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SWITCHABLE TUNABLE ACOUSTIC RESONATOR

USING BST MATERIAL

INVENTORS

Albert Humirang Cardona and Robert Armstrong York

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The present invention generally relates to acoustic resonators and their
applications in electronic circuits.
2. Description of the Related Art
[0002] Capacitors are a basic building block for electronic circuits. One design for
capacitors is the parallel-plate configuration, in which a dielectric is sandwiched between
two electrodes. FIG. 1 is a block diagram illustrating a typical metal-insulator-metal
(MIM) parallel plate configuration of a thin film capacitor 100. The capacitor 100 is
formed as a vertical stack comprised of a metal base electrode 110b supported by a
substrate 130, a dielectric 120, and metal top electrode 110a. The lateral dimensions,
along with the dielectric constant and thickness of the dielectric 120, determine the
capacitance value.
[0003] Materials in the barium strontium titanate (BST) family have characteristics
that are well suited for use as the dielectric 120 in such capacitors 100. BST generally has
a high dielectric constant so that large capacitances can be realized in a relatively small
arca. Furthermore, BST has a permittivity that depends on the applied electric field. In
other words, thin-film BST has the remarkable property that the diclectric constant can be
changed appreciably by an applied DC-field, allowing for very simple voltage-variable
capacitors (varactors), with the added flexibility that their capacitance can be tuned by
changing a bias voltage across the capacitor. In addition, the bias voltage typically can be
applied in either direction across a BST capacitor since the film permittivity is generally
symmetric about zero bias. That is, BST typically does not exhibit a preferred direction
for the electric field. One further advantage is that the electrical currents that flow through

BST capacitors are relatively small compared to other types of semiconductor varactors.
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[0004] Such electrical characteristics of the BST capacitors allow other potential
beneficial uses of the BST capacitors in electronic circuits.
SUMMARY OF THE INVENTION

[0005] Embodiments of the present invention include an acoustic resonator comprising
a first electrode, a second electrode, and a barium strontium titanate (BST) dielectric layer
disposed between the first electrode and the second electrode, where the acoustic resonator
is switched on as a resonator with a resonant frequency if a DC (direct current) bias
voltage is applied across the BST dielectric layer. The acoustic resonator is also switched
off if no DC bias voltage is applied across the BST dielectric layer. Furthermore, the
resonant frequency of the acoustic resonator can be tuned based on a level of the DC bias
voltage, with the resonant frequency increasing as the level of the DC bias voltage
increases.
[0006] In one embodiment, the acoustic resonator is formed on a sapphire substrate.
In another embodiment, the acoustic resonator is formed over an air gap disposed between
the second electrode and a substrate. In still another embodiment, the acoustic resonator is
formed over an acoustic reflector disposed between the second electrode and a substrate,
where the acoustic reflector is comprised of a plurality of alternating layers of platinum
(Pt) and silicon dioxide (Si0;) and reduces damping of the resonance of the acoustic
resonator caused by the substrate. In still another embodiment of the present invention,
the acoustic resonator includes a first part formed on a substrate and a second part formed
over an air gap.
[0007] The BST based acoustic resonator of the present invention functions can be
switched on or off simply based on whether a DC bias voltage is applied or not, and its
resonant frequency can be tuned based on the level of the DC bias voltage. Thus, the BST
based acoustic resonator has many versatile uses in electronic circuits, such as switchable,
tunable filters and a duplexer for transmitting and receiving a radio frequency signal over
an antenna.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] The teachings of the embodiments of the present invention can be readily
understood by considering the following detailed description in conjunction with the
accompanying drawings.
[0009] FIG. 1 is a block diagram illustrating a typical metal-insulator-metal (MIM)

parallel plate configuration of a thin film BST capacitor according to one embodiment of
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the present invention.

[0010] FIG. 2 is a graph illustrating RF transmission measurements of the BST
capacitor of FIG. 1 as a function of the frequency of the RF signal.

[0011] FIG. 3 is a graph illustrating RF transmission measurements of the BST
capacitor of FIG. 1 as a function of the frequency of the RF signal under different DC bias
voltages.

[0012] FIG. 4 is a diagram of an equivalent circuit modeling a piezo-electric
transducer.

