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Abstract-In this paper an elliptic-function, lumped element microstrip lowpass filter is proposed, which use a
cascaded structure of alternating high and low impedance transmission lines.In order to obtain an even
sharper rate of cutoff for a given number of reactive elements, it is suitable to use filter structures giving
infinite attenuation at finite frequencies.The microstrip filter is designed to have a 3-dB cutoff frequency of
1.5Ghz. A prototype of this type of filter have elliptic function response.The simulated performance has
obtained using IE3D software.
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1. INTRODUCTION
Lowpass filters are widely used component for microwave applications. Stepped impedance consists of high
and low impedance transmission lines in cascaded structure. The high-impedance lines act as series inductors
and the low-impedance lines act as shunt capacitors. Zoc < Zo < ZoL where Z0C and Z0L denote the
characteristic impedances of the low and high impedance lines, respectively and Z0 is the source impedance,
which is usually 50 ohms for microstrip filters[1] . A lower Z0C results in a better approximation of a lumpedelement capacitor, but the resulting line width WC must not allow any transverse resonance to occur at
operation frequencies. A higher Z0L leads to a better approximation of a lumped-element inductor, but Z0L
must not be so high that its fabrication becomes inordinately difficult as a narrow line, or its current-carrying
capability becomes limitation Stepped impedance lowpass filter are widely used in many RF/microwave
applications. In general, the design of microstrip lowpass filters involves two main steps[1] .The first one is to
select an appropriate lowpass prototype.The choice of the type of response, including passband ripple and the
number of reactive elements, will depend on the required specifications.
The desired source impedance,is normally 50 ohms for microstrip filters. Having obtained a suitable lumpedelement filter design, the next main step in the design of microstrip lowpass filters is to find an appropriate
microstrip realization that approximates the lumped element filter [1].
2. ELLIPTIC FUNCTION FILTER
An elliptic filter (also known as a Cauer filter) is a signal processing filter with equalized ripple (equiripple)
behavior in both the passband and the stopband or we can say that elliptic function has equal ripple in
passband and stopband both [3].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
independently adjust the passband and stopband ripple, and instead design a filter which is maximally
insensitive to component variations Figure.1 illustrates commonly used network structure for elliptic function
lowpass prototype filters [2].The shunt branches of series-resonant circuits are used for implementing the
finite-frequency transmission zeros, since they short out transmission at resonance

Figure.1 Lowpass prototype filters for elliptic function filters
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3. DESIGN PROCEDURE
In many applications it is adequate to specify minimum stopband attenuation, in which case a better cutoff
rate can be obtained, such filters are called elliptic function filters.In this filter the maximum attenuation in the
passband can be specified as well as minimum attenuation in the stopband.
The prototype of this type may have an elliptic function response. Figure.2 (a) shows an elliptic function
lowpass filter that has two series-resonant branches connected in shunt that short out transmission at their
resonant frequencies, and thus give two finite-frequency attenuation poles [4]. At f = ∞ these two branches
have no effect, and the inductances L1, L3, and L5 block transmission by having infinite series reactance,
whereas the capacitance C6 shorts out transmission by having infinite shunt susceptance. A microstrip filter
structure that can realize, approximately, such a filtering characteristic is illustrated in Figure 2(b) [4].

(a)
(b)
Figure.2 (a) An elliptic-function, lumped-element lowpass filter. (b) Microstrip realization of the elliptic
function lowpass filter.
For elliptic function lowpass prototype, we use the lowpass prototype element values [2]
go = g7 =1.000
gL4 = g’4 =0.7413
gL1 = g1 =0.8214
gC4 = g4 =0.9077
gL2 = g’2 =0.3892
gL5 = g5 =1.1170
gC2 = g2 =1.0840
gC6 = g6 =1.1360
gL3 = g3 =1.1880
Where we use gLi and gCi to denote the inductive and capacitive elements, respectively. This prototype filter
has a passband ripple LAr = 0.18 dB and a minimum stopband attenuation LAs = 38.1 dB at Ωs = 1.194 for the
cutoff Ωc = 1.5 [2]. The microstrip filter is designed to have a cutoff frequency fc = 1.5 GHz and input/output
terminal impedance Z0 = 50 ohms. Therefore, the L-C element values can be determined by the following
equations
(1)

