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OVEN CONTROLLED MEMS OSCILLATOR

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Non-
Provisional Patent Application No. 15/209,875, entitled “OVEN
CONTROLLED MEMS OSCILLATOR”, and filed on July 14, 2016, which

is expressly incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to a MEMS oscillator,
and, more particularly, to an oven controlled MEMS oscillator

with good temperature stability in a small size.

BACKGROUND OF THE INVENTION

[0003] Quartz crystals are widely used to provide reference
frequencies 1in electronic oscillators. The frequency at which
a quartz crystal resonator vibrates depends on its physical
dimensions. Moreover, changes in temperature causes the quartz
crystal to expand or contract due to thermal expansion and
changes in the elastic modulus of quartz. The physical changes
in turn change the c¢rystal oscillation frequency. Although
quartz has a very low temperature coefficient of frequency,
temperature changes are still the major cause of frequency

variation in crystal oscillators.
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[0004] Oven controlled crystal oscillators (“OCX0O”) are
frequency reference devices where the quartz oscillator 1is
placed inside a temperature controlled oven. The oven 1is
provided to maintain the oscillator at a constant temperature
in order to prevent changes in the frequency due to variations
in ambient temperature. This type of oscillator achieves the
highest frequency stability possible with a quartz crystal.
OCX0s are typically used to control the frequency of radio
transmitters, cellular base stations, military communications
equipment, and devices for precision frequency measurements,

for example.

[0005] For 0OCXOs, the oven 1s a thermally-insulating
enclosure that contains the crystal and one or more electrical
heating elements. Since other electronic components in the
oscillator circuit are also vulnerable to temperature drift,
usually the entire oscillator circuit is enclosed in the oven.
For these devices, a temperature sensor, such as thermistor,
will be provided to monitor the oven temperature and a closed-
loop control circuit will be provided to control the power to
the heater to maintain the oven at the precise target
temperature. Since the oven operates above ambient temperature,
the oscillator usually requires a warm-up period of several
minutes after the power has been applied. Moreover, the

frequency of the device will not have the full rated stability
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during this warm-up period.

[0006] Although existing O0OCX0Os generally provide good
stability (e.g., typically better than 100 parts per billion
(“ppb”) over a specified temperature range), these devices
also have several shortcomings. First, a typical quartz
crystal is fairly large, which, turn, makes the final O0CXO
devices quite large. Since the manufacturing cost of the
timing device 1is proportional to the size, the larger O0OCXO
size is not preferred. Second, the long thermal time constant
for heating and cooling leads to a very long start-up time.
For example, it typically takes several minutes to stabilize
the oven at the target temperature. Third, the power needed to
maintain the oven temperature 1is fairly large. For example, a
typical OCXO consumes over 1 watt to heat the oven. Finally,
due to temperature gradients in the oven, the crystal
temperature is not constant but may change by +/-1 K over an

ambient temperature range of -40 to 85 C.

SUMMARY OF THE INVENTION

[0007] Microelectromechanical system ("MEMS”) resonators
are small electromechanical structures that vibrate at high
frequencies and are often used as an alternative to Quartz
crystals. The present disclosure overcomes the technical

disadvantages of existing OCX0O devices, as discussed above, by
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provide an oven controlled MEMS timing device that includes a
very small oscillator that can be heated very rapidly with

very low power.

[0008] In one embodiment, an oven controlled MEMS
oscillator includes a rectangular frame; a platform disposed
within the frame; one or more support beams extending from the
rectangular frame and affixed to one end of the platform to
hold the platform within a cavity of the frame such that the
platform is thermally isolated from the frame; a resonator
coupled to the platform by a pair of anchor beams disposed on
opposing first sides of the resonator; a thermistor disposed
on the platform at least between the one end of the platform
and the resonator; and a heater configured to heat the
platform and maintain a target temperature 1in response to a

temperature measured by the thermistor.

[0009] In another embodiment, the platform, the resonator,
and the support beams are all disposed in a same plane.
Preferably, the heater and the temperature sensor are formed

by a same metal deposition.

[00010] In an exemplary embodiment, the temperature sensor
comprises a serpentine shape and is disposed on opposing sides
of the resonator adjacent to the pair of anchor beams,

respectively. Moreover, the heater is preferably disposed on
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the one end of the platform between the respective sides where
the pair of support beams are affixed to platform. In an
alternative embodiment, the heater comprises a pair of heating

elements disposed on the pair of support beams, respectively.

