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ABSTRACT: This article proposes three design topologies of coplanar waveguide elliptic

low pass filters. The design procedure is simple and explained in detail for the first topology.

Numerical results are provided using the commercially available simulation softwares IE3D

and HFSS to show the validity of the design with very good agreement. The proposed filters

yield less than 0.1 dB attenuation in the passband (0–2 GHz), with a controllable slope of

the transition between passband and stopband. The width of the rejection band is increased

by simple filter cascading resulting in a passband to stopband ratio of up to 1:6. VVC 2009

Wiley Periodicals, Inc. Int J RF and Microwave CAE 19: 540–548, 2009.
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I. INTRODUCTION

Low pass filters (LPF) have been widely used to sup-

press undesired modes and spurious signals in nonlin-

ear devices like mixers and frequency multipliers,

etc. They have also been used to convert analog

signals to band-limited signals before sampling and

digitization [1].

Several types of low pass filters have been pro-

posed in the literature. Among these are stepped

impedance filters of the Chebyshev or maximally flat

types [2]. These filters provide only a gradual transi-

tion from pass-band to stop-band and the discontinu-

ities between the very high and very low impedance

line sections degrade the filter performance. Recently,

semi-lumped microstrip low-pass filters [3] were

reported with a sharp cutoff frequency response.

Unfortunately, soldering-lumped components will

increase fabrication difficulties and also manufactur-

ing repeatability is difficult to maintain. Low-pass

microstrip filters using coupled lines [4] or stepped-

impedance hairpin resonators [5] have finite attenua-

tion poles in the cutoff frequency band. However,

because the capacitance of the coupled lines is too

small, the finite attenuation pole cannot be located

close to the pass-band. Consequently, the cutoff fre-

quency response is gradual. Dahlan and Eesa [6]

reduced the size of the microstrip hairpin filter of [5]

by using folded stepped impedance hairpin resona-

tors. Arnedo et al [7] produced a microstrip filter

with wide rejection band by periodically changing
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the width of a microstrip line in a sinusoidal fashion.

Mandal et al. [8] used complementary split ring reso-

nators to design compact, low insertion loss (IL),

microstrip low pass filter with sharp cut-off. A new

microstrip low pass filter using a defected ground

structure (DGS) was also presented in [9–11].

In spite of the fact that coplanar waveguide (CPW)

offers several advantages over microstrip due to its

configuration, such as low radiation, low dispersion,

ease of shunt and series connections, there is still a

general lack of CPW filter designs and in particular

CPW low pass filter designs. To this end, two maxi-

mally flat CPW LPFs were proposed by [12] using

stubs with lumped resistive elements to improve

matching. The use of lumped elements complicates

the design and reduces its repeatability. Kaddour et al

[13] proposed a new CPW LPF topology based on

tapered periodic structures. In the area of elliptic

CPW LPFs, a new elliptic EBG CPW LPF consisting

of two sections of CPW transmission lines and one or

more EBG cell was proposed in [14]. Using only one

cell, this filter had about 1 dB insertion loss in the

passband and stopband/passband ratio of 3/2 [14].

In this article, three different topologies of CPW

elliptic LPFs are proposed. The design procedure is

simple and the proposed LPF topologies possess very

low passband ripple and controllable passband to

stopband transition. In addition, the extent of the

rejection band can be increased by simple filter cas-

cading. The choice of elliptic filters as opposed to

Chebyshev or maximally flat ones allows for a

sharper transition between passband and stopband

and smaller passband ripple.

Section II provides the filter specifications and the

corresponding parameters of the lumped element ellip-

tic low pass filter. Section III explains the first

proposed CPW LPF topology and provides a detailed

explanation of the design steps. It also provides the

S-parameters of a one-section version of this filter

obtained using two commercial simulators: IE3D [15]

which uses the method of moments, and HFSS [16]

which uses the finite element method. Section III also

provides a three-section design of the same filter topol-

ogy used to increase the attenuation and width of the

rejection band. Sections IV and V explain the details

of the second and third design topologies, respectively.

Finally, conclusions are provided in Section VI.

