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(57) Abstract: A tunable resonator (102) is provided that has a high Q for each resonate frequency. The tunable resonator (102) is a
MEMs tunable resonator wherein the tuner is affected by moving a moveable mass (108), associated with the resonating portion of a
beam resonator (106), from a first position (A, B, C, D) to a second position (A, B, C, D) such that the moveable mass is held in the
first position or second position by a detent (110) rather than a constant electromagnet magnetic or electrostatic force applied there-
on. The moveable mass (108) can be mechanically isolated from the resonator portion in position (A). The moveable mass may be an
adjustable mass portion having a micro hinge.
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MICROELECTRONIC MACHINE-BASED VARIABLE RESONATOR

TECHNICAL FIELD

[0001] The present invention relates generally to resonator circuitry. More
particularly, the invention relates to a microelectronic machine (MEM) based variable

resonator adapted for incorporation into an integrated circuit.

BACKGROUND

[0002] Crystals have been used as resonators in resonation or oscillation circuitry
for about as long as radio devices have been around. So the well-known drawbacks of
using crystals in oscillator and/or filtering circuits are that they are relatively
expensive with respect to the manufacturing costs of mass-produced integrated
circuits. Furthermore, crystals cannot be directly mounted to an integrated circuit.
Crystals must be sealed in a special container that is separate from an integrated
circuit. These special containers are used to stop contamination of the crystal. Such
contamination by dirt particles would vary the oscillation frequency of the crystal. In
addition crystals have reliability problems wherein crystals oscillate at substantially

different base frequencies depending on their surrounding temperature.

[0003] Research has led to a family of new devices that are possible viable
replacements for the crystal oscillator of yesteryear. Such new devices are called
microelectronic machines (MEMs). To date, single frequency MEMs are thought to
be capable of providing the basis for a high Q oscillator that equals or exceeds the
capability of crystal oscillators. A high Q factor for an oscillator describes how under
damped and oscillator or resonator is, or equivalently, characterizes a resonator’s
bandwidth relative to its center frequency. The higher the Q, the lower the rate of
energy loss relative to the stored energy of the resonator. For example, a single
frequency MEM oscillator can be casily incorporated into a silicon device; thus,

additional space for an external crystal is no longer required. Furthermore, single
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frequency MEMs have been designed to provide cost efficient reliability performance
over temperature ranges that exceeds various crystal based oscillators and radio

frequency (RF) filter circuitry.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The accompanying figures, wherein like reference numerals refer to
identical or functionally similar elements throughout the separate views and which
together with the detailed description below are incorporated in and form part of the
specification, so to further illustrate various embodiments and to explain various
principals and advantages all in accordance with embodiments of the present

invention.

[0005] Fig. 1 is a view illustrating an exemplary tunable MEMs resonator in

silicon;

[0006] Fig. 2 is a view of the second exemplary MEMs resonator constructed in

silicon;

[0007] Fig. 3 is a view illustrating an exemplary UE device; and

[0008] Fig. 4 is a view illustrating another tunable MEMs resonator in silicon.

DETAILED DESCRIPTION

[0009] Referring now to the drawings, wherein like reference numbers are used
herein to designate like elements throughout, the various views and embodiments of
microelectronic machine based variable resonators are illustrated and described, and
other possible embodiments are described. The figures are not necessarily drawn to
scale, and in some instances the drawings have been exaggerated and/or simplified in
places for illustrative purposes only. The elements and items defined and described in

the description such as those pertaining to the detailed construction and elements of
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the invention are provided to assist in a comprehensive understanding of the various
embodiments of the invention and are merely exemplary. Accordingly, those of
ordinary skill the art will recognize that various changes and modifications of the
embodiments described here can be made without departing from the scope in spirit
of the invention. Also descriptions of known functions and constructions of

integrated circuit and MEM devices are omitted for clarity and conciseness.

[0010] In the wireless telecommunication arena, the specifications for Long Term
Evolution (LTE) wireless telecommunication can result in a mobile communication
device or User Equipment (UE) in utilizing over forty frequency bands. It is further
understood that the number of frequency bands that will be used by a single UE will
further increase. With the addition of frequency bands used by a UE transmitter and
receiver circuit, there is a need for the creation of more available oscillation/clock
frequencies within the UE’s transceiver circuitry. If crystal based oscillator circuits
are used, additional crystals that take up additional room in a UE will be required.
Additionally, the additional crystal oscillator-based circuits will require additional
oscillators oscillating at different frequencies along with complex frequency division
circuitry connected to the additional oscillators in order to provide all of the necessary
frequencies required by the receivers, transmitters and modulators in new LTE radio

devices and/or other communication devices.