[0010] Preferably, the rectangular frame 1is formed from a
silicon-on-insulator wafer. Moreover, the resonator and the
platform are preferably etched in the silicon-on-insulator

wafer of the frame.

[0011] In an exemplary embodiment, the resonator is
disposed 1n a center of the platform and the temperature
sensor 1is disposed between the resonator and the at least one
support beam. Moreover, 1in one embodiment, a width of the
platform between an edge of the platform and the resonator is

at least two times a thickness of the platform.

[0012] According to another embodiment, a timing device is
provided that includes a ceramic carrier; oscillation circuity
disposed on the ceramic carrier; an oven 1lid affixed to the
ceramic carrier to form a first oven covering the oscillation
circuitry; a first heater disposed on the ceramic carrier and
configured to heat the first oven to a first temperature; and
a MEMS oven controlled resonator disposed on the ceramic
carrier and electrically coupled to the oscillation circuitry.

Moreover, in this embodiment, the MEMS oven controlled
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resonator includes a substrate, a rectangular frame disposed
on the substrate, a resconator cap attached to the rectangular
frame to form a second oven, a platform disposed within the
frame, a pair of support beams configured to hold the platform
within a cavity of the frame, a resonator coupled to the
platform, a temperature sensor disposed on the platform at
least between the one end of the platform and the resonator,
and a heater configured to heat the platform to maintain the
second oven at a second temperature higher than the first
temperature 1in response to a temperature measured by the

temperature sensor.

[0013] The above simplified summary of example embodiments
serves to provide a Dbasic understanding of the present
disclosure. This summary is not an extensive overview of all
contemplated aspects, and is intended to neither identify key
or critical elements of all aspects nor delineate the scope of
any or all aspects of the present disclosure. Its sole purpose
is to present one or more aspects in a simplified form as a
prelude to the more detailed description of the disclosure
that follows. To the accomplishment of the foregoing, the one
or more aspects of the present disclosure include the features

described and particularly pointed out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0014] The accompanying drawings, which are incorporated
into and constitute a part of this specification, illustrate
one or more example embodiments of the present disclosure and,
together with the detailed description, serve to explain their
principles and implementations. The drawings provided are for
illustrative purposes only and are therefore not drawn to

scale.

[0015] Fig. 1 illustrates an outer perspective view of an
oven controlled micromechanical resonator 1n accordance with

an exemplary embodiment.

[0016] Fig. 2A illustrates a cross sectional view of the
MEMS resonator of Fig. 1 1n accordance with an exemplary

embodiment.

[0017] Fig. 2B illustrates a cross sectional view of the
MEMS resonator of Fig. 1 in accordance with another exemplary

embodiment.

[0018] Fig. 3 1is a cross-sectional side view of the oven
controlled micromechanical resonator taken along an A-B line

indicated in Fig. 2.

[0019] Fig. 4 is a cross-sectional side view of the oven
controlled micromechanical resonator taken along an C-D line

indicated in Fig. 2.
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[0020] Fig. 5 is another cross-sectional side view of the
oven controlled micromechanical resonator taken along an A-B

line indicated in Fig. 2.

[0021] Fig. 6 illustrates a timing device 1including the

MEMS resonator 100 in accordance with an exemplary embodiment.

DETATILED DESCRIPTION OF THE EMBODIMENTS

[0022] Example aspects are described herein in the context
of an oven controlled micromechanical oscillator (hereinafter
“OCMO”) that overcomes many of the technical disadvantages of
existing oscillator devices. In particular, the OCMO disclosed
herein 1is small-sized oscillator that can be heated very

rapidly with very low power.

[0023] Those of ordinary skill in the art will realize that
the following description 1is 1llustrative only and is not
intended to be in any way limiting. Other aspects will readily
suggest themselves to those skilled in the art having the
benefit of this disclosure. Reference will now be made in
detail to implementations of the example aspects as
illustrated in the accompanying drawings. The same reference
indicators will be used to the extent possible throughout the
drawings and the following description to refer to the same or

like items.
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[0024] Fig. 1 illustrates an outer perspective view of an
oven controlled micromechanical resonator in accordance with
an exemnplary embodiment. As shown, the MEMS resonator device
100 includes a frame 112 and a resonator cap 114 that are
provided upon a substrate 110. As will be discussed below and
shown in Fig. 3, for example, substrate 110 includes a concave
cavity C 1in a central area thereof, such that a resonator
inside the MEMS resonator device 100 is capable of vibrating

above the cavity C.

