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ABSTRACT: The necessity of creating channels by utilizing narrow-bands in high frequency regions is a
matter of concern for the next generation-oriented wireless communication systems. A microstrip bandpass
filter for narrow-band applications has been proposed in this article. Two coupled line filters with tapered
line resonators are loaded at the mid-points of two identical pairs of radial stubs. The scalable length of
microstrip lines to extend the radial stubs provides over 536 MHz shift of the resonant frequency with a
narrow-band at each perturbing step. The proposed filter has been designed on Taconic TLX-8 substrate with
0.5 mm thickness and its filtering parts occupy a nominal area of 131.09 mm? without feedlines. The
fabricated filter exhibits nearly a 50 MHz pass-band at 6.428 GHz center frequency according to the
measurement. Steep response of this filter entirely attenuates the out-band signal which enables it to be
suitable for narrow-band applications in the higher frequency regions of C-band and ultra-wideband.
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1. INTRODUCTION

Modern  radio  frequency (RF) based
communication systems require bandpass filter
(BPF) for narrow-band applications to avoid signal
interference and provide specified channel [1]. In
fact, designing BPFs with narrow bandwidth to
create multi-channels is an unavoidable demand in
RF filter development. Therefore, research on
narrow pass-band by completely rejecting the out-
band signals within a certain frequency range is
rapidly increasing nowadays for different
commercial, security and mobile applications.
However, channel occupancy in ISM bands and
WLAN applications according to IEEE 802.11
standards urges to utilize other bands for future
purposes [2], [3]. In terms of the definitions given
by FCC and IEEE, the rapid growth of radio
frequency identification and item tracking systems
inspire the RF researchers to use the higher
frequency regions (above 6 GHz) in ultra-
wideband (3.1 GHz to 10.6 GHz) and C-band (4
GHz to 8 GHz) [4].

In recent, researchers have proposed many
techniques of designing the microstrip BPF for
narrow-band applications. Microstrip  passive
resonators of different shapes and orientations are
mostly incorporated with these techniques. Since
microstrip passive resonators are further utilized in
monolithic microwave integrated circuits (MMIC)
nowadays, shape and orientation of the passive
resonators are significant to reduce the electro-
magnetic interference with other circuit elements
in proximity [5]. Therefore, attention should be
given by the designers to the compactness and
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symmetry of resonators. To achieve the
compactness of microstrip BPF, folding technique
is utilized by [6], where capacitive gap and via
ground holes are realized by a hairpin-line BPF.
For further compactness, a thick substrate with
high dielectric permittivity is used which reduces
the width of microstrip lines. Unfortunately, high
dielectric permittivity results in additional losses
and thick substrate reduces the electric coupling of
the capacitive gaps [7]. Again, it is a challenge to
realize the microstrip narrow BPF  with
simultaneously achieving a wideband rejection.
Although defected ground structure (DGS) rejects
signal over a wideband, open portions of the
ground plane cause unwanted radiation which is a
major drawback of DGS [8]. Meanwhile, radial
stubs are loaded with microstrip narrow BPF
because they have inherent wide-stopband
properties [9]. A bell-shaped microstrip BPF with
radial stubs is recently proposed in [3], where
coupled line resonators are employed with folding
and metered bending techniques. However,
insertion loss of the proposed BPF in [3] is high
and the passhand is not compatible for creating a
channel bandwidth.

To deal with these problems, two microstrip
coupled line resonators are loaded with two
identically designed radial stubs. Tapered
transmission lines are employed as the connecting
parts between coupled line ends and radial stubs.
As a thin substrate of 0.5 mm thickness with low
dielectric permittivity of 2.55, Taconic TLX-8 is
utilized in this design which offers a compact
filtering area of 131.09 mm? The designed BPF
works at 6.428 GHz with a small fractional
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bandwidth of 0.467% in terms of 10-dB
attenuation. This allows the BPF to operate with
nearly a 50 MHz passband by the entire rejection
of out-band signals which is suitable for creating
channels in C-band and UWB applications. The
proposed BPF is scalable over a 536 MHz band of
frequency simply by adjusting the length of
microstrip lines through which the radial stubs are
fed. Upcoming sections of this article present the
constructional features of the proposed filter and
analytical discussion of its results.

