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Abstract: - The recent development in wireless communication demands the wireless devices to operate
between multiple communication bands. The most important RF module which is supporting the
communication band separation between wireless devices is a Filter. The design challenges of any filter circuits
are performance, cost and size. In this paper an open circuited stub based method is selected to realize a
multiband band pass filter for GSM (1.8 GHZ), UMTS (2.1 GHz), ISM (2.4 GHz), WiMax (3.5 GHz) and LTE
Band 3 (1.8 GHz) applications. The concept of defected ground structure is also applied to improve the
performance of the filter. The simulated and measured parameters of the proposed filter are presented.
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1 Introduction

Band Pass Filters (BPF) are used primarily in
wireless transmitters and receivers. The main
function of such filters in the receiver is to reduce
image response. This removes any signals at the
image frequency, which would otherwise interfere
with the desired signal. It also prevents strong out-
of-band signals from saturating the input stages.
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Fig.1 Receiver Front End

The filter performance can be analysed using return
loss and insertion loss parameters. When the load
and transmission line are mismatched, not all of the
available power from the generator is delivered to
the load. Instead certain amount of power is
returned back to the source side. The amount of
power which is reflected towards source side is
quantified in terms of the parameter called as return
loss (RL). It is defined as the ratio of reflected
power to input power and is expressed in decibel

(dB). Return loss, RL = —20|0g|F|dB, where T is
the reflection coefficient. Insertion Loss (IL) is the
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loss of signal power resulting from the insertion of a
device in a transmission line or optical fiber and is
expressed in decibel (dB). It is defined as the ratio
of transmitted power to incident power. Insertion

loss, IL = —20log|T|,WhereT is the transmission
coefficient.

Band pass filters can be realized using the open or
short circuited stubs attached to J - inverter
(transmission line inverter) [1]. The concepts of
Defected Ground Structure (DGS) and Defected
Microstrip Structure (DMS) also exist [2-4]. These
techniques are widely used to improve the stop band
characteristics and the out-of-band performance.
Dual band filters can be designed easily using
stepped-impedance resonators (SIRs) and the
spurious responses of the filters can be controlled by
adjusting the impedance ratios and electrical
lengths. The use of coupling structures provides
greater flexibility to adjust the resonant frequency
[4]. One of the design challenges in filter is the
compactness while achieving multiple pass bands
[5, 6]. The Band pass filter designed with Stepped
Impedance Resonator (SIR) and Defected Ground
Structure (DGS) achieves improved stop band
rejection [7, 8]. Band pass filter with multiple bands
has been designed using the concepts of SIR and
DGS [9, 10]. The concept of DGS also helps in
achieving enhanced performance of the filter with
compact filter structure [11]. DGS having different
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slot heads has been designed and compared. Among
all the structures, it is concluded that H-DGS has the
lowest occupying etched area [12]. To improve the
selectivity of the filter, parallel coupled line
structures are used [13]. The concept of DGS is also
used to achieve wide band filters [14, 15]. The Band
pass filter can be designed using short-circuited
stubs. The disadvantage of using shortened stubs is
the presence of via holes which degrade the signal
integrity with ground [16, 17].

The work in this paper, focuses on designing a band
pass filter with center frequency of 2 GHz and
fractional bandwidth as 50%, as it covers most of
the frequency bands of wireless standards such as
Global System for Mobile Communication (GSM —
1.8 GHz), Universal Mobile Telecommunication
system (UMTS — 2.1 GHz) and certain Long Term
Evolution (LTE) channels (1,3, 40, 41 with
frequencies 2.1, 1.8, 2.3 and 2.5 GHz respectively).
The concept of DGS is implemented to get better
stop band performance. The simulation of the
designed filter is being done using Advanced
Design System 2016.01 and the fabricated filter has
been tested using Vector Network Analyzer
N9915A.

The rest of the paper is organized as follows:
Section 2 deals with designing the multi-band BPF.
Section 3 explains the proposed design using DGS
concept. The simulation and measurement results
are discussed in Section 4 and finally Section 5
concludes the work.

2 Design of the Multi-band BPF

In general, the design specifications of the filter
include the center frequency, fractional bandwidth
and pass band ripple. In this paper, the filter is
designed for center frequency of 2 GHz with
fractional bandwidth of 50 %. The allowable pass
band ripple is 0.1 dB. The designed filter design is
carried out using 5" order Chebyshev polynomial
coefficients. The substrate is chosen as RT duroid
6010 with high dielectric constant of 10.2 and
having small thickness of 0.635 mm, which leads to
the reduction of filter size.  The normalized
coefficients of the 5" order prototype filter are given

asg, =0, =1,0, =g, =1.1468,
g,=9,=13712,9, =1.975.
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The Band pass filters are usually designed using
quarter wavelength resonators [18, 19]. In this
paper, the multi-band BPF is mainly designed using
half-wavelength  open circuited stubs. This
eliminates the use of via holes in case of short
circuited stubs.

