four open
stubs are placed along four corners of UIR structures as
shown in Figure 1b). The side stubs are of length L1 and the
vertical stubs are of length Ls. The length of the UIR is 2La.
Once the structure of 1a) is converted in 1b), the quad mode
resonator is converted into tri mode resonator and it produces
lesser Insertion Loss compared to 1a). The dimensions of Li,
L and L; are kept same in Figure 1a) and 1b). The multipath
coupling schemes (one through side stubs and another
through vertical stubs) in the proposed resonator enable
individual bandwidth control. Under weak coupling
condition the frequency response of 1b) is shown in Figure
2.
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FIGURE 1. Basic resonator structure under weak coupling
a) Quad Mode b) Tri Mode
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FIGURE 2. Frequency response of Tri Mode resonator

The study of the resonator depicted in Figure 1b) is very
interesting in terms of its dimensions. It is well observed
under different simulating conditions that, L1 and Ls are
playing all important roles in deciding the resonating modes
(RM). From Figure 3, while L is changing from 7 to 13.5
mm (with L3 = 9 mm), the first and second resonating modes
shift from 4 to 3.2 GHz and 4.9 to 4.5 GHz respectively,
whereas the third resonation mode remain constant at 6.58
GHz. Similarly, from Figure 4, it is observed that when L3
changes from 6 to 9 mm (with L1 = 11 mm), the third and
second resonant frequencies are changing from 6.57 to 5.78
GHz and 4.65 to 5 Ghz respectively, whereas the first
resonant mode remains constant at 3.62 GHz.
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FIGURE 4. f1, f2, f3 variation with L3

As per Figure 4 it may be well observed that, as the value
of L3 is increasing the second and third resonating modes are
closing towards each other. At L3=9.25 mm the second and
third modes overlap with each other, and the tri mode
resonator is converted into a dual mode resonator (Figure 5).
The centre frequency of the overlapped resonating mode is
5.3 GHz. Therefore, the dual resonating modes are 3.5 and
53 GHz at L1 = 11.5 mm and L3 = 9.25 mm. The first
resonating mode is determined by the UIR structure along
with the side stubs, whereas the second resonating mode is
determined by the UIR and vertical open stubs. The
dependency of fi, f2 and f3 on L; and L3 are well explained
through Figure 3 &4. It is clear that fi and f3 can be solely
controlled by L1 and L3 respectively. Meanwhile we can find
the variation of f2 with respect to L1 and L2 both. But it is also
important to understand that the rate of change of f2is almost
half compared to the f1 and f; rate of variations. The effect of
all the width of microstrip open stub lines on fi, f2 and f3 are
very nominal and hence can be ignored.

c
f1=feven1=(4L1)\/?ff (1)

_ _ c
f3_ fevenZ_ (4L3)\/?” (2)

Cc
f2=f0dd=2(L1_L3)\/?ff (3)

f1 is found to be inversely proportional to L: and for the
sake of numerical equilibrium, exactly to 4L:. Then with
respect to the reference given [16], the final expression of
equation (1) created. f> decreases with L1 and increases with
Ls. So it is inversely proportional to (Li-L3). The rate of
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change of fz is numerically double compared to (Li-L3). Similarly for Even mode
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FIGURE 5. RM2 and RM3 merge at 5.3 GHz
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FIGURE 6. Even-Odd mode analysis of proposed resonator

Since the resonating structure proposed in Figure 1b) is
symmetrical in nature, it may be realized by Even-Odd mode
analysis. The Even and Odd mode equivalent circuits are
shown in Figure 6. The dimensions marked with L, 6 and Y
represents the corresponding physical length, electrical
length and admittance of the microstrip lines. Under Even
mode excitation there is no current flow through the
symmetrical plane X-Y. In the same way there should be null
voltage in the X-Y plane under odd mode excitation. The
Even mode generates two resonant frequencies feven1=f1 and
fevenz=f3. Whereas the Odd mode generates single resonant
frequency foda =f2. From Even and Odd mode equivalent
circuit of Figure 6, the resonant conditions of both the modes
can be calculated in terms of input admittance [17]. Let us
define the admittance ratio of the side stubs and vertical stubs

with UIR structure as K; = n K1 y
2

For Odd Mode analysis

Y tan6, —Y,cot0, +Y3tan6z )
Y1-Y,tan6q cotf, —Y3tanb, tanf;

