Progress In Electromagnetics Research C, Vol. 33, 29-41, 2012

COMPACT HALF-MODE SUBSTRATE INTEGRATED
WAVEGUIDE (HMSIW) FILTER WITH DUAL-MODE
MICROSTRIP RESONATOR

M. Zhou, M. X. Yu", J. Xu, X. C. Zhang, and M. Y. Wang

School of Physical Electronics, University of Electronic Science and
Technology of China, Chengdu 610054, China

Abstract—A novel fourth-order half-mode substrate integrated
waveguide (HMSIW) filter with dual-mode microstrip resonator is
presented. The dual-mode resonator is etched on the top metal layer
of HMSIW cavity, so the size can be reduced greatly. The filter has
compact size and wide stopband in comparison with conventional STW
filters. Microstrip resonators and cavity resonators are integrated in
one filter to achieve the goal of smaller size and better performance.
Two filter samples are designed and fabricated, with good agreement
between the measured and the simulated S-parameters.

1. INTRODUCTION

With the development of wireless and mobile communication systems,
bandpass filters with better frequency selectivity and compact size have
attracted much attention.

Microstrip dual-mode filters were proposed for applications in
communication systems [1-5]. Each dual-mode resonator acts as two
resonators, therefore, the size may be reduced in comparison with
conventional microstrip resonator.

While focusing on the miniaturization of filters, increasing the
Q-factor of filters should also be considered. Substrate integrated
waveguide (SIW) filters have been studied extensively, which is due
to their low loss, low cost and easy integration with other passive
components. Some planar SIW filters with elliptic function have
been reported in [6-16]. Each of them takes planar SIW cavities
as resonators, so the sizes of filters are large in comparison with
microstrip filters. HMSIW is a newly proposed planar guided wave
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structure which keeps the advantages of SIW, but the size is nearly
half reduced [17-19].

In this paper, we introduce a dual-mode resonator into HMSIW
filters design to achieve compact size, which is etched on the top
metal layer of HMSIW cavity. The electric response is examined by
theory of coupling matrix. Two filter samples with compact sizes,
better frequency selectivity and different transmission zero locations
were fabricated and measured so as to validate the effectiveness of our
proposed filters.

2. DESIGN OF THE FILTER

2.1. Dual-mode Resonator

The layout of a dual-mode resonator is shown in Fig. 1(a). The
resonator comprises a A/2 resonator and an open stub on its center
plane. This symmetric structure can support two modes, i.e., an odd
mode and an even mode. They can be calculated by function (1) and
(2) [20], respectively. And equivalent layouts of odd and even mode
are shown in Fig. 1(b). This resonator can use either its even mode
or odd mode to couple an extra resonator. Its simple structure make
it possible to integrate it with other kinds of resonators.
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According to function (1) and (2), the resonant frequency of odd
mode is determined by the length of the A/2 resonator L only, while
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Figure 1. Layout of (a) dual-mode resonator and (b) its equivalent
odd- and even-mode, respectively.
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the resonant frequency of even mode is determined by L and the length
of the open stub L; together. When this dual-mode resonator is
utilized to construct a filter, the location of two transmission poles,
odd-mode and even-mode, can be obtained by tuning L and L; to
proper length. If the resonant frequency of odd mode f,qq is higher
than the resonant frequency of even mode foyen, the transmission zero
will be located in lower stopband, while the transmission zero will be
located in higher stopband if feyen > fodd- S0 we can move the location
of the transmission zero by simply tuning the length of open stub L;.

2.2. HMSIW Resonator

The layout of a conventional SIW and HMSIW resonators are shown in
Fig. 2. The HMSIW resonator keeps the advantages of SIW resonator
but the size is half reduced. The HMSIW resonator can be utilized to
achieve the goal of more compact size with high Q-factor.