[0011] Furthermore, resonators are often put together to create RF filters, but
since crystal oscillator based resonators are not adaptive or tunable to different
frequencies, such RF filters will require additional space and manufacturing expense
to place them within transceivers of mobile devices. Recently some research has
created a new type of acoustic resonator referred to as a mechanical Film Bulk
Acoustic Resonators (FBARs), which are a very simple type of MEM. These
resonators may be integrated and provide high quality factors (Q factors), but only at
a single oscillation frequency. In an FBAR resonator, a bulk acoustic wave is
generated by excitation of a thin piezoelectrical bar that is between two electrodes.
High Q FBAR resonators have been used to make filters within the 300 megahertz to

12.5 gigahertz range.
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[0012] One problem with an FBAR resonator occurs when an FBAR Resonator is
modified to become a tunable resonator. U.S. Patent No. 7,804,382 to Shin et al.,
depicts a tunable resonator that incorporates a FBAR for preforming a resonance. A
driver voltage is increased which deforms a portion of the FBAR construction such
that a bar is snapped down to increase the mass of the FBAR thereby adjusting its
residence frequency. In this device, the deformation of the FBAR must be held in
place by a constant force so that the new resonant frequency does not switch back to
the original resonant frequency. Once the additional driver or voltage is removed then
the new resonant frequency can switch back to the old residence frequency. A
drawback of this type of tunable FBAR acoustic resonator is that each time an
additional FBAR mass is forced to press against the resonating part of the FBAR by
an external signal/force, the Q of the resulting resonator decreases. What is needed is
a MEM based resonator that can be adaptive to oscillate at different frequencies
without decreasing the Q or quality of the MEM resonator at each of the different
resulting frequencies. Furthermore what is needed is a tunable filter made from
adaptive high quality MEM resonators that can be embedded in a single integrated
circuit. Additionally what is needed is a high Q, tunable MEM resonator that can be
incorporated into a silicon device such that integration of resonators and filters into a
silicon device or resulting UE requires less space, is more cost effective and can

provide the multitude of frequencies needed in modern communication equipment.

[0013] The embodiments of the present invention provide a MEM based resonator
that can be adapted to oscillate at different frequencies without the necessity of a
constant voltage or physical force placed on any portion of the MEM device to hold

or position a portion of the MEM device to oscillate in a predetermined frequency.

[0014] Furthermore, other embodiments can be combined to provide a tunable
filter made from adaptive high Q MEM resonators connected together and embedded

in a single integrated circuit.

[0015] Additional embodiments provide a high Q, tunable MEM resonator or
oscillator that can be incorporated into a silicon device such that integration of such

resonators and filters into a transceiver or communication device requires less space,
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is more cost effective and can provide the multitude of frequencies needed in modern

communication equipment.

[0016] In an embodiment of the invention a microelectronic machine (MEM)
resonator is provided that has a resonation mass adapted to resonate. The resonation
mass comprises a fixed portion and a movable portion. The MEM resonator further
includes a resonation adjustment structure adapted to adjust the position of the
movable portion. The resonation adjustment structure has a first mode of operation
and a second mode of operation. When in the first mode of operation the resonation
adjustment structure is adapted to adjust the position of the movable portion relative
to the fixed portion. When in the second mode of operation the resonation adjustment
structure is adapted to decouple or reduce the coupling of the resonation adjustment

structure with the movable portion.

[0017] In some embodiments the resonation adjustment structure is substantially
mechanical that applies a force by mechanical movement of the resonation adjustment
structure. When the resonation adjustment structure is substantially mechanical, the
resonation adjustment structure may comprise a first position and a second position.
When in the first position, the position of the movable portion can be adjusted.
Alternatively, while in the second position the there is reduced coupling between the

resonation adjustment structure and the movable portion.

[0018] In other embodiments, the resonation adjustment structure may produce a
significant electric field. When, during a first mode, the resonation adjustment
structure is energized the resonation adjustment structure is adapted to move the
movable portion from a first position to a second position to thereby change the
resonant frequency of the resonation mass. Alternatively, when the resonation
adjustment structure is not energized (or placed a lesser or unenergized mode) in the
second mode, the resonation adjustment structure is substantially decoupled or

uncoupled from the resonation mass.

