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Abstract

An Eliptical Function low pass filter with 1.6
GHz frequency is developed and then it is made
compact. Then to improve the filter performance a
Defected Ground Pattern DGP is applied at the
bottom layer of substrate FR-4. DGP dimensions are
optimized to have good results. A comparison is also
made between in filter’s performance with and without
DGP.

l. Introduction

Microwave communications have progressed
very rapidly in recent years, and many microwave
devices are becoming smaller and smaller. To meet the
miniaturization requirement Filters are also required to
be of small size. Filters are indispensible components
of Microwave communication systems. In Microwave
applications the transmission lines are treated as part
of filter and often a low pass filter is built up as
stepped impedance transmission line filter. With the
increased attention given to micro- and millimeter-
wave communication systems, high performance
filters with compact size are highly attractive [1], [2]
and [3]. Due to the advantages of small size and easy
fabrication, the microstrip has been gaining much
attention. The microstrip low pass filters can be
designed using Butterworth, Chebyshev or elliptical
functions. Elliptical function is used in this work
because of its advantages of sharper rate of cut-off
frequency for a given no. of reactive elements, easy
fabrication, low cost and high performance.

In this letter, first an elliptical function low
pass filter featuring sharp roll-off is designed and then
the filter is made compact. Finally a new E-Shape
DGP is applied to the filter design and its dimensions
are varied to have optimized results. The filter design
is simulated on IE3D software.
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1. Design Procedure

In this letter the filter is designed with
Elliptical function and have stepped- impedance
structure for microstrip realization. Designing
procedure starts with a Prototype Low Pass filter
designing in which LPF is normalized with source and
load resistance of 1Q and cut-off frequency of 1
Radian/s. The order of the network corresponds to the
number of reactive elements. The degree of elliptical
function prototype LPF for a particular specification
may be found from transfer function or design tables.
After prototype filter designing Frequency and
Element transformation is done to have practical filter.
[71.

Frequency transformation is also called
frequency mapping required to map a response (in low
pass prototype frequency domain Q) to in ® (in which
practical filter response is measured). It affects all
reactive elements but not any resistive elements.
Element transformation is done by Impedance scaling.
Impedance scaling removes g, = 1 normalization and
adjust filter to work for any value of source impedance
denoted by Z,. The impedance scaling factor for any
value of source impedance is denoted by Z,.

I11.  Design and Measurement
Results of a Six-Pole LPF

A six-pole filter is designed with cut-off
frequency 2 GHz, pass band ripple L, = 0.1dB, Zo =
50Q, Qs = 1.3024, L,s = 43.4113 on a FR-4 substrate
with e,= 4.5 and H = 1.5. Zo_ and Zoc are taken as 93
Q and 24 Q. The design parameter table is given in
table 1.
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Table 1 Design parameter table after making filter compact approximately 50 % length
reduction is achieved. The filter design is made
Characteristic | Z,c=24 Z,=50 Z,.=93 compact keeping in mind that its basic geometry
impedance Z should not get changed.
Microstrip W.=8.16 Wop=2.82 | W =0.78
width w
Guided Agc =775 | 14e=81.42 | Ay =85 L
wavelength Aq T
D
= Filter 1
JE V4
. -30 F Filter 2
After performing Frequency and Element
Transformation and Calculation, the physical lengths -40 Filter 1
obtained are: 50 Filter 2
||_1: 5.80 mm ||_2: 9.13 mm -60
1.3=9.32 mm l.4=8.17 mm 70
||_5: 8.58 mm ICZ’ =1.70 mm
Ic4’: 3.18 mm IC6’ =7.66 mm

Figure 3 Comparisons of original filter and compact

The filter is designed and simulated on IE3D filter

software. The figure 1 shows the filter design without

any DGP structure. The figure 3 gives comparison of original filter (given

as Filter 1 in figure) and the same filter with compact
size (given as Filter 2 in figure). It can be observed
that compactness in filter design is achieved without
any much change in its response. The minor changes
are due to radiative losses at the ends but these can be
ignored. it is also observed that transition from pass
band to stop band is very sharp but in the stop band
there is spurious transmission of signal. The aim is to
3 18mm suppress these spurious signals and to make stop band
better. To suppress these spurious signals or harmonics
DGP is applied to the filter.

