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STEP 200 
Applying intermediate portion 
to substrate 

STEP 20 Applying sacrificial layer 
to intermediate portion 

STEP 220 Applying resonant portion 
to sacrificial layer 
and intermediate portion 

STEP 230 
Removing sacrificial layer 

FIG. 1 
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Applying sacrificial layer 
to substrate 

STEP 240 

STEP 250 Applying resonant portion 
to sacrificial layer and substrate 

STEP 230 Removing sacrificial layer 

FIG. 3 
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RESONATOR WITH PREFERRED OSCILLATION 
MODE 

TECHNICAL FIELD 

0001. This invention relates to resonators and, more 
particularly, to plate wave resonators that may be part of a 
micro electro mechanical System. 

BACKGROUND INFORMATION 

0002 Various types of resonators including surface 
acoustic wave (SAW) crystals, quartz oscillators, flexure 
plate wave devices, are known. However, each known type 
of resonator has its drawbackS. 

0.003 SAW devices are by nature relatively large, on the 
order of a centimeter, due to their long wavelength and the 
need for many reflecting fingers at each end to trap Surface 
acoustic energy. The mass involved in the resonant motion 
of a SAW device is relatively large, on the order of one 
acoustic wavelength in depth times the product of area of the 
device and the density. Plate wave devices have a much 
Smaller mass involved in the resonant motion Since the 
thickness of the plate wave device is typically much Smaller 
than a wavelength of the acoustic wave. The large mass 
involved in SAW oscillation makes them less sensitive to 
Small mass perturbations than plate wave oscillators. Due to 
their high frequency, SAW devices also consume more 
power than lower frequency resonators. 
0004 Quartz resonators also have the disadvantage that 
the mass involved in oscillation is quite large, resulting in 
low sensitivity to small mass perturbations. This holds for 
Shear mode, thickneSS mode, and tuning fork quartz oscil 
lators. 

0005 Known plate wave resonators are capable of oscil 
lating in many closely spaced modes. This capability makes 
it difficult for circuits including the resonators to stabilize the 
resonators on a single mode and results in “mode hopping'0 
or frequency instability. Frequency instability is a recurring 
problem for known plate wave resonators. For example, 
mode hopping represents a noise Source which limits the 
reliability of the oscillation mode of the resonator as a 
reference. Also, when resonators are used as Sensors, fre 
quency instability reduces their detection Sensitivity. 
Apodization of the electrodes associated with the resonators 
has been used to ameliorate frequency instability. Apodiza 
tion, however, leaves Several modes of equal amplitude in 
which a resonator can oscillate and is therefore at best only 
a partial Solution. 
0006 Accordingly, the need for a small, low power, 
Single mode micro-machined resonator remains. 

SUMMARY OF THE INVENTION 

0007. In one aspect, the invention features a resonator 
with mechanical node reinforcement comprising a Substrate, 
an intermediate portion, and a resonant portion. The inter 
mediate portion is adjacent to the Substrate. The resonant 
portion is adjacent to the intermediate portion and is defined 
by a periphery. The resonant portion is also adapted for a 
first oscillation mode with a nodal point located within the 
periphery; the resonant portion contacts the intermediate 
portion only at points located Substantially at the periphery 
and Substantially at the nodal point. 
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0008. In a similar aspect, the invention features a reso 
nator with mechanical node reinforcement comprising a 
Substrate and a resonant portion. The resonant portion is 
adjacent to the intermediate portion and is defined by a 
periphery. The resonant portion is also adapted for a first 
oscillation mode with a nodal point located within the 
periphery. According to one preferred embodiment, the 
resonant portion contacts the Substrate at points located 
Substantially at the periphery and Substantially at the nodal 
point. 

0009 Embodiments of the two foregoing aspects of the 
invention may include the following features: a contact point 
located Substantially at the nodal point that interferes with an 
unwanted oscillation mode; a plurality of nodal points 
within the periphery Substantially at which the resonant 
portion contacts the underlying Structure, and a resonant 
portion affixed to the underlying Structure Substantially at 
the nodal point and, in Some embodiments, at the periphery. 

0010. In some embodiments, the resonant portion and/or 
the intermediate portion comprises layers of materials 
Selected for a particular means of exciting the oscillation 
mode. In one embodiment, for example, the intermediate 
portion comprises a conductive layer and the resonant 
portion comprises a structural layer adjacent to the interme 
diate portion and an electrode layer adjacent to the Structural 
layer. In another embodiment, the resonant portion com 
prises a structural layer adjacent to the intermediate portion, 
a conductive layer adjacent to the Structural layer, a piezo 
electric layer adjacent to the conductive layer, and an 
electrode layer adjacent to the piezoelectric layer. In another 
embodiment, the piezoelectric layer of the foregoing 
embodiment is replaced with a ferroelectric layer. 

0011. In some embodiments, the resonator is adapted for 
a particular application. In one embodiment, for example, 
the resonator further comprises a drive transducer coupled to 
the resonant portion, and adapted for converting a first 
electrical Signal into a wave in the resonant portion, and a 
Sense transducer coupled to the resonant portion, and 
adapted for converting the wave in the resonant portion into 
a Second electrical Signal. In another embodiment, the 
resonator further comprises an amplitude control device 
coupled to the Sense transducer, and adapted for calculating 
a variance by comparing an amplitude represented by the 
Second electrical Signal to an amplitude Set point, and a 
phase shift device coupled to the drive transducer, and 
adapted for transmitting a third electrical Signal to the drive 
transducer based on the variance. In another embodiment, 
the resonator further comprises a film on the resonant 
portion that has at least one property that changes upon 
exposure to an agent and affects the first oscillation mode 
thereby enabling the resonator to operate as a Sensor. 

