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Microstrip Stub Filter Design with Enhanced Performance Inspired
By SIW Structures Operating at 1.93 GHz GSM Band

Highlights
«» Microstrip stub filter design operating at 1.93 GHz band
Enhanced filter performance inspired by SIW structures

» Analysis of the designed filter with various numbers of additional vias and different via to microstrip line
distances

» Production of the filters with and without additional vias and their performance measurements
» Construction of a receiver system with the manufactured filters and recording the signals iln the system
Graphical Abstract

In this study, a microstrip stub pass band filter with improved performance inspired by SIW
structures operating at 1.93 GHz was designed.
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Figure. The manufactured filter with additional vias placed around the microstrip lines.

Aim

To improve microstrip stub filter perfromance by applying SIW structure and analyze the changes in the filter
behaviour with numbers and distances of added vias.

Design & Methodology

3D EM simulations were obtained for the designed filter with different numbers of additional vias and various via to
microstrip line distances. After, the designed filters were produced and their transmission responses were measured.
Also, system experiments were performed with a receiver system at 1.93 GHz.

Originality
Optimum filter design has been achieved with 3D EM simulations after systematic changes of the parameter. The

EM waves propagating through the filter is enclosed more and the transmission loss of the filter in the pass band is
lowered.

Findings
The maximum transmission coefficient, i.e., Sp1 parameter, magnitude value reached in the pass band of the filter

increases, while the frequency at which the peak Sz1 parameter value is achieved shifts to lower frequencies as the
number of the vias around the microstrip lines increases and the distance between the vias and the lines decreases.

Conclusion

By applying SIW structure performance of the designed micrsotrip stub filter operating at 1.93 GHz GSM band has
been improved. The proposed filter architecture is promising for applications requiring high signal-to-noise ratio.

Declaration of Ethical Standards
The authors of this article declare that the materials and methods used in this study do not require ethical committee
permission and/or legal-special permission.
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ABSTRACT

This paper reports a microstrip stub filter design operating at 1.93 GHz GSM band with enhanced
structures. In the designed filter additional vias are placed around the microstrip lineg,
electromagnetic fields while propagating through the filter to develop the filter performan
electromagnetic simulations for various numbers of vias and different via to microstrip
maximum transmission coefficient (Sz1 parameter) magnitude value reached in the pa
number of the vias and as the vias get closer to the lines. On the other hand, when the

between them and the lines narrows, the frequency at which the maximum S i
designed filters were manufactured, too. Results obtained in the measg %
Additionally, a receiver system operating at 1.93 GHz band was construc
constructed prototype for the manufactured filters. Results show that a gre
unwanted signals outside the filter pass band are suppressed more in thg

mikroserit hatlarin etrafin
hat mesafeleri igi
iletim katsay1si
Ote yandan,

yerine, gecisleri

casing of the
examined with
ReSults show that the
ter increases with the
increases and the space
ifts to lower frequencies. The

| il the filter pass band is achieved and
e filter with vias is used instead of the

ugu filtrenin kullanildig: sistemde, filtre gegirgen bandinda daha yiiksek bir sinyal seviyesine ulasildigini ve

filtre gecirgen bandi disindaki istenmeyen sinyallerin daha fazla bastirildigini géstermektedir. Bulgular, SIW yapilarindan
esinlenerek tasarlanan filtrelerin yiiksek sinyal kalitesi gerektiren uygulamalar i¢in umut verici oldugunu géstermektedir.

Anahtar Kelimeler: Mikroserit bantgeciren filtre, SIW yapisi, 1.9 GHz GSM bandu.

1. INTRODUCTION

A filter is a circuit device that permits signals at certain
frequencies to pass while suppressing the others. Filters
are commonly used in many electrical applications, such
as power supplies, audio electronics, ADC’s and radio
communications [1, 2]. Although a simple filter can be
designed by using components like resistors, capacitors
and inductors, lumped circuit theories mostly become

*Sorumlu Yazar (Corresponding Author)
e-posta : huseyin.tosun@agu.edu.tr

invalid for microwave devices due to their high
operating frequencies [3]. Microstrip structures are
commonly used at microwave frequencies thanks to
their advantages including simple construction, having
small sizes and high reliability [4-7].

