©2018 Published in 6t International Symposium on Innovative Technologies in '
Engineering and Science 09-11 November 2018 (ISITES2018 Alanya — Antalya - Turkey) \d

ACADEMIC

. . . . PLATFORM
Design of Microstrip Low Pass Filters

*IResat Tiiziin ve ?Nursel Akgam
*1 Aselsan Inc., Ankara 06370, Turkey
%Faculty of Engineering, Department of Electrical Electronic Engineering Gazi University, Turkey

Abstract :

Microstrip technology is used for simplicity and ease of fabrication. Therefore,
microstrip filters have a significant role in many applications in recent years. They are
commonly used in microwave circuits, satellite communications, radars, test
equipments and so on. Because microstrip filters are compact, cheap and easy to
produce, they are highly preferred for microwave applications. Microwave filter;
microwave system is a two-ported element used to control the frequency response at a
certain point by attenuating the frequencies in the stop band by transmitting in the
frequency band. Typical frequency responses are low pass, high pass, band pass and
band stop. Also approaches such as Butterworth, Chebyshev, and Elliptic are defining
filter characteristics. In this paper, microstrip low pass filters (LPF) having Chebyshev,
Elliptic and Maximally Flat approaches were designed and analyzed. AWR Sonnet is
used for the simulation and analysis of this filters.
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1. Introduction

Microstrip low pass filter designs generally consist of two main steps. The first of these is the
identification of a suitable low pass filter prototype. The selection of the frequency response, the
ripple in the transmission band, and the number of reactive elements depend on the filter parameters
required. The low pass filter is converted to LC elements to provide the element values of the first
sample to provide the desired cutoff frequency and source impedance (typically 50 ohm for
microstrip applications). The second important step is to apply the appropriate microstrip
realization with the obtained LC element circuit [1-3].

By means of sinusoidal voltage and current, the filters are energized and the output response is
obtained. To understand the filter characteristics, there are different methods of interpreting the
frequency responses taken at the output. These methods are; Transfer Function - H(w) (traditional
approach), Attenuation - A(®), S Parameters, ex. S21(w), Others, ABCD Parameters and so on [4].

Low pass filters play an important role in RF/microwave communication systems. Transmitted and
received signals have to be filtered at a certain frequency with a specific bandwidth. In this study,
the design of low pass filter which are Chebyshev, Elliptic and Maximally Flat are done in
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RF/microwave communication systems whose cutoff frequency is 6 GHz. After getting the
specifications required, we designed and simulated the filters structure with the help of AWR
Sonnet software.

In this paper, a novel the filter having best cutoff, highest attenuation and optimum design for
production is presented. This filter having 6 GHz cutoff frequency and having 42 dB at 6,6 GHz.
The insertion loss is -3,66 dB at 6 GHz.

2. Chebyshev Filter

Chebyshev filters are analog or digital filters having a steeper roll-off and more passband ripple
(type I) or stopband ripple (type II) than Butterworth filters. Chebyshev filters have the property
that they minimize the error between the idealized and the actual filter characteristic over the range
of the filter, but with ripples in the passband [2]. The Chebyshev response is a mathematical
strategy for achieving a faster roll-off by allowing ripple in the frequency response, but Chebyshev
filters have a poor phase response.

The Chebyshev filter having passband ripple L4 dB and Cut Off frequency Q¢ =1, is defined with
functions below [1].
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Where # is filter order, the values g, and g,, represent the element values. For example, in a 5%-
order filter design, the N value is 5 and the element value is 5, so , g, to g5 can be calculated [5,6].

It is shown that in Table 1, the element values for different L4 values in different values of n. The
filter order n for the designed filter with the required passband ripple L4, minimum stop band
suppression ratio L4s dB and minimum suppression rate frequency () is defined as,

cosh™

1001 Lar 4

n = (3)

cosh™1Q

For example ; Lys =40 dB, Qg = 2 and Ly, = 0,1 dB , When these values are formulated,
Chebyshev n becomes ; n > 5,45, so filter order is chosen as 6 [1].

Table 1. The Chebyshev low pass filter element values (g, = 1.0 (source impedance, Qc = 1 (cut-off frequency)) [1]
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3. Passive Low Pass Microstrip LC Filter Design

The AWR Sonnet program was used for microstrip low pass filter design. All the filters were
designed with lumped LC elements. Filters response can be obtained by simulating the filters. The
dielectric constant of the substrate to be used in the filter to be designed is chosen as ¢- = 9.8 and
the thickness d = 10 mils. Since the most suitable material to be used in production with thin film
technology is alumina, alumina is preferred as sub-layer. In addition, there are 5 mil and 20 mil
alumina options, although they are not very common in this technology. The alumina thickness
determines the upper frequency limit. As the layer becomes thinner, designs can be made at upper
limit frequencies. The 10 mil thickness used in these designs is sufficient for the desired frequency
operating range. In addition, the use of 5 mil alumina is very thin due to the thickness of the
production process is different and this application is much more difficult than using 10 mil. The
main filter type was selected as the Distributed Stubs Filter, and the standard type was selected as
the option [7-9].