0012. In another aspect, the invention features a method 
of manufacturing a resonator with mechanical node rein 
forcement comprising applying an intermediate portion to a 
Substrate, applying a Sacrificial layer to the intermediate 
portion, applying a resonant portion to the Sacrificial layer 
and the intermediate portion. The Sacrificial layer is defined 
by a periphery, and is particularly adapted for an oscillation 
mode with a nodal point located within the periphery. The 
Sacrificial layer also has a Void located Substantially at the 
nodal point. The resonant portion extends beyond the 
periphery of the Sacrificial layer and contacts the interme 
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diate portion at the Void. This aspect also features removing 
the Sacrificial layer Such that a gap remains between the 
intermediate portion and the resonant portion. 
0013 In a similar aspect, the invention features a method 
of manufacturing a resonator with mechanical node rein 
forcement comprising applying a Sacrificial layer to a Sub 
Strate, then applying a resonant layer to the Sacrificial layer 
and the Substrate. The sacrificial layer is defined by a 
periphery, and particularly adapted for an oscillation mode 
with a nodal point located within the periphery; the Sacri 
ficial layer has a Void located Substantially at the nodal point. 
The resonant layer extends beyond the periphery of the 
Sacrificial layer and extends through the Sacrificial layer to 
contact the Substrate at the Void. This aspect also features 
removing the Sacrificial layer Such that a gap remains 
between the Substrate and the resonant layer. 
0.014 Embodiments of the two foregoing aspects of the 
invention may include the following features: creating the 
Void in the Sacrificial layer by etching the Sacrificial layer; 
Sealing the gap in a vacuum, creating a Sacrificial layer with 
a plurality of Voids located Substantially at a plurality of 
nodal points associated with a desired oscillation mode and 
located within the periphery of the Sacrificial layer, and 
affixing the resonant portion to the Sacrificial layer and to the 
intermediate portion or, if no intermediate portion is applied, 
to the Substrate. 

0.015. In some embodiments the method of manufactur 
ing the resonator is adapted for a particular means of 
exciting the Oscillation mode. In one embodiment, for 
example, the method further comprises applying a conduc 
tive layer to the Substrate, applying a Structural layer to the 
Sacrificial layer and the intermediate portion, and applying 
an electrode layer to the Structural layer. In another embodi 
ment, the method further comprises applying a structural 
layer to the Sacrificial layer and to the intermediate portion 
or, if no intermediate portion is applied, to the Substrate, 
applying a conductive layer to the Structural layer, applying 
a piezoelectric layer to the conductive layer, and applying an 
electrode layer to the piezoelectric layer. In another embodi 
ment, the application of the piezoelectric layer in the fore 
going embodiment is replaced by the application of a 
ferroelectric layer. 
0016. In some embodiments, the method of manufactur 
ing is adapted for a particular application. In one embodi 
ment, for example, the method further comprises applying a 
drive transducer to the resonant portion, the drive transducer 
converting a first electrical Signal into a wave in the resonant 
portion, and applying a Sense transducer to the resonant 
portion, the Sense transducer converting the wave in the 
resonant portion into a Second electrical Signal. In another 
embodiment, the method further comprises putting an 
amplitude control device in electrical Signal communication 
with the Sense transducer, the amplitude control device 
calculating a variance by comparing an amplitude repre 
Sented by the Second electrical Signal to an amplitude Set 
point, and putting a phase shift device in electrical Signal 
communication with the drive transducer, the phase shift 
device transmitting a third electrical Signal to the drive 
transducer based on the variance. In another embodiment, 
the method further comprises applying to the resonant 
portion a film with at least one property that changes upon 
exposure to an agent and that affects the oscillation mode of 
the resonant layer. 
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0017. The foregoing and other objects, aspects, features, 
and advantages of the invention will become more apparent 
from the following description and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. In the drawings, like reference characters generally 
refer to the same parts throughout the different views. Also, 
the drawings are not necessarily to Scale, emphasis instead 
generally being placed upon illustrating the principles of the 
invention. 

0019 FIG. 1 is flow chart describing a method of manu 
facturing a resonator with a preferred oscillation mode 
according to one illustrative embodiment of the invention. 
0020 FIGS. 2A, 2B, 2C, 2D, 2E, and 2F are cross 
Sectional views of the same resonator during different phases 
of the manufacturing process according to one illustrative 
embodiment of the invention. 

0021 FIG. 3 is flow chart describing a method of manu 
facturing a resonator with a preferred oscillation mode 
according to another illustrative embodiment of the inven 
tion. 

0022 FIGS. 4A, 4B, and 4C are different views of a 
resonator in accordance with one embodiment of the inven 
tion. FIG. 4A is top view of the resonator. FIG. 4B is a 
croSS-Sectional view of the same resonator at the A-A 
location. FIG. 4C is another cross-sectional view of the 
resonator at the B-B location. 

0023 FIGS. 5A, 5B, and 5C are different views of a 
resonator in accordance with one embodiment of the inven 
tion. FIG. 5A is top view of the resonator. FIG. 5B is a 
croSS-Sectional view of the same resonator at the A-A 
location. FIG. 5C is another cross-sectional view of the 
resonator at the B-B location. 

0024 FIGS. 6A and 6B are different views of a resonator 
in accordance with one embodiment of the invention. FIG. 
6A is top view of the resonator. FIG. 6B is a cross-sectional 
View of the same resonator at the A-A location. 

0.025 FIGS. 7A, 7B, 7C, and 7D are illustrations of 
various modes of oscillation of a rectangular resonant por 
tion of a resonator. FIG. 7A illustrates a (1,1) mode. FIG. 
7B illustrates a (2,1) mode. FIG.7C illustrates a (1,2) mode. 
FIG. 7D illustrates a (2.2) mode. 
0026 FIG. 8 is a block diagram of the resonator as a 
frequency reference. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0027. In brief, the present invention relates to a resonator 
with a preferred oscillation mode and a method of manu 
facturing a resonator with a preferred oscillation mode. In 
one respect, the use of internal nodal points to Suppress 
undesired modes distinguishes the resonator of the present 
invention from previously known resonators. The nodal 
points enable the resonator of the present invention to 
oscillate in the desired mode unimpeded. Further, a resona 
tor with a single fundamental oscillation mode may be 
attained through the use of the internal nodal points. Accord 
ingly, the electronics associated with the resonator of the 
present invention can be simplified because the electronics 
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do not have to overcome the tendency of previously known 
resonators to hop from one oscillation mode to another. 
Mode hopping may be ameliorated or overcome entirely 
with the present invention. 