1.70mm

Figure 1 Elliptical function low pass filter

Now the filter is made compact so that it
takes less area on substrate and also to make the V. Defected Ground Pattern

design cost effective. It can be observed from figure 2, (DGP)

Defected ground Pattern (DGP) for planar
transmission lines has drawn wide interest in
applications for microwave, microstrip filter, antenna
and millimetre-wave circuit design. DGP is realized by
etching off a defected pattern from the ground plane of
the substrate below the microstrip line [4], [5] and [6].
Etching disturbs the shield current distribution in the
ground plane. This disturbance can change the
characteristics of a transmission line such as line
capacitance and inductance. Also changing the
dimensions of DGP can change the characteristics of
filter and improves the results. A DGP filter with
elliptic function response has attenuation poles and
zeros at finite frequencies and show high selectivity

Figure 2 Compact elliptical function low pass filter
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characteristics. Recently, few DGP with quasi elliptic T BISOLL e dBis2
responses have been reported [8]-[11].
In this letter a new E-shape DGP shown in ! !
figure 4 is introduced. Two DGP with period D = 8 B b
mm, L1=7 mm, L2 =5 mm, L3 =7 mm, a = 1.4 mm -0 -0
and g = 0.3 mm is applied at the bottom surface of Rt e
substrate and design is simulated on the software. T -
%{a |(_ T -30 -30
W .1 o 0 05 1 15 ] 25 3 15 4 45 5 55 arm
Frequency (GHz)
%‘6 Figure 6 Simulated response of Compact Elliptical
g —H[F— 1= filter with E-shape DGP
L
m V. Parametric Analysis of DGP

The result of the filter given in figure 6 can
f—L3— be optimized by performing modifications on the DGP
Figure 4 E-shape DGP dimensions. Different dimensions gap width (g), gap
length (L2), DGP period (D) and parameters t of DGP
are varied one by one keeping all other dimensions
unchanged and then an analysis is done from filter
responses given in figure 7- 14 to have the dimensions
with best results.
The filter design is given in figure 5 and simulated
response is given figure 6. It can be observed that after

applying DGP structure there is suppression in 0 L~ R

harmonics as it has came down to a level of -10'dB Fodammouwy —503mm
from -2.43 dB. There is a decrease of 7.57 dB 'in -10 £ ——g=0.5 mm
harmonics and also up to 5 GHz the output is below - D

10 dB but the pass band ripple has been increased to - -20 - { g=0.7 mm

0.76 dB. The cutoff frequency f. is 1.6 GHz. The

return loss is -0.68 dB at 3.7 GHz. g=0.mm

S
<

e g=1.1mm

-40

Figure 7 Sy Simulated response for different values
of gap width (g)

It is observed from figure 7 that as g is
increased harmonics suppression becomes better, stop
becomes little wider but cut-off frequency 1.6 GHz
and pass band ripples L, -0.74 dB remains same.
Results are better with gap width g = 0.9
comparatively. Figure 8 shows the S;; simulated
response for different values of gap width (g). It is
observed that the return loss is decreasing. It has
decreased from -1 dB to -0.31 dB. It can be seen that
for g = 0.9 mm a wide response is obtained so this
Figure 5 Compact filter design with two E-shape value is fixed for further optimization and rest of the

DGP dimensions will be modified.
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T o rq‘/N NS , —g=0.3mm
10 %5_0’\?'; Nl f & H
§ V , =—g=0.5mm
-20 g=0.7 mm
30 e g=0.9Mm
g=1.1mm
-40

Figure 8 S;; simulated response for different
values of gap width (g)

Now gap length L2 is varied and all other
dimensions are kept unchanged. From the figure 9 it is
observed as L2 is increased there is increase in pass
band ripple, a minor decrease in cut-off frequency fc.
The harmonic suppression also change with gap length
and have best suppression at L2 = 5 mm. It can be
seen from figure 9 and 10 for L2 = 5 mm the results
are better than other values of L2, so now L2 =5 mm
is fixed for further optimization.

O Llaans TTTTTTTIT I T I I T I I e e I e e e T
L ESIY SR 32 5, —12=3mm
D
1Sy e | 2=4 MM
-20 £
L2=5mm
-30
— | 2=6mm
-40 v ——12=7mm
-50

Figure 9 Sy Simulated response for different values
of gap length (L)

FreqiGHz]

Figure 10 S;; Simulated response for different values
of gap length (L)

Now the distance between two DGP D is varied
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keeping all other dimensions constant. It is observed
from figures 11 and 12 that as DGP period increases
cut-off frequency fc decreases, stop band becomes
little narrow, pass band becomes poorer, insertion loss
decreases and return loss also shows decrement. It can
be observed from figures that for D = 8 mm the results
are better, so D is taken 8 mm for further optimization.

e D=7mm
e— D=8mm

D=9mm

e D=10mm

e D=11mm

Figure 11 S,; Simulated response for different values
of DGP period (D)

e D=7Mm

e— D=8mm

D=9mm

‘ e D=10mm
-30 i

e D=11mm

Figure 12 S;; Simulated response for different values
of DGP period (D)

The simulated response for various values of t is given
in figure 13 and 14. It can be noticed from the figure
that as t is increased from 1 mm to 4 mm there are

M < 0~

—N—ﬁ‘?—7 —t= 1 mMm
A t=2mm

_
o o
Freq[G
7

-20
-30 t=3mm
-40 t=4mm
-50

Figure 13 S Simulated response for different
valuest
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Figure 14 Si; Simulated response for different values
of t

minor variations in the parameters like cut-off
frequency fc, harmonic suppression and stop band
width but there is significant variation in pass band
ripples. The overall results are observed to be better
with t = 3 mm. Hence the final optimized proposed
filter design with DGP dimensions L1=7 mm, L2 =5
mm, L3 =7 mm, g=0.9 mm, D=8 mm, t=3 mm and
a= 1.4 mmis given in figure 15.