Yin—udd =jY1 (

=iY ( Y tan6 tan@, —Y,+Y3tan6z tanb, )
1 Y tan@, —Y,tanf, —Y3tan6, tanb, tanf;

“
At resonance Y;,,= 0 and we find
Y, =Y,tanB,tan0,+Y;tan s tan 6,
K, tan@, tan@, +K, tand; tand, =1 %)
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Equation (5) and (7) describe the resonance conditions
under odd and even mode analysis respectively. With L1 =
11.5 mm and L3 = 9.25 mm, when the resonator structure of
Figure 1b) acts as dual mode resonator, the center frequency
of two resonating modes are 3.5 and 5.3 GHz. The resonator
is built on a substrate of dielectric constant 2.5 with height
0.76mm. The admittance ratios can be readily calculated as
Ki=0.28 and Ki= 0.35.

B. THE FILTER DESIGN

The proposed layout of the dual band filter is shown in
Figure 7. A pair of Quad Stub Loaded UIR (QSLUIR) are
coupled together to form the desired filter. The open side
stubs that are parallel coupled with extended (~) 50 ohm feed
line, are responsible for generating the first pass band. The
other two vertical open stubs from both the resonators are
contributing to generate the second pass band. This is well
explained through Figure 3 & 4, that the dependency of fi
and f3 are solely on L1 and L3 respectively. Also, we have
adjusted L1, L2, and L3 in order to convert the tri mode
resonators in dual mode resonators. Once f> and f3 merges
(beyond L3=9.25 mm), the first and second pass bands can
be controlled individually through L1 and L2 respectively.
Therefore, we may conclude that, the first pass band is
feven1=f1 whereas the second pass band is corresponding to
fevenz=f3= foaa =f2. Dual pass bands center frequencies are
found to be 3.45 and 5.4 GHz. To minimize the size of the
filter the open stubs are folded back to form spiral or
meander like structure. The vertical open stubs from UIR
structure is bended in such a way that they become side
coupled. The coupling gap (dl) between them is another
powerful parameter to adjust the second band center
frequency.

The filter functionality may be explained again by its
simplified functional circuit [18] as shown in Figure 8. L,
and C, represents the effective equivalent inductance and
capacitance of I/p and o/p feed lines. C. is the equivalent
coupling capacitance between feed line and side stubs of the
UIR. As stated earlier, Cq is the gap capacitance (gap dl)
between the vertical and folded open stubs. As indicated in
Figure 8, pathl is determining the center frequency of first
pass band and path 2 is creating the center frequency of
second pass band. The path 1 is coupled through electric
coupling, whereas magnetic coupling is there in path 2.
Considering both the resonators from Figure 7, the mixed
coupling factor can be approximated as [17]

-}
K= f3+1% (8)
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FIGURE 8. Functional circuit of proposed Dual BPF

The frequency response of the proposed filter is shown in
Figure 9. Clearly the dual pass bands center frequencies are
3.45 and 5.4 GHz. L1, L3 and dI are finitely optimized to
achieve the smooth dual pass bands. It is already well
explained through Figure 3 & 4 that L1 optimization will
give us 1% pass band whereas L3 optimization will be
responsible for second pass band. The vertical stub coupling
gap dl creates Transmission Zero (TZ) on both side of
second pass band. Another TZ on the left of first pass band
is realized by extending the length of outer feed line
(L5+L6). The spurious pass bands on both sides of the 1% and
2" pass bands are kept in -20dB region. The microstrip line
width (W1) and the gap (g) between two parallel strip lines
are kept same throughout the layout. It is already mentioned
that the multiple coupling schemes (one through side stubs
and another through vertical stubs) in the proposed resonator
enable individual pass band characteristics control. For the
first pass band, if we consider the side stub L1, proper
optimization of its length and width will create nearest
possible impedance matching with i/p — o/p feed line. In
addition, the optimization of L2 and W2 will also regulate
the characteristic impedance of the UIR section. For the
second pass band optimization of L3 and d1 will create
minimum IL by properly choosing K and Qe [19, 20]. The
overall size of the proposed filter is (24.2mm x 21mm) =0.28
Ae X 0.24%¢ = 0.06 Az%. The parametric values of the proposed
layout with respect to Figure 9 are as follows (in mm), L1 =
84,12=12,13=9.5514=25,L5=68,L6=94,L7=
57, W=22,W1=05,W2=275,d1=059,d2=1,g=
0.5.
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lll. MEASURMENT AND RESULT ANALYSIS
A. PARAMETRIC STUDY