0028. In one illustrative embodiment of the present 
invention, the method of manufacturing the resonator com 
prises the steps illustrated in FIG. 1. The first step in the 
method (STEP 200) is to apply an intermediate portion to a 
Substrate. In one embodiment, the Substrate is a Silicon chip. 
In another embodiment, the Substrate is made of another 
appropriate material Such as glass. In Some embodiments, 
the application of the intermediate portion comprises the 
application of a Single layer. In other embodiments, the 
application of the intermediate portion comprises the appli 
cation of multiple layers. In Some embodiments, the appli 
cation of the intermediate portion further comprises the 
application of at least one layer consistent with a specific 
means for exciting the oscillation mode. In one embodiment, 
the application of a layer of the intermediate portion com 
prises the application of a conductive layer. In another 
embodiment, the application of a layer of the intermediate 
portion comprises the application of an insulating layer. 

0029. The second step in the method (STEP 210) is to 
apply a Sacrificial layer to the intermediate portion. The 
Sacrificial layer is defined by a periphery and adapted to an 
oscillation mode with at least one nodal point within the 
periphery. The final Sacrificial layer has at least one Void 
located Substantially at a nodal point within the periphery. 
The location of each Void in the Sacrificial layer is consistent 
with the preferred oscillation mode. In one embodiment, a 
Void in the Sacrificial layer is created by etching a Small hole 
in an existing Sacrificial layer. In another embodiment, the 
Sacrificial layer is created with an appropriate Void. In one 
embodiment, the application of the Sacrificial layer com 
prises the application of Silicon dioxide. In other embodi 
ments, the application of the Sacrificial layer comprises the 
application of phospho-Silicate glass (PSG) or another 
appropriate material. Typically, the means for creating the 
Voids is consistent with the material Selected for the Sacri 
ficial layer. 

0030) The third step in the method (STEP220) is to apply 
a resonant portion to the Sacrificial layer and the interme 
diate portion. The resonant portion covers the Sacrificial 
layer after it is applied. The resonant portion is applied to the 
intermediate portion outside the periphery of the Sacrificial 
layer and through the Voids in the Sacrificial layer. In one 
embodiment, the application of the resonant portion com 
prises the application of a single layer. In other embodi 
ments, the application of the resonant portion comprises the 
application of multiple layers. In Some embodiments, the 
resonant portion includes a membrane as a structural ele 
ment. In other embodiments, the resonant portion includes a 
plate as a structural element. In various embodiments, the 
application of the Structural element comprises the applica 
tion of Silicon, poly-Silicon, Silicon nitride, Silicon carbide, 
or Silicon dioxide. In Some embodiments, the application of 
the resonant portion further comprises the application of at 
least one layer consistent with a Specific means for exciting 
the oscillation mode. 

0031) The fourth step in the method (STEP 230) is to 
remove the Sacrificial layer. Typically, the means of removal 
of the Sacrificial layer is consistent with the material Selected 
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for the Sacrificial layer. In Some embodiments, the removal 
of the Sacrificial layer first comprises cutting a Small hole in 
the resonant portion. In embodiments, Such as those in 
which the sacrificial layer is made of silicon dioxide or PSG, 
the Sacrificial layer is removed by Solutions containing 
hydrofluoric acid. In other embodiments, Such as those in 
which the Sacrificial layer is made of carbon, the Sacrificial 
layer is removed by oxidation at temperatures between 400 
C. and 1200°C. In still other embodiments such as those in 
which the Sacrificial layer is made of a polymer, the Sacri 
ficial layer can be removed with Solvents or oxygen plasma 
treatments. The removal of the Sacrificial layer leaves a gap 
between the intermediate portion and the resonant portion. 
In Some embodiments, the method further comprises Sealing 
the gap. In Some Such embodiments, the Sealing is done in 
a vacuum. A layer created by chemical vapor deposition may 
be used to Seal the gap. 
0032 FIGS. 2A, 2B, 2C, 2D, 2E, and 2F illustrate 
croSS-Sectional views of a resonator 10, made in accordance 
with a detailed embodiment of the method of manufacturing 
described in FIG. 1, during different phases of the manu 
facturing process. Referring now generally to FIGS. 2A, 2B, 
2C, 2D, 2E, and 2F, the first steps in the manufacture of the 
resonator 10 are the preparation of a substrate 40 and the 
application of the intermediate portion 30 to the substrate 40. 
In one example, the Substrate 40 is a Silicon Substrate that 
is from about 300 to 1000 um thick. An insulating layer 32 
is deposited on the Substrate 40. The insulating layer 32 may, 
for example, be SiO or SiN. In one example, the insu 
lating layer 32 is SiO, with a thickness from about 0.1 to 2 
tum deposited by chemical vapor deposition. Next a conduc 
tive layer 34 is deposited on the insulating layer 32. In one 
example, the conductive layer 34 is doped polysilicon with 
a thickness from about 0.1 to 2 um deposited by chemical 
Vapor deposition. The insulating layer 32 and the conductive 
layer 34 form the intermediate portion 30 of the resonator. 
FIG. 2A illustrates a cross-sectional view of the resonator 
after the completion of the application of the intermediate 
portion 30 to the substrate 40 (STEP 200). 
0033) The next step (STEP210) in the process of manu 
facturing resonator 10 illustrated by FIGS. 2A, 2B, 2C, 2D, 
2E, and 2F is the application of the sacrificial layer 23 to the 
conductive layer 34. The sacrificial layer 23 may, for 
example, be SiO, PSG, carbon, or polymer. In one example, 
the sacrificial layer 23 is SiO with a thickness from about 
0.05 to 2 um applied by chemical vapor deposition. In the 
asSociated first photolithography Step, the Sacrificial layer 23 
is patterned by removing it at nodal points associated with 
the desired oscillation mode of the final resonator 10 and, if 
desired, at the periphery of the conductive layer 34. FIG.2B 
illustrates the resonator 10 after the completion of the 
application of the Sacrificial layer 23 to the intermediate 
portion 30 (STEP210). 
0034) The next step (STEP220) in the process of manu 
facturing resonator 10 illustrated by FIGS. 2A, 2B, 2C, 2D, 
2E, and 2F is the application of the resonant portion 20 to the 
sacrificial layer 23 and the conductive layer 34. Specifically, 
the structural layer of the resonant portion 20 is applied. The 
Structural layer may, for example, be made of polysilicon or 
Silicon nitride. In one example, the Structural layer of the 
resonant portion 20 is SiN with a thickness from about 0.5 
to 2 um applied by chemical vapor deposition. FIG. 2C 
illustrates the resonator 10 after the completion of the 
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application of the resonant portion 20 to the Sacrificial layer 
23 and the conductive layer 34. In the associated second 
photolithography Step, the Structural layer of the resonant 
portion 20 is patterned. At least one hole is etched into the 
structural layer of the resonant portion 20 to enable the 
removal of the sacrificial layer 23 from the resonator 10. 
FIG. 2D illustrates the resonator 10 with a hole etched in the 
structural layer of the resonant portion 20. 
0035) The next step (STEP 230) the process of manufac 
turing resonator 10 illustrated by FIGS. 2A, 2B, 2C, 2D, 2E, 
and 2F is the removal of the sacrificial layer 23 from the 
resonator 10. FIG. 2E illustrates the resonator 10 with after 
the sacrificial layer 23 has been removed. Table 1 below 
provides examples of etching techniques associated with 
various materials which may be used for the Sacrificial layer. 