2. FILTER DESIGN AND SYNTHESIS

Characteristic impedance of each resonating
part is the fundamental constituent of filter design.
In case of a substrate with specified dielectric
permittivity and height, the characteristic
impedance (Z,) of each passive resonator is found
from the width of microstrip line and height of the
substrate with effective dielectric constant of €,.
This is well-explained in [10] by using the
following expressions,
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where, w denotes the width of a microstrip line,
and d is the substrate height with dielectric
permittivity of .. When w/d < 1, characteristic
impedance is found by using Eq. (2). Likewise, Eq.
(3) is utilized to determine the characteristic
impedance in case of w/d > 1. Therefore, prior to
design the filter, Taconic TLX-8 is selected as the
substrate  material. ~ This  substrate  has
comparatively thinner dielectric height (0.5 mm)
and lower relative dielectric  permittivity
(& = 2.55) than other conventional substrates.
Both the ground plane and microstrip lines have
copper as perfect electric conductor (PEC) with
0.035 mm thickness. Consequently, low dielectric
loss of the filtering parts and high electric coupling
between the microstrip coupled lines are primarily
ensured. The proposed filter is designed at a center
frequency of 6.48 GHz. The schematic layout in
Fig.1(a) illustrates the overall construction of the
proposed BPF. In fact, the filtering parts of the
BPF are supported by two microstrip feedlines at
both ends which provide fine matching with the
connecting ports. These feedlines are simply
constructed by 1/4 microstrip transmission lines.
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Fig.1 Proposed BPF construction (a) schematic
layout with feedlines (b) dimensional presentation
of the filtering parts (c) tapered line, radial stub
and scalable microstrip line

On the other hand, the filtering parts, which are
the core section of proposed BPF, symmetrically
consist of two microstrip lines, coupled line
resonators, tapered lines and identical pairs of
radial stubs. Symmetry is provided by the
connecting line between the two identical pairs of
radial stubs. The dimensional presentation of the
filtering parts is given in Fig.1(b), where the
scalable length of the microstrip lines is denoted as
l;. Width of these microstrip lines is same as the
width of the radial stubs. This is well-illustrated in
Fig.1(c) for better understanding. Furthermore, the
low impedance sides (w;) of the tapered line
resonators are constructed with the same width of
coupled line resonators, while the high impedance
sides are connected to the mid-points of the
scalable length (I;) of microstrip lines to feed the
pairs of radial stubs.

An equivalent circuit model is constructed in
Fig.2 where each microstrip line is replaced with
their corresponding characteristic impedance and
electrical length. For the coupled line resonators,
the gap-coupled capacitances are presented by
their lumped equivalent models as Cg; and Cg,
respectively. By this manner, electric coupling co-
efficient is also replaced for both coupled line
resonators. On the other hand, tapered microstrip
lines and radial stubs are replaced by lumped
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elements without loss components to provide
simplicity in the equivalent model of proposed
filter.
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Fig.2 Lossless equivalent circuit model of the
proposed filter

Unlike microstrip radial stub with small radius,
the equivalent series and parallel LC-tanks of the
microstrip radial stub with small angle but large
radius are significant in filter analysis [11]. In
addition, tapered microstrip line with significant
length behaves like radial stubs with small angles.
Therefore, all the microstrip tapered lines and
radials stubs are presented by their equivalent
lossless lumped elements.

In order to synthesize a mathematical model
for the proposed filter, the equivalent circuit in
Fig.2 is constructed with symmetry. Two identical
structures are joined by a uniform microstrip line
(Z, 6,) at the middle of the filtering parts. For
better representation, the filtering parts are labeled
with numbers according to their orientation order
and shape. However, for simplification, both the
symmetrical and identical properties are equalized
suchasZ,=2,= 2,0, =0,=0,Ly5y =Lysy =
Lys, Cep1 = Crpp = Cipy Cg1 = C4p = C4 and so on.
In regards with the relationship between
propagation constant and physical length of
microstrip lines [1], the electrical length 6, of
scalable stubs perturbs the resonant frequency by
the following equation.

