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Design of a Low pass filters with Chebyshev
approximation using SERENADE and realization
of the low pass filters in microstrip
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Abstract : In this paper, Chebyshev microstrip low pass filter of order 5 is designed on substrate, at frequency 5 GHz substrate
GML 1000 (lossy) with dielectic constant 3.2 and tangent loss 0.002 was taken. The design and simulation of low pass filters
were performed using SERENADE software. Further, filters were fabricated and tested in vector network analyzer.
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. Introduction

Electronic filters are circuits which perform signal processing functions, specifically to remove unwanted frequency components
from the signal, to enhance wanted ones, or both. A passive filter consists of passive circuit elements, such as capacitors,
inductors and resistors. There are four basic types of filters: Low pass, high pass filter, band pass and band stop filters. Low pass
filters are designed to pass all frequencies below the cut off frequencies and reject all frequencies above the cut off. High pass
filters are designed to pass all frequencies above the cut off frequencies and reject all frequencies below the cut off. Band pass
filters passes all frequencies within a band of frequencies and rejects all other frequencies outside the band. Band stop filters
rejects all frequencies within a band of frequencies and passes all frequencies outside the band.

In case of filter design, it is almost impossible to achieve the frequency response of an ideal filters and to overcome this problem,
there are five different filter approximations which are used in filter design: Butterworth filter, chebyshev filter, inverse
chebyshev filter, elliptical filter and bessel filters approximation. The Butterworth filter is a type of signal processing filter
designed to have a frequency response as flat as possible in passband. It is also referred to as a maximally flat magnitude filter.
Chebyshev filters are analog or digital filters having a steeper roll off and more passband ripple (type 1) or stopband ripple (type
I1) 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 filters, but with ripples in the passband. Because of the passband ripple inherent in
Chebyshev filters, the ones that have a smoother response in the passband but a more irregular response in the stopband are
preferred for some application.

An elliptic filter is a signal processing filter with equalized ripple(equi-ripple) behaviour in both the passband and the stopband.
The amount of ripple in each band is independently adjustable, and no other filter of equal order can have a faster transition
in gain between the passband and the stopband, for the given values of ripple (whether the ripple is equalized or not).
Alternatively, one may give up the ability to adjust independently the passband and stopband ripple, and instead design a filter
which is maximally insensitive to component variations. As the ripple in the stopband approaches zero, the filter becomes a type
I Chebyshev filter. As the ripple in the passband approaches zero, the filter becomes a type 1l Chebyshev filter and finally, as both
ripple values approach zero, the filter becomes a filter. In electronics and signal processing, a Bessel filteris a type of
analog linear filter with a maximally flat group/phase delay (maximally linear phase response), which preserves the wave shape of
filtered signals in the passband. Bessel filters are often used in audio crossover systems. Our main focus is on Chebyshev filters.

1. Design of Microstrip line low pass filters

Fifth order low pass filters are realized by Chebyshev approximation is assumed which exhibits the equal ripple pass-band and
maximally flat stop-band.GML 1000 substrate with height 0.762 mm and dielectric constant 3.2 is taken for the designing of low
pass filters. Following gives the element value for low pass Chebyshev filter prototypes with L, = 0.03 dB.

for given value, L, = 0.03 dB,we have

= In [coth (28 ®
B= n[COt <17.37>]

Substituting the value of L, 8 = 6.365 ineq 2,
y =sinh (B/2n) @)
Substituting, the value of B and putting n=5 (number of elements), y = 0.680 in eq. 3,

a = sin[(2k — 1)m/2n] (©)

Substituting for different values of k = 1,2,3,4 and 5.a; = 0.309,a, = 0.809,a; = 1,a, = 0.809 and a5 = 0.309.For,

by = y* + sin? (kn/n) @
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Substituting for different values of k=1,2,3 and 4.b; = 0.807,b, = 1.3669,b; = 1.3665,b, = 0.807

Now, g, =1
g1 =24, /y = 09088
For, g2, 93, 94 and gs ,calculate: i = 4ak-19k/br-19xk-1 (5)

g, = 136,95 = 1.74,9, = 1.36,g5 = 09110 and g, = 1
Final Inductance and Capacitance calculations:

For Inductance: L, = gnZo/W. nH (6)
Where,Z,, is reference impedance i.e. 50 Q and W, is cut of frequency i.e. 5GHz. W, =2mf, = 2 * 3.14 x5 = 10°.

Similarly, for Capacitance: Ch = gn/W. Zy pF O
So, by calculations

Ly = g1Zo/W, = 1.44 nH

€y = g2/We Zy = 0.86 pF

L, = g3Zo/W, =2.77 nH

C2 = 94/W Z, =0.86 pF

Ly = gu4Zo/W. =1.441H

tnd ind tnd
L. 44nH 2.77nH L. 44nH
1 L L L L . . . .2
o o

Figure 1:Circuit for low pass filter model (order 5)

. Realization of the low pass filters with Microstrip lines

We can realize inductor with microstrip line, when the line is thin, it will act as an inductor at high impedance. Similarly, when
we increase the width of the microstrip line, then it will act as a capacitor at low impedance. For input & output = 50 Q line and
w, = 1.8 mm (from SERENADE software).

ForZ, =120Q (L) ,w; =0.29mm & €55 = 2.31 & ForZ, =20Q(C) ,w, = 6.3 mm & £,5; = 2.80

length for inductor line: I, = 2 gin=1 (ﬂ) (8)
2T Zy,

fromeq.8, wegetl; =l = 2.42mmand I3 = 5.09 mm

length for capacitive line: l, = ;1—1’; sin~Y(wcZ,) ©

fromeq. 9, we get,l, =1, = 4.979 mm

V. Results & discussion
Layout generation can be done in i-cad software for preparing the mask. Once the mask is printed on a transparent sheet, the low
pass filters can be fabricated using conventional photolithography process.
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Figure 2: Simulated Microstrip low pass filter model with ripples

Figure 3: Image of fabricated Microstrip low pass filter model
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Figure 4: Microstrip low pass filter model designed on SERENADE
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Figure 5: Overall simulated Microstrip low pass filter model (order 5)

The lumped-element low pass filter with above mentioned specifications has been designed using SERENADE software Figure 2
shows the magnified simulated result for microstrip low pass filter model with ripples, as the result shows less ripples in the
filters. Figure 3 is the fabricated image of the microstrip low pass filter model and the layout of the model is designed on
SERENADE in figure 4. Figure 5 shows the overall result of the microstrip low pass filters for order 5, the intersection shows
clearly at 5 GHz frequency, So, the designed filters are working properly.
V. CONCLUSION:

The main aim of this paper is to design and test microstrip low pass filter (printed circuit board of type GML 1000 with dielectric
constant 3.2 and thickness of 0.762 mm of double clad coper). The microstrip antenna is designed by SERENADE software on
size 50 x 50 (length and width) and 1.7pum (0.017 mm) height. The thin film was obtained with i-cad software followed by the
fabrication steps. After fabrication the filters has been tested for S11, S12 and S22 measurement by using a vector network
analyser. The test has been conducted for S parameters and comparison is shown between the measured and simulated values.
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