TABLE 1. 

Structural Laver Materials and Corresponding Etches 

Sacrificial Layer Material Sacrificial Layer Etch 

SiO, PSG HF containing solutions 
Carbon Oxygen at >500 C. 
Polymer Plasma Oxygen 

0036) Once the sacrificial layer 23 has been removed, an 
electrode layer may be applied to the Structural layer of the 
resonant portion 20. The electrode layer may be created by 
applying a conductive layer to the resonant portion 20 and 
then creating the desired pattern of electrodes using photo 
lithography. Either the liftoff or etching type of photolithog 
raphy may be used. The electrode layer may include a drive 
transducer and a Sense transducer (not distinguished in FIG. 
2F). FIG. 2F illustrates the complete resonator 10 after the 
electrode layer has been applied. 
0037. In another illustrative embodiment of the present 
invention, the method of manufacturing the resonator com 
prises the steps illustrated in FIG. 3. The first step in the 
method (STEP 240) is to apply a sacrificial layer to a 
substrate. The substrate and the sacrificial layer have the 
Same variations as described for the previous illustrative 
embodiment of the invention. The second step in the method 
(STEP 250) is to apply a resonant portion to the sacrificial 
layer and the Substrate. The resonant portion covers the 
Sacrificial layer after it is applied. The resonant portion is 
applied to the Substrate outside the periphery of the Sacri 
ficial layer and through the voids in the sacrificial layer. The 
application of the resonant portion has the same variations as 
described for the previous illustrative embodiment of the 
invention. The third step in the method (STEP 230) is to 
remove the sacrificial layer. The removal of the sacrificial 
layer is Subject to the same variations as described for the 
previous illustrative embodiment. 
0.038 Either of the foregoing illustrative embodiments 
may be adapted to Suit a particular means for exciting an 
oscillation mode. For example, in one embodiment, the 
method is adapted to Suit electroStatic actuation of an 
oscillation mode. In Such an embodiment, the intermediate 
portion includes a conductive layer and the resonant portion 
includes a structural element and an electrode layer. 
0039 FIGS. 4A, 4B, and 4C illustrate a resonator with a 
preferred oscillation mode adapted to Suit electroStatic 
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actuation of the Oscillation mode in accordance with an 
embodiment of the invention and generally designated 10. 
FIG. 4A is a top view of the resonator 10 that shows a 
resonant portion 20 with a periphery 22. The resonant 
portion 20 has a rectangular shape. The resonant portion 20 
has a number of contact points 24 within the periphery 22 at 
which the resonant portion 20 contacts the intermediate 
portion 30 (not shown in FIG. 4A) of the resonator 10. The 
contacts points 24 are located Substantially at nodal points 
asSociated with preferred oscillation mode of the resonator. 
The resonator 10 also includes a ground contact 90, a pair of 
drive transducers 70 and a pair of sense transducers 80 that 
partially cover the resonant portion 20. 

0040 FIG. 4B is a cross-sectional view of resonator 10 
at the A-A location. The croSS-Section generally shows a 
substrate 40, an intermediate portion 30, and a resonant 
portion 20. In the embodiment in FIG. 4B, the intermediate 
portion 30 includes an insulating layer 34 adjacent to the 
substrate 40 and a conductive layer 32 adjacent to the 
insulating layer 34. A gap 26 exists between the resonant 
portion 20 and the intermediate portion 30. The cross 
section revealed in FIG. 4B is consistent with the prior art 
in that there is no contact point 24 at which the resonant 
portion 20 contacts the intermediate portion 30 substantially 
at a nodal point within the periphery 22 associated with the 
preferred oscillation mode. 

0041. The electrode layer of the resonator illustrated in 
FIGS. 4A, 4B, and 4C includes a pair of drive transducers 
70 and a pair of sense transducers 80. Each pair of trans 
ducers illustrated in FIG. 4A has digits which cover part of 
the resonant portion and metal leads which connect to the 
digits and cover part of the intermediate portion. The metal 
leads are also known as metal interconnects. Each pair of 
transducers is interdigitated. Portions of the pair of drive 
transducers 70 and the pair of sense transducers 80 that 
cover the resonant portion 20 are shown in FIGS. 4A, 4B, 
and 4C. These portions of the transducers oscillate with 
resonant portion 20 and may be considered a layer of the 
resonant portion 20. 

0042 FIG. 4C is a cross-sectional view of resonator 10 
at the B-B' location. Again, the cross-section generally 
shows a substrate 40, an intermediate portion 30, and a 
resonant portion 20. Unlike FIG. 4B, FIG. 4C illustrates the 
contact points 24 in the resonant portion 20. The contact 
points 24 constrain the modes at which the resonant portion 
20 may oscillate and SuppreSS alternative modes of oscilla 
tion of the resonator 10. This effect is analogous to that of 
a musician tuning a Stringed instrument by lightly placing a 
finger at a nodal point of the desired oscillation mode. The 
contact points 24 do little to Suppress oscillation in the 
preferred oscillation mode. As FIG. 4C illustrates, in a 
preferred embodiment, the digits of the pair of drive trans 
ducers 70 and the pair of sense transducers 80 that cover the 
resonant portion 20 are offset from the contact points 24. The 
placement of the digits between any nodal points associated 
with the preferred oscillation mode will in general maximize 
their effectiveness. 

