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ABSTRACT

A new printed microstrip band-stop filter is proposed and implemented. A systematic design approach is presented to realize the filter for a specific band
of operation employing the concept of SIR and embedded stub. The proposed filter design is suitable for multiple stop band applications. Moreover, the
filter configuration can be easily incorporated in the microstrip feed line connected with a radiating element to reject the signal at the desired band for
mitigating the electromagnetic interference. A prototype model of the proposed design is developed, and characteristics are measured and compared
with the simulation result. A good agreement between the two is evident.
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I.INTRODUCTION

The printed filter configurations capable of multiband operation are becoming key aspect of
various communication systems. Among the various filter configurations, the band-stop fil-
ters (BSF) find application for the mitigation of electromagnetic interference (EMI) [1-3]. In
fact, these filters are used when it is required to attenuate the interfering signals transmit-
ted from other communication systems impinging the frequency band at specific locations.
In the absence of such a filter, the performance of the communication device deteriorates
due to interference. The BSFs can be easily realized by using a serial transmission line with
a quarter wavelength stub [4-6] which introduces transmission zeros. A compact fifth-order
single-ended BPF with multiple transmission zeros introduced to improve its performance is
presented in [7]. A compact BSF [8] using parallel coupled lines and open stubs with four trans-
mission poles is realized with good roll-off skirts and stop band-suppression characteristics.
A stepped impedance resonator (SIR) [9] is used in the design and analysis of a planar BSF
to extend its upper passbands and improve the return loss in passband. The structure shows
band-stop filtering performance. A planar BSF [10] is implemented with the help of L-shaped
open stubs and a T-Shaped SIR which is used to transmit and receive parts in the RF-system.
The BSF configuration can also be realized by embedding the stub in the transmission line
itself or by etching a spur line in the transmission line [11, 12]. However, both methods used to
realize a BSF configuration pose fabrication problems due to stringent dimension tolerances.
Moreover, the high impedance lines employed have higher dissipation loss along with struc-
tural technological constraints. The proposed design is capable of alleviating this problem to
a certain extent by realizing the embedded stub, based on the SIR concept, thus providing
more degrees of freedom in design. A similar concept has been presented in [13] but with
a different approach based on the computation of the equivalent characteristic impedance
through simulation.

In the present approach, the impedance of the stubs is interpreted from the simulation
result obtained from the embedded filter as a whole. The proposed method directly calcu-
lates the embedded filter parameters from the SIR formula or the graph. To demonstrate
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Fig. 1. Structure of the SIR: (a) R=2,/Z,1.(b) R=2,/Z,1.

this design concept, a prototype model is developed, and the
simulation and experimental results are presented for a typical
configuration.

1. FILTER DESIGN

The design of the embedded stub is based on the SIR concept.
The schematic of a typical half-wavelength SIR is shown in
Fig. 1. The input admittance Y;from an open end is given as
[14], where 6,, and 0, are the electrical lengths specified in
the structure of SIR, as shown in Fig. 1(a) and (b):

v — 2(Rtan6, +tanb,)(R—tanb,tand,) M
" R(1-tan?0,)(1-tan?0,)-2(1+R?)tan®, tano,

To determine the resonance conditions of the SIR, one needs
to substitute the value of Y; =0.Thus, the resonance condition
is obtained as:

R:é:tan&tanez (2)
Z

and can be designated by the equation:

RcotB, =tanb, or —cot 6, (3)

The degree of freedom in the design is highly recommended to
overcome the stringent fabrication constraints, and this can be
conveniently increased by varying the impedance ratio (R) and
the length ratio (o) of the SIR to adjust the higher-order reso-
nant modes. The length ratio (a) is defined as [14]:

W20 20, 0,

2 o 4
0, 2(6,+6;) 6,+6, @

where 0, is the total electrical length of the SIR, and is repre-
sented by 6, as shown in Fig. 1.

