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ABSTRACT

In this paper was proposed dual band bandpass filter (DBPF)
using multistub resonator structure in frequency of 947.1 MHz
and 1.844 GHz with RL of -26.797, IL of -0.532 dB, VSWR of
37.208, and group delay of 8.43.10-10 s and RL-20.932 dB, IL of
-1.347 dB, VSWR of 16.076, and group delay of 1.063.10-9 s on
simulation of ADS, operate at the frequency of 929.883 MHz wi RL
of -28.386 dB, IL of -0.809 dB, group delay of 8.439.10-10, and
VSWR of 22.149 and 1.844 GHz with RL of -18.949 dB, IL of -1.62
dB, group delay of 8.873.10-10, and VSWR of 12.112 at the CST
simulation, and operate at the frequency of 912.636 MHz with RL of
-23.389 dB, IL of -1.163 dB, VSWR of 1.145, and group delay of
3.157.10-9 sand 1.896 GHz with RL of -21.595 dB, IL of -1.843 dB,
VSWR of 1.181, and group delay of 3.033.10-9 s in real
measurement. Compare to the DBPF specification which
operation frequency is at 950 MHz and 1.85 GHz, there was
frequency changes in simulation of ADS from 950 MHz to
947.1 MHz and from 1.85 GHz to 1.844 GHz, there was
frequency changes in simulation of CST from 950 MHz to
929.883 MHz and from 1.85 GHz menjadi 1.844 GHz, and
there was frequency changes in measurement from 950 MHz
t0 912.636 MHz and from 1.85 GHz to 1.8958 GHz. A good
agreement is shown in comparison between simulated and
measured.

Key words : Dualband BPF, microstrip, multistub resonator.

1. INTRODUCTION

In wireless mobile telecommunication system, Band
pass filter (BPF) is an essential part component, the increase
demand of wireless based communication application needs
RF transceiver which operate at different frequencies, so that
the users can access Vvarious service by single multimode
handset or terminal [1-3]. Filter has function to reduce noise,
to prevent signal change due to intermodulation [4], to prevent
aliansing and to reduce signal interference [5].
Multiband-Band-Pass Filter (MBPF) is needed to reduce
noise and signal interference at various frequency ribbons
simultaneously [6]-[15].

As novelty, a study in a form of “ Designing of
Mikrostrip Multiband Band-Pass-Filter at the Frequency of
950 MHz, 1.85 GHz, and 2.35 GHz using Multi-Stub
Resonator Method”. It was expected that it has good
performance which consist of width bandwidth, high RL and
IL close to 0, Voltage Standing Wave Ratio (VSWR) close to
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1, small size, relatively small error compare to Network
Analyzer, good group delay, and low production cost. For
scale down folded method was used. Microstrip based
designing made of FR4 with £, = 4.3, 5 =0.025, ground and
patch material was copper with electric conductivity as
5.8.10" S/m, height of ground and patch = 0.015 mm, and h =
1.6 mm.

2. DESIGN OF OF DUAL BAND PASS FILTER

To design DBPF the ADS software 2009 was used. In this
simulation, DBPF consist of three open stub which form
discontinuity microstrip in a form of T-junction. The design of
DBPF is presented in figure 1.

w
‘LH

L,

<

Ly

W13l

—
L,

L
Figure 1: DBPF design

Figure 1. shows that DBPF has three open stub. Two open
stub has the same dimension (open stub 1 and open stub 3) and
one open stub is in between (o[pen stub 2) with the same
distance. The specification of DBPF is presented in table 1.

Table 1:. Specification of DBPF

Parameters unit (mm)
Transmission unit width (W) 3.08
Transmission stream length (L,) 21.85
Open Stub 1 and 3 length (Ly) 81.04
Open Stub 4 length (L) 11.55
Space between Open Stubs (L;) 1.25
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being simulated DBPF based on specification ob Table 1, the
result is as follow:
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Figure 2: Graph of RL and IL DBPF

