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ABSTRACT— This letter proposes a band-pass filter (BPF)
with two transmission zeros based on a combination of parallel
coupling and end coupling of half~wave transmission lines. The
fabricated BPF exhibited a narrow bandwidth and two
transmission zeros near the pass-band due to the end-coupled

and shielding waveguide. At the center operation frequency of

60 GHz, the 20 dB bandwidth of the BPF is 1.0 GHz, which is
almost 2% of the center operation frequency, and the insertion
loss is 3.12 dB. Two transmission zeros reach approximately 40
dB at 58.5 and 62.5 GHz. The simulation results almost agree
with the measured results.

Keywords— Band-pass filter (BPF), parallel-coupled, end-
coupled.

I. Introduction

Recently, the millimeter wave band-pass filter has been
studied and exploited extensively as a key circuit block in
home networks, telematics, intelligent transport systems, and
satellite high-speed internet.

A cost-effective 60 GHz module has been reported for high-
speed internet and gigabit home-link systems [1]. A 60 GHz
image rejection filter has been developed using a high-resolution
low-temperature co-fired ceramic screen-printing process [2].
The compact micro-strip band-pass filter with two transmission
zeros has been proposed [3]. The design methods for a parallel-
coupled line filter with arbitrary image impedance have been
reported [4], [5]. The synthesis and design of a suspended
substrate capacitive gap-parallel-coupled line band-pass filter
with one transmission zero has been developed [6]. Band-pass
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filters with an 8th order dual-mode elliptic integral function band-
pass filter have been developed [7]. These filters did not satisfy
all the requirements including compact size, narrow bandwidth,
and two transmission zeros near the pass-band.

In this letter, we describe a band-pass filter (BPF) used in
high-speed wireless communication systems. These systems
require a BPF with two transmission zeros near the pass-band
and a narrow bandwidth. Also, we need the advantage of the
infout termination admittances of the BPF being easily
controlled irrespective of the degree of the dielectric constant.
Therefore, we are proposing a BPF with two transmission
zeros based on a combination of parallel coupling and end
coupling of half-wave transmission lines. We designed a BPF
using commercial software, HFSS (High Frequency Structure
Simulation). The BPF was fabricated and measured.

IL. Filter Design

A narrow bandwidth micro-strip BPF with symmetrical
frequency characteristics is composed of three half-wave
transmission line resonators, 50 Q) transmission lines, and an
input/output finite ground coplanar waveguide (FGCPW) as
shown in Fig. 1.

The presented BPF topology is based on two parallel
transmission lines with image arbitrary admittance as given by D.
Ahn [4] and a combination of parallel-coupled line with end-
coupled line as given by E.Hanna [6] and Isabel Ferrer [2].
This BPF is made from an alumina ceramic substrate (¢,= 9.4,
tan & =0.0005), electric conductors, and a shielding waveguide.

Here, admittance is easily controlled irrespective of the
degree of the dielectric constant because arbitrary image
admittance Y; is used; the characteristic admittance is Y.

Figure 2 shows the equivalent circuit of Fig. 1. The
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Fig. 1. Schematic layout of BPF.
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Fig. 2. Equivalent circuit of Fig. 1
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Fig. 4. Equivalent circuit of the first resonator section of Fig. 2.

equivalent circuit of the first resonator section of Fig. 2 is
expressed by the admittance Y,, which looks to the input
admittance Y;,, and the admittance Y3, which looks to the Jy-
inverter as shown in Fig. 4. Figure 3 shows the equivalent J-
inverter circuit end-coupled line section of Fig. 2, between the
first resonator and third resonator.
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Fig. 5. Simulation results (HFSS) of BPF.

In Figs. 2 and 4, the susceptance of the first and third
resonators are expressed by

J2
B (@) =2

Y )

X(l—%}+2XYI,

where

In Figs. 2 and 3, the susceptance of the second resonator
(electrical length 260 =26, +0, = A/2 ) is expressed by

Bz(w)=m[“"“’“}
[0}

o

@

Therefore, we simulated a BPF by HFSS based on the finite
elements method: one has a micro-strip BPF in the shielding
ground with a side open boundary, and the other has a micro-
strip BPF in the shielding waveguide. In Fig. 5, we can say that
the transmission zero on the above pass-band agreed with the
simulation results of the micro-strip BPF in the shielding
ground with the a side open boundary as well as in the
shielding waveguide, which proves that the transmission zero
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is due to being an end-coupled line. But the transmission zero
on the below pass-band differed from the simulation results,
which estimate that the transmission zero is due to the shielding
waveguide; the inner shielding waveguide size is 4.0 x 2.0 x
1.0 mm’.