[0019] In another embodiment a microelectronic machine (MEM) micro-

resonator is provided. The MEM micro resonator comprises a pedestal portion with a
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resonator portion attached at a first end to the pedestal portion. Additionally, a
resonation adjustment mass that is associated with the resonator portion is provided.
The resonation adjustment mass is or can be mechanically isolated from structures
other than the resonator portion. The resonation adjustment mass is also configured to
be positionable into a plurality of settable locations wherein each of the settable
locations results in a different resonant frequency for the MEM micro-resonator.
Additionally there is a control electrode that is adapted to re-position the resonation
adjustment mass from a first position to a second position, of the settable positions,

when a predetermined charge is placed on the control electrode.

[0020] In some embodiments the resonation adjustment mass is connected to the
resonator portion by a micro hinge with detents such that each detent of the micro

hinge represents a different settable location.

[0021] In embodiments of the MEM micro-resonator the plurality of settable

locations are located or positioned on a longitudinal axis of the resonator portion.

[0022] In some embodiments the resonator portion comprises a beam resonator.
In yet additional embodiments, one of the plurality of several locations positions the

resonation adjustment mass to be mechanically isolated from the resonator portion.

[0023] In yet other embodiments of the invention an integrated circuit is provided.
The exemplary integrated circuit comprises a microelectronic machine, (MEM)
resonator device. The MEM resonator device comprised within the integrated circuit
includes a resonator structure and a control electrode. The resonator structure
comprises a resonation portion and a moveable mass. The moveable mass is
mechanically isolated from structures other than the resonator portion. Moveable
mass 1s further configured to be positioned in one of a plurality of resonation
positions. The control electrode is positioned substantially adjacent to the moveable
mass. The control electrode is configured to produce an clectrode-static force that
moves the moveable mass from one of the plurality of resonation positions to another

one of the plurality of resonation positions when an electrical charge is applied to the
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control electrode. When the clectrical charge is removed from the control electrode

the moveable mass remains at the resonation position that it was just moved to.

[0024] In various embodiments the moveable mass portion is connected to the
resonator portion by a micro-hinge. In some embodiments the micro hinge may
include a plurality of detented positions that coincide with the plurality or resonation

positions.

[0025] In yet other embodiments, one of the plurality of resonation positions is
positioned such that the moveable mass is mechanically isolated from the resonator

portion.

[0026] Yet other embodiments of the invention, a method of adjusting a resonant
frequency of a microelectronic machine (MEM) resonator device is provided. Here,
the MEM resonator device comprises of resonator structure having a resonator portion
and a moveable mass. The moveable mass is mechanically isolated from structures
other than the resonator portion. The moveable mass is additionally configured to be
positioned in one of a plurality of resonation positions. Also a control electrode is
positioned adjacent or substantially adjacent to the moveable mass. The method of
adjusting the resonate frequency of the MEM resonator device comprises applying a
charge to the control electrode that creates an electrostatic force on the moveable
mass. The moveable mass is then moved from a first resonation position to a second
resonation position to thereby change the overall resonation frequency of the
resonator structure from a first resonator frequency to a second resonation frequency.
The charge is then removed from the control electrode, and the moveable mass
remains in this second resonation position to thereby provide a high Q oscillation

frequency when the resonator device is in operation.

[0027] In some embodiments the moveable mass may be held in the second

resonation position by a detent.

[0028] Referring now to Fig. 1, a view of an integrated circuit 102 comprising an

exemplary tunable MEMs resonator 100 in accordance to an embodiment of the
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present invention is shown. A pedestal 104 constructed of silicon, or metals or a
combination thereof is provided to support a resonator 106. The resonator 106 may
be a beam acoustic wave (BAW) resonator, a beam resonator, or an AT cut crystal or
other similar or facsimile thereof type of resonator. The beam resonator 106 may be
only a portion of the whole resonator. The beam resonator 106 is anchored at one end
in the pedestal 104. At a second end of the beam resonator 106 has a mass placement
structure 112, which is constructed to provide multiple positions, (B, C, D) with
detents 110. The detents 110 are adapted to hold and or position a moveable mass
108. In this embodiment, the moveable mass 108 can be positioned in locations along
a longitudinal axis of the beam resonator 106. The moveable mass 108, which may
also be referred to as the resonation adjustment mass, may be mechanically isolated
from all physical structures except for the resonator portion 106 (i.e., in positions B, C

and D).

