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Abstract — In this paper, a compact lowpass filter
using open stubs-loaded spiral compact microstrip
resonant cell (OSL-SCMRC) is presented. The
proposed resonator is implemented to design the
lowpass filter with the wide and high out-of-band
rejection in the stop-band region. The lowpass
filter has the insertion loss from DC to 5.29 GHz
better than -0.1 dB and the return loss better than -
19.3 dB. Moreover, the lowpass filter is shown to
suppress the harmonics with -20 dB attenuation
level from 6.71 GHz to 16.73 GHz result in a
10.02 GHz rejection band. The proposed resonator
has an improved slow-wave factor, low radiation
and scattering, with a compact size. The filter is
designed, fabricated and measured. There is a
good agreement between the measured and the
simulated S-parameters.

Index Terms — Low insertion loss, lowpass filter,
microstrip resonator cell, open stubs-loaded, and
wide stop-band.

I. INTRODUCTION

Microstrip lowpass filter (LPF) with low
insertion loss and broad stop-band are in high
demand for the microwave communication
systems. To meet the size requirement of the
modern microwave circuits, several techniques
have been proposed. One of the most interesting
and popular techniques is planar resonators. These
resonators due to their compact size and easy
fabrication have been taken into consideration for
the microwave filter design increasingly.
Moreover, this resonator has a shortcoming such
as: high insertion loss in the pass-band, restricted
stop-band, and return loss that limits the
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engineering applications of these resonators, hence
several methods are employed to overcome these
drawbacks.

One of the interested with high demanded
techniques for the syntheses of the microstrip LPF
is the structure that use the photonic band gap
(PBG). The one-dimension (1-D) compact
microstrip resonant cell (CMRC) was presented in
[1]. The use of one-dimensional (1-D) photonic
band gap cell exhibits remarkable slow-wave and
bandstop performance with quasi—lumped circuit
element. Spiral compact microstrip resonant cell
(SCMRC) and compensated spiral compact
microstrip resonant cells (C-SCMRC) are
proposed in [2] and [3], respectively. It has been
shown that the resonator can further enhance the
slow-wave effect for the circuit size reduction and
enlarge the stop-band bandwidth for better
performance, and it can achieve the goal of the
deep suppression of harmonics. The rectangular
patch CMRC (RPCMRC) and defected ground
structure are proposed in [4], while the CMRC
based on the defected ground structure is proposed
in [5]. However, these two structures owing to
etching in the ground plane cannot have
application on the metal surface and cannot give a
robust mechanical endurance against the strain. A
tapered periodical CMRC topology with non-
uniform cell dimension is proposed to develop a
lowpass filter [6].

The lowpass filter using a SCMRC proposed
in [7] suffers from two drawbacks, i.e., high
insertion loss in the pass-band and a restricted
stop-band.  Other types of the CMRC
configurations have been proposed such as: a slit-
loaded tapered CMRC (SL-TCMRC) in order to
develop a lowpass filter [8], a front coupled
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tapered CMRC (FC-TCMRC) [9], and a comb
compact microstrip resonant cell (CCMRC) [10].
Other techniques have been proposed for the
syntheses of the microstrip lowpass filter such as:
the miniaturized stepped impedance [11], open
loop resonators [12], triangular patch resonator
with fractal defection [13], the meander open-loop
resonator for syntheses of lowpass filter [14], and
photonic band-gap structure (PBG) [15-20].
Although, all these structures have low insertion
loss and compact size, the wide stop-band with its
superior suppression remain the main challenge
for the proposed filters. The open stub-loaded
spiral compact microstrip resonant cell (OSL-
SCMRC) is proposed in order to design a lowpass
filter with low insertion loss in the pass-band, with
a wide stop-band and compact size.

The proposed structure is simulated using an
EM-simulator (ADS), fabricated and measured.
The simulation and measurement results show
enhanced performance of the designed filter in the
pass-band and stop-band regions. Both results are
illustrated, and good agreement between them is
achieved.