(2)
After putting the element values in these equations we get the following values of L and C
L1=6.53649 nH
L2=3.09716 nH
L3=9.45380 nH
C2=3.45048 pF
L5=8.88880 nH
L4=5.89908 nH
C6=3.61600 pF
C4=2.88930 pF
The two finite frequency poles occur at
fp1=1.89 GHz
(3)
fp2=2.38 GHz
The microstrip realization is done on a substrate with a relative dielectric constant of 4.4 and thickness of 1.6
mm .All the inductors are realized using high-impedance lines with characteristic impedance Z0L = 93 ohms,
whereas the all capacitors are realized using low-impedance lines with characteristic impedance Z0C = 14
ohms as shown in the following table
Table-1
Characteristic impedance (ohms) Z0C = 14 Z0= 50
Z0L = 93
Microstrip line width (mm)
WC = 8.0 W0 = 1.1 WL = 0.2
The physical lengths of the high- and low-impedance lines for realization of the desired L-C elements are
determined according to these following design equations
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(4)

By substituting the values from equation (2) and table-1 in equation (4) we have the following dimensions [4]
lL1 = 8.59 mm
lL2 = 3.96 mm
lL3 = 13.01 mm
lC2 = 4.96 mm
lL5 = 12.10 mm
lL4 = 7.70 mm
lC6 = 5.20 mm
lC4 = 4.13 mm
To make the design more accurate, compensations are required for some unwanted reactance/susceptance
and microstrip discontinuities. To compensate for the unwanted reactance and susceptance presented at the
junction of the microstrip line elements for L5 and C6, the lengths lL5 and lC6 may be corrected by solving a
pair of equations [2]

(5)
Which give, lL5 = 11.62 mm and lC6 = 4.39 mm.
The compensation for the unwanted reactance/susceptance at the junction of the inductive line elements for
L1, L2, and L3 as well as at the junction of the line elements for L2 and C2, may be achieved by correcting lL2
and lC2 while keeping lL1 and lL3 unchanged ,so that we have equation given below.[2]

(6)
Where

And
From the above equations we get the following values
lL2 = 2.98 mm and lC2 = 5.61 mm, lL4 = 6.49 mm and lC4 = 4.24 mm .For the fringing capacitance at the ends
of the line elements for C2and C4, the open-end effect is calculated and found to be ∆l = 0.54 mm. We need to
subtract ∆l from the above-determined lC2 and lC4, which gives lC2 = 5.61 – 0.54 = 5.07 mm and lC4 = 4.24 –
0.5=3.70mm
The layout of the microstrip filter and the simulated frequency response of the filter is shown in the figure.3 (a)
and (b) respectively [5].
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(b)
Figure.3 (a) Design of the elliptic function lowpass filter (b) IE3D response of the simulated filter [5]
4. RESULT AND DISCUSSION
After designing the filter it is physically implemented on FR-4 epoxy glass substrate having dielectric constant
(ԑr) = 4.4, loss tangent (δ) = 0.02 and thickness 1.6 mm. The simulated performance was obtained using IE3D
software. From the above response of the filter it is clear that this filter is designed to have 3-dB cutoff
frequency of 1.5 GHz. The figure.3 (b) shows the two attenuation poles at finite frequencies fp1=1.89 GHz and
fp2=2.38 GHz near the cutoff frequency It is also shown that a spurious transmission peak occurs at about
4.13GHz. This unwanted transmission peak could be moved away up to a higher frequency if higher
characteristic impedance could be used for the inductive lines.
CONCLUSION
Frequency 1.5 GHz. Elliptic function filter are difficult to synthesize. Elliptic function filter achieve the smallest
filter order for the same specifications or the narrowest transition width for the same filter order, as compared
to other filter types. On the negative side, they have the most nonlinear phase response over their
passband.The designed lowpass filter exhibits sharp cutoff frequency response and good attenuation in
stopband.
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