[0029] In some embodiments, the moveable mass 108 may be moveable into a
position, such as position A, wherein the moveable mass 108 is mechanically isolated
from the beam resonator 106 but is no longer mechanically isolated from the physical
structures of the rest of the device. In position A, the moveable mass does not

contribute mass to the resonator 106.

[0030] A control electrode 116 is positioned adjacent to the moveable mass 108
and a second end of the resonator portion 106. When a charge on the control
electrode is substantially the same as the charge on the resonator portion 106, the
moveable mass 108 will remain in its present detented position, such as position C
shown. With the moveable mass 108 in position C within the mass placement
structure 112, the combination of the resonator portion 106, the mass placement
structure 112 and the moveable mass 108 in position C will have, for example, a first
resonation or oscillation frequency when the resonator 106 is excited by appropriate
circuitry well-known in the art, which would not include the control electrode 116
because the control electrode 116 is not used to excite the resonator into oscillation.

The resulting oscillator with the moveable mass 108 in detent position C will provide
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a high Q oscillation output. The beam resonator 106 will vibrate as shown by the

arrows noted by 114.

[0031] The exemplary tunable MEMs resonator 100 can be tuned to a second
resonation frequency, for example, by applying a predetermined control charge or
voltage to the control electrode 116 that creates a force on the moveable mass 108.
The force is used to either push the moveable mass 108 toward the detents of position
D or pull the moveable mass 108 toward the detents of position B. If the moveable
mass 118 is moved into the detent position D the resulting resonant oscillation
frequency of the resonator will increase to a second predetermined resonant
oscillation frequency. Conversely, if the moveable mass 118 is moved to, for
example, to detent position B within the mass placement structure 112, then the
overall resonator will resonate at a lower predetermined resonant oscillation
frequency. Additionally, when a control voltage is applied to the control electrode
116 to either push or pull the moveable mass 108 from a first resonation position to a
second resonation position, then when the extra moveable mass 108 arrives at the
notched detent position, (for example detent position B) then the control voltage on
the control electrode can be removed, since the detents 110 hold the moveable mass
108 in its new position B. By not requiring a constant force created by a charge on
the control electrode to keep the moveable mass 108 in position B (or any other
position), the Q of the resulting resonator is not decreased or sacrificed. Thus, a high
Q resonator results regardless of the position of the moveable mass during the
resonation or vibration 114. In some embodiments, a detent position A, which is not
mechanically part of the mass placement structure 112, allows the removable mass
108 to be moved into an isolated position A that is mechanically isolated from the
resonator portion 106 and the mass placement structure 112. Placement of the
moveable mass 108 in detent position A will allow the beam resonator 106 to vibrate
114 at its highest predetermined oscillation frequency without decreasing the Q of the

overall oscillation device.
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[0032] The exemplary tunable or adjustable MEMSs resonator 100 can be
manufactured into and as an integral part of an integrated circuit using known MEMs

manufacturing techniques.

[0033] Referring now to Fig. 2, a second embodiment of a tunable MEMs
resonator or variable MEMs oscillator 200 is shown. It is understood that, like the
MEMs resonator 100, this MEMs resonator 200 can be integrated into an integrated
circuit using known MEMs manufacturing techniques. A pedestal 210 is connected to
one end of a beam resonator 212. The beam resonator may be a BAW type resonator
or an AT cut crystal or other similar derivation thereof. The beam resonator 212
when excited will vibrate or oscillate in accordance with arrows 213. At a second end
or at a position on the beam resonator 212 distal from the pedestal, an adjustable mass
portion 214 is mechanically attached or affixed to the beam resonator 212. The
adjustable mass portion 214 has a first micro hinge 216. The micro hinge 216 may
have two or more detent positions 218. Each detent position is adapted to hold or
temporally hold a moveable mass 220 in a detent position such as position A, position

B, or position C while the resonator oscillates.

