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Abstract — In order to meet the increasing demand for
adjustable devices in the modern wireless communi-
cation system, a compact bandpass filter with active
switchable passband is proposed. The filter is based on
the half mode substrate integrated waveguide (HMSIW),
and uses its cut-off characteristics to form the lower
stopband. The resonant characteristics of a quarter-
wavelength shorted stub generates a transmission zero
(TZ) at higher frequency, which forms the upper stop-
band. The active control of DC power supply determines
the biased states of PIN diodes to change the electrical
size of the filtering parts. When the diodes are reverse
biased, the filter works in C band with the passband of
3.9-5.2 GHz; when the diodes are forward biased, the
passband shifts to S band of 2.7-3.6 GHz. The 28.6%
relative bandwidth in both frequency bands remains con-
stant. The simple design realizes the active switching
between bands, providing a promising idea for active
adjustable devices.

Index Terms — Active, bandpass filter, half mode sub-
strate integrated waveguide, switchable.

I. INTRODUCTION

The bandpass filter is one of the most impor-
tant parts in satellite radar communication systems,
microwave communication systems, wireless transceiver
systems, and other electromagnetic devices, which can
effectively ensure the signal transmission in the target
frequency band and shield against interference. While
traditional filters can provide excellent bandpass perfor-
mance in the fixed frequency band with advantages of
simple structures and steady characteristics, they lack
the ability of the multiband selection and adjustment. As
the growing demand of high-integration and reconfig-
urable devices in wireless communication systems, the
technical need rises rapidly for compact active tunable
filters with multifunctional features, like wideband tun-
ing, easy implementation, low cost, etc. To meet these
requirements, DC controlled units are integrated into the
structure to dynamically change the distribution charac-
teristics of the electromagnetic field during propagation,
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which can enable a single filter to efficiently process
multiple signals in different frequency bands [1H3]].

Currently, most tuning studies mainly focus on
microstrip filters. By utilizing the on/off characteristics
of the classic PIN diode, the planar microstrip lines can
be easily accessed or disconnected from the filtering
part, which changes the resonant size. Thus, adjustment
of the center frequency, working frequency, or band-
width can be achieved. A reconfigurable bandpass fil-
ter was introduced that can generate passbands in mul-
tiple frequency bands by controlling different combi-
nations of the microstrip stubs [4]. A switchable filter
was constructed by a set of microstrip lines. The switch
between the ultra-wideband and wideband was deter-
mined by the connection of high impedance quarter-
wavelength shorted stubs or a shorted stepped impedance
resonator [3f]. A reconfigurable dual-band bandpass filter
was designed, which can alter three bandwidths through
the control of PIN diodes without changing the center
frequency [6]. However, due to the multiple harmonic
effect of the microstrip line, it is difficult to achieve high
isolation and broadband regulation. Moreover, the active
feed network is relatively complex. Therefore, the stud-
ies turn to the active tuning of the substrate integrated
waveguide (SIW) filter.

The SIW structure has the advantages of low loss,
easy integration, and low cost [[7]. The PIN diode works
as a microwave switch to shift between different com-
ponents in the guide-wave structure. The electrical con-
trol unit changes the combination or the values of the
distributed impedances in the cavity to alter the prop-
agation characteristics [8, 9]. An adjustable SIW filter
was demonstrated by using the PIN diode to connect the
different lengths of slot lines in the cavity. The center
frequency can be changed with a 30 MHz bandwidth
expansion [10]. But the overlap of each passband was a
bit high, and the introduction of additional parasitic ele-
ments led to the narrow adjustable band and bandwidth.
A switchable SIW filter realized the band and band-
width switching among three center frequencies through
the connections of corresponding metal vias in different
positions of the cavity [11]. However, the links and bias
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networks for inner vias increased the processing com-
plexity, and the parasitic inductance brought additional
insertion loss. Due to the high integration of the SIW
structure and the limitation of available parameter adjust-
ment, there is little research on the filter of the wide-
range and cross-band active switch by using PIN diodes.

This paper presents a compact switchable half
mode substrate integrated waveguide (HMSIW) filter,
which realizes the bandpass feature through the coupling
between the fundamental mode of HMSIW and the res-
onance of a quarter-wavelength shorted stub. The active
switching changes the electrical size of the filtering part
by utilizing the on/off status of PIN diodes in order to
switch the passband between the S band and C band with
constant relative bandwidth. When the diodes are reverse
biased, the passband is from 3.9 GHz to 5.2 GHz in the
C band, centers at 4.55 GHz with a relative bandwidth
of 28.6%. When the diodes are forward biased, the pass-
band shifts to 2.7-3.6 GHz in the S-band, centers at 3.15
GHz, without changing the relative bandwidth. The mea-
sured and simulated results show good agreement and
validate the feasibility of this technology for achieving
cross-band switching in SIW filters.