II. ELLIPTIC LOW PASS FILTER
(LPF)-LUMPED CIRCUIT

A. LPF Filter Specifications

Our aim is to design a CPW elliptic low pass filter

with the following specifications: cutoff frequency

fc 5 2 GHz, passband ripple LAr 5 0.1 dB, stopband

attenuation LAs 5 18.8571 dB, and stopband starting

frequency 5 3.3898 GHz. Figure 1 shows the ideal

response of an elliptic LPF where X is the normalized

frequency f/fc. Hence, in Figure 1, Xc 5 1.0 and

Xs 5 1.6949.

The ideal elliptic function response shown in

Figure 1 has the general transfer function:

jS21ðjXÞj2 ¼ 1

1 þ e2F2
nðXÞ

ð1Þ

where e is the passband ripple and Fn (X) is given in

eqs. (3)–(13b) of [17].

B. Low Pass Elliptic Filter-Lumped
Element Circuit Parameters

The low pass elliptic filter-lumped element circuit is

shown in Figure 2 [17]. Unlike the Butterworth and

Chebyshev low pass prototype filters, there is no sim-

ple formula available for determining element values

of the elliptic function low pass filter prototype [17].

Instead, some useful design data is available in Table

(3.3) of [17] for equally terminated filter (Zo 5 Z4).

Figure 1. Ideal low pass filter response [17] (LA is the

attenuation in dB).

Figure 2. Elliptic low pass filter-lumped element circuit

[17].
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Using this table, the lumped element values which

yield the ideal response of Figure 1 for LAr 5 0.1 dB,

Xc 5 1, Xs 5 1.6949, and for unity feed and load

impedances (Zo 5 Z4 5 1 X) are given by: C1 5

C3 5 0.8333, L2 5 0.8439, and C2
0 5 0.3252.

The following frequency and load transformations

[17] are applied to the prototype element values of

Figure 2 to achieve the desired cutoff frequency (fc 5
2 GHz) and the desired feed and load impedance of

Zo 5 Z4 5 50 X:

L2 ¼ ZoL2

2pfc
ð2Þ

Ci ¼
Ci

2pZofc
for C1;C3 and C0

2 ð3Þ

This results in C1 5 C3 5 1.33 pF, C2
0 5 0.52 pF,

and L2 5 3.37 nH. The goal is to implement these

lumped elements using CPW circuits as explained

below.

III. DESIGN TOPOLOGY 1

This topology is shown in Figure 3. The implementa-

tion of the elliptic LPF-lumped model of Figure 2

using CPW is achieved by replacing the two shunt

capacitances C1 and C3 of Figure 2 with two CPW

capacitive blocks consisting of a wide CPW transmis-

sion line having low impedance [2]. The series capac-

itance C2
0 is replaced by a CPW interdigital capacitor,

whereas the series inductance L2 is replaced by a

shorted CPW stub as shown in Figure 3.

A. Parametric Study of Topology 1

Before going through the design procedure, it is use-

ful to perform a parametric study of this filter using

Figure 3. Design topology 1 (all dimensions are in mm).

Figure 4. Effect of increasing the length LD of Figure 3

(LA 5 5.58 mm, LB 5 5.17 mm, LC 5 4.95 mm).
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the commercial software IE3D [15]. For this particu-

lar topology, with no airbridges, IE3D solves for the

magnetic current on the slots instead of the electric

current on the entire conductor surface including the

ground plane. This significantly reduces the computa-

tion time and memory [15]. Throughout the article,

the dielectric substrate used is RT/Duroid 6010 hav-

ing er 5 10.8 and thickness 5 0.635 mm.

1. Effect of LD. By increasing LD, C2
0 is increased

(see Fig. 3). This causes a slight downward shift in

the cutoff frequency (below 2 GHz) and a more sig-

nificant decrease in the position of the first transmis-

sion null, and hence, an increase in the slope of the

transition from passband to stopband. This is shown

in Figure 4. Also, as LD is further increased above

3.85 mm, a second transmission null appears inside

the frequency range of interest [0–8] GHz. This effect

will be useful when cascading several sections of this

LPF as explained in Section (3.B).

2. Effect of LC. The series inductance L2 is pre-

dominantly controlled by the length LC of the shorted

stub (see Fig. 3). Several simulations were also per-

formed using IE3D [15]. Figure 5 shows that by

increasing the length LC, the cutoff frequency is

reduced more significantly if compared with increas-

ing LD. Also, the first transmission zero is shifted

downward and the slope of the transition from pass-

band to stopband increases.