RF filters have very wide variety of usages including
biomedical signal processing [8, 9], Wi-Fi networks [10,
11], satellite communications [12-14], etc. Another



application in which RF filters are required is GSM
(Global System for Mobile) communication systems
[15, 16]. GSM is a digital network commonly used for a
mobile phone communication [17, 18]. There are
different generations of GSM networks and each
generation operates at different frequencies depending
on the region. For instance, 900 MHz and 1800 MHz
bands are used in European, Asian and African
countries in the second and third generation, i.e., 2G and
3G, networks, whereas in north America 850 MHz and
1900 MHz bands are used in 2G and 3G networks [19].

Signal quality is an important parameter in GSM
communications. Since the communication is achieved
at very far distances, signal level received by the
antennas is very small. For example, signal level
reached to a cell phone at the 2G frequency band is
around -70 dBm, i.e., 10" W [20]. Also, noise signals
exist in an environment decrease the received signal
quality. Moreover, reflections, refractions, and
scattering of the signal affect system performance. To
enhance received power and system performance
antennas with different structures operating at certain
frequency bands depending on the generation of the
communication system were developed [21-24] and
propagation channel characteristics were investigated
[25-27]. However, in addition to antenna developments
and channel optimizations, in the receiver circuitry of ®
GSM system it is required to pass the signals carryi
the information with a minimum loss while maximall
suppressing the unwanted noise signals exist in S
of the frequency spectrum.

There are different RF filter designs in [|iggrature
proposed for high quality received sign

surface acoustic wave (SAW) filters [28\9], cavity
filters [30-32] and planar filters [33¢ e of the

ated waveguide
structures were

(SIW) structures is 1
) in transmission lines

used in literature

antennas [ Bion, there are studies about
SIW ba 54]. In these filters different
design ap ¥ere applied. For instance, half
mode SIW ss filter [52, 53] and a SIW filter

with an arrow Jattern vias [54] were investigated. In
these designs to improve filter performance different
SIW geometries were used. However, in some other
literature works SIW filtering is combined with other
techniques [55-57]. In [55] corrugated structures and
periodic slots are added on a SIW based band pass filter,
whereas in [56] gradient and periodic slots are placed to
a half mode SIW band pass filter. Also, a hybrid
structure band pass filter in which microstrip impedance
resonators are etched between two SIW cavities was
investigated, too [57]. In the proposed structure 8-like
shape microstrip impedance resonators prevent coupling
between SIW cavities at high frequencies. Apart from

these studies, a hybrid microstrip-SIW band pass filter
was reported in [58]. Here, in the design a SIW high
pass filter is cascaded by a low pass stepped-impedance
filter.

Different from what is reported in the literature, in this
study, the SIW structure is applied to a microstrip stub
band pass filter for a performance enhancement. With
simulations an optimum filter design was obtained and
the prototype was fabricated. Simulations and
measurement results demonstrate the performance
increase of the designed stub filter with utilization of the
SIW structure. Also, experiments were obtained with an
RF receiver system operating at 1.934GHz GSM band.
Results verify the system performanc rease and the
signal quality enhancement by e designed
filter.

ated with microstrip lines.
re reported before in literature

signals around 1.93 GHz at a high
chematic of a filter with shorted stubs

Figure 1. Circuit schematic of a filter with shorted stubs
separated by microstrip lines

As seen, in the filter there are 5 shorted stubs separated
with 4 microstrip lines between. In the figure
characteristic impedances of the lines are indicated with
Z1, Z3, Z3, Z4, Zs, Zs, Z7, Zs, Zo, Z10 and Z11. One can
compute a microstrip line’s characteristic impedance by
using (1) if its geometrical parameters and electrical
properties of its material are known [3].