[0013] FIG. 5 illustrates the structure and use of the BST-based FBAR (Film Bulk
Acoustic Resonator) according to one embodiment of the present invention.

[0014] FIG. 6 illustrates the structure of the BST-based FBAR, according to one
embodiment of the present invention.

[0015] FIG. 7A illustrates the structure of the BST-based FBAR, according to another
embodiment of the present invention.

[0016] FIG. 7B illustrates the various structures of the acoustic reflector that can be
used with the BST-based FBAR of FIG. 7A.

[0017] FIG. 8 illustrates the structure of the BST-based FBAR device, according to
still another embodiment of the present invention.

[0018] FIG. 9 illustrates the simulated behavior of a single BST-based FBAR device
in series and shunt configurations.

[0019] FIG. 10A illustrates a band pass filter circuit implemented using the BST-based
FBAR devices according to one embodiment of the present invention.

[0020] FIG. 10B is a graph illustrating RF transmission measurements, as a function
of the frequency of the RF signal, of the band pass filter circuit of FIG. 10A implemented
using the BST-based FBAR devices according to one embodiment of the present
invention.

[0021] FIG. 10C is a graph illustrating how the RF transmission measurements of the
band pass filter circuit of FIG. 10A implemented using the BST-based FBAR devices
change depending upon different DC bias voltages.

[0022] FIG. 11 illustrates a duplexer implemented using the BST-based FBAR devices
according to one embodiment of the present invention.

[0023] FIG. 12A illustrates a conventional switched filter bank.

[0024] FIG. 12B illustrates a switched filter bank implemented using the BST-based
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FBAR devices according to one embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
[0025] The Figures (FIG.) and the following description relate to preferred
embodiments of the present invention by way of illustration only. It should be noted that
from the following discussion, alternative embodiments of the structures and methods
disclosed herein will be readily recognized as viable alternatives that may be employed
without departing from the principles of the claimed invention.
[0026] Reference will now be made in detail to several embodiments of the present
invention(s), examples of which are illustrated in the accompanying figures. It is noted
that wherever practicable similar or like reference numbers may be used in the figures and
may indicate similar or like functionality. The figures depict embodiments of the present
invention for purposes of illustration only. One skilled in the art will readily recognize
from the following description that alternative embodiments of the structures and methods
illustrated herein may be employed without departing from the principles of the invention
described herein.
[0027] BST capacitors can be configured to exhibit the characteristics of an acoustic
resonator if the BST capacitor is appropriately controlled. As the DC bias voltage to BST
capacitors is increased, resonant dips in the reflection coefficient are observed. The
frequency and depth of the resonance varies with the device area and electrode thicknesses
as well as the DC bias voltage. Such resonance in the BST varactors is consistent with a
thickness-mode acoustic resonance. BST (and also Strontium Titanate) exhibits a field-
induced piezoelectricity, such that under bias the BST thin films can strongly couple
electrical energy to acoustic vibration. This is sometimes called “electro-restrictive”
behavior to distinguish the effect from a pure piezoelectric material which would also
exhibit the inverse effect (where a mechanical deformation leads to an electrical
polarization). In the context of BST varactors, this resonance is not especially desirable
since it is effectively a loss mechanism that lowers the overall Q-factor of the device. For
example, as the RF signal passes through a biased BST capacitor, part of its energy is
converted into mechanical energy which then oscillates back-and-forth within the MIM
structure forming a standing wave resonance. This standing wave will continue to draw
energy away from the RF signal as long as the DC electric field remains. Consequently,

this effect results in transmission loss in the BST capacitors.
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[0028] FIG. 2 is a graph illustrating RF transmission measurements, of the capacitor
100 using the BST dielectric layer 120, as a function of the frequency of the RF signal
voltage. Two curves 210, 220 are shown, corresponding to different applied DC voltages.
At zero applied DC voltage, curve 210 shows a well-behaved flat response with no
significant transmission loss. In contrast, at an applied DC voltage of 20 V, curve 220
shows a large resonance and transmission loss appearing at a specific resonant frequency
of about 3.7 GHz caused by the piczoelectric effect of the BST material 120.

[0029] Such piezoelectric effects of the BST diclectric material 120, if carefully
controlled, may be used to implement useful electrical components. It is beneficial to
control the piezoelectric effects of the BST dielectric material used in varactors to
implement useful electronic components.