I1. FILTER DESIGN

A. Structures

The structure of the proposed bandpass filter is
shown in Fig.[T] and the relative parameters are listed in
Table [I] The structure consists of an upper metal layer,
a middle dielectric layer, and a bottom ground plane.
The feedline section adopts the microstrip line to copla-
nar waveguide (CPW) construction and introduces trans-
verse slots at the terminal of the CPW to further reduce
port reflections. The functions of the bandpass filtering
and band switching are primarily accomplished by alter-
ing the configuration of the upper metal layer. The open
side of the middle substrate acts as an equivalent mag-
netic wall of HMSIW. A line of metal vias spaced much

Fig. 1. Top view of the filter.
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Table 1: Parameters of the structure

Symbol al ar l] 12 l3
(mm) 2.75 149 | 397 | 644 | 397

Symbol b s d m w
(mm) | 795 | 03 | 03 | 36 | 128

less than quarter-wavelength act as an equivalent elec-
tric wall on the other sidewall of the substrate; an extra
six metal vias are horizontally oriented very near to the
electric wall to enhance out-of-band suppression. Two
surface slots are arranged at a distance from the side of
the metal vias and connected longitudinally on the upper
metal layer, creating a quarter-wavelength shorted stub.
This part constitutes the filtering structure in the C band.

Three rectangular metal pads with the same width
are placed longitudinally at a very short distance from
the open end of the HMSIW. The gaps between the
metal sheets correspond to the slots of the shorted stub.
These three metal pads are connected to the upper metal
layer of the C-band structure via several MADP-000907-
14020X PIN diodes, and their welding polarities keep
the same directions. The filtering performance will have
significant interference by the number of diodes if the
two ends of pads are shorted. Therefore, the number of
diodes and their spacing have been optimized to ensure
minimum parasitic effects to the propagation and sur-
face current. This part constitutes the switching struc-
ture of the S band. The DC power supply drives the PIN
diodes through ferrite chokes, which can effectively filter
high-frequency signals with minimal interference to DC
signals. The forward or reverse biased states of the PIN
diodes determine whether the switching parts are con-
nected to the filtering structure. The Rogers RT/Duroid
5880 substrate has dielectric thickness of 0.5 mm, copper
foil thickness of 0.035 mm, &= 2.2, and tané =0.0005
is used as the middle dielectric layer.

B. Active switch realization

The bandpass performance is mainly realized by
lower and upper stopbands. The lower stopband is cre-
ated by the high-pass characteristics of the HMSIW fun-
damental mode, and the upper stopband is created by the
resonance of the quarter-wavelength shorted stub, which
generates a transmission zero (TZ) at higher-frequency
[12]]. The cutoff frequency f. of HMSIW TE; /2,0 mode

and the resonance frequency f; of the shorted stub are
¢

c
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Here c is the speed of light in vacuum, &, is the rel-
ative dielectric constant of the medium substrate, a. sy is
the equivalent width of HMSIW, and 4, is the waveguide
wavelength of the shorted stub in the substrate.

When the PIN diodes are reverse biased, the equiv-
alent width of the waveguide a; is 14.6 mm, and



the cut-off frequency is 3.5 GHz; the length of the
shorted stub b is 7.9 mm, and the resonant frequency
is 7.3 GHz, where the upper TZ appears. Considering a
few transition bandwidths, the filter is under the C-band
bandpass working status.

When the PIN diodes are forward biased, three
metal sheets are connected to the HMSIW structure to
change the electrical size, internal impedance distribu-
tion, and the resonance characteristics of the filter. There-
fore, the equivalent width of the waveguide (a;+s+m)
increases to 18.5 mm, and the cut-off frequency moves
to 2.7 GHz; the length of the shorted stub (b;+s+m)
increases to 11.7 mm, and the upper TZ is generated at
5 GHz. The actual passband shifts to the S band. Three
activated metal sheets enhance the transverse electrical
lengths of the waveguide and the shorted stub simulta-
neously. It leads to a reduction of f, and f, respectively,
which switches the bandpass to S band. By controlling
the states of PIN diodes through the DC circuits, the
working status of the bandpass filter can be effectively
switched between S and C bands.

The transverse E field of HMSIW TE, ), o mode can
be expressed as [13]]

—joua T i
E, = MA sinixe—JﬁZ. )
Aeff

Here, A is the random amplitude of the wave and
is the permeability of the dielectric. As a.rs is changed
by the bias of diodes, the maximum area of E-field will
shift in the TE; ;o mode. When the filter works at S
band, the extra capacitance created by the air gap is par-
alleled with the inductance of diodes, which could gen-
erate harmonic resonances in the passband. The behav-
ior of the E field can be analyzed by using FEM
methods.