Type - Appraximation Type - Approximation

T oot | [ [ _owwweisus ) [ iz
S 0— - = T §— -
pal Eliptic , ] i Jv\' el Eliptic 7, piTatns f\l
b = | 0 s
Ripplfcs] || 0.1 / | | Riolefog) || 02 [ / ‘

f
.’f | [} | Spedfications
7y { '\( I Degree

I
| Folatd]

3

FRHEE
PREHEE &

4 50 | | 'J Stopb.IL[dg] | 40

TR

Line Zo 50 ; Line Zo 120 0
RSource 5 - - RSource ‘ 50 - -
RLoad Rload 50 E |
80 80’
Parasitics 0 25 5 7.3 0 125 15 115 A Paratis D i} 2.5 5 5 10 125 15 175 2
Qb |10 o o) @ ekl
QC (cap) 1 @@ E@ @ E]E] QC (cap) 1000 @E] @@ E]

Figure 1. Designs for elliptic filter 9" and 13™ orders respectively

After the determination of the filter type, an important step is to decide on which approach to make
the desired filtration. After applying the elliptic filter selection from the common filter
characteristics, the desired parameter values and different "n" grades are entered as in the interface
shown in Figure 1. The attempt to determine the smoothest filter response has been tried. It has
been observed that increasing the number of "n" in the elliptic filter structure does not have a
significant effect on the filter frequency response. The filter design to be selected 15" order that is
closest to the required parameter values is shown in Figure 2. According to Figure 2, the filter
quickly cut off from the transmission band to the stop band. However, it does not fully meet the
need for large stop band. It appears that lower suppression ratios are obtained after 10 GHz
frequency.

By choosing Maximally Flat from the filter approaches, different "n" grades shown in Figure 3
were selected and their effect was observed. As the filter grade increased, the cut-off curve of the
filter at 6 GHz improved. It has been determined that the 15" order is the best result for filter needs
(Figure 4).
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iFilter - LPF - Distributed Stubs Filter
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Figure 2. Simulation results and schematic representation of designed 15™ order for Elliptic filter
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Figure 3. Filter designs for the Maximally Flat filter 9 and 13" respectively
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iFilter - LPF - Distributed Stubs Filter
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Figure 4. Simulation results and schematic representation of designed 15" order for Maximally Flat filter

The Chebyshev selection, which is another common approach to microwave filters, was used to
implement designs with different "n" ratings in Figure 5. It has been observed that high
compression ratio and fast cutting by increasing the number of filters.
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Figure 5. Filter designs for Chebyshev filter 9" and 13™ order respectively
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The best result for this approach was obtained at 19" order (Figure 6). The result obtained with
Chebyshev has satisfied the filter needs.
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Figure 6. Simulation results and schematic representation of designed 19" order for Chebyshev filter
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Figure 7. Physical circuit diagram of filter structure
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The measurement details of the filter structure shown in Figure 7. where L is the length and W is
the width of structure. The two-dimensional (2D) visual structure of the designed filter is shown in
Figure 8. This pattern can be placed on the substrate to produce the filter.

Figure 8. The 2D image of the designed filter (conductive part)

4. AWR Filter Simulation Results

The S»1 (insertion loss) and S11 (return loss) parameters were simulated by using the Axiem Tool,
which is an auxiliary tool of the AWR program of the microstrip low pass Chebyshev filter
designed in the previous section. In this simulation, it is seen that the initial attenuation obtained
as 57.9 dB at 6.6 GHz is 46.34 dB, as shown in Figure 9. Another important point is losses. Loss
1s 0.648 dB in design and 3.66 dB in simulation at 6 GHz. This values are within acceptable limits.
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Figure 9. Simulation result obtained with AWR Axiem Tool
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Conclusions

This paper describes the design of low cost and low insertion loss microstrip LC low pass filter by
using microstrip layout which works at 6 GHz for relative permittivity & = 9.8 value with a
substrate thickness 10 mils. The design and simulation are performed using AWR Sonnet software.
All filters are required in all RF-communication techniques. In this paper, we checked the filters
performance using S parameters. Different designs have been developed using Maximally Flat,
Chebyshev and Elliptic approaches as the most common approaches used in filter design. The
parameters such as cutting curves, attenuation, and production suitability of these designs have
been evaluated and simulated by implementing a Chebyshev polynomial design that is most
appropriate for production and other requirements. In this study, since the desired suppression rate
is high, the 19" degree, which is the last filter level of the program, was selected. It was obtained
the highest suppression attenuation value was 57.9 dB.
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