[0030] FIG. 3 is a graph illustrating RF transmission measurements of the BST
capacitor of FIG. 1 as a function of the frequency of the RF signal under different DC bias
voltages. The curve 310 shows the measurements under zero DC bias (V=0, off). At zero
DC bias voltage, the BST-based varactor shows a well-behaved flat response with no
significant transmission loss, as illustrated in curve 310. In contrast, at an applied DC
voltage of 40 V, curve 315 shows a large anti-resonance and transmission loss appearing
at around 2.55 GHz. Also, at applied voltages of 10V, 20V, 30V, and 40V, the curves 320
show a large resonance and transmission loss appearing at a certain frequency. At such
resonant frequency, the BST varactor is in the high-impedance, anti-resonance state
leading to a deep notch in the frequency response. The specific frequencies at which the
anti-resonance occur increases as the DC bias voltage increases and the transmission loss
at such frequency also increases as the DC bias voltages increase. In the off-state, the
insertion loss is a function of the capacitive reactance of the BST varactor device. By
increasing the device area, it is possible to improve the insertion loss of the off-state and
create a more attractive notch filter with a higher loaded Q-factor. Therefore, the BST
varactor can be used as a switchable resonator that is switched on with non-zero DC bias
voltage but switched off with zero DC-bias voltage. Further, the anti-resonant frequency
and the transmission losses through the BST varactor can also be controlled using different
levels of the DC bias voltage. In essence, the BST varactor functions as a switchable and
adjustable FBAR (Film Bulk Acoustic Resonator) device.

[0031] FIG. 4 is a diagram of an equivalent circuit modeling a piezo-electric

transducer (acoustic resonator). Such equivalent circuit can also be used to model the
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piezo-electric characteristics of the BST varactor. The transducer can be represented by
the KLM (Krimholtz, Leedhom, and Matthaei) model. The KLM model uses an
equivalent transmission-line circuit to model the one-dimensional acoustic wave problem.
In the KLM model described in FIG. 4, V is the voltage applied to the acoustic resonator, |
is the current applied to the acoustic resonator, C, is the clamped capacitance, Z, is the
impedance looking into the acoustic resonator, 1:n is the turns ratio of a transformer that
converts the electrical signal into acoustic resonance, v; and v, are the particle velocities at
the surfaces of the acoustic resonator, F; and F; are the acoustic forces at the surfaces of
the acoustic resonator, Z, is the characteristic impedance of the acoustic transmission line,
and vy is the propagation constant of the acoustic transmission line. In the KLM model,
cach acoustic layer (including electrodes, dielectrics, substrates, etc) is specified by a mass

density p, and an acoustic wave velocity v, , from which equivalent transmission-line

parameters (the characteristic impedance Z, and propagation constant §) can be computed
as follows:
@
Zy=4p,v, p=—
»
p
where A4 is the active device area (electrode area) and  is the frequency of resonance.

The acoustic loss in each layer is specified by a mechanical viscosity 7, such that the
attenuation factor ¢ is given by

nw

a =
2p,v,

and each layer is defined by a complex propagation constant y =« + j£. In addition to
these parameters, the piezoelectric layer (BST in the present invention) is further
characterized by a piezoelectric strain constant d,[C/N] which relates the applied electric

field to the resulting mechanical strain (deformation). It can be shown that the remaining

equivalent circuit parameters in the KLM model are given by:

jo A h* sinh yl
I S
2h sinh(y(/2) o 7,
where
h= % &=c—c,d’
&

and / is the length of the acoustic transmission line, and ¢, is the stiffness constant, related

to the mass density and acoustic velocity as ¢, = p,v,. Note that ¢ is the permittivity of
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the material with no mechanical stress, and &° is the permittivity that would be measured
if the material were clamped to prevent deformation. Since the piezoelectric strain
constant often appears in combination with other parameters, piezoelectric materials are
often characterized by a dimensionless piezoelectric coupling constant K, or the
electromechanical coupling constant &, related by

c d? K?
K2: mSm kt2: .
& K +1

These formulas are convenient for calculations related to complex multi-layered
structures.