The frequency response of the proposed filter is
presented through Figure 9. Apart from its dual band
performance the response shows three Transmission Zeros at
2.6, 426 and 5.82 GHz. The simulation shows excellent
results in terms of Insertion Loss (IL) and Return Loss (RL).
We find |[IL|=0.10 dB, |RL|= 29dB at 3.45 GHz and at
5.4GHz the values are |IL|=0.18 dB, |RL|= 32 dB. The Si
(dB) graph exhibits a sharp glitch at second pass band which
is indicative of the overlapping of two resonating mode. The
importance of vertical open stub coupling is already
discussed in previous section. The degree of this coupling is
controlled by d1. The parametric study of d1 is presented in
Figure 10. The change in d1 will affect the admittance ratio
of both the resonators and hence the resonant frequencies.
Thereafter from (8), different values of K can be calculated
for dl variations. At d1=0.59mm we get the desired
response with K=0.45.
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FIGURE 11. Q. of the proposed filter with d1
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FIGURE 12. Fabricated prototype and comparison of
Simulated and measured frequency responses

From Figure 9 we can calculate the Fractional Bandwidth
(FBW) of the dual pass bands. When the value of d1 varies,
center frequencies of both the pass bands changes and hence
the FBW. When d1=0.59mm, the new pair of dual pass band
center frequencies will be generated (Figure 10), which will
have different FBW. The External Quality factor (Q.) may
be defined as [21]

Qe_ 9091 __ Wo (9)

"~ FBW ~ 3dB (abs)BW

Where wo is the centre frequency and (abs) BW stands for
absolute 3dB bandwidth. The element values of
corresponding low pass prototype are found to be go=I,
21=0,998. So, either by theoretical calculations or by HFSS
simulations Qe can be calculated for different values of dl.
The variation of Qe with d1 is presented in Figure 11.

B. MEASUREMENT RESULT

To support the validity of our simulation, fabrication of
proposed prototype is done and [S11| & [S21| parameters are
measured. The measured results almost followed the
simulation and hence validate the simulation as shown in
Figure 12. The center pass band frequency of first and second
bands shifted little bit to 3.40 and 5.35 GHz respectively. The
Pass band Insertion Loss degraded to |0.22] and |0.3| dB from
|0.10] and|0.18| dB respectively for first and second pass
band. All the transmission zeros are available in measured
result and the harmonic pass bands are still around -20dB
level, which suggests the excellence of fabrication. The
overall dimension of the prototype is (24.2mm x 21mm) =
0.28 Ag x 0.24%¢ = 0.06 Ag? (Figure 12). The proposed dual
band filter is compared with some of the contemporary
research articles as shown in Table-1.

Table 1. Comparison of proposed filter with other contemporary works

Ref. Dual band Min.IL RL FBW (%) Size
Centre (dB) (dB) (Agxig)
Freq.
(GHz)
[5] 2.54,4.85 0.45,0.6 12,20 18,8 0.28x0.26
[12] 1.17,4.06 0.48,0.87 35,25 82.5,20.6 0.12x0.14
[22] 24,52 0.82,1.17 10,10 17.3,14 0.32x0.24
[23] 1.8,2.37 1.66,1.89 42,49 3.68,3.17 0.34x0.28
[24] 9.8,13.5 1.80,1.50 30,23 11.9,9.8 1.22x1.22
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This paper presents a dual band filter with an innovative
quad stub loaded UIR structure. The multipath coupling
schemes (one through side stubs and another through vertical
stubs) in the proposed resonator enable individual bandwidth
control. In the step-by-step process of filter design, a tri mode
resonator is converted into a dual mode resonator which can
be finitely adjusted to provide excellent results in terms of
Insertion Loss (IL) (0.10 and 0.18 dB in 1% and 2™ pass
bands) and suppression of harmonic pass bands. The
frequency of each resonating mode is calculated. Also, from
the even-odd mode analysis the resonating conditions are
derived. A methodical functional circuit diagram is
presented to explain multipath coupling in terms of electrical
and magnetic coupling. The simulated dual pass band filter
exhibits good pass band characteristics with 3.45 and 5.4
GHz pass band center frequencies which are suitable for
WiMAX and WLAN applications. Both the pass bands can
be controlled individually. The stop bands characteristics are
also improved with 3 TZs and by suppressing the harmonic
pass bands around -20dB level. The fabricated prototype
showed a great amount of correlation with simulated S11 and
So1 graph.
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