[0025] Preferably, the MEMS resonator device 100 of the
exemplary embodiment is manufactured with MEMS manufacturing
techniques, for example, as described in “Fundamentals of
Microfabrication and Nanotechnology, Volume II: Manufacturing
Techniques for Microfabrication and Nanotechnology”, by Marc J.
Madou, CRC Press, 2011. Thus, according to the exemplary
embodiment, the MEMS resonator device 100 1s a chip scale
packaged (“CSP”) micromechanical resonator. Preferably, the
MEMS resonator device 100 is fabricated of cavity silicon-on-

insulator (“S0OI”) wafers with the substrate 110 made of
silicon, the frame 112 made of SOI silicon, and the resonator
cap 114 visible to outside. As further shown, a plurality of
electrical contact pads (e.g., contact pads 116A though 116D)

are provided on top of the resonator cap 114 for connecting

the resonator to oscillation circuitry, as would be understood
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to one skilled in the art, an example of which is shown in Fig.

6 and discussed below.

[0026] Fig. 2A illustrates a cross sectional view of the
MEMS resonator 100 of Fig. 1 in accordance with an exemplary
embodiment. Moreover, Fig. 2B illustrates a cross sectional
view of the MEMS resonator of Fig. 1 1in accordance with
another exemplary embodiment, the details of which will be
discussed below. The views shown in Figs. 2A and 2B are cross
section views of the MEMS resonator device 100 taken along the
cross section of the frame 112 without the resonator cap 114

attached thereto.

[0027] As shown in Fig. 2A, the MEMS resonator device 100
includes a resonator 120 disposed on a rectangular plate and
secured to a heated platform 134 by two thin anchor beams 126A
and 126B that are coupled to opposing first sides of the
resonator 120. According to an exemplary embodiment, the
resonator 120 is preferably a bulk acoustic mode resonator
that vibrates in-plane mode (i.e., the motion is mostly in x/y
plane) as these types of modes provide higher quality factor
and power handling capacity. For example, according to this
aspect, the vibration modes are preferably the width
extensional mode and the Lamé-mode. Moreover, according to the

exemplary embodiment, the thin anchor beams 126A and 126B

10
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minimize the vibrational energy loss from the resonator 120 to

the heated platform 134.

[0028] Due to vibration coupling between the resonator 120
and the platform 134 through the anchor beams 126A and 126B,
there 1is a risk of unwanted resonances that combine the
vibrations of the resonator 120 and platform 134. To minimize
these unwanted spurious resonances, the platform 134 should be
mechanically rigid. Moreover, according to an exemplary
embodiment, the unwanted spurious resonances can be minimized
when the platform 134 completely surrounds the resonator 120
and the width 135 of the platform 134 (i.e., between an outer
edge of the platform 134 and cavity 128) surrounding the
resonator 120 is at least 2x the thickness of the platform 134

and preferably at least 4x the thickness of the resonator 120.

[0029] As further shown, the heated platform 134 includes
heater 122 to provide the oven effect to heat the platform 134
and a temperature sensor, i.e., a thermistor 130, provided to
measure the temperature of the heated platform 134. Moreover,
the platform 134 is supported by support beams 124A and 124B
that connect the heated platform 134 to the package frame 112.
The support beams 124A and 124B are connected to the platform
134 substantially on one end. This arrangement is beneficial
as 1t ensures a most uniform heat distribution over the

platform 134 since the heat flow out of the platform 134 on

11
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from this end. As shown, the support beams 124A and 124B
extend wvertically (i.e., 1n the vy direction) with cavities
(e.g., 140A and 140B along beam 124A) also extending on both
sides of each support beam 124A and 124B. As a result, the
heated platform 134 is thermally isolated from the frame 112.
The symmetric structure of the pair of support beams 124A and
124B provides good support against mechanical shocks. Moreover,
the long length of the support beams 124A and 124B where the
beam extends over the length of the platform 134 ensures good

thermal isolation of the platform 134.