The structure of the proposed open circuited stub
based band pass filter is shown in Fig.2.

331
Feedline series stub?

882 883 554 Feedline

open
stub1

051 052 083 054 055

Fig.2 Structure of the open circuited stub Band pass'
filter

The proposed filter structure has five open circuited
stubs indicating that the order of the filter is 5. The
feed lines of the filter are designed for the
characteristic impedance of 50 QQ and dimensions of
the series stubs are calculated using the admittance
values as given in Table 1. The reciprocal of the
admittance gives the impedance values, with which
the width and length of the series stubs are
calculated.

The design equations for open circuited stubs are
found using the characteristic admittance of the
transmission line.

B Yi(ai tan® 9—1)
" (a, +1)tan* 0

D)

where, «a, =cot?| =2 |and f, is the assigned
2f,
transmission zero at the lower edge of pass band.

The width and length values for the series stubs and
open circuited stubs are calculated with the help of
the admittance values [20]. For the substrate with
dielectric constant of 10.2 and transmission line

characteristic line impedance of 50 ohm,% <2,

= )
where,
Ao 27, | e, -1 L[ & -1 0.3+ 0.11 3)
Z, 2 g +1 &,
W is the width of the microstrip line, his the height
of the substrate and Z, =377Q.
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The length of the microstrip line is calculated using
the equations,

2
Electrical length, ¢ = Al = /I—ﬁl 4)
g
Guided wavelength, 4, = —— (5)
geff
Effective dielectric constant,
-05
e+l ¢ -1 12h
Ee = + 1+ 6
eff 2 2 W ( )
where, f is the operating frequency, ¢, is the

dielectric constant of the substrate, ¢ = %When I is

of quarter wavelength and ¢ = 7 when | is of half
wavelength.

Table 1 Dimensions of the Series stubs

Transmissi- | Admittance | Width of | Length of
-on line of the the series | the series
series stub | stub (mm) | stub (mm)
(mho)
SS1 0.02587 0.9694 14.0495
SS2 0.02787 1.0998 13.9712
SS3 0.02787 1.0998 13.9712
SS4 0.02587 0.9694 14.0495
Feed line 0.02 0.5957 14.3373

Table 2 Dimensions of the Open circuited stubs

Position of | Admittance | Width of | Length of
the stub of the stub the stub the stub
(mho) (mm) (mm)
0Os1 0.0146 0.2815 14.7194
0S2 0.0287 1.1565 13.9397
0S3 0.0283 1.1258 13.9566
0S4 0.0287 1.1565 13.9397
0S5 0.0146 0.2815 14.7194

The dimensions of the series and open circuited
stubs are calculated using the operating frequency,
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impedance values, dielectric constant and height of
the substrate. The calculated values of series stubs
and open circuited stubs are indicated in Table 1 and
Table 2. The simulation is done using Advanced
Design System 2016.01 and the layout of the band
pass filter is shown in Fig.3.

Fig.3 Layout of the Multi-band BPF design using
open circuited stubs

In Fig.3, the five open circuited stubs corresponds to
the 5™ order filter which results in multi-band filter
response. The simulated response of the filter is
shown in Fig.4.
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Fig.4 Simulated response of the Multi-band BPF

From the response, it is observed that at the center
frequency of 2 GHz, the obtained return loss is 36
dB and the pass band range is obtained as 1.466
GHz - 2.55 GHz with a bandwidth of 1.08 GHz.
The second band produces a bandwidth of 370
MHz (3.37 - 3.74 GHz) with return loss and
insertion loss values as 30 dB and 0.4 dB. The filter
also resonates to produce third pass band is
centered at 3.5 GHz having return loss of 30 dB and
insertion loss of 0.3 dB with a bandwidth of 590
MHz (3.78 — 4.37 GHz).

3 Proposed Filter Design

In the proposed filter design, the concept of DGS is
implemented. The concept of DGS is originated
from photonic band gap structures (PBG) in the
optical field. The DGS is realized by etching simple
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shapes in the ground plane of microstrip line. The
etched pattern disturbs the current path in the
ground plane which changes the performance of
microstrip line. The DGS has two main
characteristics: one is slow wave effect and the other
is band stop characteristics.

