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ABSTRACT

In this paper, a low-pass filter (LPF) microstrip generalized Chebyshev type defected ground with a high
suppression stopband was proposed. The resonators of the suggested filter were implemented using a T-shape microstrip.
The filter resonators consist of three main parts. A part of the resonators was used to improve the rejection of the filter in
the stopping region, a second part was used to increase the selectivity of the filter, and the last part was used to balance
between the two regions. The microstrip LPF filter is designed on a Roger RT/Duroid 5880 substrate with er=2.2, a
thickness of 0.381 mm. 11" order generalized Chebyshev LPF was simulated using HFSS software. The simulation results
were as follows: 2 GHz for the cut-off frequency, insertion loss of 0.55 dB at about 20 dB return loss, and a wide range of
stopband suppression below the level of 28 dB from frequency 3.4 GHz to 20 GHz. The LPF selectivity was approximately
37.5 dB/GHz and a small and compact size filter with 0.014A2g was introduced. The filter matches the specifications

required for fifth-generation filters in wireless communications systems.
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1. INTRODUCTION

Low pass filters (LPF) are considered one
of the important elements in all communication
systems, especially after the development in the
field of communications and the need for a high
data rate and small size[1] . Furthermore, they are
used to remove the spurious harmonics produced
by the filters used in communications systems due
to the repetitive effect of transmission lines. This
will allow the frequencies of other systems to
interface with the fundamental frequency[2]. There
are many types of low-pass filters depending on
their realization, such as microstrip , strip line ,
waveguide , coaxial , dielectric , suspended
microstrip and lumped element[3]. The most
famous type is the microstrip because it is easy in
fabrication process , small size and low costs[4] .
In [5] the proposed microstrip LPF consists of
equally spaced parallel transmission lines, a patch
with a cross configuration, and an adjusted E-shape
feed structure. This filter exhibits a small overall

footprint, a high roll-off characteristic, and a wide
stopband. However, the signal suppression level in
the stopband is about 15 dB. A new LPF based on
microstrip technology is introduced, featuring a
compact design. The filter incorporates a pair of
patches balanced capacitors positioned on the top
of the substrate layer and a DGS resonator in the
ground of the substrate that provides sharp roll-off,
but the stopband is just from 3.5 GHz up to 11.5
GHz [6]. A LPF was designed to involve a stepped
impedance line in the upper layer of the substrate
compact with an unbalanced n-shape in the ground
plane. The filter offers a small size and sharp roll-
off but the signal suppression level is more than
15 dB and the rejecition band is less than 10 GHz
[7]. A compact LPF has been implemented by
incorporating open stubs, a spurline resonator on
the front layer, and enhanced DGS in the
microstrip. The filter has achieved a very sharp
roll-off rate and a good rejection band , but its
suppression level was just 18dB and the size was
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also not good[8] . In [9] the design incorporates
two open resonators (ORs) in a rectangular shape,
with  multiple segments of the inter digital
capacitor loaded on to them, it is had sharp roll-off
attenuation band is good , but it is complex design
methodologies, and the size is not quite good .

This paper will study and design a
microstrip generalized Chebyshev DGS low pass
filter with a small and compact size to present a
wide rejection stopband and high spurious window
that are used in 5G communication systems. The
simulations were performed by a HFSS software
and the microstrip substrate is Roger RT/Duroid
5880 with &=2.2, thickness of 0.381 mm and
tand=0.0009.

2. FILTER DESIGN

The proposed LPF introduces as lumped
element (LC) is shown in Fig. (1). It has three parts
of resonators , and each part of the design has
characteristics that are necessary . The first part
operates at high frequency to provide a high
suppression band at the periodic harmonic, which
occurred because of the transmission line theory.
The second part of the parts responsible for
transmission zero ( TZ ) frequency is designed to
work at frequencies close to the conduction band.
In order to provide a sharp roll-off and minimize
the order of the filter, the final part will balance
between the high and low transmission zeros
because without this part, the response rejection
value will decrease significantly . To achieve the
resonator of TZ in microstrip topology , T-shaped
resonators are utilized and the inductance is used
as strip of transmission line. A generalized
Chebyshev low pass filter was designed for 5G
applications, and the required specifications were
as follows: f, =2 GHz , Insertion loss(IL) =
0.1dB, TZ, =12GHz ,TZ, = 3.5 GHz ,TZ; =
9 GHz . To calculate the values of inductances and
capacitors in figure (1), the Newton-Raphson
method was used to solve the equation (1) [10][11]

py = £ (I, e ey
v, (el ) @

r=1 p—Dr

To convert from LC circuit to microstrip will use
the following equations (2) to (4) [12]