[0030] As shown in Fig. 2A, each of the pair of support
beams 124A and 124B includes a short first portion that
extends in a widthwise direction of the oscillator (i.e., in
the x direction), a second long portion that extends in a
lengthwise direction of the oscillator (i.e., 1in the vy
direction) and in parallel to sides of the platform, and a
third portion that again extends in the widthwise direction of
the oscillator (i.e., 1n the x direction) and that is coupled
to the respective sides of the one end of the platform. It
should be appreciated that alternative structural
configurations can be provided for the support beams 124A and
124B (for example a single support beam can be used to affix

the platform 134 to the frame 112) and/or that additional

12
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support beams can be provided according to alternative

embodiments.

[0031] Moreover, according to an exemplary embodiment, the
heater 122 is positioned near the support beams 124A and 124B
(e.g., between or adjacent to where the support beams 124A and
124B are attached to the platform 134). As shown, the support
beams 124A and 124B are attached to sides of a first end of
the heated platform 134. The heater 122 extends between the
sides of the heated platform 134 where the support beams 124A
and 124B are attached with the thermistor disposed between the
heater 122 and the resonator 120. In preferred embodiment, the
thermistor 130 is disposed on two sides of the resonator 120
(i.e., Dbetween the resonator 124 and heater 122 and between
the resonator 120 and side of the platform 134 opposing the
thermistor 130). This ensures that 1if there is any thermal
gradient in the platform, the thermistor will read the average

temperature in the platform.

[0032] According to this configuration, when the heater 122
is on, the heat power generated by the heater 122 raises the
temperature of the platform 134 and heat flows through the
beams 124A and 124B. 1In steady state, the heat power and heat
flow balances and substantially all heat power flows through
the support beams 124A and 124B. Due to the heat flow, there

is a large temperature gradient across support beams 124A and

13
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124B; however, as the heat flow 1is from the heater 122 to the
support beams 124A and 124B, the remaining portion of the
platform 134 is at uniform temperature. If the heater 122 was
located on the opposite side of the platform compared to the
connection points of the support beams 124A and 124B, there
would be a constant heat flow across the platform 134 from
heater 122 to the support beams 124A and 124B resulting in
large temperature gradients and poor temperature control. In
other words, in preferred embodiment, the heater 122 should be
located in the area defined by the connections of the support
beams 124A and 124B on one side and the resonator 120 and
temperature sensor 130 positioned on other side of the

platform 134.

[0033] According to an alternative embodiment, the heater
122 includes a pair of heating elements that can be positioned
on the support beams 124A and 124B themselves, as shown in Fig.
2B, for example. Fig. 2B illustrates an alternative embodiment
to Fig. 2A, but otherwise has the some components except for
the positioning of the heater 122 on the support beams 124A
and 124B. Thus, the identical components of Fig. 2B will not

be separately described herein.

[0034] By positioning the heater 122 between the support
beams 124A and 124B (i.e., Fig. 2A) or on the support beams

124A and 124B (i.e., Fig. 2B), these configuration result in a

14
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uniform or a substantially uniform platform temperature
profile. Moreover, the thermistor(s) 130 should be located
close to the resonator 120 to ensure that the temperature of
the resonator 120 can be accurately measured. As shown in Figs.
2A and 2B, the thermistor 130 is disposed on the heated
platform 134 adjacent to both anchoring beams 126A and 126RB.

As further shown, there is a cavity 128 that surrounds the
rectangular plate holding the resonator 120, including on two
second opposing sides of the resonator 120, except where the
resonator 120 1s anchored to the heated platform 134 by
anchoring beams 126A and 126B. The anchoring beams 126A and
126B connect to the resconator 120 near the resonator nodal
point (e.g., a centerline of the resonator during vibration)

to minimize the energy leakage from resonator 120 to the
platform 134 and allow optimization of the resonator 120 and
heated platform 134 separately. In the exemplary embodiment,

the resonator 120 1is a width extensional bulk acoustic mode
resonator and the two anchoring beams 126A and 126B attach to
the nodal points at two short sides of the rectangular
resonator 120. If other resonators are used, the number of
anchor beams may be different in such embodiments. For example
for Lamé-mode resonators, four anchor beams may be used to
anchor to the beam corners. In either configuration, the

resonator 120 is capable of vibrating in the cavity 128 during

15
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operation of the MEMS resonator device 100. Moreover, the
heated platform 134 is rectangular shaped and surrounds the

resonator.