I1I. DESIGN OF THE FILTER
STRUCTURE

Figurel shows our designed, open stubs-
loaded spiral compact microstrip resonant cell
(OSL-SCMRC). The inductance and capacitance
obtained from CMRC will be enhanced without
any additional lumped components. Due to the
added transmission zeros in the stop-band, the new
resonator has extended stop-band and improved
slow-wave characteristics, which leads to circuit
size reduction.
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Fig. 1. Schematic diagram of the proposed
OSL-SCMRC.

The transmission-line model of the proposed open
stubs-loaded spiral compact microstrip resonant
cell (OSL-SCMRC) is shown in Fig. 2.
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Fig. 2. Transmission line model of the proposed
OSL-SCMRC.

It can be noticed from Fig. 2 that the model is
composed of two-coupled transmission lines and a
central narrow micorstrip line. The equivalent
circuit of the two coupled transmission lines and a
single transmission line model are shown in Fig. 3
(a) and (b), respectively.
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Fig. 3. (a) Two-coupled transmission line model
with its equivalent circuit, (b) Single transmission
line model with its equivalent circuit.

The symmetric parallel coupled lines are modelled
as an equivalent capacitive m-network and the
ABCD matrix of the lossless parallel coupled lines
is expressed as [21],

Z,, +Z,, —j2Z,,Z,, cot(S.1.)
Al Bl 2y, =2y, Zy. =2y,
|:C1 D1:|: —j2 ZOe+Z()o
(Zo. = Zy,)cot(B.1,) Zye =2y,
6]

where [, is the phase constant of the coupled

lines. The ABCD matrix of the equivalent
capacitive m - network can be obtained as follow,
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In equation (2), Z, = 1/jwC, and Y, = jaC,.
From equations (1) and (2), the equivalent
capacitances of the m -network can be written as,

C - Zy—Z,, () (3-a)
¢ 2wZ,,Z,,cot(Bl)
C = ;( F)- (3 'b)
" wZy, cot(pl,)

The single transmission line is shown in Fig. 3
(b), this transmission line can be modelled as an
equivalent L-C 7 -network. The 4BCD matrix can
be defined as,

4 B,| [ cos(BL) jZsm(BL)] (4
C, D,| |jY.sin(Bl) cos(Bl)

In equation (4) the phase constant and the
characteristic =~ admittance  of the  single
transmission line can be defined as f; and Y, =
1/Z;, respectively. The ABCD matrix of the
equivalent L-C & -network is defined as,

A2 Bz _ 1+ZLYL- ZL (5)
C, D] [Y.@2+ZY) 1+7,

where Z; = jwlL, and Y, = joCy, in which L, and C;
are the equivalent inductance and capacitance of
the single transmission line. The angular
frequency is defined as @, from equations (4) and
(5) the value of L, and C; are expressed by,

L, = ZSinBL) gy (6-a)
w
¢ = 1zcosBl) gy (6-b)

* wZ sin(Bl)

Therefore, the ABCD matrix of the proposed
resonator can be used to describe the electrical
characteristics and performance predication of the
open stubs-loaded spiral compact microstrip
resonant cell (OSL-SCMRC). It can be clearly
observed that increasing the capacitance within the
structure is by using a gap between the central
narrow line and open stubs, so it can give
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attenuation poles in the stop-band. Consequently,
it will have a wide stop-band. The demonstrated
resonator is implemented on (RT/Duroid 5880)
substrate with relative permittivity equals to 2.2,
thickness of 10 mil, and a loss tangent equals to
0.0009. The simulated S-parameters of the
proposed resonator as functions of L;, L, and §;
are shown in Fig. 4 (a), (b), and (c), respectively.
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Fig. 4. (a) S-parameters simulation of the proposed
resonator as a function of L;, (b) S-parameters
simulation of the proposed resonator as a function
of L,, and (c) S-parameters simulation of the
proposed resonator as a function of S;.
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As seen in Fig. 4 (a), when L; increases from
1.8 mm to 2.6 mm, the transmission zero at 9.96
GHz approaches the lower frequency. Similarly, in
Fig. 4 (b) by decreasing L, from 1.0 mm to 0.6
mm, the transmission zero at 8.44 GHz starts to
move away from the lower frequency. In Fig. 4 (¢)
by decreasing S; from 0.5 mm to 0.1 mm due to
the decrement of the effective series inductance,
the transmission zero at 7.39 GHz also starts to
move away from the lower frequency. Hence, the
location of transmission zeros can be controlled by
a parallel capacitance with a series inductance, as
the attenuation zeros location became lower,
which is due to the increment of the series
inductance and the decrement of the resonant
frequency of the equivalent LC circuit. This can be
concluded from Fig. 2 and the equivalent circuit
elements defined in equation (1) to equation (6).