Figure 2 is a graph of RL and IL based on specification on
Table 3.4. Y axis is the RL and IL from range of -160 to 0,
with X axis as frequency at the range of 0.55 GHz up to 4GHz.
Resonance frequency of 950 MHz was obtained with RL as
-26.927 dB and IL as -0.531 dB and 1.85 GHz with RL
-21.342 dB and IL as -1.317 dB. This phenomenon is in
accordance with the specification of DBPF. To produce
DBPF suitable for the specification, iteration was conducted
for open stub 1 and 3(L,) length, space between open stubs
(L3), and open stub 4 length (L,). The graph of iteration of
open stub 1 and 3(L2) length is presented in figure 3.
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Figure 3 : Graph of RL and IL from result of L2 DBPF
Parameter iteration
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Figure 3is agraph of RL and IL as a result of iteration for 5
times on L, parameter. Y axis is the RL and IL from range of
-90 to 15, with X axis as frequency at the range of 0.55 GHz
up to 4GHz. At the first iteration with the value of L, of 84.04
mm and W of 3.08 mm it was obtained resonance frequency
of 920 MHz it was obtained with RL of -26.837 dB and IL of
-0.524 dB and 1.79 GHz with RL of -21.366 dB and IL of
-1.284, second iteration with L, value of 81.04 mm and W of
3.08 mm it was obtained resonance frequency of 950 MHz
with RL of -26.927 dB and IL of -0.531 dB and 1.85 GHz with
RL of -21.342 dB and IL of -1.317 dB, third iteration with L,
of 78.04 mm and W of 3.08 mm it was obtained resonance
frequency of 980 MHz with RL of -26.788 dB and IL of -0.54
dB and 1.915 GHz with RL of -20.974 dB and IL of -1.317
dB, forth iteration with L, value of 75.04 mm and W of 3.08
mm it was obtained resonance frequency of 1.02 GHz with
RL of -26.982 dB and IL of -0.547 dB and 1.97 GHz with RL
of -20.518 dB and IL of -1.461dB, and fifth iteration with L,
value of 72.04 mm and W of 3.08 mm it was obtained
resonance frequency of 1.06 GHz with RL of -26.901 dB and
IL of -0.557 dB and 2.04 GHz with RL of -19.814 dB and IL
of -1.535 dB.

There was a shifting of first frequency from 920 MHz, 950
Mhz, 980 MHz, 1.02 GHz, and 1.06 GHz and the frequency
from 1.79 GHz, 1.85 GHz, 1.91 GHz, 1.97 GHz, and 2.04
GHz. At the frequency range of 920 MHz to 980 MHz the
frequency shifting was relatively more stable for 30 MHz and
there was a shifting of frequencies from 980 MHz to 1.06 GHz
for 40 MHz. At the second frequency there was a relatively
stable shifting from 1.79 GHz to 1.97 GHz for 60 MHz and
increase for 10 MHz at the range of 1.97 GHz to 2.04 GHz.
The best RL was in the second iteration at the desired
frequency and the best IL at the first iteration but not at the
desired resonance frequency. From all five iteration, second
iteration was shown with resonance frequency of DBPF of
950 MHz and 1.85 GHz. After being reviewed from
resonance frequency, RL, and IL, DBPF it can be considered
from the quality of VSWR and group delay.

2a. VSWR DBPF
Figure 4 shows tha graph of VSWR based on specification of
DBPF on Table 3.4.
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Figure 4: Graph of VSWR DBPF
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Figure 4 is a graph of VSWR from DBPF based on DBPF
specification on table 3.4. Y axis is VSWR from the range of 0
to 20, while X axis is a frequency of 0.55 GHz up to $ GHz. It
was obtained VSWR of 1.094 and 1.187 and this VSWR was
in accordance with DBPF specification which was VSWR <
2. To obtained VSWR at the resonance frequency of 950
MHz, five times iteration were conducted. This process of
iteration is presented in graph of VSWR iteration in figure 5.
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Figure 5: Graph of VSWR of iteration result of L, DBPF
parameters

Figure 5 is a Graph of VSWR of iteration result of L,
DBPF parameters for 5 times. Y axis is VSWR with the range
of 0 to 20, meanwhile X axis is a frequency from the range of
0.55 GHz to 4 GHz. In the first iteration with L, value of 84.04
mm and W of 3.08 mm, it was obtained VSWR of 1.095 and
1.187, second iteration with L2 value of 81.04 mm and W of
3.08 mm, it was obtained VSWR of 1.094 and 1.187, the third
iteration with L, value of 78.04 mm and W of 3.08 mm, it was
obtained VSWR of 1.096 and 1.196, the forth iteration with L,
value of 75.04 mm and W of 3.08 mm, it was obtained VSWR
of 1.094 and 1.208, and the fifth iteration with L, value of
72.04 mm and W of 3.08 mm, it was obtained VSWR of 1.095
and 1.228.