[0035] Moreover, as noted above with respect to Fig. 1, the
resonator cap 114 includes a plurality of electrical contact
pads 116A though 116D. As shown in Fig. 2, the MEMS resonator
device 100 includes a plurality of electrical wvia contacts 136
(only one via contact is marked with reference numeral 136)
that are electrically coupled to the electrical contact pads
116A though 116D in the cap 114. Furthermore, the frame 112
includes a metal bonding ring 132 that facilitates bonding of
the frame 112 to the resonator cap 114 during manufacture of
the device 100, as would be understood to one skilled in the

art.

[0036] Furthermore, according to an exemplary embodiment
and as will be discussed in more detail below, the thermistor
130, heater 122, and electrode layer(s) of the resonator 120,
can be formed by depositing the same metal (e.g., molybdenum)
during manufacturing. Using the same materials for these
components helps reduce manufacturing steps and minimize
manufacturing costs, as would be appreciated to one skilled in

the art.

le
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[0037] Fig. 3 1is a cross-sectional side view of the oven
controlled MEMS resonator 100 taken along an A-B line
indicated in Fig. 2. According to the exemplary embodiment,
the resonator 120 and the heated platform 134 are etched of
the same SOI silicon that is used from the frame 112. Moreover,
there are several thin film layers deposited on top of the SOI

silicon.

[0038] Specifically, a piezoelectric layer 144, preferably
formed from AIN is formed on top of the S0I silicon layer,
with a lower excitation electrode and an upper excitation
electrode disposed on the top and bottom surfaces,
respectively, of the piezoelectric layer 144. The electrodes
(only the upper electrode 1s shown as reference number 146)
are preferably formed from molybdenum and together with the
AIN layer 144 are used for piezoelectric actuation of the
resonator 120. As noted above, the same metal can also be used
to form the heater 122 and thermistor 130. It should be
appreciated that alternative/additional thin film layers may
also be wused for resonator 120 according to alternative

embodiments.

[0039] As the support arms 124A and 124R, the heated
platform 134, the anchoring beams 126A and 126B, and the
resonator 120 are all etched of the same silicon layer,

manufacturing is simplified, but the inclusion of the anchor

17
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beams 126A and 126B still allows a separate optimization of

resonator 120 and support platform 134.

[0040] According to additional embodiments, the MEMS
resonator device 100 may include multiple metal layers that
can be used for signal routing and to reduce the resistive
signal losses. Moreover, 1n one embodiment, silicon dioxide
layers 142 may incorporated below and/or above the SOI silicon
used for the frame 112 to provide for thermal compensation of
the resonator 120. Preferably, the S0I silicon (i.e., the
frame 112) 1is bonded to the substrate 110 with the silicon
dioxide insulating layer 142. Moreover, 1t is preferable that
the substrate 110 has a cavity C so the heated platform 134
and resonator 120 do not easily contact the substrate 110, for
example, 1f the resonator device 100 experiences a mechanical
shock. Moreover, according to an exemplary embodiment, the
resonator cap 114 is bonded with a metal eutectic bond by the
metal bonding ring 132. Metal bonds are also used for making a

contact to the electrical vias 140 in the resonator cap 114.

[0041] As can readily be seen in Fig. 3, the resonator 120
is disposed in a cavity C defined by the substrate 110 and the
resonator cap 114. Accordingly, when the heater 122 heats the
platform 134, the heated platform 134 is preferably heated to
a first temperature that stabilizes the temperature of the

“oven” defined by cavity CC, and effectively, heats the

18
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resonator 120. The thermistor 130 1is disposed 1in the same
plane as the heater 122 (i.e., 1in the x,y plane) and 1is also
preferably disposed on both sides of the resonator 120 to
ensure an accurate temperature measurement of the temperature
of the resonator 120. As a result, the thermistor 130 1is
configured to provide feedback control to the heater 122 as
part of a closed-loop control system to actively regulate the
temperature of the resonator 120, as will be understood by
those skilled in the art. Any suitable known feedback control
system for active temperature control may be employed. For
example, according to one embodiment, the thermal control loop
electronics are located off the resonator 100 chip on a
printed circuit board that includes circuitry coupled to the
heater 122 and thermistor 130. Here, the details of such
circuitry are not described in detail so as to not

unnecessarily obscure the aspects of the invention.