6, = —L¢
s nsfr\/e_e

(4)

In Eqg. (4), ng is presented as the scaling factor of
proposed BPF which is related to the resonant
frequency (f;-), propagation constant (8) and the
speed of light (c) in comparison with a medium of
effective dielectric constant €,. However, the most
significant part of filter synthesis is to find out its
total input characteristic impedance. In order to
calculate the total input impedance (Z;,) of the
proposed narrow BPF, a mathematical model is
derived from the proposed lossless equivalent
circuit of the filter in terms of individual filtering
parts which is simplified in Eqg. (5) on the next

page.
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In terms of Fig.1(b), dimensions of the filtering
parts are given in table 1. In the beginning of the
design, the lengths (I, and [.,), widths (w5 and
w,) and capacitive gaps (s; and s,) between the
two sets of coupled line resonators are similarly
constructed. Likewise, lengths ([, and [,) and
widths (w; and w,) of the two connecting stubs at
both ends are initially kept similar. However, in
order to obtain the desired response of the entire
BPF, these dimensions are optimized with minor
changes in values. It is noteworthy that radial stubs
mostly provide wide stop-band properties in filter
design. However, two identical pairs of radial
stubs with a small variation between their angles
can contribute narrow-band characteristic in pass-
band. Therefore, both identical pairs of radial stubs
have the similar dimension apart from the slight
difference between their radial angles.

Table 1 Dimensions of filtering parts

Part Value Part Value Part Value
(mm) (mm) (mm)
(degree)
L 4.46 wy 0.68 L, 1.00
L, 4.38 wy 0.67 W, 0.80
lq 4.18 ws 0.68 L4 2.44
l, 3.95 Wy 0.70 P14 30.55
s1 0.40 S5 0.40 L, 2.40
L. 2.50 W 0.80 @, 27.70
w; 0.40 Wy 0.68 L, 0.80

According to dimensions given the in table 1, a
prototype of the proposed BPF is fabricated on
Taconic TLX-8 substrate by the conventional
etching process. Fig.3 shows the fabricated
prototype of the designed filter. SMA connectors
are attached with the two feedlines and ground
plane by using the soldering iron for further
measurement purposes.

Fig.3 Photograph of fabricated band-pass filter

Note that any dimension below 0.3 mm is
cumbersome to fabricate by conventional etching
process. Therefore, while designing the band-pass
filter, all the dimensions are selected above 0.3 mm
to avoid fabrication errors. Nevertheless, due to the
limitations of conventional etching process, any
deviation below 0.1 mm from the original
dimension is considered as fabrication tolerance.
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3. RESULTS AND DISCUSSION

In terms of design method and optimized
dimensions described in the earlier section, the
proposed BPF is designed by using Advanced
Design System (ADS) simulating software. The
layout is generated, and ADS electromagnetic
(EM) Momentum simulation is performed on the
designed filter. The simulated results which are
depicted in Fig.4(a) show that the designed BPF
provides nearly a 50 MHz narrow pass-band at
6.48 GHz resonant frequency.
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Fig.4 Simulated results and effects of extending [
(a) simulated S,, and S,, parameters (b) extension
of I, (c) effects of extending L

The return loss is found below —17.95 dB,
whereas the insertion loss is better than —1.68 dB.
Because the filter exhibits a steep and maximally
flat Butterworth response, instead of 3-dB
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insertion loss, the filter has a small fractional
bandwidth (FBW) of 0.467% in terms of 10-dB
return loss. It is remarkable to observe that the
filter completely rejects the out-band signals in C-
band region. Since the scaling dimension
determines the frequency perturbation range [12],
the scalable length () of the microstrip lines to
feed the pairs of radial stubs is extended as
illustrated in Fig.4(b) from I, = 0.8 mm to [ =
3.2 mm to obtain the desired shifts of frequency.
According to the scaling effects, the resonant
frequency is perturbed from 6.48 GHz to 5.944
GHz. It is remarkable to find that the bandwidth of
designed filter is rather narrowed to nearly 40
MHz but in cost of 0.2 dB insertion loss during the
perturbation. The perturbation is selected in such a
manner so that the resonant frequency does not
remain in occupied channels like intelligent
transportation systems (ITS) band [2], [3].
However, the scalable length (l;) of microstrip
lines can further be extended to obtain resonant
frequency for creating channels in WLAN
applications. In that case, insertion loss can be
increased, and entire rejection of out-band signal
can be disturbed. Therefore, in terms of simulated
results, it is advisable to perturb the scalable
microstrip length (I5) not more than 4 mm.

