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Application for a Diplexer

Reungyot Lerdwanittip, Apirada Namsang, and Prayoot Akkaraeckthalin

Abstract—In  this
impedance resonators are adopted for the design of

paper, the T-shape stepped
microstrip bandpass filters for wide harmonics
suppression. The proposed filters are operated at the
center frequency of 2.44 GHz and 5.20 GHz,
respectively. These bandpass filters have been also
applied for a high performance diplexer. The
insertion losses at the center frequencies of 2.44 and
520 GHz are 1.23 and 1.18, respectively. The
applicable return losses for both frequency bands and
a wide stopband better than 17 dB up to 20 GHz have
been obtained.

Index Terms—Bandpass filter,

diplexer, T-shape

stepped impedance resonator, harmonics suppression

I. INTRODUCTION

Broadband wireless access communication systems
are rapidly expanding market. The channel separator
systems commonly employ filters and diplexers in
microwave and mm-wave transceivers. Planar filters are
particularly popular structures because they can be
fabricated by using printed circuit technology suitable for
commercial applications due to their compact size and
low-cost integration [1]. Microstrip bandpass filters can
be easily mounted on a dielectric substrate and can
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provide more flexible design of the circuit layout. For the
planar filter design, it is necessary to select proper
resonator types since they are the basic required
components of the filter. To reduce the resonator size, U-
shaped hairpin resonator is proposed in [2-3], but it has
some unwanted signal nearly the center frequency. The
half-wavelength parallel-coupled microstrip filter may be
influenced by the spurious response at the 2f0, twice the
passband frequency, which it reduces the attenuation of
the stopband and affects the symmetry of the passband
[4]. The quarter-wavelength resonator filters have the
first spurious response at the 30, but they require short-
circuit connections with via holes, which are not quite
compatible with planar fabrication techniques [5, 6]. In
order to overcome these drawbacks, the inverted

microstrip combining different stepped impedance
resonators with a specified coupling angle are presented
in designing the bandpass filters [7, 8]. In case of the
harmonics problem, there are many methods that have
been proposed to solve this problem [9, 10]. The
asymmetrical structure can be also used to suppress the
harmonic responses [11]. The microstrip resonator with
the hook feed lines is a good structure for harmonic
suppression [12].

In this paper, T-shape stepped impedance resonators
are proposed to be a main part of the bandpass filters.
The T-shape stepped impedance resonator structure may
result in the first spurious response at 3f0, but it can be
suppressed by using a bent resonator and hook feed lines.
The designed diplexer is based on combination of two
proposed bandpass filters. The measured result of the
diplexer is in a good agreement with the simulated

predictions, which has a wideband harmonic suppression.
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Z,6

Fig. 1. The structure of T-shape stepped impedance resonator.

I1. 2.4 GHZ BANDPASS FILTER

The proposed bandpass filter is designed with basic
structure T-shape stepped impedance resonator as shown
in Fig. 1. It consists of the four segments which their
characteristic impedances are Z;, Z,, Z; and Z,
corresponding to their electrical lengths of 6;, 6,, 6;, and
8,, respectively.

The input impedance of each resonator can be
analyzed by the basic transmission line which is:

7-7, Z, -‘r]:ZO tan /¢
Z,+jZ, tan gl

()

The high impedance sections of Z;, 8; and Z,, 8, can
be analyzed with the open circuit transmission line:

Z=—jZ, cot B @)

From Eq. (2), the impedance of the cascade of two
high impedance sections is -jZ,, which Z, is

_ Z,Z,cotf cotb,
Z cotf +Z, cot 0,

3)

X

So that, the input admittance (Y;,) that is looking from
left hand side of the T-shape stepped impedance
resonator is related by Eq. (1) and Eq. (3) as following:

 ZZ7,+7Z,7 tan6,+ZZ tan6,-Z; tan 6, tan 6,
" [Zf tand, +Z,Z, tan @, + Z,Z tan 6, tan 6, - Z,.Z,Z.

)
]

At the resonance condition, Y;, = 0, so that the

resonance can be written as:

Z, tan6, tan6, Z tan®, Z tan0, _q
4 V4 Z

4

)

4 3

From the formula Eq. (5), it can be found that the
impedances and the electrical lengths for the desired
frequencies can be easy to solve when choosing the value
of impedance Z; equal Z, and the electrical length 6,
equal to 6,. This bandpass filter is designed on the
substrate with the relative dielectric constant of 3.38, the
loss tangent of 0.002, and the thickness of 0.8 mm. The
operating frequency of 2.44 GHz is chosen to be the
fundamental resonant frequency of the first proposed
bandpass filter. From the calculation method, the para-
meters are not exactly equal to the desired frequency, so
that the optimization should be required. However, the
results from calculation using Eq. (5) have been used as
initial parameters. By the optimization, with the electro-
magnetic software IE3D [13], the physical parameters can
be converted to the impedances and the electrical lengths
at the center frequency. So their resulting of the T-shape
stepped impedance resonator impedances are Z, = 81.88
Q, 7, =8188 Q, Z; = 117.76 Q, and Z, = 46.08 Q,
corresponding to their electrical lengths of §,=42.34°, 6,
=42.34°, 6 = 55.65° and @, = 25.26°, respectively. The
resonance response of the T-shape stepped impedance
resonator is shown in Fig. 2. The center frequency is
showed at 2.44 GHz and the first harmonic is shown at
7.27 GHz or around 3f. It is noticed that the harmonic
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Fig. 2. The T-shape stepped impedance resonator response (Sy;).
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responses are also produced around 10.70, 13.85 and
17.32 GHz. In same way, the simulator is used to discover
the characteristic of the coupling coefficient of the two
resonators. The coupling coefficient can be found by the
equation as [14]:

[k
L+

Coupling coefficient = *

(6)

where f; and f; are the extracting of the even- and odd-
mode resonance frequencies.