[0042] Fig. 4 is a cross-sectional side view of the oven
controlled MEMS resonator 100 taken along an C-D line
indicated in Fig. 2. Preferably, the thickness of the S0OI
silicon for the frame layer 112 1is between 5 um and 30 um.
Moreover, the piezoelectric layer 144 preferably has a
thickness between 0.5 um and 2 um and the metal electrodes
(e.g., metal electrode 146) has a thickness that is typically

1 uym or less. Moreover, if other thin film layers are used,
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such as silicon dioxide layer 142, they also have a thickness

that is typically 1 um or less.

[0043] According to an exemplary embodiment, the lateral
dimensions of the resonator are 300 um by 600 um. Moreover, as
shown in Fig. 2, the heated platform 134 is rectangular shaped
and 1is large enough to support the resonator 120 and the
thermistor 130. The thermistor 130 preferably comprises a
serpentine shape in order to maximize the resistance per unit
area. According to the exemplary embodiment, the total area of
the thermistor 130 may be 400 um by 400 um and the thickness

of the thermistor 130 may be 0.2 um, for example.

[0044] The heater 122 may be small in comparison to the
thermistor 130 and should be placed near or on the support
beams 124A and 124B, as discussed above and shown in Figs. 2A
and 2B. In the exemplary embodiment, the support beam 124A and
124B have a width of 10 um and length 400 um, for example, to
be thermally isolating, but still rigid enough for mechanical
support of the heated platform 134. The anchor beams 126A and
126B preferably have a width that is typically less than 5 um
in order to minimize the vibrational energy leakage and to

maximize the mechanical resonator quality factor.

[0045] The oven controlled MEMS resonator 100 disclosed

herein provides many technical advantages when compared with

20



WO 2018/013174 PCT/US2017/014935

conventional systems, such as the 0OCXO devices described above.
For example, because the heated platform 134 has a small
thermal mass, i.e., 1t requires minimal heat energy to reach a
desired temperature, the time constant for heating and cooling
the heated platform 134, and, effectively, the resonator 120,
is small. In particular, the resonator 120 can be heated to
the target temperature in 100 ms or less according to the
exemplary embodiment. 1In addition, the heated platform 134 is
thermally isolated, as shown above in Figs. 2A and 2B, since
the platform 134 is coupled to frame 112 only by support beams
124A and 124B that are connected at one end of the heated
platform 134. As a result, the pressure inside the package can
be reduced to improve the quality factor of the resonator 120
and eliminate thermal convection through air. For example, a
typical package pressure may be 100 Pa or less. The main heat
loss mechanism 1is the heat flow through support beams which
can be long to provide large thermal resistance. For example,
two silicon support beams with thickness of 10 pm, width 10 um,
length 400 pm will have thermal resistance of 15 K/mW. This
means that just 5 mW is sufficient to heat the resonator by 75
degrees, which 1is a significantly smaller amount of required
heating power than needed in conventional OCXO devices (e.g.,

1 W), as discussed above.

21



WO 2018/013174 PCT/US2017/014935

[0046] Although the thermal convection loss 1s eliminated
with low pressure packaging, the heated platform 134 and the
resonator 120 also lose heat via radiation as is illustrated
in Fig. b. In particular, Fig. 5 1is another cross-sectional
side view of the oven controlled MEMS resonator 100 taken

along an A-B line indicated in Fig. 2.

[0047] As shown in Fig. 5, heat dissipation 1is illustrate
by arrows extending from the heated platform 134 and the
resonator 120. According to an exemplary embodiment, the
platform 134 1s heated to temperature T1, but the package
temperature T2 can be lower. The temperature differential will
result 1in radiation 1losses. In general, radiation loss 1is
detrimental in maintaining a constant temperature for the
resonator 120 since radiation loss results in temperature
gradients in the heated platform 134 and, therefore, the
resonator 120. As a result, the temperature of the thermistor
130 may differ from the temperature of the resonator 120,
resulting in incorrect temperature reading. If the temperature
is measured incorrectly, the temperature of the resonator 120
will differ from the target temperature causing a frequency

change.