3. Effect of LA and LB. Figure 6 shows that

increasing both C1 and C3 (by increasing LA and LB

by same amount) causes a decrease in the cutoff fre-

quency and an increase in the passband ripple. There

is also a slight increase in the width of the stopband.

B. Design Procedure of a Single Stage
LPF (Topology 1)

Initially, the substrate is chosen to be RT/Duroid

6010 having er 5 10.8 and thickness 5 0.635 mm.

Using the software Linegauge of Zeland [15], which

has closed form quasi-static expressions for the effec-

tive dielectric constant and characteristic impedance

of a general CPW, the slot width W and strip width S
of the feed and load CPW lines are chosen to give a

characteristic impedance of 50 X. This corresponds

to S 5 1.42 mm and W 5 0.45 mm.

Figure 5. Effect of changing the length LC of Figure 3

(LA 5 5.58 mm, LB 5 5.17 mm, LD 5 0.85 mm). Figure 6. Effect of changing the lengths LA and LB of

Figure 3 (LC 5 4.95 mm, LD 5 0.85 mm).

TABLE I. Design Steps of a Single Section LPF of Topology 1 [See Fig. (3)]

No. LA 5 LB (mm) LC (mm) LD (mm) Im(Y11) (S) Im(Y21) (S) C1 5 C3 (pF) L2 (nH) C2
0 (pF)

1 6.02 4.947 0.851 0.006286 0.02103 2.17 0.458 2.97

2 4.02 4.947 0.851 20.00276 0.02016 1.38 0.47 3.05

3 4.02 4.947 1.151 20.00225 0.01984 1.4 0.475 3.08

4 4.02 4.947 2.151 20.00039 0.01869 1.46 0.493 3.2

5 3.52 4.947 3.151 0.00167 0.01745 1.52 0.513 3.33

6 3.52 4.947 3.151 20.00042 0.01748 1.36 0.513 3.33

7 3.52 4.947 3.351 0.000024 0.01722 1.37 0.517 3.36
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An initial assumption of the lengths LA, LB, LC,

and LD is made as shown in Table I, and the geome-

try of Figure 3 is simulated using IE3D [15] to obtain

the 2-port Y-parameters of the CPW filter at the

desired cutoff frequency of 2 GHz. From the Y-pa-

rameters, the elements of the lumped circuit of Figure

2 are calculated using the following simple formulas:

C0
2 ¼ Aþ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

A2 þ 4B
p

2
ð4Þ

L2 ¼ Z2
og2C

0
2

g02
ð5Þ

C1 ¼ C3 ¼ ImðY11 þ Y21Þ
xc

ð6Þ

where A ¼ � ImðY21Þ
ImðY11Þ, B ¼ C0

2

ðxcZoÞ2L2
, g2

0 5 C2 and g2 5

L2 as given in Section (2.B) before frequency and

load transformations, and xc is the angular frequency

at the cutoff frequency fc.
The results of the first iteration are shown in

Table I. The next step is to change the dimensions of

LA, LB, LC, and LD in several iterations until our

desired element values of Section (2.B) (i.e., C1 5

C3 5 1.33 pF, C2
0 5 0.52 pF, and L2

0 5 3.37 nH) are

obtained. This is shown in Table I.

The final design has the dimensions shown in iter-

ation 7 of Table I. The S-parameters of this design

are obtained using the two simulators IE3D and

HFSS, as shown in Figure 7, with excellent agree-

ment between the two simulators’ results. This figure

shows that the cutoff frequency is very close to 2

GHz, and the stopband starting frequency is also

close to 3.3898 GHz. The drawback with this design

is the small attenuation in the stopband (about 5 dB)

and also the stopband to passband ratio is only about

2:1. The ideal-lumped element response is also shown

in Figure 7. The agreement between the design and the

lumped element response is excellent over the pass-

band. However, in the stopband, the design exhibits less

attenuation, smaller stopband starting frequency and

smaller stopband to passband ratio.

This problem is solved by cascading three sections

of the LPF filter as shown in Figure 8. The design of

the three sections is simple where the left most sec-

Figure 7. Simulated S-parameters of Topology 1, single

stage, obtained using IE3D and HFSS (LA 5 LB 5 3.52

mm, LC 5 4.947 mm, LD 5 3.351 mm).

Figure 8. Topology 1, with three sections (er 5 10.8, h 5 0.635 mm, all dimensions are in mm).