AgL . _1 (wcl
I, =28k gin-1 (L)
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where 44, and Agcare the related guided
wavelength, Z,, and Z,. are the impedance of
transmission lines which are reperented the
inductance and capacitance in LPF LC prototype
respectively.

The effective dielectric constant for the
transmission line is given by [12]:

— -0.5
o= T4 (14 122) T L 3)
where % is the height to width ratio of the substrate.

The guided wavelength can be evaluated directly
in millimeters as follows [12]:

300
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Fig. 1 LC equivalent circuit of 11™" generalized
Chebyshev LPF.

3. RESULTS AND DISCUSSIONS
To ensure the proper operation of each of
the three parts of the TZs in Fig.(1), a simulation is
performed for each part separately.

Figure 2(a) shows the layout of the
microstrip and the frequency response for the high
TZ. The position of high TZ was chosen to be 12
GHz, which is far away from the cutoff frequency.
The result in Fig3 (b) shows that two TZs are at 12
GHz, while the other TZ is at 14 GHz which comes
from the periodically resonant frequency for the
transmission line theory. The passband response is
not fit with the requirement of the filter because the
all resonant does not account in this case.
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Fig. 2 (a) Top view of microstrip LPF with two
high TZs (b) Simulation of frequency response of
two high TZs.

Fig. (3) shows the top view of the
microstrip, and the frequency response at the TZ
location was designed to be closed to the pass
band. The result shows that two transmission zero
at a frequency of 3.5GHz.
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Fig. 3 (a) Top view of microstrip LPF with two
TZs closed to passband(b) Simulation of the
frequency response of two TZs closed to
passband.
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As mentioned previously, the third
resonator works to balance the TZ locations that
are close to the passband and that are far away. The
Fig.(4) shows that the location of the transmission
zero is at a frequency of about 9 GHz, which
represents the organized region between TZs at
3.5GHz and 12GHz.
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Fig. 4 (a) Top view of microstrip LPF with one
TZ at miderate frequency (b) Simulation of the
frequency response of one TZ at miderate
frequency.

Fig. 5(a) presents final design of the microstrip
LPF after combining the three parts together. The
microstrip LPF impedances for all elements were
chosen to be Z,. =20 Q, Z,, = 150 2 and the
characteristic impedance is 50£. Table 1
illustrates the length of the physical dimensions of
the LC LPF circuit, where all dimensions have
been shown in table 2. Some values did not give
the required response, for that optimization
processes have been applied.

Table 1: Calculated and Optimized Physical

lengths.
Value of Calculated length | Optimized length
elements
L1=1.72 nH I[,=2 mm l,, =1.8mm
L2=0.48 nH I, =0.6 mm l,, =0.5mm
L3=2.1 nH I, =3 mm l,, =2.6mm
L4=4 nH [, =3.8 mm l,, =3.3mm
L5=5.2 nH I, =4.96 mm No change
L6=0.4 nH [, =0.5 mm No change
C1=0.33 pF lc =22 mm leop =23 mm
C2=0.55 pF lc =48 mm lco =5 mm
C3=0.74 pF lc =56 mm No change

Table 2: The dimensions of the suggested LPF.