There was a shifting of VSWR value of first frequency
from 1.095, 1.094, 1.096, 1.094, and 1.095 and at the second
frequency VSWR value from first and second iteration was
relatively stable; however in second iteration there were
VSWR value shifting from 1.187, 1.196, 1.204, and 1.228. At
frequency range of 1.41 GHz to 2.04 GHz there was the
highest peak of signal, but it decreased at the frequency range
of 2.35 GHz to 2.79 GHz and increased at the frequency range
of 3.33 GHz to 4 GHz. The best VSWR was obtained in
second iteration and forth iteration at first frequency and in
first and second iteration at the second frequency. At the
expected frequency of 950 MHz in second iteration it was
obtained VSWR categorized as the best.
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Figure 6 is a graph of group delay of DBPF based on DBPF
specification on table 3.4. Y axis is group delay at the range of
4.424E-08
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Figure 6: Graph of Group Delay DBPF

It was obtained group delay as 8.494.10%° s (0.8494
ns) and 1.071.10° s (1.071 ns). This group delay is in
accordance with DBPF specification which is group delay<
10 ns. To obtain those group delays at the resonance
frequency of 950 MHz, 5 times iteration was conducted. This
phenomenon is presented in Graph of iteration group delay in
Figure 7.
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Figure 7: Graph of group delay from L, DBPF Parameter
iteration result

Figure 7 is graph of group delay from L, DBPF
Parameter iteration result for five times. Y axis is group
delay at the range of 1.10™® s to 1.049.10® s, while X axis is
the frequency from 0.55 GHz to 4 GHz. In first iteration with
the value of L, of 84.04 mm and W of 3.08 mm, it was
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obtained group delay 8.633.10™° s (0.8633 ns) and 1.075.10”
s (1.075 ns), in second iteration with the value of L2 of 81.04
mm and W of 3.08 mm, it was obtained group delay of
8.494.10™ s (0.8494 ns) and 1.071.10° s (1.071 ns), in third
iteration with L, of 78.04 mm and W of 3.08, it was obtained
group delay of 8.378.10™ s (0.8378 ns) and 1.082.10° s
(1.082 ns), forth iteration with the value of L, of 75.04 mm
and W of 3.08 mm it was obtained group delay of 7.98.10%°s
(0.798 ns) and 8.902.10-10 s (0.8902 ns), fifth iteration with
the value of L, of 72.04 mm and W of 3.08 mm, it was
obtained group delay of 8.031.10™ s (0.8031 ns) and
1.126.107s (1.126 ns).

There was a change of group delay of first frequency from
8633 ns, 0.8494 ns, 0.8378 ns, 0.798 ns, and 0.8031 ns and at
second frequency from 1.075 ns, 1.071 ns, 1.082 ns, 0.8902
ns, 0.8902 ns, and 1.126 ns. The higher the frequency, the
wider the signal waves from group delay and the closer the
range between group delays. The best group delay was at the
first frequency of 0.798 ns in third iteration, but not at the
expected frequency. It was difference at second frequency of
1.071 in second iteration which is in accordance with the
group delay at the expected frequency. At the frequency of
950 MHz and 1.85 GHz it was obtained group delay of 0.8494
ns and 1.071 ns which is in accordance with DBPF
specification. After iteration was conducted at parameter of
L,, iteration wat the parameter of L3 was carried out from
DBPF based on DBPF specification from table 3.4. Graph of
simulation is presented in figure 8
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Figure 8: Graph of RL and IL from Lz DBPF Parameter
iteration result