[0048] In the present embodiment, the thermistor 130 1is
formed as part of the heated platform 134 (as shown above) and

the thermal coupling to the resonator 120 is very good. Thus,
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even with the radiation 1losses as shown 1in Fig. 5, the

temperature error will be less than 1 K, and typically 0.1 K.

[0049] Fig. 6 illustrates a timing device 200 including the
MEMS resonator 100 in accordance with an exemplary embodiment.
Preferably, the timing deice 200 shown 1in Fig. 6 can be used
in applications for wireless base stations, GPS receivers, and
other systems requiring accurate time or frequency reference,

for example.

[0050] As shown for this embodiment, the exemplary
resonator device 100, described above, can be placed inside
another oven to further reduce the radiation  induced
temperature errors. Specifically, the timing device 200
includes the resonator 100 disposed on a carrier 250. The
carrier 250 may be a ceramic substrate or printed circuit
board (PCB), for example. Moreover, an outer oven 1lid 240 is
secured to the carrier 250 to house the resonator 100 and the
associated oscillation circuitry 210 that is connected to the
resonator 100 by a wire bond 220. The 1id 240 may be a metal
lid, for example. A second heater 222 is provided on the
carrier 250 to heat the outer oven and a second thermistor 230
is also provided on the carrier 250 to measure the outer
temperature to ensure that the heater 222 1is adjusted to

maintain the target temperature.
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[0051] In this embodiment, the outer oven temperature T2
can be the same or slightly lower than the temperature T1
inside the resonator 100 (i.e., the temperature of resonator
120 discussed above). For example, the resonator 120 may be
heated to 95° C and the outer oven may be heated to 85° C,
according to an exemplary embodiment. As a result, the
radiation loss 1s small and constant over the ambient
temperature variations. Advantageously, the timing device 200
is configured to stabilize the oscillation circuitry 210 at a
constant temperature that is the same or less than the circuit

inside resonator 100.

[0052] In the interest of clarity, not all of the routine
features of the embodiments are disclosed herein. It should be
appreciated that in the development of any actual
implementation of the present disclosure, numerous
implementation-specific decisions must be made in order to
achieve the designer’s specific goals, and these specific
goals will wvary for different implementations and different
designers. It is understood that such a design effort might be
complex and time-consuming, but would nevertheless Dbe a
routine undertaking of engineering for those of ordinary skill

in the art, having the benefit of this disclosure.

[0053] Furthermore, it 1s to Dbe understood that the

phraseology or terminology used herein is for the purpose of
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description and not of restriction, such that the terminology
or phraseology of the ©present specification 1s to be
interpreted by those skilled in the art in 1light of the
teachings and guidance presented herein, in combination with
the knowledge of the skilled in the relevant art(s). Moreover,
it is not intended for any term in the specification or claims
to be ascribed an uncommon or special meaning unless

explicitly set forth as such.

[0054] While the foregoing has been described in
conjunction with exemplary embodiments, it is understood that
the term T“exemplary” is merely meant as an example.
Accordingly, the application is intended to cover alternatives,
modifications and equivalents, which may be included within

the spirit and scope of the MEMS resonator disclosed herein.

[0055] Reference Signs List

[0056] 100: MEMS resonator device

[0057] 110: substrate layer

[0058] 112: frame

[0059] 114: resonator cap

[0060] 116A-116D: electrical contact pads
[0061] 120: resonator
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[0062] 122,
[0063] 124A
[0064] 126A
[0065] 128:
[0066] 130,
[0067] 132:
[0068] 134:
[0069] 136:
[0070] 140A,
[0071] 142:
[0072] 144:
[0073] 146:
[0074] 200:
[0075] 210:
[0076] 220:
[0077] 240:
[0078] 250:

222: heater

& 124B: support beams

& 126B: anchor beams

cavity

230: thermistor

metal bonding ring

heated platform

via contacts

140B: cavities

silicon dioxide layer

AlN layer

electrode

timing device

oscillation circuity

wire bond

outer oven 1lid

carrier
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CLAIMS

1. An oven controlled MEMS oscillator comprising:

a frame;

a platform disposed within the frame;

at least one support beam extending from the frame and
affixed to one end of the platform to hold the platform within
a cavity of the frame such that the platform is thermally
isolated from the frame;

a resonator coupled to the platform by at least a pair of
anchor beams;

a temperature sensor disposed on the platform at least
between the one end of the platform and the resonator; and

a heater configured to heat the platform and maintain a
target temperature in response to a temperature measured by

the temperature sensor.