[0032] FIG. 5 illustrates the structure and use of the BST-based FBAR 500 according
to one embodiment of the present invention. The BST-based FBAR device 500 includes a
BST (e.g., Ba,Sr; «TiO3) layer 520 disposed between a top electrode 510a and a bottom
electrode 510b supported by a substrate 530 (e.g., Sapphire). The substrate material 530 is
not limited to Sapphire and other materials such as Silicon can be used suitably. The top
electrode 510a, the BST layer 520, the bottom electrode 510b, and the substrate 530 has a
thickness of t;, t;, t3, and t4, respectively. As explained above, the BST-based FBAR
device 500 illustrates the characteristics of an FBAR device under non-zero DC bias
voltage. A voltage V, 540 (including a DC component and an AC component) is applied
to the electrodes 510a, 510b through the input impedance Z,. A DC voltage generating an
electric field of 1 MV/cm across the FBAR device 500 can change the dielectric constant
of the BST material 520 by factors of 2 to 3, leading to different frequency responses of
the FBAR device 500 as illustrated in FIG. 4. However, under zero DC bias voltage, the
FBAR device 500 loses the characteristics of an FBAR, and has characteristics similar to a
simple thin film capacitor.

[0033] FIG. 6 illustrates the structure of the BST-based FBAR 600, according to one
embodiment of the present invention. The FBAR 600 is fabricated on a sapphire substrate
530, and includes top and bottom electrodes 510a, 510b and a BST layer 520 disposed
between the top and bottom electrodes 510a, 510b. The substrate material 530 is not
limited to Sapphire and other materials such as Silicon can be used suitably. Note that the
FBAR 600 device is formed over air 620 such that there is an air gap 620 between the
bottom electrode 510b and the sapphire substrate 530. The air gap 620 reduces the
damping of the resonance caused by the substrate 530. DC bias 650 is applied to the top
electrode 510a, and the bottom electrode 510b is connected to DC ground 651. The RF
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signal 652 is input to the top electrode 510a, passes through the BST layer 520, and is
output 654 from the bottom electrode 510b.

[0034] FIG. 7A illustrates the structure of the BST-based FBAR 700, according to
another embodiment of the present invention. The FBAR 700 is fabricated on a sapphire
substrate 530, and includes top and bottom electrodes 510a, 510b and a BST layer 520
disposed between the top and bottom electrodes 510a, 510b. The substrate material 530 is
not limited to Sapphire and other materials such as Silicon can be used suitably. Note that
the FBAR 700 device in FIG. 7A is fabricated on an acoustic reflector 705 which is
disposed on the sapphire substrate 530. The acoustic reflector 705 (also referred to as an
“acoustic mirror”) functions to reduce the damping of the resonance caused by the
substrate 530, as will be explained in more detail with reference to FIG. 7B. DC bias 780
is applied to the top electrode 510a, and the bottom electrode 510b is connected to DC
ground 781. The RF signal 782 is input to the top electrode 510a, passes through the BST
layer 520, and is output 784 from the bottom electrode 510b.

[0035] FIG. 7B illustrates the various structures of the acoustic reflector 705 that can
be used in the BST-based FBAR 700 of FIG. 7A. The acoustic reflector 705 is made from
alternating quarter-wavelength layers of high and low acoustic impedance materials. The
acoustic impedance is related to the mass-density and sound velocity of the materials. For
a BST-based device, platinum (Pt) layers are highly desirable because Pt is refractory (can
withstand high BST deposition temperatures), resistant to oxidation, and has a large work
function, forming a large Schottky barrier at the interface to reduce leakage. Pt also has an
extremely large mass density, making it very attractive as the high impedance layer in an
acoustic mirror stack. At the opposite end of the spectrum, SiO, is a very attractive and
commonly-used as a low-impedance layer. Fig. 7B shows the improvement in reflection
coefficient for three simple acoustic mirror stacks 750, 760, 770. The acoustic reflector
750 has a simple Pt electrode disposed on a sapphire substrate, showing a reflection
coefficient as in graph 752. The acoustic reflector 760 has a 2-layer Pt/Si0, mirror
disposed on a sapphire substrate, showing a reflection coefficient as in graph 762. The
acoustic reflector 770 has a 4-layer Pt/SiO, mirror disposed on a sapphire substrate,
showing a reflection coefficient as in graph 772. In the latter two cases (acoustic mirrors
760, 770) the layer thicknesses were chosen to be a quarter-wavelength at 2.5GHz. It can
be seen the reflection coefficient improves as the acoustic reflector has multiple Pt/SiO,