Figure 8 is a graph of RL and IL which had been
iterated for five times on parameter of L. Y axis isRL and IL
at the range of -100 to 20, while X axis is the frequency from
0.55 GHz to 4 GHz. In first iteration with the value of L; of
4.7 mm and W of 3.08940 MHz with RL of -27.462 dB and IL
of -0.561 dB and 1.79 GHz with RL of -19.387 dB and IL of
-1.667, in second iteration with the value of L3 of 3.55 mm
and W of 3.08 mm, it was obtained resonance frequency of
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940 MHz with RL 0f -26.839 dB and IL of -0.553 dB and 1.81
GHz with RL of -20.416 dB and IL of -1.533 dB, in third
iteration with L; of 2.4 mm and W of 3.08, it was obtained
resonance frequency of 950 MHz with RL of -26.938 dB and
IL of -0.54 dB and 1.83 GHz with RL of -20.973 dB and IL of
-0.54 dB, in forth iteration with the value of L; of 1.25 mm
and W of 3.08 mm it was obtained resonance frequency of 950
MHz with RL of -26.927 dB and IL of -0.531 dB and 1.85
GHz with RL of -21.342 dB and IL of -1.317 dB, in fifth
iteration with the value of L; of 0.1 mm and W of 3.08 mm, it
was obtained resonance frequency of 950 MHz with RL of
-26.764 dB and IL of -0.522 dB and 1.87 GHz with RL of
-21.264 dB and IL of -1.233 dB.

In first iteration and second iteration, the first
frequency was relatively constant which was 940 MHz and
there was a change in third iteration for 10 MHz and relatively
constant up to fifth iteration (950 MHz). It was different from
first frequency, in second frequency there was a change from
1.79 GHz, 1.81 GHz, 1.83 GHz, 1.85 GHz, and 1.87 GHz. At
the second frequency the change was relatively stable which
was 20 MHz. the best RL was in first iteration at frequency of
940 MHz and in fifth iteration at frequency of 1.87 GHz,
however not at the expected resonance frequency. IL in fifth
iteration, but no path the expected resonance frequency as
well. At the expected frequency it was obtained RL of -26.938
dB and -21.342 dB and IL of -0.531 dB and -1.317 dB which
is in accordance with expected specification. From all five
iteration, forth iteration was chosen because its is in
accordance with resonance frequency of DBPF which was at
950 MHz and 1.85 GHz. After being considered from the
resonance frequency, RL, and IL, DBPF can also be
considered from the quality of VSWR and group delay at
parameter of L.

Figure 9 shows the graph VSWR from iteration of L;
parameter which was based on specification.
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Figure 9: Graph of VSWR from L; Parameter iteration of
DBPF

Figure 9 is a graph of VSWR of iteration of L;
parameter of DBPF based on specification of DBPF on table
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3.4. Y axis is VSWR at the range of 0 to 25, while X axis is
the frequency from 0.55 GHz to 4 GHz. In first iteration with
the value of L; of 4.7 mm and W of 3.08 mm it was obtained
VSWR of 1.088 and 1.24, in second iteration with the value of
L; of 3.55 mm and W of 3.08 mm, it was obtained VSWR of
1.095 and 1.211. In third iteration with the value of L, of 2.4
mm and W of 3.08 mm it was obtained VSWR of 1.094 and
1.196, in forth iteration with the value of L, of 1.25 mm and W
of 3.08 mm it was obtained VSWR of 1.094 and 1.187 in fifth
iteration with the value of L, of 0.1 mm and W of 3.08 it was
obtained VSWR 1.096 and 1.189.

There was a change of VSWR of first frequency from
first iteration to third iteration as 1.088, 1.095, and 1.094. In
third and forth iteration the value of VSWR was relatively
stable (1.094) and there was a change in fifth iteration. It was
difference from the second frequency, the value of VSWR
change from 1.24, 1.211, 1.196, 1.187, and 1.189. at the
frequency range of 2.55 GHz to 2.98 GHz the value of VSWR
in first iteration undergo unstability of signal wave, this
phenomenon can be indicated from signal wave which tend to
insignificant decrease at the frequency of 2.58 GHz, and then
it formed a wide peak up to the frequency of 2.98 GHz. At the
expected frequency of 950 MHz and 1.85 GHz in forth
iteration t was obtained the best VSWR. Figure 10 shows
graph of group delay as the result from iteration of parameter
of L.
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Figure 10: Graph of Group Delay from L3 Parameter iteration
of DBPF

