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Abstract

A novel compact microstrip lowpass filter (LPF) is proposed in this paper, which consists of the
complementary rectangle split ring defected microstrip structure (CRSR-DMS), open stubs, spurline and
the dumbbell-shaped defected ground structure (DGS). Due to the unique response of the presented
CRSR-DMS, a low passband insertion loss and a sharp transition of the proposed LPF was achieved.
Meanwhile, an improved stopband was obtained by properly adjusting the working frequencies of open
stubs, a third-order LPF using spurline and dumbbell-shaped DGS. The measured result of the designed
LPF shows that attenuation rate reaches 159 dB/GHz and a wide stopband is obtained from 4.07 GHz to
more than 15 GHz.
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1. Introduction

Microstrip lowpass filter (LPF) with a small circuit size, sharp transition and wide
stopband has been highly required in many microwave communication systems to block
harmonic and spurious response caused by the front-end circuits [1]. Conventional microstrip
line based LPFs can only provide a gradual transition and narrow upper stopband bandwidth.
To sharpen attenuation rate and widen upper stopband bandwidth, many planar resonators,
such as circular hairpin resonator [2] and compound resonator [3], have been developed.
Another method to design compact and high-performance LPF is to employ defected ground
structure (DGS) [4-12] due to its prominent stopband and obvious slow-wave effect.

Since each DGS unit can generate an attenuation pole, a wide stopband of LPF is
obtained by utilizing cascaded DGS units with different lengths [4-5]. Through use of additional
open stubs, stopband bandwidth may be further improved [6-7]. However, the implemented LPF
often has a large physical size. Using novel shaped DGS with more attenuation poles [8-9] may
effectively solve the problem. The compact LPF may also be designed based on the equivalent
series inductance produced by the DGS resonator and the conventional design theory of
prototype filter [10-13]. The design process of a five-pole LPF using dumbbell-shaped DGS is
presented in [11] and the systematic design method for the complex DGS slot based LPF is
validated in [12]. For the design of compact and high-performance LPF, multilayer technique will
be a good candidate. For instance, in order to achieve a wide rejection in the stopband, two
cascaded M2 defected microstrip structure (DMS) resonators together with two vertically located
DGS resonators are employed in [13]. However, sharpness of the transition region and
suppression of harmonics in the stopband need further improvement for the presented filters in
[10-13].

In this paper, we propose a new compact LPF with sharp transition and improved
stopband. Sharp transition and good passband performance of the LPF is obtained by using the
presented complementary rectangle split ring DMS (CRSR-DMS). The improved stopband may
be achieved as follows. First, two open stubs are placed in the microstrip line to generate two
transmission zeros in transmission response. A third-order LPF using the spurline is then
inserted in the proposed filter for wide attenuation bandwidth. Finally, two dumbbell-shaped
DGSs with different lengths are employed to further widen the stopband bandwidth. The
proposed filter features compactness because of its unique configuration and slow-wave effects
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of the employed resonators. Based on aforementioned design principles, the proposed LPF is
implemented and its simulation and measurement results are presented.

2. Design and Implementation of the Novel Lowpass Filter
2.1. Configuration and Design of the Proposed LPF

The configuration of the proposed LPF is shown in Figure 1, where multilayer technique
is used. In the top microstrip plane, two CRSR-DMSs are etched near input/output ports to
produce initial two transmission zeros. Since the presented CRSR-DMS exhibits high
attenuation rate and low insertion loss in the passband, which will be seen in the following
section, sharp transition and good passband performance of the proposed LPF can be
achieved. Two open stubs are placed near the CRSR-DMSs, resulting in another two
transmission zeros. A third-order LPF using spurline is located in the middle of the microstrip
line and its stopband is adopted to widen rejection bandwidth of the proposed filter. In the
bottom ground plane, two dumbbell-shaped DGSs with different lengths are put below the open
stubs for better harmonics suppression. By adjusting above operated frequencies properly, the
extended stopband may be easily obtained without affecting the original sharp transition and
good passband performance for the proposed filter.

derd

(a) Top View (b) Bottom View

Figure 1. Configuration of the proposed LPF

2.2. Characteristic of the CRSR-DMS Unit

The layout of the presented CRSR-DMS unit is depicted in Figure 2, where two
concentric split ring slots with splits on opposite sides are etched in the microstrip line.
Considering the limited microstrip width in practical applications, the rectangle split ring is
adopted instead of the conventional square split ring. The width of the slot Cw and the distance
between inner and outer rectangle split ring Cd are chosen as the same value 0.3 mm for
design simplicity. The substrate used in the simulations and fabrication is Arlon Cuclad 250(tm)
with a relative dielectric constant of 2.55 and a thickness of 1.5 mm. The width of the microstrip
line W is chosen to be 4.5 mm corresponding to a characteristic impedance of 50 Q. The length
of the splits Cg is set as 0.6 mm.

Figure 3 shows simulated transmission responses of the CSSR-DMS unit with different
lengths Ca and widths Cb. It can be clearly seen that the CSSR-DMS unit has sharp attenuation
rate and little insertion loss in the passband. Moreover, it can provide two obvious attenuation
poles. The superior characteristic of the presented CSSR-DMS is very helpful for the
implementation of high-performance LPF. We could also find that for a fixed Ca or Cb, both
resonant frequencies at the attenuation poles decrease when Cb or Ca increases. Furthermore,
the insertion loss of the passband between the two attenuation poles slightly increases when Cb
increases, which is good for harmonics suppression of LPF.
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Figure 2. Effects of the length Ca (Cb=3.6 mm) (a) and the width Ch (Ca=8.0 mm) (b) on the
transmission response of the CRSR-DMS

2.3. Third-Order LPF Using Spurline

The spurline with its inherently compact layout is realized by etching a folded slot in the
microstrip line. Similar with the defected structures, the spurline can also provide excellent
stopband [14-15]. It is noticed that the frequency response of the spurline may be represented
by a parallel LC circuit with the circuit parameters computed from following expressions:

co ot
C2xz, (17 -17)  4r'fc

(1)

Where f_ is the 3-dB cut-off frequency, f, is the frequency of the attenuation pole andZ, is

the characteristic impedance of the microstrip line.