0043. In another embodiment, the method of FIG. 1 or 
FIG. 3 is adapted for manufacturing a resonator Suitable for 
piezoelectric actuation of an oscillation mode. In Such an 
embodiment, the resonant portion comprises a structural 
layer, a conductive layer, a piezoelectric layer, and an 
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electrode layer. In various embodiments, the piezoelectric 
layer is comprised of AlN, ZnO, CdS, ZnS, GaAs, or another 
piezoelectric material. In one Such embodiment, the Struc 
tural layer is adjacent to the intermediate portion or, if no 
intermediate portion is included in the resonator, to the 
Substrate. The conductive layer is adjacent to the Structural 
layer, the piezoelectric layer is adjacent to the conductive 
layer, and the electrode layer is adjacent to the piezoelectric 
layer. 

0044 FIGS.5A, 5B, and 5C illustrate a resonator with a 
preferred oscillation mode adapted to Suit piezoelectric 
actuation of the oscillation mode in accordance with the 
foregoing embodiment of the invention and generally des 
ignated 10. FIG. 5A is a top view of the resonator 10 that 
shows a resonant portion 20 with a periphery 22. The 
resonant portion 20 has a rectangular shape. The resonant 
portion 20 has a number of contact points 24 within the 
periphery 22 at which the resonant portion 20 contacts the 
intermediate portion 30 (not shown in FIG. 5A) of the 
resonator 10. The contacts points 24 are located substantially 
at nodal points associated with the preferred oscillation 
mode of the resonator. The resonator 10 also includes a pair 
of drive transducers 70 and a pair of sense transducers 80 
that partially cover the resonant portion 20. 

004.5 FIG. 5B is a cross-sectional view of resonator 10 
at the A-A location. The cross-section generally shows a 
substrate 40, an intermediate portion 30, and a resonant 
portion 20. In the embodiment in FIG. 5B, the intermediate 
portion 30 comprises a insulating layer adjacent to the 
substrate 40. Agap 26 exists between the resonant portion 20 
and the intermediate portion 30. The resonant portion 20 
comprises a structural layer 21, a conductive layer 27, and 
a piezoelectric layer 28. In one Such embodiment, the 
Structural layer 21 is adjacent to the intermediate portion, the 
conductive layer 27 is adjacent to the Structural layer 21, and 
the piezoelectric layer 28 is adjacent to the conductive layer 
27. The cross-section revealed in FIG. 5B is consistent with 
the prior art in that there is no contact point 24 at which the 
resonant portion 20 contacts the intermediate portion 30 
Substantially at a nodal point within the periphery 22 asso 
ciated with the preferred oscillation mode. 

0046) The electrode layer of the resonator illustrated in 
FIGS. 5A, 5B, and 5C includes a pair of drive transducers 
70 and a pair of sense transducers 80. Each pair of trans 
ducers illustrated in FIG. 5A has digits which cover part of 
the resonant portion and metal leads which connect to the 
digits and cover part of the intermediate portion. The metal 
leads are also known as metal interconnects. Each pair of 
transducers is interdigitated. Portions of the pair of drive 
transducers 70 and the pair of sense transducers 80 that 
cover the resonant portion 20 are shown in FIGS. 5A, 5B, 
and 5C. These portions of the transducers oscillate with 
resonant portion 20 and may be considered a layer of the 
resonant portion 20. 

0047 FIG. 5C is a cross-sectional view of resonator 10 
at the B-B' location. Again, the croSS-Section generally 
shows a substrate 40, an intermediate portion 30, and a 
resonant portion 20. Unlike FIG. 5B, FIG.5C illustrates the 
contact points 24 in the resonant portion 20. Like those 
shown in FIG. 3C, the contact points 24 in FIG. 5C 
constrain the modes at which the resonant portion 20 may 
oscillate and SuppreSS alternative modes of oscillation of the 

Dec. 12, 2002 

resonator 10. The contact points 24 do little to suppress 
oscillation in the preferred oscillation mode. As FIG. 5C 
illustrates, in a preferred embodiment, the digits of the pair 
of drive transducers 70 and the pair of sense transducers 80 
that cover the resonant portion 20 are offset from the contact 
points 24. 

0048. In another embodiment, the method of FIG. 1 or 
FIG. 3 is adapted for manufacturing a resonator Suitable for 
ferroelectric actuation of an oscillation mode. In Such an 
embodiment, the resonant portion comprises a structural 
layer, a conductive layer, a ferroelectric layer, and an elec 
trode layer. In various embodiments, the ferroelectric layer 
is comprised of PZT, PLZT, or another ferroelectric mate 
rial. In one Such embodiment, the Structural layer is adjacent 
to the intermediate portion or, if no intermediate portion is 
included in the resonator, to the Substrate. The conductive 
layer is adjacent to the Structural layer, the ferroelectric layer 
is adjacent to the conductive layer, and the electrode layer is 
adjacent to the ferroelectric layer. A ferroelectric layer must 
be poled before it is useful for actuation. If the piezoelectric 
layer 28 illustrated in FIGS. 5B and 5C were a ferroelectric 
layer 29, then FIGS. 5A, 5B, and 5C would illustrate a 
resonator adapted to Suit ferroelectric actuation of an oscil 
lation mode. 

0049 FIGS. 6A and 6B illustrate a resonator with a 
preferred oscillation mode adapted to Suit ferroelectric 
actuation of the oscillation mode in accordance with another 
embodiment of the invention and generally designated 10. 
FIG. 6A is a top view of the resonator 10 that shows a 
resonant portion 20 with a periphery 22. The resonant 
portion 20 has a generally circular shape. The preferred 
oscillation mode associated with FIGS. 6A and 6B is a (2.2 
) oscillation mode. The resonant portion 20 has a number of 
contact points 24 within the periphery 22 at which the 
resonant portion 20 contacts the intermediate portion 30 (not 
shown in FIG. 6A) of the resonator 10. The contacts points 
24 are located Substantially at nodal points associated with 
preferred oscillation mode of the resonator. The resonator 10 
also includes a pair of drive transducers 70 and a pair of 
Sense transducers 80 that partially cover the resonant portion 
2O. 

