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A Compact Switchable and Tunable Bandpass Filter

Muhammad F. Karim" and Mohammed Y. Siyal

Abstract—In this paper, an integrated switchable and tunable bandpass filter is designed, simulated,
and fabricated. This integrated bandpass filter is able to switch as well as tune in the ultra-wideband
(UWB) as well as 2.4 GHz band. At first, a UWB bandpass filter is developed which consists of two
bent shorted quarter-wavelength stubs and a connecting half-wavelength stub. Subsequently, a 2.4 GHz
bandpass filter is realized by connecting another half-wavelength stub on top of the UWB filter. RF
pin-diodes are used for switching the bands between UWB and 2.4 GHz bandpass filter. The switchable
bandpass filter converts into a tunable filter by changing the inductance or the length of shorted stubs
through the pin diodes. A detailed parametric analysis is done for calculating different stubs lengths
of the UWB as well 2.4 GHz bandpass filter. The simulation results show a high rejection level of
> 40dB at the lower frequency and a low insertion loss of 0.8 dB in the passband for UWB filter. For
2.4 GHz bandpass filter, the simulation results show an insertion loss of 0.42dB and a 3dB bandwidth
of 796 MHz. The filter is fabricated on a Rogers 4003 substrate, and the measurement results of the
switchable filter in the UWB band show an insertion loss of 2.1dB and a 3dB bandwidth of 7 GHz. In
the case of 2.4 GHz bandpass filter, the insertion loss is 0.78 dB.

1. INTRODUCTION

Recent development in wireless communications systems demands radio frequency (RF) devices to
operate in multiple and separated frequency bands. As such, a single filter cannot fulfill filtering
requirements for receivers operating in the UWB and wireless local area network (WLAN) bands
simultaneously. In addition, the use of multiple filters occupies a large surface area [1]. Tunable
and switchable microwave circuits have allowed increased system functionality with lower weight and
cost than existing systems. Therefore, switchable and tunable filters are of great interest [2,3].
Tunable filters have been demonstrated with the use of semiconductor varactor diodes [4-6] and micro-
electromechanical systems (MEMS) [7-10]. For frequencies below 10 GHz, PIN diodes and varactor
diodes are able to demonstrate () > 50 with reduced cost, easier packaging, and lower bias voltage.
Significant research activities have been carried out to explore various UWB filters for indoor and
handheld systems. Various UWB bandpass filters have been developed to achieve a fractional bandwidth
of 110% at the central frequency of 6.85 GHz [11,12]. Meanwhile, IEEE 802.11b/g WLAN standard at
2.4 GHz band has also been extensively incorporated into mobile and handheld devices, such as laptop,
cell-phones, and PDAs. Bandpass filters operating at 2.4 GHz have been developed over the years with
various configurations [13, 14].

The resonant frequency and coupling between resonators and input/output coupling were adjusted
using MEMS switches in edge coupled filter topologies that was implemented in [15]. The filter
response shows three distinct states at 8, 9, and 10 GHz, and preserves constant bandwidth over the
switchable range [15]. Another switchable filter topology was demonstrated, which included two folded
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resonator extensions switched by PIN diodes. It was able to switch between WiFi and universal mobile
telecommunications (UMTS) transmit band standards [16]. A bandstop filter with the topology can be
conveniently switched to have a bandpass response due to the presence of the inter-resonator coupling
structures and has recently been reported. The filter was reconfigured by a pair of reflective MEMS
switches, and it was demonstrated that the switchable filter can exhibit both bandstop and bandpass
filter responses [17]. An integrated filter that is able to switch as well as tune has not been reported in
literature.

In this paper, an integrated new switchable and tunable bandpass filter is presented. The proposed
filter is able to switch and tune in the UWB and 2.4 GHz band. At first, a UWB bandpass filter consisting
of two bent shorted quarter-wavelength stubs and a connecting half-wavelength stub is developed. It
switches from UWB to 2.4 GHz bandpass filter by connecting another half-wavelength stub through RF
pin diodes. Using pin diodes, the switchable filter becomes a tunable bandpass filter by changing the
inductance or the length of the shorted stubs. The switchable and tunable bandpass filter has the merit
of compact size and low insertion loss.