The high impedance segment of the resonators have
been bent and coupled which act as the folded resonators
as shown in Fig. 3, resulting in harmonics response is
suppressed around 3f;, [12]. Fig. 4 showed the value of
coupling coefficient versus distance of two resonators
which are followed by the Eq. (6). Also, with optimized
internal coupling between resonators, the lower insertion
loss can be obtained. Fig. 5 shows the simulated results
of the T-shape stepped impedance resonator bandpass
filter, which is still being on the resonance frequency, but
the harmonic signal, the unwanted signal, is generated at
10.70 GHz, around the forth harmonic of the center
frequency. So the method to resolve this problem is
interested. The hook feed line has been proposed for

Fig. 3. The folded T-shape stepped impedance resonators
bandpass filter with direct feed lines structure.
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Fig. 4. The coupling coefficient versus the distance between
two coupled resonators of the bandpass filter.

suppressing the unwanted signals, which it can be
described by the odd- and even-modes. The IE3D has
been employed to evaluate the characteristics of the hook
feed line by using the differential two-port model for two
mode excitations as shown in Fig. 6. The frequency notch
responses of the odd- and even-mode characteristics are
produced around 10.54 and 10.89 GHz, as shown in Fig. 7.
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Fig. 5. The simulated results of the T-shape stepped
impedance resonator bandpass filter.
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Fig. 6. The hook feed lines forming modeled. (a) Odd-mode,
(b) Even-mode.
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Fig. 7. Frequency responses (S,;) of the asymmetrical parallel
coupled line with odd and even-mode excitations.
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These odd- and even-mode responses will certainly
affect the resonators, resulting in bandstop characteristic.
Therefore the
harmonics can be obtained. The current distribution of
the proposed bandpass filter with hook feed line at 10.70
GHz is shown in Fig. 8, which it can be explained that

superior suppression of the forth

the the hook feed line acts as the notch filter to suppress
the unwanted signal. As we can see that the unwanted
signal (red color) is stopped at the beginning of the hook
feed. The dimension of the hook feed line is acquired by
the varying of the width and length of hook segment. It
can be described that the suitable capacitance between
the hook feed and the resonator section, Zs, results in the
stopband at 10.70 GHz. By the same way, it can also be
explained with the odd-and even-mode characteristic for
suppressing harmonics signals as described above.

The bandpass filter structure with the T-shape stepped
impedance resonators and the hook feed lines have been
then proposed for wide harmonics suppression, as shown
in Fig. 9. The dimensions of the proposed filter are
following (unit in mm): L, = 8.33, L, = 4.36, L; = 6.36,
L,=4.11, Ly =9.56, Ly = 2.28, L, = 0.40, G, = 0.75, G,
=0.20, W, =0.75, W, = 1.30, W; = 0.30 and W, = 0.40.
Fig. 10 shows the comparison of the simulated results of
the bandpass filter by using the T-shape stepped
impedance resonators with the direct feed lines in Fig. 3
and the hook feed lines in Fig. 9. It can clearly seen that
the unwanted signal at about 10.70 GHz can be
suppressed by using hook feed lines, resulting in a wide
stopband. The simulated results show a good bandpass
performance at the 2.44 GHz. The insertion loss and the

Fig. 8. The current distribution of the bandpass filter with
hook feed line at 10.70 GHz.

/o

Fig. 9. The structure of the proposed filter at 2.44 GHz by
using the T-shape stepped impedance resonators.
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Fig. 10. Comparison the simulated results of bandpass filter
2.4 GHz using T-shape stepped impedance resonator with

direct feed lines and the hook feed lines,

return loss are 1.31 dB and 28.93 dB, respectively. The
proposed bandpss filter has wide stopband up to 20 GHz
and the rejection level better than 20 dB.

1I1. 5.2 GHZzZ BANDPASS FILTER

From the T-shape basic structure as shown in Fig. 1
and according to the feeding method, they can be applied
for the 5.20 GHz bandpass filter. The design is similar to
the 2.44 GHz bandpass filter using the substrate with the
relative dielectric constant of 3.38, the loss tangent of
0.002, and the thickness of 0.8 mm. From the calculation
method, the parameters are not exactly equal to the desired
frequency, so that the optimization should be required.
However, the results from calculation using Eq. (5) have
been used as initial parameters. By the optimization, with
the electromagnetic software IE3D [13], the physical
parameters can be converted to the impedances and the
electrical lengths at the center frequency. The T-shape
stepped impedances have been optimized, resulting in Z; =
81.88 Q, Z, =81.88 Q, Z; =117.76 Q, and Z, = 46.08 Q
corresponding to their electrical lengths of &, = 60.41°, 6,
= 60.41°, 6; = 25.65°, and 6, = 44.60°, respectively as
shown in Fig. 11(a).