——T" aB[s{1,1)] ——V dB[S(2,1)]

dB

23 3 a5
Frequency (GHz)

Figure 15 Simulated response of optimized filter
with E-shape DGP

It can be seen from figure 15 that it is having insertion
loss L of -16.23 dB at 3.7 GHz frequency, and a
return loss Ly of -0.31 dB at 3.7 GHz and pass band
ripple La, -0.74 dB, cut-off frequency of 1.6 GHz and
stop band up to 5.3 GHz frequency.

Now a comparison between compact
elliptical filter without DGP (Filter 1) and with DGP
(filter 2) is shown in figure 16 and it can be observed
that a decrease of approximately 14 dB is achieved in
optimized filter design.

dB

0 - o ——
< N N «— N~ < ©
Fod S ame — e 1mm 10 E-2~
-10 é/ DE Filter 1
- -20 A
] e—{ = J]
220 iC t=2mm i Filter 1
t=3 -30
I ' mm J Filter 2
-30 — = -40 ~
t=4mm Filter 2
-40 0 'l
-60

Figure 16 Si; and Sz response of filter without DGP
and with DGP.

V. Conclusion

In this paper an Elliptical low pass filter of
1.6 GHz frequency is designed and simulated. The
filter is made compact. An E-shape DGP structure at
ground layer is added which helped in suppressing
harmonics at different frequency. It can be observed
from waveforms that transition from pass band to stop
band is very sharp.

References

[1] D. Ahn, J.-S. Kim, C.-S. Kim, J. Qian, Y. X. Qianand T.
Itoh, “A design of the low-pass filter using the novel
microstrip

defected ground structure,” IEEE Trans. Microwave Theory
& Tech., vol. 49, no. 1, pp. 86-92, January 2001.

[2] Atallah Balalem, Ali R. Ali, Jan Machac, Senior
Member, IEEE, and Abbas Omar, Fellow IEEE, “Quasi-
Elliptic Microstrip Low-Pass Filters Using an Interdigital
DGS Slot,” IEEE Microwave And Wireless Components
Letters, VVol. 17, No. 8, August 2007

[3] A. Boutejdarl A. Elsherbini2 A.S. Omarl, “Method for
widening the reject-band in low-pass/band-pass filters by
employing coupled C-shaped defected ground structure,”
IET Microw. Antennas Propag., 2008, Vol. 2, No. 8, pp.
759-765

[4] JiaLin Li , JianXin Chen , Quan Xue , JianPeng Wang ,
Wei Shao , and LiangJin Xue, “Compact Microstrip
Lowpass Filter Based on Defected Ground Structure and
Compensated Microstrip Line,” IEEE 2005 pp. 1483- 1486
[5] Boutejdar A., Nadim G., Amari S., Omar A.S. “Control
of bandstop response of cascaded microstrip low passband
stop

filters using arrowhead slots in backside metallic ground
plane,” IEEE 2005

[6] Qian Y., Coccioli R., Sievenpiper D., Radisic V.,
Yablonovitch E., “A microstrip patch antenna using novel
photonic band-gap structures,” Microw. J., 1999, 42, pp. 66

www.ijert.org

221



International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181
Vol. 2 Issue 10, October - 2013

[7] J.-S. Hong and M. J. Lancaster, “Microstrip Filters for
RF/Microwave Applications,” New York: Wiley, 2001,
chapter 5

[8] J.X. Chen, J.-L. Li, K.-C Wan, Q. Xue,

“Compact Quasi-elliptic Function Filter Based on Defected
Ground Structure”. IEE Proc- Microwave Antennas
Propagation, 2006, VVol. 153, No.4, pp. 320-324.

[9] S.Parui, S. Das, “A Novel Asymmetric Defected Ground
Structure For Implementation of EllipticFilters” In. Proc. of
SBMO/ IEEE- MTTS

International Microwave and Opto-electronicsConference
(IMOC) Brazil, 2007, p. 946-949.

[10] S. Paraui, S. Das, “Design of Planar FiltersSuitable For
Satellite System Using Asymmetric Defected Ground
Structure Technology “In. Proc. of

National Conf. on Global Navigation Satellite System
(GNSS). Hyderabad India, 2007, p. 157-160

[11] S. Roy, S. Parui, S. Das, “A New Asymmetric Defected
Ground Structure With Elliptical Filtering Response” In.
Proc. of Icon “Times 2008 Calcutta India 2008, p.157-160.

IJERTV21S100116 www.ijert.org 222