Figure 10 is graph of group delay from L3 Parameter
iteration on DBPF for five times. Y axis is group delay at the
range of 9.10™3 st0 1.771.10% s, while X axis is the frequency
from 0.55 GHz to 4 GHz. In first iteration with the value of L;
of 4.7 mm and W of 3.08, it was obtained group delay of
89.058.10™ s (0.9058 ns) and 1.379.10-9 s (1.379 ns), in
second iteration with the value of L; 3.55 mm and W of 3.08
mm, it was obtained group delay of 8.912.10™° s (0.8912 ns)

and 1.263.10° s (1.263 ns), in third iteration with L; of 2.4
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mm and W of 3.08, it was obtained group delay of group delay
of 8.641.10™"° s (0.8641 ns) and 1.16.10° s (1.16 ns),in forth
iteration with the value of L; of 1.25 mm and W of 3.08 mm it
was obtained group delay of 8.494.10™ s (0.8494 ns) and
1.071.107 s (1.071 ns), in fifth iteration with the value of L; of
72.04 mm and W of 3.08 mm, it was obtained group delay of
8.343.10™° 5 (0.8343 ns) and 9.957.10™° s (0.9957 ns).

There was a change of group delay of first frequency from
0.9058 ns, 0.8912 ns, 0.8641 ns, 0.8494 ns, and 0.8343 ns and
at second frequency from 1.379 ns, 1.263 ns, 1.16 ns, 1.071
ns, and 0.9957 ns. The higher the frequency, the lower the
group delay signal wave peak and tend to move and separating
signal wave between group delays was closer. The best group
delay was in fifth iteration, but it was not at the expected
frequency. At the frequency of 950 MHz and 1.85 GHz it was
obtained group delay of of 0.8641 ns and 1.263 ns which is in
accordance with DBPF specification.
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Figure 11: Graph of RL and IL from L, Parameter iteration of
DBPF

Figure 11 is graph of RL and IL from iteration for five
times on element of L,. Y axis is RL and IL at the range of
-80 to 20, while X axis is the frequency from 0.55 GHz to 4
GHz. In first iteration with the value of L, of 13.55 mm and
W of 3.08mm it was obtained the frequency of 940 MHz with
RL of -26.379 dB and IL of -0.537 dB and 1.81 GHz with RL
of -19.092dB and IL of -1.527, in second iteration with the
value of L, of 11.55 mm and W of 3.08 mm, it was obtained
resonance frequency of 940 MHz with RL of -26.927 dB and
IL of -0.531 dB and 1.81 GHz with RL of -21.342 dB and IL
of -1.317 dB, in third iteration with L, of 9.55 mm and W of
3.08, it was obtained resonance frequency of 960 MHz with
RL of -26.93 dB and IL of -0.528 dB and 1.89 GHz with RL of
-23.039 dB and IL of -1.184 dB, in forth iteration with the
value of L, of 7.55 mm and W of 3.08 mm it was obtained
resonance frequency of 980 MHz with RL of -26.972 dB and
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IL of -0.524 dB and 1.93 GHz with RL of -24.287 dB and IL
of -1.1dB, in fifth iteration with the value of L, of 1.96 mm
and W of 3.08 mm, it was obtained resonance frequency of
990 MHz with RL of -27.377 dB and IL of -0.523 dB and
1.967 GHz with RL of -25.291 dB and IL of -1.064 dB.
There were changes of first frequency from 940 MHz, 950
Mhz, 960 MHz, 980 GHz, and 990 GHz and second frequency
from 1.81 GHz, 1.85 GHz, 1.89 GHz, 1.93 GHz, and 1.96
GHz. At the frequency range of 940 MHz to 960 MHz the
frequency change was relatively stable for 10 MHz and there
was an increase of frequency change from 960 to 990 GHz for
10 MHz. it was different from the second frequency, there was
a relatively stable change at the range of 1.81 GHz to 1.93
GHz for 40 MHz ad the change decrease from 40 MHz to 30
MHz from the forth frequency iteration (1.93 GHz) up to
frequency of fifth iteration (1.96 GHz). The best RL and IL
were in the fifth iteration but it was not at the expected
resonance frequency. From all five iteration the second
iteration was chosen because the resonance frequency of
DBPF which was at 950 MHz and 1.85 GHz. After being
considered from resonance frequency, RL, and IL, DBPF it
can be considered from the quality of VSWR and group delay
on L, parameter.