Zi =
60 Bt , W
Je_eln (W + 4ts) Jfor W/t, <1 "
120m - for W/t > 1

VEe[W/ts+1.393+0.667In(W /tg+1.444)

In the equation Z; represents characteristic impedances
of the lines. In the designed filtericanbe 1, 2, 3, ..., 11,
since there are 11 microstrip lines in total. Also, W and
t; are width of the transmission line and separation
between the top and bottom layers, i.e., substrate
material thickness, in the line, respectively. In addition,

€. stands for the line's effective dielectric constant



formulated as in (2), where &, represents relative
permittivity of the substrate material.
Er+l  Ep—1 1

=t oW @)
For a known reference impedance by applying
impedance transformations equivalent impedance seen
at the input side of the filter together with the S
parameters can be calculated, where the transmission
lines are assumed to be lossless. For this, initially,
equivalent impedances seen at the input terminals of the
shorted vertical microstrip lines are formulated as in (3)

r_ Z1,+jZm tan(Bmhy) .
Zm = Zm Zm HZ1, tanBumhi) Z]_,==(>) Zm = ]Zm tan(Bmhk)
@)

,where Zn' is the observed impedance at the input
terminals of the shorted vertical microstrip line having
characteristic impedance of Zn, i.e.,, m=7, 8,9, 10, and
11 (see Figs. 1 and 2). On the other hand, hi is the
length of the corresponding microstrip line, i.e., k=1, 2,
3, 4, and 5 (see Fig. 2). In addition, Z, represents the
load impedance, whose value is O because of short
ending of the lines. In the equation, PBm is the
propagation constant of a wave inside the corresponding
line and it is expressed as

21
P=%

>\=fJLE_e ®

,where A and f are the wavelength and the frequegnc

In the calculations wave velocity in free-spa
taken to be 2.99792458x108 (m/s). It is imp

note that the effective dielectric const
microstrip line in the filter might beg

be different, too.

After, equivalent impedandes seen
of the horizontal mi8ggsttip lines/can be calculated

starting from the Si ing at the input side
as follows.
Z\0ads Zi0ads Zi0ad3

— ZreftiZe tan(les)) r_
Zioad = (ZG Zoirertan(Bele)) !/ 111 =
1

1 1 (63.)
5 Zref+iZe tan(Bele)) " z;,’
6Zo+Zreftan(Pele)

Z1oad1+iZs tan(Bsls) '
7 — (Z —loadl 77> 7 PS> o Z =
load2 5 Zs+jZ10ad1 tan(Bsls) // 10
1

T — (6b)
7 Zload1iZs tan(Bsls) 210
Zs+jZload1tan(8515)

Z1oad2+iZ4 tan(Baly) !
7 = (Z i a Zy =
loads 4 Z4+jZ)oadz tan(Bals) // °
1

T — (6c)
<Z Z)oad2 tiZ4 tan(6414)> "Zo
Z4+jzload2 tan(B4ls)

Z10ad3 )23 tan(Bsls) '

Zload4 = (Z 8

3 Z3+jZ10ad3 tan(Bsls)
1

T — (6d)
7. Zloads +iZ3 tan(B313) Tzg'
Z3+jZ]gaq3 tan(Bzlz)

Zioads = (Z
1

(6e)
< zzloa_d4'¢2tn R

Z2+jZ)o4
. (B1ly) (61)
p uations, /1 sign indicates parallel connection.
Z Toad2, Zioad3, Zioad4, Zioads are the equivalent

Lastly, S;; parameter of the filter is expressed as a
function of the equivalent input impedance of the filter
and the reference impedance by (7).

2

) @)

The equivalent impedances of the lines at their input
sides and their lengths together with the reference
impedance at the load end and characteristic
impedances of the lines are represented in Fig. 2. As it
is seen, the same symbols are used in the figure and the
equations.

Z|oad2 Z

Zin—Zref
Zin=Zref

Szl(dB) = 2010g10 < 1-—

load1

ref

Figure 2. Circuit schematic of the filter with equivalent input impedances, line lengths, the reference impedance and
characteristic impedances of the lines



In addition to analytical investigation, with help of an
electromagnetic simulation tool the filter was modeled,
too. An FR4 substrate is sandwiched between two
copper layers in the modeled filter. The substrate and
the copper layers have 153 mm and 0.035 mm
thickness, respectively. The modeled filter structure is
shown in Fig. 3 from side and top views. In the figure
yellow regions show the copper material and green
areas represent FR4. The thickness of the copper layers
and the substrate material thickness are labeled with t.
and ts, respectively, in Fig. 3(a). In Fig. 3(b), on the
other hand, the width and length of the horizontal lines
on the top are designated with letters w and |,
respectively. Similarly, the width and length of the
vertical microstrip lines, i.e., stubs, are labeled with
letters s and h, respectively. Those labels were selected
in harmony with the parameters used in the equations.
In the figure, shorting vias at the end of the stubs are
seen as circles. The modeled filter was optimized with
simulations.  Following the  optimization, the
geometrical parameters of the modeled filter are given
in Table 1.