The two neighbouring open stubs are coupled,
which not only enhance the equivalent capacitance
of the loading capacitor, but also provide the finite
attenuation poles. If the dimensions of the internal
open stubs are arbitrarily selected, the harmonics
and the spurious will not be suppressed well, and
only a narrow rejection bandwidth will be
obtained.

Therefore, the internal open stubs need to be
optimized. The dimensions of the proposed
structure shown in Fig. 1 are as follows: L; = 2.2,
L,=08,L,=08,5,=02,5,=02,8;=02,8,=
0.2, W;=0.2, L;= 0.7, and W;= 0.6 (all in mm).
The simulated S-parameters of the proposed
resonator with these dimensions are shown in Fig.
5, the stop-band has been observed from 7.75 GHz
to 10.80 GHz, with -20 dB, and from 6.55 GHz to
10.85 GHz with -10dB attenuation level. The
insertion loss from DC to 4.45 GHz is less than -1
dB, and the return loss in the pass-band is better
than -28 dB. The return loss in the stop-band is
close to 0 dB. Therefore, the small radiation loss
can be ignored. The radiation and the scattering
effects of the open stubs-loaded spiral compact
microstrip resonant cell (OSL-SCMRC) are
defined by 1-|S;,|>~|S,;|* and are shown in Fig. 6
(a). The radiation and the scattering effects are
maintained at low levels while the operating
frequency is below 10.9 GHz. The maximum
percentage of both, radiation and scattering is
39.44%.

The slow-wave factor (SWF) of the open
stubs-loaded spiral compact microstrip resonant
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cell is defined as follows,

swr =280, (7
360L
0.5
&y :’Sf—”+‘9f—_1(1+12ij , (®)
T2 2 w

where L and W are the length and width of the
microstrip line, respectively. The symbol A is the
free space wavelength, A@ is the phase difference
(in degrees) between the conventional microstrip
and the OSL-SCMRC. Finally, ¢, is the effective
microstrip permittivity.

Figure 6 (b) shows a comparison between the
slow-wave factor (SWF) of the conventional
microstrip line and the OSL-SCMRC. It can be
seen that the obtained SWF of the conventional
microstrip line is 1.357 in the pass-band region at
5.3 GHz, where the proposed OSL-SCMRC
increased the SWF by 335.88% to 5.915.
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Fig. 5. S-parameter simulation of the proposed
resonator.
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Fig. 6. (a) Radiation and scattering effects of the
proposed OSL-SCMRC and (b) slow-wave factor
of the proposed OSL-SCMRC and the
conventional microstrip.

The results reveal that the SWF of the
conventional microstrip line is improved by using
OSL-SCMRC. So the size of the proposed
lowpass filter has been reduced as compared to
the lowpass filter using the conventional
SCMRC. Furthermore, the effect of the coupled
capacitance can suppress the first spurious stop-
band response near the pass-band, so the actual
stop-band of such lowpass filter can be extended.

By connecting several resonators in series
form, the periodic structure presents manifest
slow-wave effect and bandstop characteristics. The
resonators with periodic structures and different
dimensions, because of their different cutoff
frequency, results in obtaining the lowpass filter
with wide stop-band; hence the flaw in stop-band
was avoided.