Figure 12 shows the graph of VSWR from L, iteration
parameter which based on DBPF specification.
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Figure 12 : Graph of VSWR from L, parameter iteration of
DBPF

Figure 12 is a graph of VSWR from L4 parameter
iteration of DBPF based on DBPF specification on table 3.4.
Y axis is VSWR from the range of 0 to 25, while X axis is a
frequency of 0.55 GHz up to 4 GHz. At first iteration with the
value of 14 of 13.55 mm and W of 3.08 mm, it was obtained
VSWR of 1.101 and 1.25, in second iteration with the value of
L, of 11.55 mm and W of 3.08 mm, it was obtained VSWR of
1.094 and 1.187. In third iteration with the value of L4 of 9.55
mm and W of 3.08 mm it was obtained VSWR of 1.094 and 1.
152, in forth iteration with the value of L, of 7.55 mm and W
of 3.08 mm it was obtained VSWR of 1.094 and 1.13 in fifth
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iteration with the value of L, of 5.55 mm and W of 3.08 it was
obtained VSWR 1.089 and 1.115. There was a change of
VSWR value of first frequency from in first and second
iteration as 11.101 and 1.094, it was relatively stable in
second to forth iteration (1.094), and the change was
undergone from forth to fifth iteration from 1.094 to 1.089.
However in second frequency there were VSWR value
change from 1.25, 1.187, 1.152, 1.13, and 1.115. The best
VSWR was obtained in second to forth iteration at first
frequency and in fifth iteration at the second frequency. At the
expected frequency of 950 MHz in second iteration it was
obtained VSWR categorized as the best. At the expected
frequency of (950 MHz and 1.85 GHz), the value of VSWR
fulfilled DBPF specification.
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Figure 13: Graph of Group Delay from L, iteration of DBPF

Figure 13 is a graph of group delay of L, parameter
iteration of DBPF for five times. Y axis is group delay at the
range of 1.10™3 s t0 2.621.10® s, while X axis is the frequency
from 0.55 GHz to 4 GHz. In first iteration with the value of L,
of 13.55 mm and W of 3.08, it was obtained group delay of
8.66.10-10 s (0.866 ns) and 1.247.10-9 s (1.247 ns), in second
iteration with the value of L, of 11.55 mm and W of 3.08 mm,
it was obtained group delay of 8.494.10-10 s (0.8494 ns) and
1.071.10-9 s (1.071 ns), in third iteration with L, of 9.55 mm
and W of 3.08, it was obtained group delay of 8.351.10-10 s
(0.8351 ns) and 9.553.10-10 s (0.9553 ns) in forth iteration
with the value of L, of 7.55 mm and W of 3.08 mm it was
obtained group delay of 8.152.10-10 s (0.8152 ns) and
8.775.10-10 s (0.8775 ns), in fifth iteration with the value of
L, of 5.55 mmand W of 3.08 mm, it was obtained group delay
of 8.059.10-10 s (0.8059 ns) and 8.388.10-10 s (0.8388 ns).
There was a change of group delay of first frequency from 0.
866 ns, 0.8494 ns, 0.8351 ns, 0.8152 ns, and 0.8059 ns, and at
second frequency from 1.247 ns, 1.071 ns, 0.9553 ns, 0.8775
ns, and 0.8388 ns. The signal wave on group delay in first
iteration wan unstable, this phenomenon was proven by the
emergence of third group delay at frequency range of 2.62
GHz to 3.49 GHz and restabilized by the formation of forth
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group delay (same as third group delay in second iteration up
to fifth iteration) thus the gap between group delays was not
exist. The best group delay was in fifth iteration, but it was not
at the expected frequency. At the frequency of 950 MHz and
1.85 GHz it was obtained group delay of 0.8494 ns and
1.071ns which is in accordance with DBPF specification.

3.  COMPARISON
MEASUREMENT

DBPF in frequency of 947.1 MHz and 1.844 GHz with
RL of -26.797, IL of -0.532 dB, VSWR of 37.208, and group
delay of 8.43.10-10 s and RL-20.932 dB, IL of -1.347 dB,
VSWR of 16.076, and group delay of 1.063.10-9 s on
simulation of ADS, operate at the frequency of 929.883 MHz
wi RL of -28.386 dB, IL of -0.809 dB, group delay of
8.439.10-10, and VSWR of 22.149 and 1.844 GHz with RL
of -18.949 dB, IL of -1.62 dB, group delay of 8.873.10-10,
and VSWR of 12.112 at the CST simulation, and operate at
the frequency of 912.636 MHz with RL of -23.389 dB, IL of
-1.163 dB, VSWR of 1.145, and group delay of 3.157.10-9 s
and 1.896 GHz weigh RL of -21.595 dB, IL of -1.843 dB,
VSWR of 1.181, and group delay of 3.033.10-9 s in real
measurement.