In this paper, a triangle HMSIW resonator is proposed to be
integrated with dual-mode resonator mentioned above. Its layout is
also shown in Fig. 2. And using 3-D electromagnetic simulation tool,
the Ansoft HFSS, we can obtain the electric field distribution of this
triangle HMSIW resonator’s dominant mode as shown in Fig. 3.
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Figure 2. Layout of conventional SIW resonator, HMSIW resonator
and triangle HMSIW resonator proposed in this paper, respectively.
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Figure 3. The electric field distribution of the dominant mode of
triangle HMSIW resonator proposed.

Similar to conventional HMSIW resonator, the distance between
the metallic via-hole and the open vertex of triangle, Wy, determines
the resonant frequency of this resonator.

2.3. HMSIW Filter with Dual-mode Resonator

The top view and coupling scheme of the fourth-order with dual-mode
resonator is shown in Figs. 4(a) and (b), respectively. The modes
utilized here are all dominant modes.
As shown in Fig. 4, the corresponding coupling matrix M can be
written as [21]
0 Mg O 0 0
Mgy My My Mz 0
0 Mg My 0 My
0 Mgz 0 Mgz Msy
0 0 My Msy Myy My
0 0 0 0 My, O

o O O O

The nodal admittance matrix is given by [21]:
(=Gl + QW]+ [M]}[V] = [A] V] = —j 1] 3)

Here, [G] is a (N + 2) x (N + 2) matrix whose only nonzero entries are
G11 = Gnyyo,N+2 = 1; [M] is the coupling matrix; [W] is a diagonal
matrix of (N + 2) X (N + 2), with Wy = WN+27N+2 =0, and Wy, = 1.
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The S-parameters are determined by
Su=1+2j[A7"] (4)

So1 = —2j [A_I]N+2,1 (5)

The electric field achieves maximum at the open ends of dual-mode
resonator. However, the electric field of HMSIW cavity is minimized
at the area under the open ends of dual-mode resonator. Therefore,
the couplings HMSIW and dual-mode resonator is weak.

According to the coupling scheme, there will be one transmission
zero. The situation with the transmission zero located in the higher
stopband is considered first. Its corresponding coupling matrix M is
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Figure 4. (a) Top view and (b) coupling scheme of the fourth-order
filter with dual-mode resonator and two HMSIW resonators.
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Figure 5. Synthesis frequency-dependent S-parameters for coupling
matrix (transmission zero in higher stopband).
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Figure 6. Synthesis frequency-dependent S-parameters for coupling
matrix (transmission zero in lower stopband).

given by [21]

0 1.0326 0 0 0 0

1.0326  0.0612 0.7928 —0.4446 0 0

0 0.7928  0.4283 0 0.7928 0

M= 0  —0.4446 0  —0.9199 0.4446 0
0 0 0.7928  0.4446 0.0612 1.0326

0 0 0 0 1.0326 0

Fig. 5 shows the synthesized S-parameters for coupling matrix M with
transmission zero in higher stopband.

Similarly, we can get the situation that the transmission zero is
located in the lower stopband. Its corresponding coupling matrix M
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is given by
0 1.0336 0 0 0 0
1.0336 —0.0465 0.7582 0.5019 0 0
M= 0 0.7582  —0.5006 0 —0.7582 0
0 0.5019 0 0.8712 0.5019 0
0 0 —0.7582 0.5019 —0.0466 1.0336
| 0 0 0 0 1.0336 0

Fig. 6 shows the synthesized S-parameters for coupling matrix M with
transmission zero in lower stopband.

3. DESIGN AND RESULTS

The configuration of the filter is shown in Fig. 7. The resonant
frequency of HMSIW resonators is mainly determined by L. Lo and L.
are used to control the resonant frequency of the dual-mode filter’s odd
mode and even mode, respectively. The location of the transmission
zero can be controlled by tuning L.. And as discussed in the dual-mode
resonator part, the transmission zero will be moved from the higher
stopband to lower stopband when L. is increased.

The simulated Ssi-parameters of the filter with transmission
located in different stopband for different values of L. are plotted in
Fig. 8. As Fig. 8 shows, the transmission zero will move from higher
stopband to lower stopband with L. is increased.