2. The oven controlled MEMS oscillator according to claim 1,
wherein the platform, the resonator, and the at least one

support beam are all disposed in a same plane.

3. The oven controlled MEMS oscillator according to claim 1,
wherein the heater and the temperature sensor are formed by a

same metal deposition.
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4, The oven controlled MEMS oscillator according to claim 1,
wherein the at least one support beam comprises a pair of
support beams extending from the frame and affixed to

respective sides of the one end of the platform.

5. The oven controlled MEMS oscillator according to claim 4,
wherein the heater is disposed on the one end of the platform
between the respective sides where the pair of support beams

are affixed to platform.

6. The oven controlled MEMS oscillator according to claim 1,
wherein the temperature sensor comprises a serpentine shape

thermistor and is disposed on opposing sides of the resonator.

7. The oven controlled MEMS oscillator according to claim 1,
wherein the heater comprises a pair of heating elements

disposed on the pair of support beams, respectively.

8. The oven controlled MEMS oscillator according to claim 1,
wherein the frame comprises a silicon-on-insulator layer and
the resonator and the platform are etched in the silicon-on-

insulator layer of the frame.

9. The oven controlled MEMS oscillator according to claim 1,
wherein the pair of anchor beams are coupled to opposing sides

of the resonator adjacent to a nodal point of the resonator.
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10. The oven controlled MEMS oscillator according to claim 1,
wherein the resonator is disposed in a center of the platform
and the temperature sensor 1s disposed between the resonator

and the at least one support beam.

11. The oven controlled MEMS oscillator according to claim 10,
wherein a width of the platform between an edge of the
platform and the resonator is at least two times a thickness

of the platform.

12. The oven controlled MEMS oscillator according to claim 1,
further comprising a resonator cap bonded to the frame by a

metal ring.

13. The oven controlled MEMS oscillator according to claim 1,

wherein the resonator is bulk acoustic mode resonator.

14. A timing device comprising:

a carrier;

oscillation circuity disposed on the carrier

an oven 1lid affixed to the carrier to form a first oven
covering the oscillation circuitry;

a first heater disposed on the carrier and configured to

heat the first oven to a first temperature;
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a MEMS oven controlled resonator disposed on the carrier
and electrically coupled to the oscillation circuitry, the
MEMS oven controlled resonator including:

a substrate,

a rectangular frame disposed on the substrate,

a resonator cap attached to the rectangular frame to
form a second oven,

a platform disposed within the frame,

at least one support beam configured to hold the
platform within a cavity of the frame,

a resonator coupled to the platform,

a temperature sensor disposed on the platform at
least between the one end of the platform and the
resonator, and

a second heater configured to heat the platform to
maintain the second oven at a second temperature higher
than the first temperature in response to a temperature

measured by the temperature sensor.

15. The timing device according to claim 14, wherein the
resonator is coupled to the platform by a pair of anchor beams

disposed on opposing first sides of the resonator.

16. The timing device according to claim 14, wherein the at

least one support beam comprises a pair of support beams that
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extend from the rectangular frame and are affixed to
respective sides of the one end of the platform to hold the
platform within a cavity of the frame such that the platform

is thermally isolated from the frame.

17. The timing device according to claim 14, wherein the
platform, the resonator, and the at least one support beam of
the MEMS oven controlled resonator are all disposed in a same

plane.

18. The timing device according to claim 14, wherein the
second heater and the temperature sensor of the MEMS oven

controlled resonator are formed by a same metal deposition.

19. The timing device according to claim 14, wherein the
second heater is disposed on the one end of the platform

between the at least one support beam and the resonator.

20. The timing device according to claim 14, wherein the
second heater comprises a pair of heating elements disposed on
the pair of support beams, respectively, of the MEMS oven

controlled resonator.
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