III. Experimental Results

The BPF was fabricated on an alumina ceramic substrate with
a relative dielectric constant of 9.6 and a thickness of 0.2 mm.
The measurement was carried out on an HP 8510C network
analyzer. As can be seen from Fig. 6, at the center operation
frequency of 60 GHz, the 20 dB bandwidth of the BPF is 1.0
GHz, which is almost 2% of the center operation frequency. Two
transmission zeros reach approximately 40 dB at 58.5 and 62.5
GHz. The insertion loss is less than 3.24 dB from 59.5 to 60.5
GHz, and the minimum of insertion loss is 3.12 dB. The
simulation results almost agree with the measured results. Some
discrepancy between them is still observed due to the unexpected
surface roughness of the substrate and radiation loss in the port
section of the measurement. The insertion loss of the
measurement was larger than that of the simulation. A summary
of the simulation and experimental results for the narrow
bandwidth BPF is shown in Table 1.

Figure 7 shows a photograph of the fabricated BPF. The size
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Fig. 6. Experimental and simulation results (HFSS) of BPF with
shielding waveguide.

Table 1. Experimental and simulation results (HFSS) of BPF with

shielding waveguide.
Insertion | Return | Transmission zeros (dB)
loss (dB) | loss (dB) | @58.5 GHz | @62.5 GHz
Simulation 1.62 27.88 35 42
Measurement 3.12 22.87 37 52
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Fig. 7. Photograph of a fabricated BPF.

of the filter is 4 x 2 x 0.2 mm’. Both the width and height of
the shielding waveguide are very important. The dimensions of
the shielding waveguide must be sufficiently small to avoid
propagation of the waveguide mode within the shielding
waveguide because a large size can cause unwanted coupling.

IV. Conclusions

We have developed a BPF with two transmission zeros
based on a combination of parallel coupling and end coupling
of half-wave transmission lines. The used BPF topology is
based on two parallel transmission lines with image arbitrary
admittance and a combination of a parallel-coupled line with
an end-coupled line. And the fabricated BPF exhibited a
narrow bandwidth and two transmission zeros near the pass-
band due to the cross coupling and shielding waveguide.
Therefore, the BPF can be used in high-speed wireless
communication systems.

References

[1] H. Nakano, K. Kosemura, T. Hamada, Y. Hirachi, J. Hirokawa,
and M. Ando, “Cost-effective 60-GHz Modules with a Post-Wall
Planar Antenna for Gigabit Home-Link Systems,” 33rd European
Microwave Conf., vol. 3, 7-9, Oct. 2003. pp. 891-894.

[2] Isabel Ferrer and Jan Svedin, “A 60 GHz Image Rejection Filter
Manufactured Using a High Resolution LTCC Screen Printing
Process,” Proc. EUMC, 2003, pp.423-425.

[3] C. Jianxin, Y. Mengxia, X. Jun, and X. Quan, “Compact

Dong Suk Junetal. 645



Microstrip Bandpass Filter with Two Transmission Zeros,”
Electronics Letters, vol. 40, no. 5,2004, pp. 311-313.

[4] D.Ahn, C.S.Kim, M.H.Chung, D.H.Lee, D.W.Lew, and H.J.Hong,
“The Design of Parallel Coupled Line Filter with Arbitrary Image
Impedance,” IEEE MTT-S Digest, 1998, pp. 909-912.

[5] J.S.Yun, J.S.Park, D Ahn, K.S.Choi, and JN.Kim, “A Novel
Accurate Design Method for the Hairpin Type Coupled Line
Bandpass Filter,” IEEE MTT-S Digest, 2001, pp. 2171-2174.

[6] E.Hanna, PJarry, E.Kerherve, J.M.Pham, and D.Lo Hine Tong,
“Synthesis and Design of a Suspended Substrate Capacitive Gap-
Parallel Coupled Line Bandpass Filter with One Transmission
Zero,” Proc. ICECS-2003, 2003, pp. 547-550.

[7] S. Kahng, M. S. Uhm, and S. P. Lee, “A Dual-Mode Narrow-
Band Channel Filter and Group-Delay Equalizer for a Ka-Band
Satellite Transponder,” ETRI J., vol.25, no.5, Oct. 2003, pp.379-
386.

646  Dong Suk Jun et al.

ETRI Journal, Volume 27, Number 5, October 2005