[0034] A voltage control input 230 provides, for example, a voltage differential
between the control electrode 228 and the beam resonator portion 212. By applying a
voltage to the control electrode an electrostatic or electromagnetic force is created that
moves the movable mass 220 from detent position A to, for example, detent position
B via the micro hinge 216. After the moveable mass 220 is moved from position A to
position B the control voltage 230 can be turned off and the electrostatic force
removed, yet the detent position B will hold the moveable mass in place. When the
moveable mass 220 is moved from detent position A to detent position B the resonant
frequency of the whole resonator structure is changed from a first predetermined
resonant frequency in detent position A to a second predetermined resonant frequency

in detent position B.

[0035] Since no electrostatic or electromagnetic force is being used to hold the
moveable mass 220 in one detent position over another detent position, the Q of the

beam resonator 212 and adjustable mass portion 214 combination is not decreased or
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diminished. As such, a high Q can be obtained and maintained for each of the tunable

oscillation frequency for the exemplary variable MEM oscillator 200.

[0036] In some embodiments more than one moveable mass portion may be
attached or associated with the adjustable mass portion 214. For example, in the
embodiment depicted, a second micro hinged moveable mass having detent positions

Al, Bl and C1 is shown 240.

[0037] Additionally, an RF input 232 is provided, which electrically connects to
the beam resonator via a high pass filter 234. A low pass filter 236 is part of the
control voltage circuit 230 so that a DC charge can be applied or removed to help
enable the control electrode 228 to establish an electrostatic force for moving the
moveable mass 220 from a first detent position to a second detent position so as to
change the resonant frequency of the exemplary tunable/variable MEMs oscillator
200. It is understood that similar or other known circuitry can be used to excite or
oscillate the exemplary beam resonator in this embodiment or the embodiment of Fig.

1 as well.

[0038] By providing a tunable MEMs micro resonator in accordance to
embodiments of the present invention, a multi frequency, settable, high Q oscillator
can be incorporated into an integrated circuit. Furthermore by adjusting the center of
mass or mass of an exemplary resonator, not only can a high Q tunable Q resonator
result, but adjustable and programmable filters can also be created and incorporated
into silicon using the exemplary tunable MEMs resonators. Such resulting MEMs
tunable filters only require a fairly compact amount of space and can be mass

produced at a reasonably low price.

[0039] It is also envisioned that a mechanical means could be fashioned to move
the position of a movable mass. For example: the resonator may have a screw like
structure embedded. The MEMs may include a screwdriver that can engage the screw
and turn it to advance the mass into the resonator or withdraw it from the resonator.
As the screw is moved, the mass of the screw is moving which will change the

resonate frequency of the resonator. Once the screw is in a position that results in the
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desired resonate frequency, the screwdriver may be disengaged from the screw. The
screwdriver when engaged will dampen the any resonation of the device resulting in a
degradation of the Q or quality factor. By engaging the screw to adjust the position of
the mass, and then disengaging, the MEMs resonator can provide a high Q tunable

element.

[0040] It is further envisioned that multiple tunable resonators may be connected
together to realize tunable filters for use in electronic device such as battery powered

communication devices.

[0041] Referring to Figure 3, a basic clectrical block diagram of another
embodiment of the invention is provided. Here, an exemplary UE (i.e., user
equipment or mobile communication device) 300 is provided. The UE may be a
mobile phone, mobile computer or other device that communicates wirelessly via RF.
The UE 300 includes transceiver circuitry 302. The transceiver circuitry may include
transmitter circuitry 304 and/or receiver circuitry 306. Both the transmitter circuitry
304 and the receiver circuitry 306 are designed and adapted to transmit or receive via
onc or more antennas 308, 310, 312. In some embodiments one or more of the
antenna 312 may be shared and connected for the transmission and reception of RF
signals. Additionally, in the wireless telecommunications arena, a UE 300 may utilize
over 40 frequency bands to transmit and/or receive wireless communications. Multi-
Frequency or multi-clock signal output circuits (multi-frequency output circuits) 314,
316, which provide a plurality of frequency signals and/or clock signals 320, are
incorporated into and used in the transmit 302 and receive 304 circuitry. A variable
oscillator 318, as described herein above, can be incorporated into a frequency
oscillation circuit such as multi-frequency output circuit 314 or 316. Such a variable
oscillator 318 can be signaled by a microprocessor (not specifically shown) within the
UE to change or alter its oscillation frequency from a first frequency to a second
frequency. The variable oscillator 318 will then change its oscillation frequency by
temporarily exerting a mechanical or clectrostatic force on the movable mass
associated with the resonator portion of the oscillator so as to move the movable mass