544 Omar et al.

International Journal of RF and Microwave Computer-Aided Engineering DOI 10.1002/mmce



tion is designed first (alone) to have a cutoff fre-

quency of 2 GHz and a sharp transition from pass-

band to stopband (Xs � 3.3898 as per design specifi-

cations). This follows the same procedure outlined in

Table I. The middle and right sections are each

designed individually such that the transmission

peaks in the stopband of the leftmost section are can-

celled by the transmission nulls of the stopband of

the middle and right sections, as shown in Figure 9.

The resulting S-parameters of the overall design are

obtained using IE3D and HFSS and are shown in

Figure 10. Here the stopband to passband ratio is

increased to 6:1 and the attenuation in the stopband is

below 20 dB. The overall size of the filter does not

exceed 24 mm (0.83k). The very close agreement

between the results of the two simulators validates

the accuracy of the results.

Figure 9. Response of each of the three sections of Fig-

ure 8 obtained using IE3D.

Figure 10. S-parameters of Topology 1 (three sections)

of Figure 8.

Figure 11. Design Topology 2, single section, with opti-

mized dimensions (er 5 10.8, h5 0.635 mm, airbridge dimen-

sions ha 5 12 lm, Wa 5 30 lm, all dimensions are in mm).

Figure 12. S-parameters of Topology 2 of Figure 11

with and without optimization (results of HFSS are with

optimization).
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IV. DESIGN TOPOLOGY 2

This topology is shown in Figure 11. C1 and C3 are

replaced by open ended stubs etched on the center

conductor. L2 is replaced by a short circuited stub

etched in the ground plane, and C2
0 is replaced by an

open ended stub etched in the ground plane. Air-

bridges are used at different locations to tie the con-

ductors to the ground plane at these locations and cre-

ate shunt connections, as shown in Figure 11.

The design procedure is the same as that used for

topology 1 except that after the initial design is

achieved, optimization is used to improve the per-

formance (i.e., reduce the attenuation in the stop-

band). Figure 12 shows the S-parameters obtained

with and without optimization using IE3D and HFSS.

Here the stopband to passband ratio is 4:1 and the

passband attenuation is more than 10 dB.

To increase the attenuation in the stopband, two

sections of topology 2 are designed following

the same procedure explained in Section (3.B). The

two-section design is shown in Figure 13 with S-

parameters obtained using IE3D and HFSS as shown

in Figure 14. Here the attenuation in the stopband is

more than 17 dB and the stopband to passband ratio

is 4:1.

V. DESIGN TOPOLOGY 3

This topology with two sections is shown in Figure

15. C1 and C3 are replaced by two capacitive blocks

generated by two wide CPW transmission line sec-

tions. L2 is replaced by a current loop etched in the

center conductor and generated with the aid of the

Figure 13. Topology 2 with two sections (er 5 10.8, h 5 0.635 mm, airbridge dimensions ha

5 12 lm, Wa 5 30 lm, all dimensions are in mm).

Figure 14. S-parameters of Topology 2 with two sec-

tions (Fig. 13) using IE3D and HFSS.

Figure 15. Topology 3 with two sections (er 5 10.8, h 5

0.635 mm, airbridge dimensions ha 5 10 lm, Wa 5 30 lm,

U-slot is 0.2 mm wide, and all dimensions are in mm).
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airbridges, and C2
0 is replaced by an open ended stub

etched in the center conductor of the CPW.

The design procedure is the same as that used for

topology 1 except that after the initial design is

achieved, optimization is used to improve the per-

formance (i.e., reduce the attenuation in the stop-

band). Figure 16 shows the S-parameters obtained af-

ter optimization using IE3D and HFSS. Here the

stopband to passband ratio is 4:1 and the passband

attenuation is more than 10 dB.

VI. CONCLUSIONS

This article proposed three different topologies of co-

planar waveguide elliptic low pass filters. The

designs are verified using the two commercial soft-

wares IE3D and HFSS with very good agreement. A

simple design procedure for each topology with one

section is explained. More sections are used to

increase the attenuation in the stopband and increase

the width of the stopband.

It is clear from the different designs that, with one

section only, the design specifications are not fully met.

This is a result of the fact that distributed elements,

especially at high frequencies, do not perform exactly

the same as the corresponding lumped elements due to

the different parasitic effects and dispersion.
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