Figure 2| shows the comparison of the electric field
distributions at different phases (0° and 90°) while work-
ing in C band and S band. The PIN diodes are off at C
band; thus, the surface electric field propagates as the
TE| /2,0 mode of HMSIW, which allows the electromag-
netic wave transmitting through the quarter-wavelength
shorted stub to produce a bandpass effect. There is lit-
tle energy coupling to three metal sheets, which have
very weak impacts on the performance. When the PIN
diodes are activated, the surface current spreads to the
metal sheets through the short circuits. Obviously, the
electromagnetic distribution still follows the rule of the
fundamental mode of HMSIW, but the altering structures
of the waveguide and shorted stub form a new bandpass
filtering in a lower frequency band. Although the excited
position of the feedline is moved to the middle of the
waveguide when diodes are active, the fundamental field
distributions have very little affection.

XU, TANG, WANG, ZHAO: A COMPACT BANDPASS FILTER WITH ACTIVE SWITCHABLE PASSBAND STATUS

-

Deg(phase)= 90°

Deg(phase)= 0"

"’ﬂv’"

f% e e - —

Deg(phase)= 0" Deg(phase)= 90°

(b)

Fig. 2. Distributions of the electric field at different
phases: (a) Propagation in C band and (b) propagation
in S band.

II1. SIMULATION AND TESTING

The filter’s structure was simulated using the high
frequency structure simulator (HFSS), and the compari-
son of the simulated and measured results are shown in
Fig.|3| The simulated results show that excellent band-
pass filtering is achieved in the 4-5.4 GHz band when
PIN diodes are reverse biased. The in-band insertion loss
is less than 0.3 dB, and the return loss is lower than -
15 dB. The upper TZ appears at 7.3 GHz, which greatly
improves the selectivity. When the PIN diodes are for-
ward biased, the passband of the filter is switched to the
2.9-3.9 GHz band. The in-band insertion loss is less than
0.5 dB, and the return loss is lower than -13 dB. The
upper TZ is moved to 5 GHz, and the out-of-band roll-
off is very steep. The relative bandwidth of each status is
about 29%, and the simulated results are consistent with
the theoretical analysis.

The filter was fabricated by using traditional single-
layer print circuit board (PCB) processing technology.
Two SMA-KFDO0851 connectors work as input/output
ports to connect the ES063A network vector analyzer for
full-wave simulation testing. The solderless connectors
eliminate additional welding losses with only 0.2 dB in-
band loss. The fabricated product is shown in Fig. ] (a).
To reduce the ferrite choke’s influence on the top metal
layer, this choke was welded on the bottom ground plane,
which links the positive pole of the DC power supply.
Each metal sheet was welded to one ferrite choke which
links the negative pole. Figures [ (b) and (c) show the
testing environment and two working statuses of the fil-
ter when switching the biases.

The measured results in Fig. [3| show that the fil-
ter has a passband in C band from 3.9GHz to 5.2GHz
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Fig. 3. Comparisons between simulated and measured
results: (a) Sp; parameters and (b) S; parameters.

Fig. 4. Fabricated filter and test environment: (a) Product,
(b) passband in C band, and (c) passband in S band.

when PIN diodes are off. The in-band insertion loss
is less than 1 dB and return loss is lower than -18dB.
When PIN diodes are forward biased, the passband is
switched to S band of 2.7-3.6 GHz, with an insertion
loss less than 5 dB and a return loss lower than -10
dB. The relative bandwidth of these two passbands is
28.6%. The active network has a 2-3 ns switching speed.
However, the parasitic inductance made two passbands
shift to the lower frequency at about 0.3 GHz. Although
the in-band insertion loss is relatively larger than simu-
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lated ones, the return loss keeps the good performance. It
means the additional measured losses are mainly caused
by the energy storage elements in the feeding network.
More diodes may reduce the in-band loss because bet-
ter impedance matching will be achieved. Moreover,
the welding process increases the surface roughness and
brings more losses. These drawbacks can be improved
by optimizing the processing technology and isolating
circuits. It illustrates that the designed filter can achieve
real-time bandpass switching between S and C bands
under active control, The passband response and over-
all trends in the measurement match well with simulated
results.

IV. CONCLUSION

This paper presents a HMSIW bandpass filter capa-
ble of switching passbands. Detailed theoretical analysis,
simulations, and the testing are accomplished. The mea-
sured passband can be switched between S band (2.7-
3.6 GHz) and C band (3.9-5.2 GHz) under the active
control while maintaining a constant relative bandwidth
of 28.6%. The designed filter has the advantages of
simple structure, low cost, easy realization, and com-
pact size, which is potentially applicable to the recon-
figurable filtering devices in microwave communication
systems.
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