99c material soyhat they are in contact with the bottom
ground plate. By this way, it is aimed to enclose the
electromagnetic waves propagating through the filter
more and decrease the loss occurs due to fringing fields.
Therefore, the transmission loss of the filter in the pass
band is intended to be lowered.

Simulations were performed with different number of
vias placed around the microstrip lines. The vias have
the same geometry with those exist at the end of the
stubs in the initially designed filter such that the vias
have a cylindrical geometry with 1.4 mm diameter.

Table 1. Geometrical parameters of the filter

P Value Value
arameter Parameter
(mm) (mm)
I, 13.10 w, 6.00
I, 11.50 w, 2.10
I 11.35 W, 3.40
l, 17.95 w, 4,00
I 17.00 W, 2.00
ls 16.10 W 6.00
h, 18.25 S, 2.20
h, 10.25 S, 3.70
h, 17.10 S, 3.90
h, 10.50 S, 4.00
he 16.00 Sg 2.00
t, 0.035 T, 1.60

Also, the distance bet
designed filter
the vias ar®

i a copper line in the
nstant. The center points of
the copper line edges that
. In other words, the distance

ew of the filter design with various
is given in Fig. 4.
etric Sweep of Via Distance

W simulations were repeated with the designed filter
different distances between the newly added vias
and the copper lines. Throughout the analysis, the
number of vias and their geometries remained
unchanged while the distance between the lines and vias
changed. By this way, effect of the proximity of the vias
to the microstrip lines on the filter performance is
investigated. In total there are 60 vias added to the
initially designed stub filter and they have a cylindrical
geometry with a circular cross section of 1.4 mm
diameter. In the simulations, the distance between the
vias and the microstrip lines changes from 0.1 mm to
1.0 mm with an increment of 0.1 mm. The distance
between the newly added vias and the lines is pointed
out and labeled with letter d in Fig. 5, where top view of
the modeled filter geometry with 60 additional vias
around the lines is represented.

3. RESULTS and DISCUSSION

Analytical calculations were done and simulations were
started with the initially designed microstrip stub filter
(see Fig. 1, Fig. 2 and Fig. 3). As previously stated, five
shorting vias exist at the ends of the stubs and except
these there is no additional via placed around the
microstrip lines. The filter is optimized and has
geometrical parameters given in Table 1. The footprint
of the filter is 87 mmx25 mm. In the calculations and
simulations reference impedance (Zrf) is set to be 50
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Figure 4. Top view of the designed filters. (a)Eitially designed filter with no additional via, (b) - (f) filter designs with 12, 24,
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Figure f)é designed filter with 60 additional
vias, where nce Petween the added vias and the lines is
labeled as d

Q. S, parameter magnitude change with frequency
analytically calculated and found in simulations over the
range spanning from 100 MHz to 5 GHz is shown in
Fig. 6. Also, focused views of the S, parameter
magnitude change plots throughout the band between
1.7 GHz and 2.3 GHz are shown in the inset figure. It is
seen that in the -calculations the maximum Sy
magnitude value of -0.003 dB is achieved at 1.97 GHz
and in the simulations the maximum S,; magnitude of -
3.04 dB is attained at 1.98 GHz. The variation in the
peak S magnitude values is because of the fact that in

ditional vias around the microstrip lines

the theoretical analysis microstrip lines are assumed to
be lossless but in the simulations material losses of the
copper layers and FR4 substrate are taken into account.
On the other hand, the frequencies at which the
maximum S,; magnitude values are reached are almost
the same. Very small variation of 10 MHz might be due
to the finite precision of the calculations and limited
accuracy of the simulations. Additionally, the filter's -3
dB bandwidth is found to be 210 MHz, i.e., Sz
magnitude values higher than or equal to -3.003 dB
between 1.87 GHz and 2.08 GHz, in the calculations
and 190 MHz, such that S magnitude values are above
-6.04 dB between 1.90 GHz and 2.09 GHz, in the
simulations, respectively. Very small shifts between the
results are again because of the finite precision of the
calculations and limited accuracy of the simulations.
Moreover, as seen in the figure the S,; parameter
changes analytically calculated and found in the
simulations are very similar outside the interested
frequency band, too. Agreement between the results
obtained with the theoretical analysis and simulations is
expected, which demonstrates the correctness of the
found results.
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Figure 6. Sz1 parameter of the initially designed filter with no
additional via around the microstrip lines analytically
calculated and found in the simulations over the frequency
band between (a) 100 MHz and 5 GHz, (b) 1.7 GHz and 2.3
GHz