2. DESIGN OF SWITCHABLE AND TUNABLE BANDPASS FILTER

2.1. Design of Switchable Bandpass Filter

Figure 1 shows the schematic of a switchable and tunable bandpass filter. The UWB bandpass filter
consisting of two bent short stubs ls of quarter wavelength and one bent connecting line in the form of
a square loop. Unlike the conventional quarter-wave filter, the connecting line between the two shorted
stubs has a length of half wavelength, 1, in order to obtain a wider bandwidth. The bending of the
stubs also makes the design more compact than the conventional structure. The UWB bandpass filter is
designed with the center frequency at 6.85 GHz and the lengths of stubs [ = 12.4mm and lo = 6.2 mm,
respectively. The gap between the folded stubs is g = 0.3 mm, and this helps in the optimization of the
bandpass frequency characteristics. Figure 2 shows the simulation results for the UWB bandpass filter

, Is = Agl2 |
| I
DC . . DC
pad | | pad
| |
Pin diode, D3<—;"‘€%5 To TS T T TS Pindiode, DA
| I = A2 I
Voo !
T I X | T RF OUT
1 | b = 1.4
—>{gl— | I DC block capacitor

| | .
i : s O :
DC " Pin diode, D" ﬁ%\ L
-~ I o @\ /) ® Pin !dlode, D2
| Shorted to ground

Figure 1. Schematic of an integrated switchable and tunable bandpass filter.
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Figure 2. Simulation results of the UWB switchable bandpass filter.

using the commercial software IE3D. It shows a high rejection level of > 40dB at the lower frequency
and a low insertion loss of 0.8dB in the passband.

The bandwidth of the UWB filter within the lower dotted red grid in Figure 1 depends on the centre
connecting line [; as discussed previously. Using ABC D parameters, an expression can be obtained:
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where Y is the admittance, and Z, is the characteristics impedance. Eq. (3) is useful for determining
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Figure 3. Simulation results of the 2.4 GHz switchable bandpass filter.
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the bandwidth of the UWB bandpass filter.

When a stub of length I3 = A;/2 is inserted into the filter as shown in the upper dotted blue grid in
Figure 1, it becomes a switchable bandpass filter. It switches the band from UWB to 2.4 GHz band as
shown in Figure 3. The insertion loss is 0.42 dB with a 3-dB bandwidth of 796 MHz. The out of band
rejection is more than 4 dB on the lower and upper side bands of 2.4 GHz filter. The RF pin diodes D3
and D4 are placed to realize the switchable characteristics as depicted in Figure 1.

2.1.1. Varying the Length of Stub, 11, of UWB Bandpass Filter

In this case, suppose that the length of the stub, i1, of UWB bandpass filter changes from A\;/2 to A,
with other two lengths Il and I3 fixed at A;/4 and A;/2. As depicted in Figure 4, the insertion loss
for [y = A, is quite high in the range of 4dB with ripples appearing in the passband. With length
l1 = Xg/2, the insertion loss is less than 1dB, and it satisfies the requirement of the UWB band in
terms of bandwidth.
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Figure 4. Simulation result for the variation in the length of stub, {;, of UWB bandpass filter.
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2.1.2. Varying the Length of Stub, lo, of UWB Bandpass Filter

A parametric study is done by varying the length of the stubs, I3, for UWB bandpass filter. The other
two lengths Iy and 3 are fixed at \;/2 and \,/2, respectively. The variation in the lengths also shows
the tunability characteristics of around 600 MHz as shown in Figure 5. The results also show that for
ly = A\g/6 a high insertion loss is about 2dB at 7GHz. The 3-dB bandwidth is 9.8 GHz and is out of
UWB. The return loss also decreases below 10dB from 6 to 8 GHz. The length Iy = \;/2 shows the
minimum insertion loss of less than 1dB and covers the UWB. The out of band rejection is more than
40 dB at lower frequency band and over 15 dB at higher band. Subsequently Iy = \;/8 in Figure 5 shows
the worst insertion loss of 3dB at 7.2 GHz among the three, and the return loss drops below 10dB from
6 to 9 GHz.
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Figure 5. Simulation result for the variation in the length of stub, ls, of UWB bandpass filter.
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2.2. Design of Tunable Bandpass Filter

The tunable bandpass filter is developed by changing the length of the stub, ls. The detailed analysis
on the variation of the length is presented in the next subsection. Pin-diodes D1, D2, D3, and D4 are
incorporated and turn ON or OFF simultaneously for tunability as shown in Figure 1. When diodes
D3 and D4 are turned OFF and diodes D1 and D2 turned ON, the filter shows UWDB characteristics as
shown in Figure 6. This is because the inductance or the length of the stub changes. Similarly, when
diodes D3 and D4 are turned ON and D1 and D2 turned ON and OFF respectively, it behaves as a
tunable filter in the 2.4 GHz band as shown in Figure 7.

A transient response of the switchable filter at the UWB and 2.4 GHz band is also calculated using
the Agilent ADS transient simulator controller in the co-simulation environment. The delay of the filter
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Figure 6. Simulation results of the tunable UWB bandpass filter.
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Figure 7. Simulation results of the tunable 2.4 GHz bandpass filter.
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Figure 8. Transient responses of the filter (a) UWB and (b) 2.4 GHz filter.

is calculated and compared between the input voltage peak, Vi, and output voltage peak, Viyut. The
delay through the switchable filter in the UWB is 34 ps as shown in Figure 8(a). For 2.4 GHz band, it
is 320 ps as shown in Figure 8(b).