A DGS cell is equivalent to an LC resonant circuit
[21]. The classic microwave low pass filter (LPF) is
implemented either by all shunt stubs or by series
connected high-low (Hi-Lo) stepped impedance
microstrip line sections. However, these designs
suffer from few limitations such as the fabrication
difficulties associated with the high impedance lines
and the appearance of spurious bands. In order to
overcome these limitations, a method has been
proposed, which uses both DGS resonators and a
compensated microstrip line to design the desired
LPF.

The slot in the ground plane acts as a parallel
resonant circuit; it can be modelled by an LC
resonant circuit. The values of L, Cand R can be
computed using,

Y_1+j27z(fC—1j ()
R 4nfL
1 5\05
‘512‘ :{1"‘(220)2(—(0(:} J (8)
ol
At resonance frequency, the relationship
between LC and wq are defined as follows:
-1 )
w, C
Using equation (9),
L= 222 [a)oz —a)CZJ
@, @,
(10)
(11)

where, w.is the cut-off frequency (radians) and wis
the attenuation pole frequency (radians).

In the design, four rectangular slots are etched in the
ground plane. The ground plane is left undisturbed
in the place of the stubs, so that there is no radiation
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from the ground plane. The DGS helps to attain the
better stop band characteristics.

Fig.5 Layout of the proposed filter design with DGS

Fig.5 shows the defected ground structure based
Multi-band BPF and its response is shown in Fig.6.
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Fig.6 Simulated response of DGS based filter

From the response, it is observed at center
frequency of 2 GHz, the return loss is near to 45 dB
and the pass band range is 1.48 GHz — 2.55 GHz
(i.e.) bandwidth of 1.07 GHz. The successive bands
are due to the presence of open stubs, and the next
band is centered at 3.5 GHz, having return loss of 27
dB and insertion loss of 0.5 dB. The bandwidth of
the second band is 350 MHz (3.35 GHz - 3.7 GHz).
The second transmission zero is at 3 GHz. The third
band is at 4 GHz with return loss of 28 dB, insertion
loss of 0.3 dB and bandwidth of 560 MHz (3.79
GHz - 4.35 GHz). The fourth band is obtained at
456 GHz with the return loss of 28 dB, insertion
loss of 0.5 dB and the bandwidth of 350 MHz (4.38
GHz - 4.73 GHz).

4 Experimental results

The designed Multi-band BPF with DGS is
fabricated using the RT Duroid 6010 substrate of
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thickness 0.635 mm. The snapshots of the fabricated
design are shown in Fig.7 and Fig.8.

Fig.7 Top view of the designed filter

Fig.7 shows the top view of the fabricated 5™ order
band pass filter with five open circuited stubs
connected across horizontal series stubs. The bottom
surface of the design has finite ground in which
copper layer has been deposited to act as ground.

Fig.8 Bottom view of the designed filter

The designed band pass filter is tested using the
Vector Network Analyser N9915A. Fig.9 shows the
experimental setup for testing the filter.

Fig.9 Experimental setup for testing the filter

The frequency response of the filter has been
observed in the frequency range of 1 GHz-6 GHz.

The plot of s, in dB with respect to frequency is
used to obtain the behaviour of the filter for the
entire frequency range. The plot of s,, in dB with
respect to frequency is used to determine the
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insertion loss in the filter and also the pass bands of
the filter.

The two port S-parameter measurement results of
the proposed filter are shown in Fig.10 and Fig.11.

Fig.10 Return loss measurements of the filter

It is observed from the Fig.10, that the return loss of
15.82 dB is obtained at 2.15 GHz (shifted from
center frequency of 2 GHz) indicating that 2.618 %
of input power gets reflected and the return loss of
18.41 dB is obtained at 3.85 GHz (shifted from
center frequency of 4 GHz) indicating that 1.442 %
of input power is reflected.

Fig.11 Insertion loss measurements of the filter

The result of Fig.11 indicates that the first pass band
occur in the frequency range of 1.4581 GHz -
2.4319 GHz with less than 0.3 dB insertion loss and
having the bandwidth of 974 MHz. The second pass
band occurs in the frequency range of 3.328 GHz —
3.426 GHz covering the minimum bandwidth of 100
MHz which has to be improved.

5 Conclusion and Future work
In this paper, a Multi-band band pass filter has been
designed using open circuited stubs. It eliminates
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the complexity of using conventional short circuited
stubs. The defected ground structure is included in
the open circuited stub based filter. The dimension
of the proposed filter is 80 x 50 mm?, which can fit
into any wireless devices like Wi-Fi terminals,
satellite receivers and radar receivers. The designed
filter has the advantage of compact size. It also
exhibits the performance in multiple bands to
support many of the wireless standards such as
GSM, Wi-Fi, LTE, RFID, etc. The future work can
be extended to attain tunability in the designed band
pass filter.
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