from a first position to a second position. Then, remove or discontinue exertion of the
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mechanical or electrostatic force from the movable mass, while the movable mass
remains in the second position. The variable oscillator can now oscillate at the second
frequency. As a result, the plurality of outputs 320 of the multi-frequency output
circuit 114, 116 will then provide a plurality frequency or clock outputs that are
different from the outputs provided when the variable oscillator was oscillating at the
first frequency. Embodiments of the invention enable a UE to be manufactured with
fewer oscillator devices, yet be able produce the frequencies or clock signals
necessary for the transmitter 304 and receiver 306 circuits to accommodate
modulation, demodulation and circuitry necessary to transmit and receive all the RF
bands to be used by the UE. Additionally, the exemplary variable oscillators can be
completely incorporated into the silicon circuitry of the transceiver circuitry or any

part thereof while maintaining a high Q.

[0042] In another embodiment of tunable MEMs resonator 400, a single moveable
mass portion 414 may be attached to the beam resonator 412 by one or more micro-
hinges 416, 417, as shown in Fig. 4. This additional exemplary embodiment provides
yet another means of providing a tunable MEMs resonator or variable MEMs
oscillator in accordance with the teachings of the invention. A pedestal 410 is
attached to a first end of the beam resonator 412. At a second end or at a position on
the beam resonator 412 distal from the pedestal, an adjustable or movable mass
portion 414 is mechanically and movably attached or affixed to the beam resonator
412. The adjustable mass portion 414 is movably attached by a first micro hinge 416
and a second micro hinge 417. The micro hinges 416, 417 allow movement of the
adjustable mass portion 414 to a plurality of positions. In this exemplary
embodiment, there are built-in mechanical stress forces that can hold the adjustable
mass portion 414 to one of two detent positions, detent position A or detent position
B, in the absence of applied electromechanical force. It is understood that in other
embodiments there can be more that two detent positions for the movable mass

portion 414 to be positioned at.

[0043] A control electrode 428 is positioned adjacent to the adjustable mass

portion 414. A voltage control input (not shown) provides, for example, a voltage
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differential between the control electrode 428 and the beam resonator portion 412. By
applying a voltage to the control electrode an electrostatic or electromagnetic force is
created that moves the movable mass 414 from detent position A to detent position B
via the micro hinges 416, 417. After the moveable mass 414 is moved between
position A and position B the control voltage differential between the control
electrode 428 and the beam resonator 412 can be turned off and the electrostatic force
removed, yet the built-in mechanical stresses of the micro-hinges 416, 417 will hold
the moveable mass 414 in place. When the moveable mass 414 is moved from detent
position A to detent position B the resonant frequency of the whole resonator
structure is changed from a first predetermined resonant frequency in detent position
A to a second predetermined resonant frequency in detent position B. Since no
electrostatic or electromagnetic force is used to hold the moveable mass 414 in one
detent position over another detent position, the Q of the beam resonator 412 and
adjustable mass portion 414 combination is not decreased or diminished. As such, a
high Q can be obtained and maintained for each state or position of the movable mass

414.

[0044] It will be appreciated by those skilled in the art having the benefit of this
disclosure that this microelectronic machine based variable resonator provides a
tunable high Q resonator that can be completely incorporated into an integrated
circuit. It should be understood that the drawings and detailed description herein are
to be regarded in an illustrative rather than a restrictive manner, and are not intended
to be limiting to the particular forms and examples disclosed. On the contrary,
included are any further modifications, changes, rearrangements, substitutions,
alternatives, design choices, and embodiments apparent to those of ordinary skill in
the art, without departing from the spirit and scope hereof, as defined by the following
claims. Thus, it is intended that the following claims be interpreted to embrace all
such further modifications, changes, rearrangements, substitutions, alternatives,

design choices, and embodiments.
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WHAT IS CLAIMED IS:

1. A microelectronic machine (MEM) resonator comprising:

a resonation mass adapted to resonate mass, the resonation mass comprising a fixed
portion and a movable portion; and

a resonation adjustment structure adapted to adjust the position of the movable portion;

said resonation adjustment structure having a first mode adapted for adjusting the
position of the movable portion and a second mode adapted to reduce coupling of the resonation

adjustment structure and the movable portion.