The simulations were then performed for five different
numbers of additional vias that are 12, 24, 36, 48, and
60, around the copper lines. As previously mentioned,
the newly inserted vias in these designs are 0.3 mm
apart from the closest copper line edges. Fig. 7 displays
the Sy1 parameter changes of the filters with extra vias
that were computed through the simulations. As in Fig.
6, the inset figure (Fig. 7(b)) shows the change focused
on the band between 1.7 GHz and 2.3 GHz, whereas the

outer figure (Fig. 7(a)) exhibits the change in tha.

>

frequency spectrum spanning from 100 MHz to 5 GH®
0 : S
—w/0 vias — S
—12 vias \\
24 vias
e \
48 vias
60 vias

/

S21| (dB)

-40

-60

il

2 3 4 5
Frequency (GHz)

thelfilters wi

0 1

ifferent numbers of
imulations over the
MHZ and 5 GHz, (b) 1.7 GHz

Figure 7. Sz1 parameter
additional vias calculat
frequency band be ©)
and 2.3 GHz

at the maximum Sz magnitude
e pass band increases with the
number of the Qditional vias, whereas the frequency at
which the maximum Sy magnitude is achieved
decreases. The Sy parameter magnitude was calculated
to be -3.026 dB at 1.99 GHz, -2.891 dB at 1.988 GHz, -
2.910 dB at 1.983 GHz, -2.752 dB at 1.952 GHz, -2.691
dB at 1.943 GHz, and -2.633 dB at 1.936 GHz in the
filter designs without any additional via and with 12, 24,
36, 48, and 60 additional vias, respectively. The
increase in the maximum Sy; magnitude value with the
number of vias is expected due to the enhanced
encapsulation of the electromagnetic waves while
propagating inside the filter. The shift in the frequency,
on the other hand, is not expected. In the figure, it is

also seen that the -3 dB cut-off frequencies shift to
lower frequencies as the number of vias increases.
However, the -3 dB bandwidth expands as more vias are
placed. The -3 dB bandwidths are found to be 188 MHz,
201 MHz, 197 MHz, 199 MHz, 202 MHz, and 209
MHz, for the filter without any additional via, and with
12, 24, 36, 48, and 60 vias, respectively. For clarity, all
these values found for the designed filters with different
numbers of additional vias are tabulated in Table 2.

Table 2. Results of the designed filters with different
numbers of vias

# of Maximu | Maximum -3dB
additional m Sx Sa Bandwid
vias magnitud | Frequency | th (MHz)
e value (GH2)
(dB)
0 -3.026 1.990 188
12 -2.891 1.988 201
24 -2.910 1.983 197
36 -2.752 1.952 199
48 -2.691 1.943 202
60 -2.633 1.936 209

Aftesmgi

Wre obtained with the designed filter
addittonal vias around the microstrip lines for
Bisterices between the vias and the lines. In
s, the simulations performed lastly in the via
er Zanalysis were repeated by moving the vias
ef to and away from the microstrip lines. Since the
per of the vias is not changed, the distance between
the consecutive additional vias is constant such that the
separation between the centers of two horizontal (or
vertical) consecutive vias is 2.8 mm. Sy parameter
magnitude changes calculated in the simulations for the
designed filters with varying distances between the vias
and microstrip lines are shown in Fig. 8. As in the above
figures, i.e., Fig. 6 and Fig. 7, here Sy parameter
magnitude change with frequency over the band
spanning from 100 MHz to 5 GHz is shown in the
outside figure (see Fig. 8(a)) and the change zoomed in
over the band between 1.7 GHz and 2.2 GHz is
illustrated in the inset (see Fig. 8(b)).