The equivalent inductance L and capacitance C of the spurline depends on the
dimensions of the defected slot. As shown in Figure 4(a), when the width pw and slot width wp
are fixed to be 3.8 mm and 0.4 mm respectively, the equivalent L is proportional to the length pl
while the equivalent C keeps nearly unchanged. In Figure 4(b), when the length pl and the width
pw is set to be 5.0 mm and 3.0 mm correspondingly, the equivalent L slightly increases while
the equivalent C decreases rapidly as the slot width wp increases. Therefore, the required
circuit parameters may be easily obtained by tuning the dimensions of the spurline. Based on
the filter design theory [1], a third-order LPF is designed and its configuration can be found in
Figure 1(a). Two spurlines with the same size are used to construct the lumped inductance
elements and the cross-junction opened stub is adopted to realize the shunt capacitance.
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Figure 5. Full-wave and circuit simulated S-parameters of the third-order LPF using spurline

The dimensions of this third-order LPF are: pl=3.6 mm, pw=4.1 mm, wp=0.4 mm,
wc=10.2 mm, Ic=5.35 mm. Figure. 5 plots the circuit and full-wave simulated results and a good
agreement between the two can be seen. The discrepancy at the stopband is resulted from the
distributed effects and the radiation loss which are not considered in ideal circuit simulation. As
shown in Figure. 5, the 20-dB rejection band is from 6.2 GHz to 8.1 GHz with an attenuation
pole at 7.36 GHz. A local peak occurs around 9.0 GHz in the full-wave simulation but it has no
effective bandwidth and may be suppressed by a dumbbell-shaped DGS. Due to the compact
layout and good rejection characteristic of the third-order LPF, it is embedded in our proposed
filter for improved stopband.

3. Experimental Validation

The proposed LPF shown in Figure 1 is designed based on previous investigations. The
final optimized physical dimensions of the filter are: Ca1=8.0 mm, Ca2=6.3 mm, Cg=0.6 mm,
Cw=Cd=0.3 mm, Cb=3.6 mm, wo=4.2 mm, 101=8.8 mm, 102=5.8 mm, wd=0.3 mm, 1d=5.0 mm,
a1=2.3 mm, a2=1.9 mm, db=14.65 mm, while the spurlines and the open stubs have the same
specification as in Figure 5.

To better illustrate the working principle of the proposed filter, the comparison of the
simulated transmission response results of CRSR-open stub, CRSR-open stub-spurline and the
proposed LPF are conducted and shown in Figure 6. It is found that when there is only two
CRSR-DMSs and two open stubs, six transmission zeros (4.32/5.33/5.47/7.35/8.32/10.19 GHz)
are produced and a sharp transition is achieved. As the third-order LPF using spurline is
embedded, the 20-dB rejection band reaches up to 10.39 GHz except a small peak around 9.0
GHz. By inserting additional two dumbbell-shaped DGSs, a deeper and wider stopband is
obtained and the simulated 20-dB stopband is from 4.25 GHz to more than 15.0 GHz. It is also
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found from Figure 6 that the improved stopband is realized without affecting the sharp transition
and low insertion loss of the passband.
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Figure 6. Simulated transmission response results of CRSR-open stub, CRSR-open stub-
spurline and the proposed filter

Figure 7. Photograph of the fabricated LPF

o -
Z
[«5)
T -
2
'c
S .
s W
"
-50 (- - - Measuremer} " H
—— Simulation . y
60 — it
0 3 6 9 12 15
Frequency (GHz)

Figure 8. Simulated and measured S-parameters of the fabricated LPF

The photograph of the fabricated LPF is shown in Figure 7. The simulated frequency
response result agrees well with the measured result as depicted in Figure 8 and a slight
difference between the simulation and measurement is due to the fabrication tolerance. As
expected, the measured result shows that the proposed LPF provides a sharp transition band
from 3.88 GHz to 4.14 GHz with 3 dB and 44.35 dB rejection respectively, resulting in an
attenuation rate of 159 dB/GHz. The suppression level above 20 dB is from 4.07 GHz to more
than 15 GHz in spite of a small peak at 12.3 GHz. In the passband from dc to 2.06 GHz, the
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insertion loss is less than 0.3 dB. The return loss is below -12.5 dB in the whole passband. In
addition, the actual occupied physical area of the proposed filter is only 35.25* 16.15 mmZ.

4. Conclusion

A novel microstrip LPF with sharp transition and improved stopband is proposed and its
design procedure is described. By using the presented CRSR-DMS resonator, the proposed
LPF enables sharp attenuation rate and low insertion loss of the passband. Meanwhile,
harmonic response of the proposed filter is effectively suppressed by open stubs, a third-order
LPF using spurline and the dumbbell-shaped DGS. The measured result of the fabricated LPF
shows that attenuation rate reaches 159 dB/GHz and a wide stopband is achieved. With good
passband and stopband performance, simple design procedure and a compact size, the
proposed LPF makes itself useful for applications in modern communication systems.
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