2.2.1. Varying the Length of the Stub, lo, of 2.4 GHz Bandpass Filter

For a 2.4 GHz bandpass filter configuration, the length of the stub 5 is varied from A\;/4, A\y/6 to A\ /8,
while the two lengths [ and I3 are fixed at \;/2 and \;/2, respectively. Figure 9 shows that change in
the length of the ls stub tunes the frequency from 2.4 GHz to 3.23 GHz. This in turn shows the change
in the inductance value by varying the length of the stub. The insertion loss is 0.42 dB, and the 3-dB
bandwidth is 796 MHz. The out of band rejection on lower frequency band is more than 45dB and on
the higher band is greater than 25dB. The stub length of l» = A\;/4 results in the generation of the
second frequency band at 10 GHz. Its insertion loss is 0.6 dB with 3-dB bandwidth of 1.6 GHz.
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Figure 9. Simulation result for the variation in the length of stub, ls, of 2.4 GHz bandpass filter.

2.2.2. Varying the Length of the Stub, ls of 2.4 GHz Bandpass Filter

The final parametric study is for the length I3 of 2.4 GHz bandpass filter. The lengths [; and Iy are
fixed at \;/2 and \,/4, respectively. The observation in this case is that there is a wide frequency shift
if the lengths are changed from A4, A\;/2 to Ag/4. The shift in the frequency is more than 66% as the
results in Figure 10. The rejection of I3 = A4 stub length is very poor at the higher frequency band.
However, the configuration I3 = ), is not realizable with the RF pin diodes.

3. EXPERIMENTAL RESULTS AND DISCUSSIONS

The switchable and tunable filter is fabricated on a Rogers substrate with dielectric constant, &, = 3.38,
and thickness of 0.8 mm as shown in Figure 11. The filter is designed with a 50 2 signal line of width
of 1.7mm. Avago’s HSMP 4890 dual anode pin diodes were used. The measurement results are shown
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Figure 10. Simulation result for the variation in the length of stub, I3, of 2.4 GHz bandpass filter.
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Figure 11. Fabricated structure — The switchable and tunable filter.

in Figure 12. Figure 12(a) shows that when diodes D1, D2, D3, and D4 are switched OFF, it exhibits
UWRB bandpass filter characteristics. However, when D1 and D2 are switched ON at 0.8 V, the length
of stub ls changes, which results in the tunability of UWB. The UWB filter has shown an insertion loss
of 2.1dB and 3 dB bandwidth of 7 GHz. The tuning range is about 150 MHz, which is small because of
the wide bandwidth of the filter. When diodes D3 and D4 are turned ON, length of stub [3 changes.
However, when diodes D1 and D2 are OFF, the filter switches to the 2.4 GHz band. Tuning in the
2.4 GHz band occurs when diodes D3 and D4 are turned ON one by one, i.e., length of stub I3 changes.
For the filter operating at the 2.4 GHz band, it has very low insertion of 0.78 dB, and the 3 dB bandwidth
is 400 MHz as shown in Figure 12(b). The tuning range is more than 600 MHz.
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Figure 12. Measurement result. (a) Tuning — UWB band. (b) Tuning —2.4 GHz band.
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Figure 13. Measured isolation of the bandpass filter at (a) 2.4 GHz and (b) 6.8 GHz.

The isolation of the switchable filter is measured when the filter operates in the UWB while the
isolation is calculated at 2.4 GHz and vice versa. Thus, the measured isolation is —11.32 dB at 2.4 GHz
and is —35dB at 6.8 GHz, respectively as shown in Figure 13.

4. CONCLUSIONS

An integrated switchable and tunable filter in the UWB and 2.4 GHz band has been designed, fabricated,
and tested. A UWB filter consisting of two bent shorted quarter-wavelength stubs and a connecting
half-wavelength stub is first developed. It switches to a 2.4 GHz band pass filter by connecting another
half-wavelength stub through RF pin diodes. The switchable filter becomes a tunable filter by changing
the inductance or the length of the shorted stubs by using pin diodes. The measurement results of the
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switchable filter in the UWB show an insertion loss of 2.1dB and a 3dB bandwidth of 7GHz. The
tuning range is 150 MHz. For the 2.4 GHz filter, the insertion loss is 0.78 dB, and the tuning range is
more than 600 MHz. The isolation of filter is —11.32 dB at 2.4 GHz and —35 dB at 6.8 GHz, respectively.
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