layers as in the acoustic mirror 760, 770.
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[0036] FIG. 8 illustrates the structure of the BST-based FBAR device 800, according
to still another embodiment of the present invention. The FBAR 800 is fabricated on a
sapphire substrate 830, and includes top and bottom electrodes 510a, 510b and a BST
layer 520 disposed between the top and bottom electrodes 510a, 510b. The substrate
material 530 is not limited to Sapphire and other materials such as Silicon can be used
suitably. Note that the sapphire substrate 830 has a pair of tapered parts (tapered as they
become further away from the bottom electrode 510b) with an air gap 820 disposed
between the pair of tapered parts of the sapphire substrate 830. Thus, the FBAR 800
device in FIG. 8 is disposed partly on the sapphire substrate 830 and partly on the air gap
820. The air gap 820 is created by milling away the substrate 530. The air gap 820 also
reduces the damping of the resonance of the FBAR device 800 that would otherwise be
caused by the substrate 530. The via 860 provides a conduit for electrical connection to
the bottom electrode 510b. DC bias 850 is applied to the top electrode 510a, and the
bottom electrode 510b is connected to DC ground 851. The RF signal 852 is input to the
top electrode 510a, passes through the BST layer 520, and is output 854 from the bottom
electrode 510b.

[0037] FIG. 9 illustrates the simulated behavior of a single BST-based FBAR device
in series 900 and shunt 950 configurations. A clear way to exploit the voltage-dependent
piezoelectric coupling of the BST-based FBAR devices is by designing the circuits to
maximize the impedance differential between “off” (zero bias) and “on” (maximum bias)
states. The series configuration 900 includes the FBAR device 902 in series with an input
impedance 904 (Z) receiving an input RF input signal 908 and an output impedance 906
(Zo) for the RF output signal. In the transmission loss graph 920 for the series
configuration 900, it can be seen that the anti-resonance occurs around 2.55 GHz when a
DC bias of 40 V is applied to the FBAR device 902, while no anti-resonance occurs when
no DC bias is applied (0 Volt). The shunt configuration 950 includes an input impedance
918 (Zo) receiving an RF input signal 918, and the FBAR device 912 in parallel with the
output impedance 916 (Zo) for the RF output signal. In the transmission loss graph 940 for
the shunt configuration 950, it can be seen that the anti-resonance also occurs around 2.55
GHz when a DC bias of 40 V is applied to the FBAR device 912, while no anti-resonance
occurs when no DC bias is applied (0 Volt). Note that the simulations in FIG. 9 include
electrical losses associated with the material loss tangent and series resistance of the

electrodes, as well as mechanical damping and acoustic losses in the electrodes and
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substrates of the FBAR devices 902, 912. Further improvements in performance can be
obtained by using more advanced acoustic mirror stacks and higher-quality BST films.
BST films are usually engineered for high-tunability at the expense of higher loss
tangents; in this application, BST composition and deposition conditions could be
optimized purely for low loss tangents, since a large capacitive tunability is not necessary
for the proper functioning of these devices.

[0038] The switched and tunable resonance properties of the BST-based FBAR
devices can be used in modern communication systems where frequency-agile or
reconfigurable components are becoming increasingly important and necessary to cope
with a multitude of signal frequencies and modulation formats, including analog front-end
components near the antenna, such as filters, duplexers, antenna and amplifier matching
networks, etc. This is a difficult problem area for electronics because the transmit power
levels and associated RF voltage swings can be quite large, raising breakdown and
linearity concerns, while at the same time the receive signal levels are extremely low,
placing a premium on insertion loss to maintain an acceptable signal-to-noise ratio. Since
the BST-based FBAR devices according to the present invention are switchable and
tunable, they are functionally equivalent to a high-selectivity filter and a low-loss switch,
where the switch draws no DC power. An array of such filters could implement a very
compact and reconfigurable high-selectivity filter bank. Similarly, BST-based FBARs
could be combined to make a low-loss and high-selectivity duplexer or TR switch. There
are many other possibilities for frequency-agile components.