OF SIMULATION  AND

20

S Parameters (dB)

--------- ADS Simulated S(1,1)
-60 - ««:Des+ ADS Simulated S(2,1)
— — — CST Simulated S(1,1)
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055 105 155 205 255 305 355

Frequency (GHz)

Figure 14: Graph of RL and IL DBPF

From the result of simulation and measurement it was
obtained data of RL and IL. Figure 4.7 is RL graph and IL
graph from simulation result and DBPF measurement. Y axis
is RL and IL at the range of -80 to 20 dB, while X axis is the
frequency at the range of 0.55 GHz to 4 GHz. At the
simulation of ADS operated at the frequency of 947.1 MHz
with RL of -26.797 and IL of -0.532 dB and 1.844 GHz with
RL of -20.932 dB and IL of -1.347 dB, simulation of CST
operated at the frequency of 929.883 MHz with RL of -28.386
dB, IL of -0.809 dB and 1.844 GHz with RL of -18.949 dB
and IL of -1.62 dB, and at real measurement operated at the
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frequency of 912.636 MHz with RL of -23.389 dB and IL of
-1.163 dB and 1.896 GHz with RL of -21.595 dB and IL of
1.843dB.

Compare to the expected DBPF specification which
operation frequency is at 950 MHz and 1.85 GHz, there was
frequency changes in simulation of ADS from 950 MHz to
947.1 MHz and from 1.85 GHz to 1.844 GHz, there was
frequency changes in simulation of CST from 950 MHz to
929.883 MHz and from 1.85 GHz menjadi 1.844 GHz, and
there was frequency changes in measurement from 950 MHz
to 912.636 MHz and from 1.85 GHz to 1.8958 GHz. There
was a relatively significant change in signal of measurement
compare to the simulation of ADS and CST. From simulation
of ADS, simulation of CST and real measurement it was
obtained the gradual decrease of RL and at the measurement
of first frequency and there was an increase at the second
frequency. There was an gradual increase of IL from
measurement simulation of CST and simulation of ADS at the
second frequency. RL and IL is in accordance with
specification filter, RL< -10 dB and IL< 2 dB.

From the result of simulation and measurement VSWR
was obtained. Figure 15 is a graph of VSWR from simulation
and measurement of SBPF. Y axis is VSWR from range of 0
to 45, meanwhile X axis is frequency at the range of 0.55
GHz. In simulation ADS, it was obtained VSWR of 37.208
and 16.076, from simulation of CST it was obtained VSWR of
22.149 and 12.112, in measurement, VSWR of 1.145 and
1.181 was obtained. From those three experiments, the value
of VSWR from measurement has much higher quality from
the value of VSWR as the result of simulation of ADS and
CST eventhough it was not at the expected frequency. Signal
of VSWR in measurement has characteristic with signal peak
and expected frequency range become the value at first and
become peak at the expected frequency, so that it caused the
value of VSWR was so high. VSWR from those three
experiments, the one which fulfilled the filter specification
was only from the measurement which was VSWR < 2.

45

ADS Simulated
= = = CST Simulated

VSWR

Frequency (GHz)

Figure 15: Graph of VSWR DBPF

From the result of simulation and measurement it was
obtained the data of group delay. Figure 16 is a graph of group
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delay from simulation and measurement of SBPF. Y axis is
group delay at the range of 9.10-12 s to 2.812.10-8- s,
meanwhile X axis is frequency at the range of 0.55 GHz to 4
GHz. All group delays fulfilled the specification of group
delay <10.10-9 s (10 ns).
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Figure 16: Graph of group delay of DBPF

It was obtained group delay of 8.434.10-10 sand 1.063.10-9 s,
in simulation using CST it was obtained group delay of
8.439.10-10 s and 8.873.10-10 s, and in measurement, it was
obtained group delay of 3.157.10-9 s and 3.033.10-9 s. there
was an increase of group delay gradually, from simulation, in
ADS simulation and CST simulation, and measurement at
first frequency and second frequency there was decrease from
simulation of CST, measurement and simulation of ADS. The
best group delay was obtained at the simulation of ADS with
the value of 1.35.10-10 s, but it was not at the expected
frequency (3.689 GHz).