0050 FIG. 6B is a cross-sectional view of resonator 10 
at the A-A location. The croSS-Section generally shows a 
substrate 40, an intermediate portion 30, and a resonant 
portion 20. In the embodiment in FIG. 6B, the intermediate 
portion 30 comprises a insulating layer adjacent to the 
substrate 40. Agap 26 exists between the resonant portion 20 
and the intermediate portion 30. The resonant portion 20 
comprises a structural layer 21, a conductive layer 27, and 
a ferroelectric layer 29. In one such embodiment, the struc 
tural layer 21 is adjacent to the intermediate portion, the 
conductive layer 27 is adjacent to the Structural layer 21, and 
the ferroelectric layer 29 is adjacent to the conductive layer 
27. FIG. 6B illustrates the contact points 24 in the resonant 
portion 20. Like those shown in FIGS. 4C and 5C, the 
contact points 24 in FIG. 6C constrain the modes at which 
the resonant portion 20 may oscillate and Suppress alterna 
tive modes of oscillation of the resonator 10. The contact 
points 24 do little to Suppress oscillation in the preferred 
oscillation mode. 

0051. The electrode layer of the resonator illustrated in 
FIGS. 6A and 6B includes a pair of drive transducers 70 and 
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a pair of Sense transducers 80. Each pair of transducers 
illustrated in FIG. 6A has a portion which extends from the 
intermediate portion to cover part of the resonant portion. 
Portions of the pair of drive transducers 70 and the pair of 
sense transducers 80 that cover the resonant portion 20 are 
shown in FIGS. 6A and 6B. These portions of the trans 
ducers will oscillate with resonant portion 20 and may be 
considered a layer of the resonant portion 20. AS FIG. 6B 
illustrates, in a preferred embodiment, the portions of the 
pair of drive transducers 70 and the pair of sense transducers 
80 that cover the resonant portion 20 are generally offset 
from the contact points 24. 

0052) If the ferroelectric layer 29 indicated in FIG. 6B as 
part of the resonant portion 20 were replaced with a piezo 
electric layer 28, then FIGS. 6A and 6B would illustrate a 
resonator adapted to Suit piezoelectric actuation of an oscil 
lation mode in accordance with another embodiment. Simi 
larly, if the resonant portion 20 illustrated in FIG. 6B simply 
comprised an insulating layer, Such as Si Na. that Supported 
the drive transducers 70 and sense transducers 80, then 
FIGS. 6A and 6B would illustrate a resonator adapted to 
Suit electrostatic actuation of the oscillation mode in accor 
dance with another embodiment. 

0053. The invention is not limited to a resonator with a 
resonant portion that is rectangular. Nor is the invention 
limited to a resonator with a resonant portion that is circular. 
ReSonators with rectangular and circular resonant portions 
are illustrative of Some of the embodiments of the invention. 
Other embodiments of the invention include resonant por 
tions of diverse shapes. In each Such embodiment, the 
resonant portion has at least one contact point located 
Substantially at a nodal point within its periphery associated 
with the preferred oscillation mode. 

0054 FIGS. 7A, 7B, 7C, and 7D are useful in under 
Standing the process of Selecting a contact point to incor 
porate into a resonator with a preferred oscillation mode 
during the manufacturing process. Each of FIGS. 7A, 7B, 
7C, and 7D illustrate a resonant portion 20 with a periphery 
22. FIG. 7A illustrates an oscillation mode that has no nodal 
point within the periphery 22. Each of FIGS. 7B, 7C, and 
7D illustrate an oscillation mode with a line of nodal points 
100 within the periphery 22 of the resonant portion 20. At 
least one croSS Section of the resonant portion at an instant 
in time is shown below the resonant portion 20 in each 
figure. Points 101, 102, and 103 illustrate possible locations 
for a contact point within the periphery of the resonant 
portion. FIGS. 7A, 7B, 7C, and 7D do not describe all of the 
possible oscillation modes for a resonant portion 20 with a 
rectangular shape. 

0.055 Considering that a contact point suppresses oscil 
lation at its location, it is evident that a contact point will 
interfere with any oscillation mode in which the contact 
point is not located either at the periphery of the resonant 
portion or at a nodal point associated with the oscillation 
mode. For example, if any one of points 101, 102, and 103 
were a contact point, the contact point would interfere with 
the oscillation mode (1,1) illustrated in FIG. 7A. Similarly, 
if point 103 were a contact point, it would interfere with the 
oscillation mode (2,1) illustrated in FIG. 7B; neither point 
101 nor point 102 would interfere with the oscillation mode 
(2,1) illustrated in FIG. 7B if either were a contact point. 
Point 101 as a contact point would interfere with the 
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oscillation mode (1,2) illustrated in FIG.7C; neither point 
102 nor point 103 would interfere as a contact point with the 
oscillation mode (2,1) illustrated in FIG. 7C. If any of 
points 101, 102, or 103 were a contact point, it would not 
interfere with the oscillation mode (2.2) illustrated in FIG. 
7D. The selection of contact points limits the possible 
oscillation modes. For example, if points 101,102,103 were 
all contact points, then the contact points would Suppress 
oscillation in the three oscillation modes illustrated in FIGS. 
7A, 7B, and 7C. 
0056 Nodal points inside the periphery of a resonant 
portion can be identified mathematically given the boundary 
conditions of the resonant portion. For example, the nodal 
points within the periphery of a circular resonant portion can 
be identified with the Bessel function. Alternatively, nodal 
points inside the periphery of a resonant portion can be 
defined experimentally. For example, a resonant portion of 
the desired shape may be driven to oscillate in a variety of 
modes and the nodal points associated with each of the 
various modes may be observed. For another example, a 
contact point may be created in a resonant portion of the 
desired shape and the effect of the contact point on the 
modes at which the resonant portion will oscillate may be 
observed. Finally, a combination of mathematical prediction 
and experimental validation may be used to identify a nodal 
point of interest. The identification of the preferred oscilla 
tion mode for a resonator should reveal at least one corre 
sponding nodal point within the periphery of the resonant 
portion. 