2. The MEM of claim 1, wherein the resonation adjustment structure is substantially
mechanical.
3. The MEM of claim 2, where the resonation adjustment structure has a first position and a

second position, wherein the first position allows the movable portion to be adjusted, and the
second position has reduced coupling between the resonation adjustment structure and the

movable portion compared to the first position.

4. The MEM of claim 1, where the resonation adjustment structure comprises electric ficlds.

5. The MEM of claim 4, where an clectric field is energized during the first mode and

reduced in strength during the second mode.
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6. A microelectronic machine (MEM) micro-resonator comprising:

a pedestal portion;

a resonator portion attached at a first end to the pedestal portion;

a resonation adjustment mass associated with the resonator portion, the resonation
adjustment mass being mechanically isolated from structures other than the resonator portion, the
resonation adjustment mass configured to be positionable in a plurality of secttable locations
wherein each of the settable locations results in a different resonant frequency for the MEM
micro-resonator;

a control electrode adapted to re-position the resonation adjustment mass from a first
position to a second position of the settable locations when a predetermined charge is placed on

the control electrode.

7. The micro-resonator of claim 6, wherein the resonation adjustment mass is connected to
the resonator portion by a micro hinge with detents such that each detent of the micro hinge

represents a different settable location.

8. The micro-resonator of claim 6, wherein the plurality of settable locations are located on

a longitudinal axis of the resonator portion.

9. The micro-resonator of claim 6, wherein the settable locations are incrementally spaced

from the resonator portion.

10. The micro-resonator of claim 6, wherein the resonator portion comprises a beam
resonator.
1. The micro-resonator of claim 6, wherein one of the plurality of settable locations

positions the resonation adjustment mass to be mechanically isolated from the resonator portion.

12. The micro-resonator of claim 6, further comprising an RF input in eclectrical

communication with the resonator portion.
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13. The micro-resonator of claim 6, further comprising a control voltage input in electrical

communication with the control electrode.
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14. An integrated circuit comprising:
a microelectronic machine (MEM) resonator device comprising:
a resonator structure comprising a resonator portion and a movable mass, the
movable mass being mechanically isolated from structures other than the resonator
5 portion, the movable mass configured to be positioned in one a plurality of resonation
positions;
a control clectrode positioned substantially adjacent to the movable mass, the
control electrode configured to produce an clectro-static force that moves the movable
mass from one of the plurality of resonation positions to another one of the plurality of

10 resonation positions when an clectrical charge is applied to the control electrode.

15. The integrated circuit of claim 14, wherein the movable mass portion is connected to the

resonator portion by a micro-hinge.

16. The integrated circuit of claim 15, wherein the micro-hinge comprises a plurality of

detented positions coinciding with the plurality of resonation positions.

17. The integrated circuit of claim 14, wherein one of the plurality of resonation positions

mechanically isolates the movable mass from the resonator portion.
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18. A mecthod of adjusting a resonance frequency of a micro-clectronic machine (MEM)
resonator device, wherein the MEM resonator device comprises a resonator structure comprising
a resonator portion and a movable mass, the movable mass being mechanically isolated from
structures other than the resonator portion, the movable mass configured to be positioned in one
a plurality of resonation positions; and a control electrode positioned substantially adjacent to the
movable mass; the method comprising:

applying a charge to the control clectrode to create an clectrostatic force on the movable
mass;

moving the movable mass from a first resonation position to a second resonation position
to thereby change the overall resonation frequency of the resonator structure from a first
resonation frequency to a second resonation frequency;

removing the charge from the control electrode; and

having the movable mass remain in the second resonation position.

19. The method of claim 18, further comprising holding the movable mass in the second

resonation position by a detent.
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20. A wireless communication device comprising:

a receiver circuit, the receiver circuit comprising a microclectronic machine (MEM)
micro-resonator comprising:

a pedestal portion;

a resonator portion attached at a first end to the pedestal portion;

a resonation adjustment mass associated with the resonator portion, the resonation
adjustment mass being mechanically isolated from structures other than the resonator portion, the
resonation adjustment mass configured to be positionable in a plurality of scttable locations
wherein each of the settable locations results in a different resonant frequency for the MEM
micro-resonator;

a control electrode adapted to re-position the resonation adjustment mass from a first
position to a second position of the settable locations when a predetermined charge is placed on

the control electrode.
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