II1. SIMULATION AND
MEASUREMENT RESULTS

The lowpass filter in the stop-band region
exhibits harmonics, thus the stop-band is
restricted. To overcome this problem, three
resonators with different dimensions cascaded in a
series form are designed and their dimensions
were optimized to gain a wide stop-band with a
compact size. The wide stop-band can be achieved
because of the resonators with the multi cutoff
frequencies.
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The EM-simulator (ADS) is used for the
optimization of the dimensions of the resonator to
obtain the LPF as shown in Fig. 7, with the desired
characteristics.

As shown in Fig. 8 (a) by increasing S, from
0.1 mm to 04 mm, the S, 1is attenuated.
Therefore, the suppression of the unwanted
harmonic in the stop-band can be achieved. In Fig.
8 (b) L, has increased from 1.8 mm to 2.6 mm, and
the transmission zero at 9.84 GHz has been moved
to a lower frequency. Consequently, the
transmission zeros in the stop-band can be easily
controlled by the dimensions of the proposed
resonator. The dimensions of the obtained LPF
shown in Fig. 7 are: L; =2.2, 5;=0.2,5,=0.2, L,
= 08, Lg] = 15, L22 = 05, Lgo = 04, Sg] = 01, ng
= 02, S23 = 03, S24 = 01, ng = 04, LS = 03, Lf:
1, and W;= 0.6 (all in mm).

The photograph of the fabricated filter is
shown in Fig. 9 (a). The filter has a size of 20 mm
x 1.8 mm. The design is verified by an EM-
simulator (ADS), and the measurement is done
using an Agilent Network Analyzer N5230A. Both
simulation and measurement results of the lowpass
filter using OSL-SCMRC structure are illustrated
in Fig. 9 (b). Obviously, the lowpass filter behaves
well in the pass-band and stop-band regions. As
seen from Fig. 9 (b), the designed filter has an
insertion loss from DC to 5.29 GHz better than -
0.1 dB and a return loss better than -19.3 dB and
even reaches to -41.5 dB at 2.25 GHz, where the
transmission pole is located.

The stop-band region, from 6.71 GHz to 16.73
GHz with -20 dB attenuation level, result in a
10.02 GHz rejection band. This is considered a
wide rejection band. The designed filter has two
transmission zeros, 7.11 GHz with -56.13 dB and
7.91 GHz with -68.09 dB. This results in a sharp
skirt characteristic to the lowpass filter. Obviously,
the two symmetrical open stubs-loaded spiral
compact microstrip resonant cells (OSL-SCMRC)
patches can help to achieve a wide stop-band.
Hence our design has low insertion loss, wide
stop-band, and a very compact size. The proposed
resonator can be easily tuned to the desired
frequency by adjusting the length of the open
stubs. Therefore, it can be employed in the
microwave applications.
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Fig. 7. Schematic diagram of the designed LPF.
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Fig. 9. (a) The photograph of the fabricated filter
and (b) the simulated and measured S-parameters
of the proposed LPF.

Fig. 8. Simulated S-parameters of the designed
LPF as a function of (a) S; and (b) L,.



IV. CONCLUSION

In this work, a novel compact microstrip
lowpass filter using an open stubs-loaded spiral
compact microstrip resonant cell is presented. The
proposed structure of the lowpass filter has some
good characteristics. The designed resonator has
low radiation and scattering effects due to the
lower relative permittivity constant and thinned
out substrate. The lowpass filter has low insertion
loss in the pass-band region, high return loss, wide
stop-band region, and a very compact size. The
designed filter uses resonators of different
dimensions with different cutoff frequencies,
resulting in a wide stop-band. The measured and
simulated results are in good agreement. The
designed structure can be employed, where
lowpass filters with the wide stop-band, high
return loss, low insertion loss, and compact size
are needed in the microwave applications.
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