Parameter Value (mm) Parameter Value (mm)
X, 0.8 Y, 2
X, 0.1 Y 1.8
X, 0.5 Y, 0.1
X5 2.3 Y, 2.45
X, 0.1 Y, 2.6
X5 3.3 Ys 0.22
X, 5 Yo 3
X, 0.1 Y, 4.96
Xg 0.5 Yy 0.33
Xy 3.24 Yy 5.6
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Fig.5(b) shows the wide frequency
response of the 11% order generalized Chebyshev
microstrip LPF. It notices that the cut-off frequency
was 2GHz at a return loss(RL) of 12dB. The
greatest insertion loss (IL) in the passband was 0.6
dB at frequency 1.4GHz, the difference between
the designed and the simulation result of the IL
value comes from losses in microstrip. It can also be
seen that the filter provides a high roll-off is 37.5
(dB/GHz) and the locations of the TZs were
distributed over the entire frequency response. The
suppression level was less than 18dB for all the
responses up to 20GHz.
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Fig. 5 (a) Top view of the 11™ generalized
Chebyshev microstrip LPF (b) Simulation of the
frequency response of the 11" generalized
Chebyshev microstrip LPF.

To improve the suppression level of the
filter in the stopband region, a slot in DGS slot is
used with these dimensions (width= 0.5 mm ,
length=2.7 mm ) as shown in Fig. 6(a) . The results
in Fig. 6(b) shows the suppression level is 28dB
from 3.4 GHz to more than 20GHz, and the number
of spicks has decreased because of the capacitive
effect of the slot. There is an enhancement in the
maximum IL in the passband of about 0.05dB
compare to without DGS.

4. FILTER CHARACTERISTICS

The characteristics of the proposed
generalize Chebyshev LPF with DGS can be
identified using some standard equations (5)-(9)
[13].

The roll-off rate is achieved as :

5 — ®max =~ min

fs—fe

_-!-!-_ -l!

where amax is the highly attenuation point close to
passhand, omin is 3 dB attenuation point and f is
the frequency at amax. The relative stopband width
ratio (RSB) can be calculated by [13] :

_ stopband width
RSB = cut off frequency 7777 (6)
The normalized size of the microstrip filter (NCS)

is given by [13]. :

Physical size (length x width) (7)
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Fig. 6 (a) Top view of the 11" generalized
Chebyshev microstrip LPF with DGS (b)
Simulation of the frequency response of the 11™
generalized Chebyshev microstrip LPF with DGS.

The suppression factor (SF) of the microstrip filter
is [13]:

SF = suppression level in stopband
10

the architecture factor (AF) is equal to one for two
dimensions structure and two for three dimensions.
The figure of merit (FOM ) is defined as[13]:

FoM =B XEXSE ©)
NCS x AF

Table 3 illustrates the comparison behaviors for the
proposed filter with other references in the same
techniques. It seems that the suppression factor
(SF) is 2.8, which is better than others, and the
normalized circuit size (NCS) is smaller than
others.
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Based on these metrics, the proposed filter
outperforms the other references in terms of FOM,
indicating its superior performance compared to the
other published filters in the same class.

Table 3: Comparing the performance of the
suggested LPF with several published papers.

Referenc 13 RSB | SF NCS AF FOM

es
[5] 40.2 1.60 |15 0.0117 1 8246
[6] 34 1.07 2 0.1369 1 531.4
[7] 37.2 162 |15 0.0378 1 2391
[8] 100 159 |18 0.032 1 8955
[9] 43 1.65 2 0.02 1 7095

This 37.5 1.64 |28 0.014 1 12265

work

5. CONCLUSION

This paper presents a highly efficient and
compact size generalized Chebyshev microstrip
LPF using a T-shaped resonator with a slot in the
ground layer. The positions of the TZs have been
chosen to enhance the rejection level in the stop
band of the LPF. Roger RT/Duroid 5880 substrate
was used to represent the LPF microstrip. The
simulation results show, a cut-off frequency (fc) of
2 GHz with a wide stopband rejection ranging from
3.4 to 20 GHz. The selectivity of the LPF is about
37.5dB/GHz, and DGS offers a 28 dB suppression
level compared with 18 dB without using DGS.
The compact size, wide stop band, and high
suppression level make it suitable for applications
in 5G communication systems. The performance
of the microstrip LPF is evaluated using a FOM
and compared to other filters in the same class.
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