0057. In some embodiments of the present invention, the 
contact points within the periphery of the resonant portion 
are the only points at which the resonant portion touches the 
intermediate portion or, if no intermediate portion is 
included in the resonator, the Substrate. The resonant portion 
in these embodiment does not have a contact point at its 
periphery. This embodiment allows for oscillation modes in 
which the periphery of the resonant portion is unconstrained. 
In one Such embodiment, the unconstrained periphery of the 
resonant portion is achieved by applying a Sacrificial layer 
that covers the entire intermediate portion with the exception 
of at least one Void that is located Substantially at a nodal 
point within the periphery of the resonant portion associated 
with the preferred oscillation mode. In another such embodi 
ment, the unconstrained periphery of the resonant portion is 
achieved by applying a Sacrificial layer that covers the entire 
Substrate with the exception of at least one Void. In another 
Such embodiment, the unconstrained periphery of the reso 
nant portion is achieved by cutting the resonant portion at its 
desired periphery. 
0058 Referring now to the potential applications of the 
present invention, in embodiments based on any of the 
embodiments discussed above, the resonator can be adapted 
for use as a bandpass filter. In Such embodiments, the 
method further comprises applying a drive transducer and a 
Sense transducer to the resonant portion of the resonator. In 
Some Such embodiments, the drive transducer extends from 
the intermediate portion onto the resonant portion Such that 
the drive transducer partially covers and may be considered 
part of the resonant portion. In Some Such embodiments, the 
drive transducer extends from the Substrate onto the resonant 
portion Such that the drive transducer partially covers and 
may be considered part of the resonant portion. In Some Such 
embodiments, the Sense transducer extends from the inter 
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mediate portion onto the resonant portion Such that the Sense 
transducer partially covers and may be considered part of the 
resonant portion. The drive transducer is coupled to a first 
electrical Signal. The drive transducer converts the first 
electrical Signal into an oscillation in the resonant portion. 
The Sense transducer is coupled to a Second electrical Signal. 
The Sense transducer converts the oscillation in the resonant 
portion to the Second electrical Signal. Some modes of 
oscillation of the resonant portion are Suppressed by the 
contact points. Accordingly, only Some of oscillation modes 
are transmitted by the drive transducer through the resonant 
portion to the Sense transducer. 

0059. In further embodiments based on any of the 
embodiments discussed above, the resonator can be adapted 
for use as a frequency reference. In Such embodiments, the 
method further comprises putting an amplitude control 
device 120 in Signal communication with the Sense trans 
ducer 80 and putting a phase shift device 130 in signal 
communication with the drive transducer 70. FIG. 8 is a 
block diagram of a circuit which uses the resonator as a 
frequency reference. The amplitude control device 120 
compares the Signal from the Sense transducer 80 to a 
reference, calculates a variance, and Sends a signal to the 
phase shift device 130 based on the variance. The phase shift 
device 130 transmits a signal to the drive transducer 70 
based on the signal from the amplitude control device 120. 
The signal from the phase shift device 130 is adapted to 
minimize the variance between the oscillation in the reso 
nant portion 20 and the reference. The drive transducer 70 
converts the Signal from the phase shift device 130 into an 
oscillation in the resonant portion 20. 

0060. In further embodiments based on any of the 
embodiments discussed above, the resonator can be adapted 
for use as a Sensor. In Such embodiments, the method further 
comprises applying a film to the resonant portion of the 
resonator. The film has at least one property that changes 
upon exposure to an agent. In Some embodiments, the film 
may be Sensitive to more than one agent. The property of the 
film that changes upon exposure to the agent affects the 
oscillation of the resonant portion. In one embodiment, for 
example, the mass of the film changes upon exposure to the 
agent. In another embodiment, the elastic properties of the 
film change upon exposure to the agent. In one Such embodi 
ment, the Stiffness of the film changes upon exposure to the 
agent. In another Such embodiment, the damping character 
istics of the film changes upon exposure to the agent. 

0061. In some embodiments, exposure of the film to an 
any level of an agent, as low as one part per billion or lower, 
changes a property of the film that effects the oscillation of 
the resonant portion. In Such embodiments, the change in the 
property of the film may not be detectable at very low agent 
exposure levels because the effect of the exposure is not as 
great as the effects of other environmental conditions. In 
other embodiments, the film must be exposed to the agent 
above a threshold level before any change in the property of 
the film occurs or before oscillation of the resonant portion 
is affected. 

0.062. In various embodiments, the agent is a chemically, 
physically, or biologically active principal. In Some embodi 
ments, the physically active principal is a change in an 
environmental condition, Such as temperature, light, or 
Sound. For example, in one embodiment, the agent is pres 
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Sure. In another embodiment, the agent is force. In other 
embodiments, the film comprises a chemical or biological 
receptor. In one Such embodiment, the film comprises an 
antibody and the agent comprises an antigen. In other Such 
embodiments, the film compriseS receptors capable of bind 
ing a particular chemical or biological agent, Such as a viral 
Surface protein. In Such embodiments, the receptors can be 
Selected to bind Specifically or non-Specifically to particular 
agents or classes of agents. 
0063. The film that is applied to adapt the resonator for 
use as a Sensor may be applied in a variety of ways. In one 
embodiment for example, the film may be applied to the 
Structural layer of the resonant portion. In another embodi 
ment, the film is applied to the piezoelectric layer. In yet 
another embodiment, the film is applied to the ferroelectric 
layer. In Some embodiments, an electrode layer is further 
applied to the film. In other embodiment, the film is applied 
on top of the electrode layer. In Some embodiments, more 
than one film that has a property that affects the oscillation 
mode that changes upon exposure to an agent is applied. In 
one Such embodiments, each of the films that are applied 
responds to a different agent. 
0064 Variations, modifications, and other implementa 
tions of what is described herein will occur to those of 
ordinary skill in the art without departing from the Spirit and 
the Scope of the invention as claimed. Accordingly, the 
invention is to be defined not by the preceding illustrative 
description but instead by the Spirit and Scope of the fol 
lowing claims. 
What is claimed is: 

1. A resonator with mechanical node reinforcement, the 
resonator comprising, 

a Substrate, 
an intermediate portion adjacent to Said Substrate, and 
a resonant portion adjacent to Said intermediate portion, 

Said resonant portion being defined by a periphery, and 
being adapted for a first oscillation mode with a nodal 
point located within Said periphery, 

wherein Said resonant portion contacts Said intermediate 
portion only at points located Substantially at Said 
periphery and Substantially at Said nodal point. 