As described above, the harmonics responses are
generated around 14.50 GHz when using the direct feed
lines. This harmonics signal is not necessary for
applications of the bandpass filter. The hook feed lines can
be used for resolved this problem to suppress the harmonic
frequency for the bandpass filter of 5.20 GHz. The
dimension of the hook feed line is acquired by the
varying of the width and length of hook segment. It can
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be described that the suitable capacitance between the
hook feed and the resonator section, Z;, results in the
stopband at 14.50 GHz. By the same way, it can also be
explained with the odd-and even-mode characteristic for
suppressing harmonics signals as described above. The
proposed structure is shown in Fig. 11(b). The dimensions
of the filter are following (unit in mm): L, = 6.33, L, =
2.81,L3=4.83,1L,=292,Ls=1.18, Ls=2.65, L; = 0.40,
G, =041, G, = 0.20, W; = 0.75, W, = 1.30 and W; =
0.30. So the comparisons of the direct feed lines and the
hook feed lines on the T-shape stepped impedance
resonators bandpass filter are shown in Fig. 12. It can be
noticed that the harmonic frequency around 14.50 GHz
can be suppressed and the high performance passband
result is obtained at 5.20 GHz. The insertion and return
loss are 0.58 and 52.62 dB, respectively.The proposed
bandpss filter has a wide stopband up to 20 GHz and the

(b)
Fig. 11. The T-shape stepped impedance resonator-bandpass
filter at frequency 5.20 GHz with (a) Direct feed lines, (b)
Hook feed lines.
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Fig. 12. Comparison the simulated results of bandpass filter
5.20 GHz using T-shape stepped impedance resonator with
direct feed lines and the hook feed lines.

rejection level better than 20 dB.

IV. APPLICATION FOR DIPLEXER

As the excellent performance of the hook feed line
which is combined with the T-shape stepped impedance
resonator as described in the section II and III, for
supporting the passband and wide stopband response,
this method is suitable to apply for the diplexer
application. The diplexer design is based on the T-shape
stepped impedance resonator structure and the input and
output ports with the hook feed lines for wide harmonics
suppression. The design procedure begins with the
design of two filters independently, which have already
described in previous sections. The designed filters can
be combined by using a T-junction. The junction lengths
are around A/8 at 2.44 GHz and )\/2 at 5.20 GHz. The T-
junction is independent to both filters, so that the
resonators can be adjusted separately corresponding to
the resonance frequencies at 2.44 GHz and 5.20 GHz.
The diplexer using T-shape stepped impedance resonator
dimension is also designed on the Arlon25N substrate as
shown in Fig. 13.

The dimensions of the proposed diplexer have been
optimized by using IE3D, resulting in (unit in mm) L, =
525, L,=28.13,L; =208, L, = 11.20, Ls = 445, Ly=
6.33, L; =4.66, Lg =2.55,Ly=591,L,,=6.61,L,, =
391,L,,=11.80,L;3=4.551L,=542,L;5=6.90, L4
=4.59,L,,=3.48,L3=5.25L,,=8.18, G, =0.40, G, =
0.56, W, =0.75, W, =1.30, W5 =0.30, and W, =0.75. A
photograph of the fabricated diplexer is shown in Fig. 14.

input

Output 2

Fig. 13. The proposed diplexer using T-shape stepped impedance
resonator.
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Fig. 15(a) and (b) show the comparison of the simulated
and measured results of the proposed diplexer in
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Fig. 15. Comparison of the simulated and measured results
of diplexer with T-shape stepped impedance resonator. (a)
Passband, (b) Wideband response.
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Fig. 16. The isolation of the proposed diplexer.

passband and wideband response, respectively. The
measured results are in good agreement with the
simulated prediction. From the measurement at the first
band, the insertion and the return losses are 1.23 and
24.74 dB at the center frequency of 2.44 GHz. In another
band, the insertion and the return losses are 1.18 and
30.26 dB, respectively. The isolation between two ports
is greater than 30 dB up to 8f; , as shown in Fig. 16.

V. CONCLUSIONS

Bandpass filters using T-shape stepped impedance
resonator have been proposed. The high performance
bandpass filters for 2.44 and 5.20 bands with wide upper
stopband have been obtained. The proposed filters
combining with T-junction can be constructed to be a
diplexer. The insertion losses are 1.23 dB and 1.18 dB at
the center frequencies of 2.44 GHz and 5.20 GHz,
respectively. The return losses are 24.74 dB and 30.26
dB at the center frequencies of 2.44 GHz and 5.20 GHz,
respectively. The out-of-band rejection level of center
frequencies of 2.44 GHz and 5.20 GHz are better than 17
dB and 25 dB, respectively. These proposed filters and
diplexer can be further developed for smaller scale
suitable for integrated circuit applications.
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