—0.1 mm
—0.2 mm

0.3 mm

20 —0.4 mm
0.5 mm
0.6 mm
—0.7 mm
—0.8 mm
0.9 mm
—1.0 mm

[S21] (dB)

-40

-60

1.9 2 2.1

0 1 2 3 4 5
Frequency (GHz)
Figure 8. Sz1 parameter of the filter with different distances
between the vias and the microstrip lines calculated in the
simulations over the frequency band between (a) 100 MHz
and 5 GHz, (b) 1.7 GHz and 2.3 GHz



In the figure it is seen that as the distance between the
vias and the microstrip lines increases the maximum S
magnitude value in the pass band region of the filter
decreases and the frequency at which the maximum Sz
magnitude is observed shifts to higher frequencies. The
decrease of the peak S;; magnitude with the distance is
expected and it is explained with the reduced
encasement of the waves inside the filter as the vias
move away from the microstrip lines. In addition, shift
of the frequency at which the peak S.,; magnitude is
achieved with the via distance is similar to the shift of
the frequency with the via number observed before in
the analysis. Guidance of the waves becomes stronger
with both increase of the via number and decrease of the
via distances to the microstrip lines. Therefore, the
frequency at which the maximum S,; parameter value is
reached shifts to lower frequencies as the via number
increases or distances between the vias and the
microstrip lines decrease. In the figure, it is also seen
that the -3 dB cut-off frequencies of the band shift to
lower frequencies as the vias get closer to the microstrip
lines. Moreover, the -3 dB bandwidth of the filter has a
decreasing trend as the distance between the vias and
the microstrip lines become larger. The -3 dB
bandwidth of the filter is found to be 233 MHz, 241
MHz, 207 MHz, and 195 MHz for the separation

between the vias and the microstrip lines equals to 0.3

mm, 0.4 mm, 0.7 mm, and 1.0 mm, respectively. As®
Table 2, the maximum Sz parameter values an
corresponding frequencies together with the S3ad

bandwidths found for the filters with various dfstanc
between the vias and the microstrip lines are @iven in
Table 3.
4. MEASUREMENTS and SYS

EXPERIMENTS
To verify the results obtai ations, the

transmission
e manufactured
and with a total
nd the microstrip lines
ithout any additional via
me geometry as the initially
ilter. As seen in Fig. 9(a), there

number of 60 a
are shown in

filled with a to make a connection to the bottom
ground plate. Stmilarly, the second filter, whose photo
is shown in Fig. 9(b), was manufactured to have the
geometry same with the filter simulated before. As seen
in the figure, there are 60 additional vias placed around
the microstrip lines. These vias have a cylindrical
geometry with a circular cross section having a diameter
of 1.4 mm approximately. As in the shorting vias exist
at the end of the stubs, the additional vias were also
filled with solder and they are in contact with the
bottom ground plate.

Table 3. Results of the designed filters with different
distances between the vias and the microstrip lines

Via- line | Maximum Sz Maximum -3dB
distance magnitude Sa1 Bandwidt
(mm) value Frequency h (MHz)
(dB) (GH2z)
0.1 -2.452 1.876 233
0.2 -2.498 1.904 237
0.3 -2.585 1.908 245
0.4 -2.622 1.925 241
0.5 -2.686 1.936 226
0.6 -2.694 1.944 219
0.7 -2.783 1.952 207
0.8 -2.790 1.961 203
0.9 -2.798 1.964 201
1.0 -2.822 1.975 195

Figure 9. The manufactured filters (a) without any additional
via and (b) with 60 additional vias placed around the
microstrip lines, where the distance between the centers of the
added vias and the copper lines is 1.0 mm

With a network analyzer, S,; parameters of the filters
were measured. For comparison purpose, in Fig. 10
measured Sy parameter magnitude changes over the
frequency band between 100 MHz and 5 GHz are
represented together with the simulation results. As in
the above figures, here in the inset changes of the Sx
parameter magnitude focused over the frequency band
between 1.7 GHz and 2.3 GHz are plotted.
—w/0 vias (mcas) (a) 7 :7"""
60 vias (meas)

w/o vias (sim) ~
- 60 vias (blm) (b)

[}
(=]

IS21 (dB)

f/'/

IS
S
‘\~,

r'J o & b

1.9 2.1 23

é 3 4 5
Frequency (GHz)