From (2) and (3) we get:
Rcot[axe‘}:tan{o_a)xet} (5)
2 2

Choice of a and impedance ratio R[15] give rise to various solu-
tions of resonant electrical length, as shown in Fig. 2. The first
spurious resonance frequency f,, is given by:

T

fm
7 2tan'(VR)

fy (6)

where, f,is the resonant frequency of the SIR.

The geometrical configuration of an open circuited single-sec-
tion stub consists of a 50 Q microstrip line connected to a shun
stub, where W is the width of the microstrip line, and W, is the
width of the shunt stub as, shown in Fig. 3 (a).

A compact configuration of this open-circuited stub can be
realized easily by embedding the stub in the 50 Q microstrip
line along its length, as shown in Fig. 3(b). Here, W, is the strip
width of the embedded stub, W is the width of the microstrip
line, and W, is the width of the embedding structure. The
dimensions W and W, are kept fixed while W, can be varied.
Fig. 3(c) shows the embedded two-section stub which has the
effective length of a quarter wavelength at the normalized fre-
quency [11,12].

In the proposed structure, the embedded stub is a simple
SIR configuration with the impedance ratio R <1, as shown
in Fig. 4.

The value of R is selected based on the data (Z,/Z,) to be
used for fabrication of the embedded SIR band-stop filter.
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Fig. 2. Resonant electric length versus stepped percentage o
with impedance ratio R=0.25, 0.5,1, 2, and 4 as parameters.
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Wy

Fig. 3. Open-circuited stub:(a) conventional stub (b) embedded stub (c) embedded two-section stub.
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The available fabrication facility allows the value of the ratio
(Z2/2,) greater than or equal to 0.625 and less than 1, which
in turn fixes up the value of R for a particular case. The proposed
SIR configuration thus offers an added advantage of flexible
selection of the R parameter. Additionally, it can be simply used
as the feed of a radiating element [16] to reject any undesired
signal at the specific locations interfering in the desired band.

oW

Fig. 4. Embedded SIR stub in the proposed BSF.

I1l. SIMULATED AND EXPERIMENTAL RESULTS

The proposed BSF structure is simulated using a full-wave
method of moments (MOM) simulation software package
IE3D from Zeland [17]. The design of the embedded structure
is implemented on an FR4 substrate with &, =4.4, thickness of
1.6 mm, and loss tangent of 0.016. Considering these substrate
parameters, the strip-width W of the 50 Q microstrip line is
obtained as 3.06 mm, while the width W, is set to a fixed value
of 0.4 mm. The width W, is chosen judiciously so that it attains a
moderate value that is neither very large nor very small. In case
W, is selected to be small, it may introduce unwanted losses; if
itis chosen to be large, it may limit the range of variation of W,
For every R (0.625 < R < 1) there are various values of length
ratio (a), as shown in Fig. 2. The value of 1,=108.8 mm corre-
sponds to f,=1.5 GHz. Three SIR configurations are considered
in the design, and the various parameters are listed in Table I.
The simulation results for the best cases are shown in Fig. 5.

It is observed that with the increase in impedance ratio, the
total length of the SIR filter also increases and 3-dB bandwidth
decreases. Hence, for the minimization of SIR filter size, the

impedance ratio (R) should be low, that is, 0.625 (the optimum
impedance ratio). Moreover, (6) clearly indicates that for a
lower impedance ratio, the first spurious frequency moves far-
thest from the resonant frequency.

Next, the filter configuration is simulated to examine the
S-parameter characteristics. Fig. 5 depicts the simulation
results of reflection and insertion loss characteristics. As
evident, two stop-bands occur at frequencies 0.9 GHz and
2.94 GHz, possessing bandwidths of 0.37 GHz and 0.45 GHz
respectively.

Again, the simulation results for optimum impedance ratio
(R)=0.625, considering different sets of length ratio («), are
listed in Table Il.

It is observed that the total optimized length is the lowest for
stepped percentage a=0.4902 and R=0.625.

Next, to examine the in-band and out-of-band (passband)
characteristics of the proposed filter, the current distribution
is plotted, shown in Fig. 6.