4. CONCLUSION

In this paper was successfully designed dual band bandpass
filter (DBPF) using multistub resonator structure in frequency
of 947.1 MHz and 1.844 GHz at the middle frequency (Fc) of
912.636 MHz, Return Loss of -23.389 dB, Insertion Loss of
-1.163 dB, VSWR of 1.145, Group Delay of 3.157 ns, and
middle frequency (Fc) of 1.896 GHz, Return Loss of -21.595
dB, Insertion Loss of -1.843 dB, VSWR of 1.181, Group
Delay of 3.033 ns. Size of 57.44 x 124.12 mm. A good
agreement is shown in comparison between simulated and
measured.

ACKNOWLEDGEMENT
This research was supported by DRPM of Ministry of
Education and Culture. Indonesia.

REFERENCES

1. S.Shirin dan CH.R.Phani Kumar. Implementation of Nth
Order Bandpass Filter. Journal of Computer Science and
Information Technologies Vol. 3 (3) (4359 — 4361).2012.

2. Anita Gehlot., et al. Design and Development of Wireless
Fan Regulator using ZigBee Concept. International

7434

Journal of Advanced Trends in Computer Science and
Engineering, VVol. 9(4), pp. 5726 — 57. 2020.

. C.Venish Raja. A Cost Effective Scalable Framework for
Dynamic Threshold Based Autoscaling in Cloud.
International Journal of Advanced Trends in Computer
Science and Engineering. Vol. 9 (4).4168 —-4181.

4.Deep K Chauhana dan Falguni Ravalb. Design of
Microstrip Low Pass Filter. International Journal of
Innovative and Emerging Research in Engineering
Volume 3, Issue 4, 2016.

5. Doan, M.T, dkk. Tri-band Bandpass Filter Using Square
Ring Short Stub Loaded Resonators. Electronics
Letters VVol. 48 No. 2. 19 Januari 2012.

6. Chen, J. Z. Fourth-order tri-band bandpass filter using
square ring loaded resonators. Electronics Letters Vol.
47 No. 15. 21 Juli 2011.

7. Sheikh, Tasher Ali. Miniaturized Tri-Band BPF using
Asymmetric SIRs and DGS. International Journal of
Signal Processing, Image Processing and Pattern
Recognition Vol. 8, No. 2, pp. 337-346. 2015.

8. Chen, Wei-Yu, dkk. Simple Method to Design a
Tri-Band Bandpass Filter Using Asymmetric SIRs for
GSM, WIMAX, and WLAN Applications” Microwave
and Optical Technology Letters Vol. 53, No. 7. July 2011.

9. Weng, Min-Hang, dkk. A Novel Triple-band Bandpass

Filter Using Multilayer-based Substrates for WiMAX.

Proceedings of the 37th European Microwave Conference.

Oktober 2007.

Pai-Yi Hsiao dan Ro-Min Weng. A Tri-band Bandpass

Filter Using 2T4L2C-pattern Multi-layer Structure.

IEEE. 2009.

Fu-Chang Chen dan Qing-Xin Chu. Compact

Triple-Band Bandpass Filter Using Pseudointerdigital

Trisection Stepped Impedance Resonators. Microwave

And Optical Technology Letters Vol. 50, No. 9.

September 2008.

Yue Ping Zhang dan Mei Sun. Dual-Band Microstrip

Bandpass Filter Using Stepped Impedance Resonators

with New Coupling Schemes. IEEE Transactions on

Microwave Theory and Techniques Vol. 54, No. 10.

Oktober 2006.

Lv, Shance, dkk. Compact High Selectivity

Dual/Tri-Band Bandpass Filters for WLAN

Applications. Progress In Electromagnetics Research C

Vol. 61 (131-138). 2016.

14.S.-K. Liu a dan F.-Z. Zheng. A New Compact Tri Band
Bandpass Filter Using Step Impedance Resonators
with Open Stubs. Journal of Electromagnetic Waves and
Applications Vol. 26 (130-139). 2012.

15.Yin, Qiang, dkk. A Tri-Band Filter Using Tri Mode
Stub Loaded Resonators (SLRs). Electrical Design of
Advanced Packaging and Systems. 2010.

w

10.

11.

12.

13.