-
S
o

Figure 10. S21 parameter magnitude changes of the designed
filters obtained in measurements and calculated in simulations
over the frequency band between (a) 100 MHz and 5 GHz, (b)
1.7 GHz and 2.3 GHz



In the figure it is seen that the measurement and
simulation results agree well. The small differences are
due to manufacturing and simulation errors. On the
other hand, it is also observed from the measurement
results that the peak S» parameter magnitude value
inside the pass band of the filter is higher in the case of
with additional vias then that reached in the filter design
without any additional via. This observation is expected
and it is the same with that seen in the simulations.
Here, thanks to the additional vias placed around the
microstrip lines the maximum Sy magnitude achieved
in the pass band of the filter increases by 0.4 dB in
measurements.

Following the fabrication and measurements of the filter
response with the network analyzer, system experiments
were performed. To this end, a receiver system setup
operating at 1.93 GHz in 2G frequency band was
constructed. In the system, an omnidirectional
monopole antenna is used and the signal received by the
antenna is first amplified with an amplifier and then
filtered out with the designed filters. To model a GSM
signal in the transmitter side another monopole antenna
that is exactly the same with the antenna used in the
receiver side is connected to the output of a waveform
signal generator. During the experiments a sinusoidal
signal at 1.93 GHz was generated from the signal
generator and radiated from the transmitter anten

ol
These signals were received by the receiver anten

and after amplification and filtering the signals wer
recorded by means of a spectrum analyzep™
constructed system setup is shown in Fig. 11.
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antenna
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were repeated with both of the
manufactured filters, i.e., the filter without any
additional via and the filter with 60 vias around the
microstrip lines, one by one.

The received signals recorded by the spectrum analyzer
are shown in Fig. 12. As expected, the signal level at
1.93 GHz frequency is high when the filter with
additional vias is used instead of the filter without any
additional via. In other words, the loss in the pass band
of the filter is decreased, which enables high signal
quality, in a system with the designed filter having
additional vias around the microstrip lines.

-60

—w/0 vias

- —w/ 60 vias
& -80
E
2

-100
2 1.933

-120

1.5 2 2:5

Frequency (GHz)

Figure 12. Signals received by the constructed system and
recorded by the spectrum analyzer. (a) Over the frequency
band between 1.5 GHz and 2.5 GHz, (b) focused view of the
signals at 1.93 GHz

In addition, in the figure j
unwanted signals outs
suppressed more when
used. This also incr

re than 4 dB, i.e., from -
, (see Fig. (12b)) and the

characteristics of the designed and
d bandpass filter are compared with those

opergting at and around 1.93 GHz available in literature.
€ results are given in Table 4.

It is seen from the table that the FBW of the designed
filter is higher than that of the literature studies. In
addition, minimum insertion loss of our filter is a bit
lower than those reported in [60-63] but still
comparable. Also, the same is true for the filter sizes.
These are drawbacks of the filter that we designed and
mainly due to the used substrate material. Except the
filter specified in [61] and our work, in the other filters
materials other than low cost FR4 dielectric are used. In
[62] the substrate material is not defined but in [60] and
[63] Rodgers and CER-10 Teflon materials, which are
more expensive with respect to FR4, are used. The low
cost is one of the advantages of our designed filter.
Moreover, it is seen that the minimum insertion loss of
our designed filter is approximately 4 dB higher than
that of the filter given in [61]. This is another advantage
of the proposed filter. As explained above, with the
designed  structure electromagnetic ~waves are
encapsulated more while they are propagating inside the
filter, which decreases losses. Furthermore, the
suppression level of the designed filter is very similar to
those given in [62] and [63].



Table 4. Comparisons of the microstrip bandpass filters

‘~’ sign represents that the values are approximate obtained from given figures in th

fe Pass-band Min IL Stop-band Package Size Substrate
(GHz) 3dB FBW (dB) suppression level (mmxmm) material and
(%) cost
[60] 2 5.9 -2.85 Not defined for 10 dB 45.4x35.6 Rodgers — high
(but >27 dB up to cost
2.88 f¢)
[61] 1.8 5.6 -6.983 Not defined 21.0x102.2 FR4 — low cost
[62] 1.8 8.33 ~-2.5 >10 dB below ~0.92 ~27.0x22.0 Not defined
fc and above =1.06 f;
[63] 1.655 2 -2.49 >10 dB below ~0.89 ~45.0x.57.0 CER-10 Teflon
fc and above =1.14 f; — high cost
Our 1.93 10.36 -3 >10 dB below 0.92 fc 25.0x100.0 FR4 — low cost
work and above 1.14 f.