The current distribution is shown in Fig. 6(a)-(c) in the in-
band and Fig. 6(d)-(e) in the out-of-band. From the current
distribution plot, it is clear that the first three resonances are
due to the excitation of the longitudinal modes along the
length of the microstrip line. To validate the design concept,
a prototype model of the SIR band-stop filter is fabricated, as
shown in Fig. 7.

Next, the simulation results are compared with the measured
results, as shown in Fig. 8, which indicates a good agreement
between the two. Finally, the performance of the proposed fil-
ter is compared with the state-of-the-art filter structures avail-
able in the literature, and presented in Table Ill for comparisons.
As evident, the proposed filter offers a compact structure even
at a lower operating frequency.
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TABLE I. DESIGN PARAMETERS OF THE SIR

SIR1 SIR2 SIR3
Impedance ratio R=2,/Z, 0.625=75/120 0.75=90/120 0.89=106.8/120
Stepped percentage o 0.4902 049 0.48
Width of Za(mm)=W, 14320 0.9368 0.5876
Width of Z; (mm) =W, 0.4084 0.4084 0.4084
Stepped section length /, (mm) 11.357 12113 12.573
Central section length 2/, (mm) 23622 25214 27.241
Total length of the SIR (i.e, 0, =2/, + 2/, (mm) ) 46.337 49.44 52387
First stop-band f; (GHz) 09 0.875 0.85
Second stop-band £, (GHz) 295 2.725 2575
Third stop-band f;; (GHz) 478 452 4291
3 dB Bandwidth (first stop-band) 0.151 0.147 0.13878
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Fig. 5. Simulated S-parameter characteristics of the embedded SIR for the optimum impedance ratio (R)=0.625.

TABLE Il. COMPARATIVE STUDY OF THREE SIRS

SIR1 SIR2 SIR3
Impedance ratioR=Z/Z, 0.625=75/120 0.625=75/120 0.625=75/120
Stepped percentage a 0.4902 03136 0.2574
Width of Z, (mm) 14320 14320 14320
Width of Z; (mm) 0.4084 0.4084 0.4084
Stepped section length /, (mm) 11.357 74287 6.193
Central section length 2/ (mm) 23.622 32,52 35.736
Total length of the SIR (i.e,, 0, =2/, +2/, (mm)) 46.337 47.38 48122
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Fig. 6. (a). In-band at 0.9 GHz (b). In-band at 2.96 GHz (c). In-band at 4.8 GHz (d). Passband at 1.91 GHz (e). Passband at 3.43 GHz.

TABLE lll. PERFORMANCE COMPARISONS WITH REPORTED FILTER STRUCTURES

Operating Lower Pass
Frequency  Band-stop Bandwidth Band Upper Pass Band
Ref. in GHz (|S,,]<—20dB) (|S,.]<—17 dB) (|S;:]<—17 dB) Sizeinmm? Method
[8] 1.75 0.05 GHz - - 47%22 stub
[11] 1.75 0.3 GHz 0.6-1.4 GHz 24-45 GHz 51%22.42 Transmission point
[12] 1.01 037 GHz 0-0.45 GHz 1.72-6.02 GHz 77.14%x23.74 SR

Proposed 09,294,48 037 GHz 045 GHzat 10 dB 0-0.46 GHz 14-24 GHz, 3.2-4.2 GHz 3.06x46.33  SIR

Fig. 7. Fabricated structure of the proposed BSF.
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Fig. 8. Simulated and experimental S-parameter characteristics of the embedded SIR resonator filter.
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IV. CONCLUSION

A novel design approach based on the SIR concept has
been demonstrated for the purpose of designing a multi-
band embedded BSF. The proposed design offers flexibility
in selecting the desired ratio of impedances of the embed-
ded SIR stub. The length of the stub can be varied, not just
in terms of multiple of &, but other values that are also pos-
sible which can be interpreted from a 0, versus o graph. The
desired bandwidth corresponding to a specific stop band can
be achieved by selecting the frequency approximately. The
proposed design can easily be integrated with the radiating
element of any printed antenna as its feeding element, for
rejecting the desired frequencies to mitigate the electromag-
netic interference.
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