[0039] FIG. 10A illustrates a band pass filter circuit implemented using the BST-based
FBAR devices according to one embodiment of the present invention. The “ladder” filter
network shown in Fig. 10A includes capacitors 1004, 1006, 1008 and BST-based FBAR
devices 1010, 1012, receiving an RF input signal through an input impedance 1002 and
generating an RF output signal across the output impedance 1014. The BST-based FBAR
devices 1010, 1012 may be of any configuration as illustrated in FIGS. 5, 6, 7A, or 8. The
“ladder” filter network shown in FIG. 10A is essentially a combination of capacitively-
coupled shunt resonators, and can be optimized using classical filter techniques.

[0040] FIG. 10B is a graph illustrating RF transmission simulation results, as a
function of the frequency of the RF signal, of the band pass filter circuit implemented
using the BST-based FBAR devices according to one embodiment of the present invention

in FIG. 10A. It is apparent that the filter network of FIG. 10A exhibits the characteristics
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of a 2-pole band pass filter when a DC bias of 40 V is applied to the FBAR devices 1010,
1012 but that a steady frequency response occurs when the DC bias is off (0 volt). In this
simple filter network with only two BST FBAR devices 1010, 1012, over a 40 dB on-off
dynamic range can be obtained, with less than 3dB insertion loss.

[0041] FIG. 10C is a graph illustrating how the RF transmission measurements of the
band pass filter circuit implemented using the BST-based FBAR devices as in FIG. 10A
change depending upon different DC bias voltages applied to the BST-based FBAR
devices. When the DC bias voltage applied to the BST-based FBAR devices 1010, 1012
is V1, the center frequency of the band pass filter is positioned at F1. By changing the DC
voltage applied to the BST-based FBAR devices 1010, 1012 to V2, the filter response
shifts upwards and settles at the new center frequency of F2. Therefore, the filter of FIG.
10A is not only switchable based on whether a DC bias voltage is applied, but its
frequency response is also tunable based on the level of the DC bias voltage. Thus, the
filter of FIG. 10A essentially has multiple frequency bands. For example, a DC bias
voltage of V1 applied to the filter network would enable operation of Band 1 centered at
F1 while suppressing Band 2 centered at V2. Conversely, a DC bias voltage of V2 would
enable Band 2 centered at F2 while disabling Band 1 centered at F1.

[0042] With building blocks such as the filter circuit in FIG. 10A, numerous high-
level functional components can be realized. FIG. 11 illustrates a duplexer 1100
implemented using the BST-based FBAR devices according to one embodiment of the
present invention. The duplexer 1100 includes two BST-based FBAR filter circuits 1106,
1008, such as those shown in FIG. 10A, to route signals between the antenna 1110 and the
transmit (Tx) block 1102 or the receive (Rx) block 1104. When the BST-based FBAR
filter 1106 in the transmit path is activated by applying a non-zero DC bias voltage
(Vswiteh) to the BST-based FBAR 1106, the BST-based FBAR filter 1108 in the receive
path is turned off, thus isolating the receiver 1104 from the transmit signal 1102. When
the BST-based FBAR filter 1108 in the receive path is activated by applying a non-zero
DC bias voltage (~Vyitn) to the BST-based FBAR 1108, the BST-based FBAR filter 1106
in the transmit path is turned off, thus isolating the transmitter 1102 from the receive
signal 1104. The great advantage here is that both the switching and filtering functions
can be integrated together in one device, which is monolithically integrated on a single
chip, and furthermore the DC control circuit draws no current. A duplexer functionality

can be implemented using filters with different pass band frequencies for the Tx and Rx
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paths, by applying different DC bias voltages to the BST-based FBAR filters 1106, 1108.
[0043] Voltage-selectable band-pass or band-reject filter structures like those shown in
FIG. 10A can be combined in parallel to implement compact, reconfigurable filter banks.
FIG. 12A illustrates a conventional switched filter bank 1200, including conventional
FBAR switches 1202, 1204. The conventional FBAR switches 1202, 1204 are not
independently switchable, and thus the DC switching signals (Vwitch and ~Vgwiten) are
applied to the switches 1210, 1212, 1214, 1216 to externally turn on or off the
conventional FBAR filters 1202, 1204.