*f., FBW, and IL stand for pass band center frequency, fractional bandwidth, and ing®rti mcxely. Also,
apersyete

5. CONCLUSION

In this study, an improved performance microstrip filter
with a pass band around the GSM frequency of 1.93
GHz is constructed. The designed filter consists of 5
microstrip stubs ended with vias shorted to the ground
and 6 other microstrip lines that are between the stubs
and at the input and the output. Initially, the filter was
designed and modeled without any vias except
shorting vias at the end of the stubs by means of ag
electromagnetic solver and after that additional vial
were added around the strip lines to increase t er,
performance. The simulations were performed fivith
designed filter for different number of vias aro@d the
lines. It is observed that the maximu 21 Ma

value reached in the pass band increa with the
number of vias, whereas the fre

simulations the maximum
designed filter achieved i
to be -3.026 dB at 1.99

2910dB at1.983 G
dB at 1.943 GHz at 1.936 GHz, for the
¥é and with 12, 24, 36, 48,
ggpectively. In addition, from
g _seen that the -3 dB cut-off
{ter shift to lower frequencies while
the -3 dB b expands as more vias are placed

around the line

After filter analysis with different numbers of additional
vias around the lines, simulations were obtained for the
designed filter with vias around the lines located at
different distances away from the lines. For the filter
with 60 additional vias around the microstrip lines
simulations were repeated with distances varying from
0.1 mm till 1.0 mm. Results show that the peak Sz
magnitude value reached in the pass band of the filter
gets lower while the frequency at which the maximum
S»1 magnitude is obtained shifts to higher frequencies as
the distance between the vias and the microstrip lines
increases. This behavior is the same with what was

ser to the microstrip lines
more in the filter. In the

e microstrip lines. In addition, the -3
Wieitpof the filter has a decreasing trend with
ase of the distance between the vias and the

the designed filters without any additional vias
and with 60 additional vias around the lines having 1.0
mm distance were manufactured and their Sx
parameters were measured. Both the simulation and
measurement results are in good agreement. In addition,
a simple receiver system setup operating at 1.93 GHz
GSM frequency band was constructed. Experiments
were performed with the constructed system for the
manufactured filters one by one and the received signals
in each case were recorded by using a spectrum
analyzer. The signal level at 1.93 GHz frequency is
observed to be higher for the system in which the
designed filter with 60 vias is used than for the system
in which the filter without any additional via is used. In
addition, in the experiments it was measured that the
unwanted signals outside the 1.93 GHz band are
suppressed more when the filter with additional vias is
used instead of the filter without any additional via.
These results demonstrate that signal-to-noise ratio
(SNR) of the signal received by the constructed system
is increased more with the designed filter having
additional vias around the microstrip lines.

Comparisons of the designed filter with narrow band
microstrip band pass filters operating at and around 1.93
GHz available in literature show that the designed filter
has bandwidth, minimum insertion and stop band
suppression level values comparable with those of the
filters reported in literature despite it is made of a low
cost FR4 dielectric substrate material. The designed
filter has 1.93 GHz pass band center frequency (f),



10.36% pass band 3 dB FBW, -3 dB minimum insertion
loss in the pass band, and stop band suppression level of
bigger than 10 dB at frequencies below 0.89 f; and
above 1.14 f.. The filter is made of low cost FR4
dielectric substrate material and it has 25x100 mm? total
package size. The features of the designed filter
including its size, FBW and suppression level can be
enhanced further but it is important to note that the
insertion loss of the filter is approximately 4 dB higher
than that of another filter reported in literature, which is
made of the same FR4 dielectric material. In future
studies, a part of the filter can be bent or rotated to
create a more compact geometry.

We believe that the proposed filter architecture inspired
by SIW structure is beneficial for applications in which
low loss in the pass band and high suppression in the
outside bands, in other words high signal-to-noise ratio,
are required such as 2G, 3G, 4G, 5G GSM
communication systems, radar receiver systems, space
communication systems, etc.
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