L2

Figure 7. The configuration of the filter with dual-mode resonator.
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Figure 8. The simulated Ss;-parameters for different values of L.

(b)

Figure 9. The (a) photograph and (b) geometrical size of the
fabricated filter A (transmission zero in higher stopband), respectively.

Two filter samples were fabricated on Rogers RT /duroid5880 with
a substrate thickness of 0.254 mm and a dielectric constant of 2.2, with
different transmission zero location.

Figures 9(a) and (b) show the photograph of the fabricated filter A
with transmission zero located in higher stopband and its geometrical
sizes, where the widths of the input and output 50 €2 microstrip lines
are set to be 0.75 mm, respectively. The diameter of the via-holes is
1 mm.

The S-parameters of this filter are plotted in Fig. 10. The
measured in-band return and insertion loss are below —14dB and
about 4dB, respectively. The transmission zero is positioned at
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2.6 GHz. And the second passband appears at 5 GHz, which is about
2.08 times of the center frequency. As shown in Fig. 10, frequency with
the out-band suppression below —50dB ranges from the transmission
zero to about 4.8 GHz, which is 2 times of the center frequency. And
the parasitic passband shown in Fig. 10 is produced by the high mode
of dual-mode resonator.

By mainly tuning the length of the dual-mode resonator, we can
move the location of the transmission zero to the lower stopband.
Figs. 11(a) and (b) show the photograph of the fabricated filter B
with transmission zero located in higher stopband and its geometrical

5L
R Simulated
Measured

S-parameters (dB)

Frequency (GHz)

Figure 10. Frequency-dependent S-parameters of the fabricated filter
A (transmission zero in higher stopband).

(b)

Figure 11. The (a) photograph and (b) geometrical size of the
fabricated filter B (transmission zero in lower stopband), respectively.
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Table 1. Comparison with the reported filters.

Ref Type Size foo | 3dB | ILRL | Afsa Sa1
' (Agx2g) | (GHz) | FBW| (dB) | Afwas (dB)
Microstrip >30
(5] Filter | 042x036 | 24 | 7% | 2715|0486 |(275-425 GHz)
> 30
[16] SIW Filter | 0.69 x0.69 | 34 | 12% | 1.6/18 | 0444 | (375 7.5 GHz)
HMSIW >20
[19] Filter 159x033 | 725 | 7% | 17/125| 0278 | (g "7} GHy
. > 50
This Filter A | 0.32x 032 24 | 8% 414 | 0511 | (550 48 Gy
work > 30

Filter B | 032 x 0.32| 24 8% 2.5/10 | 0.503

(2.75-4.3 GHz)

-10 | e Simulated fL
Measured f| F}

S11

S-parameters (dB)

Frequency (GHz)

Figure 12. Frequency-dependent S-parameters of the fabricated filter
B (transmission zero in lower stopband).

sizes, where the widths of the input and output 50 €2 microstrip lines
are set to be 0.75 mm, respectively. The diameter of the via-holes is
1 mm.

The S-parameters of this filter are plotted in Fig. 12. The
measured insertion and return losses are 2.5dB and below —10dB.
The transmission zero is located at 2.1 GHz. The slight shift of center
frequency is mainly attributed to the fabricated tolerance.

The proposed filters with microstrip dual-mode resonator are
compact in comparison with conventional SIW filters. Since HMSIW
resonators and microstrip resonator are integrated in one filter, the
filters presented in this paper have high Q-factor and good out-band
suppression. And the filters have better frequency selectivity.
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Table 1 is the comparison among the proposed filters and reported
ones. The ratio of Afsgg to Afoggr is 0.511 and 0.503, which show
good passband selectivity. The proposed filters have the advantage of
compact size and good out-band suppression.

4. CONCLUSION

In this paper, a compact HMSIW filter with dual-mode resonator
is presented, which is etched on the top metal layer of HMSIW
cavity. The filter has better frequency selectivity and wide stopband
in comparison with conventional SIW filters. Two filter samples were
fabricated. Good filter performance is achieved as demonstrated by
our simulated as well as measured S-parameters.
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