[0044] In contrast, FIG. 12B illustrates a switched filter bank 1250 implemented using
the BST-based FBAR devices according to one embodiment of the present invention. The
filter bank 1250 includes two BST-based FBAR filters 1252, 1254. Note that the BST-
based FBAR filters 1252, 1254 are switched directly by the DC switching signals (Vgwitch
and ~Vwiich) because the BST-based FBAR filters 1252, 1254 are switchable based on
whether a DC bias signal is applied thereto. Thus, the switched filter bank 1250 does not
require external switches to switch on or off the BST-based FBAR filters 1252, 1254.
[0045] Upon reading this disclosure, those of ordinary skill in the art will appreciate
still additional alternative structural and functional designs for a BST-based FBAR device
and its applications through the disclosed principles of the present invention. Thus, while
particular embodiments and applications of the present invention have been illustrated and
described, it is to be understood that the invention is not limited to the precise construction
and components disclosed herein. Various modifications, changes and variations which
will be apparent to those skilled in the art may be made in the arrangement, operation and
details of the method and apparatus of the present invention disclosed herein without

departing from the spirit and scope of the invention as defined in the appended claims.
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WHAT IS CLAIMED IS:

1. An acoustic resonator comprising:

a first electrode;

a second electrode;

a barium strontium titanate (BST) dielectric layer disposed between the
first electrode and the second electrode, the acoustic resonator being
switched on with a resonant frequency if a DC (direct current) bias
voltage is applied across the BST dielectric layer.

2. The acoustic resonator of claim 1, wherein the acoustic resonator is
switched off if no DC bias voltage is applied across the BST dielectric layer.

3. The acoustic resonator of claim 1, wherein the resonant frequency is tuned
based on a level of the DC bias voltage.

4. The acoustic resonator of claim 3, wherein the resonant frequency increases
as the level of the DC bias voltage increases.

5. The acoustic resonator of claim 1, wherein the acoustic resonator is formed
on a sapphire substrate.

6. The acoustic resonator of claim 1, wherein the acoustic resonator is formed
over an air gap disposed between the second electrode and a substrate supporting the
acoustic resonator.

7. The acoustic resonator of claim 1, wherein the acoustic resonator is formed
over an acoustic reflector disposed between the second electrode and a substrate
supporting the acoustic resonator, the acoustic reflector reducing damping of resonance of
the acoustic resonator caused by the substrate.

8. The acoustic resonator of claim 7, wherein the acoustic reflector comprises
a Platinum (Pt) layer.

9. The acoustic resonator of claim 7, wherein the acoustic reflector comprises
a plurality of alternating layers of Platinum (Pt) and Silicon Dioxide (S10,).

10. The acoustic resonator of claim 1, wherein the acoustic resonator includes a
first part formed over a substrate and a second part formed over an air gap.

11. The acoustic resonator of claim 1, wherein the acoustic resonator is used as
part of a switchable filter.

12. The acoustic resonator of claim 1, wherein the acoustic resonator is used as

part of a duplexer for transmitting and receiving a radio frequency signal over an antenna.
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13. A filter for filtering a frequency range of a signal, the filter comprising:
at least a capacitor; and
at least an acoustic resonator coupled to the capacitor, the acoustic
resonator including:
a first electrode;
a second electrode;
a barium strontium titanate (BST) dielectric layer disposed between
the first electrode and the second electrode, the acoustic
resonator being switched on with a resonant frequency if a
DC (direct current) bias voltage is applied across the BST
dielectric layer.

14. The filter of claim 13, wherein the acoustic resonator is switched off if no
DC bias voltage is applied across the BST dielectric layer.

15. The filter of claim 13, wherein the resonant frequency is tuned based on a
level of the DC bias voltage.

16. The filter of claim 15, wherein the resonant frequency increases as the level
of the DC bias voltage increases.

17. The filter of claim 13, wherein the acoustic resonator is formed over an air
gap disposed between the second electrode and a substrate supporting the acoustic
resonator.

18. The filter of claim 13, wherein the acoustic resonator is formed over an
acoustic reflector disposed between the second electrode and a substrate supporting the
acoustic resonator, the acoustic reflector reducing damping of resonance of the acoustic
resonator caused by the substrate.

19. The filter of claim 13, wherein the acoustic reflector comprises a plurality
of alternating layers of Platinum (Pt) and Silicon Dioxide (SiO,).

20. The filter of claim 13, wherein the acoustic resonator includes a first part

formed over a substrate and a second part formed over an air gap.
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