As described earlier, the proposed filter with
I, =0.8mm is fabricated on Taconic TLX-8
substrate through conventional etching process.
Later, the fabricated filter is validated by
measurements. Agilent N5230A PNA-L Network
Analyzer is used to measure the frequency
response of prototype narrow BPF. The measured
results are shown in Fig.5(a) and Fig.5(b) which
are taken from the display monitor of Agilent
N5230A PNA-L Network Analyzer. According to
the measured results of the prototype BPF,
resonant frequency is found at 6.428 GHz. Since
coupled line resonators and radial stubs are quite
sensitive  with  their dimensions, measured
frequency slightly (52 MHz) shifts from the design
frequency due to the manufacturing tolerance in
conventional etching process and soldering errors
in SMA connectors. Observing from the display
monitor of network analyzer, it is found that the
fabricated filter completely rejects the out-band
signal with a small fractional bandwidth (in terms
of 10-dB attenuation). Although some ripples are
visible in the measured results, these appear due to
the aforementioned reasons. Nevertheless, the



International Journal of GEOMATE, Dec., 2017, Vol. 13, Issue 40, pp. 183-188

return loss is found as — 13.236 dB which is
decently below the —10 dB cut-off region. On the
other hand, insertion loss is measured as —4.38 dB
which is well-enough for the signal at transmitting
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Fig.5 Measured results of prototype BPF by
Agilent N5230A PNA-L Network Analyzer (a)
return loss (b) insertion loss (c) comparison
between results from simulation and measurement

Measurement results infer that the developed
filter provides a nearly 50 MHz pass-band. This
can be observed in terms of 10-dB attenuation
since the frequency response is sharp and the
return loss surpasses the relative 3-dB insertion

187

loss by leaving a narrow-band to transmit the
signal. In turn, such narrow-band characteristic is
suitable for creating channels in the high frequency
regions of C-band and UWB.

Measured results are further compared with the
simulated results as illustrated in Fig.5(c). It is
seen from the comparison that there has been a
good agreement between the measured and
simulated results. The slight deviation can be
overcome by fabricating the filter through
industrial process. Furthermore, in terms of
physical dimensions, the proposed filter has
identical, compact and symmetrical structure.
Since microstrip passive filters and resonators are
often implemented by MMIC technology, identical
and symmetrical shape of this BPF can reduce the
electromagnetic interference with nearby circuitry.
Also, wide stop-band characteristic of this filter is
suitable for single frequency oscillator and mixer
applications. In addition, the developed narrow
BPF occupies a compact area of 131.09 mm?2. In
terms of resonant frequency ( f.), mostly of
bandwidth (BW) and filtering area, assessment of
the proposed filter by comparing with recent works
for narrow-band applications is provided in Table
2 along with the performance parameters like
insertion loss, return loss.

Table 2 Filter assessment

Work fr BW S71 S11 Area
(GHz) (MHz) (dB) (dB) (mm?)
[3] 5.75 460 =747 -19.31 400
[6] 3.00 74 -1.28 -27.36 2184
[12] 2.30 120 -2.35 -25.00 8281
This 6.428 50 -4.38 -13.24 131.09
work

4. CONCLUSION

A microstrip bandpass filter is designed at
6.428 GHz resonant frequency by loading the pairs
of radial stub with coupled line resonators via
tapered transmission lines. Mathematical and
physical synthesis of the filter are presented in this
article. The designed filter allows signals for a
suitable narrow-bandwidth of 50 MHz and rejects
signals for all the other frequencies in C-band and
UWB regions. Scalability of only one physical
parameter offers the filter to be utilized for
creating unoccupied channels with less than 50
MHz bandwidth over a 536 MHz perturbation
range in C-band and UWB regions. This compact
and thin bandpass filter is expected to be a well-
competent with the growing demand of futuristic
narrow-band applications in wireless
communication.
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