2. The resonator of claim 1 further comprising a contact 
point located Substantially at Said nodal point, Said contact 
point interfering with a Second oscillation mode. 

3. The resonator of claim 1 wherein Said resonant portion 
is adapted for a first oscillation mode with a plurality of 
nodal points located within Said periphery, and wherein Said 
resonant portion contacts Said intermediate portion only at 
points located Substantially at Said periphery and Substan 
tially at Said plurality of nodal points. 

4. The resonator of claim 1 wherein Said resonant portion 
is affixed to Said intermediate portion only at points located 
Substantially at Said periphery and Substantially at Said nodal 
point. 

5. The resonator of claim 1 wherein said intermediate 
portion comprises a conductive layer, and wherein Said 
resonant portion comprises a structural layer adjacent to Said 
intermediate portion and an electrode layer adjacent to Said 
Structural layer. 

6. The resonator of claim 1 wherein Said resonant portion 
comprises, 
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a structural layer adjacent to Said intermediate portion, 
a conductive layer adjacent to Said structural layer, 
a piezoelectric layer adjacent to Said conductive layer, and 
an electrode layer adjacent to Said piezoelectric layer. 
7. The resonator of claim 1 wherein said resonant portion 

comprises, 

a structural layer adjacent to Said intermediate layer, 
a conductive layer adjacent to Said structural layer, 
a ferroelectric layer adjacent to Said conductive layer, and 
an electrode layer adjacent to Said ferroelectric layer. 
8. The resonator of claim 1 further comprising, 
a drive transducer coupled to Said resonant portion, and 

adapted to convert a first electrical Signal into a wave 
in Said resonant portion, and 

a Sense transducer coupled to Said resonant portion, and 
adapted to convert Said wave in Said resonant portion 
into a Second electrical Signal. 

9. The resonator of claim 8 further comprising, 
an amplitude control device coupled to Said Sense trans 

ducer, and adapted to calculate a variance by compar 
ing an amplitude represented by Said Second electrical 
Signal to an amplitude Set point, and 

a phase shift device coupled to Said drive transducer, and 
adapted to transmit a third electrical Signal to Said drive 
transducer based on Said variance. 

10. The resonator of claim 1 wherein said resonant portion 
comprises a membrane covered with a film, Said film having 
at least one property that changes upon eXposure to an agent, 
Said at least one property affecting Said first oscillation 
mode. 

11. The resonator of claim 10 wherein said film comprises 
a chemical or biological receptor. 

12. The resonator of claim 10 wherein said film comprises 
an antibody and Said agent comprises an antigen. 

13. The resonator of claim 10 wherein said film comprises 
a temperature-Sensitive film and Said agent comprises a 
change in temperature. 

14. A resonator with mechanical node reinforcement, the 
resonator comprising, 

a Substrate, and 

a resonant layer adjacent to Said Substrate, Said resonant 
layer being defined by a periphery, and being adapted 
for an oscillation mode with a nodal point within Said 
periphery, 

wherein Said resonant layer contacts Said SubStrate only at 
points located Substantially at Said periphery and Sub 
Stantially at Said nodal point. 

15. The resonator of claim 14 wherein said resonant layer 
is adapted for an oscillation mode with a plurality of nodal 
points within Said periphery, and wherein Said resonant layer 
contacts Said Substrate only at points located Substantially at 
Said periphery and Substantially at Said plurality of nodal 
points. 

16. The resonator of claim 14 wherein said resonant layer 
is affixed to Said Substrate only at points located Substantially 
at Said periphery and Substantially at Said nodal point. 
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17. A method of manufacturing a resonator with mechani 
cal node reinforcement, Said method comprising, 

applying an intermediate portion to a Substrate, 
applying a sacrificial layer to Said intermediate portion, 

Said Sacrificial layer being defined by a periphery, and 
being particularly adapted for an oscillation mode with 
a nodal point located within Said periphery, Said Sacri 
ficial layer having a void located Substantially at Said 
nodal point, 

applying a resonant portion to Said Sacrificial layer and 
Said intermediate portion, Said resonant portion extend 
ing beyond said periphery and contacting Said interme 
diate portion at Said Void, and 

removing Said Sacrificial layer Such that a gap remains 
between Said intermediate portion and Said resonant 
portion. 

18. The method of claim 17 further comprising creating 
Said Void by etching Said Sacrificial layer. 

19. The method of claim 17 further comprising sealing 
Said gap in a Vacuum. 

20. The method of claim 17, said step of applying said 
Sacrificial layer further comprising applying Said Sacrificial 
layer to Said intermediate portion, Said Sacrificial layer being 
particularly adapted for an oscillation mode with a plurality 
of nodal points located within Said periphery, Said Sacrificial 
layer having a plurality of Voids located Substantially at Said 
plurality of nodal points. 

21. The method of claim 17 wherein applying said reso 
nant portion to Said Sacrificial layer and Said intermediate 
portion comprises affixing Said resonant portion to Said 
Sacrificial layer and Said intermediate portion. 

22. The method of claim 17 further comprising applying 
an intermediate portion to a Substrate by applying a con 
ductive layer to Said Substrate, and 

applying a resonant portion to Said Sacrificial layer and 
Said intermediate portion, by applying a structural layer 
to Said Sacrificial layer and Said intermediate portion, 
and applying an electrode layer to Said Structural layer. 

23. The method of claim 17 wherein said step of applying 
Said resonant portion to Said Sacrificial layer and Said 
intermediate portion further comprises, 

applying a structural layer to Said Sacrificial layer and Said 
intermediate portion, 

applying a conductive layer to Said structural layer, 
applying a piezoelectric layer to Said conductive layer, 

and 

applying an electrode layer to Said piezoelectric layer. 
24. The method of claim 17 wherein said step of applying 

Said resonant portion to Said Sacrificial layer and Said 
intermediate portion further comprises, 

applying a structural layer to Said Sacrificial layer and Said 
intermediate portion, 

applying a conductive layer to Said structural layer, 

applying a ferroelectric layer to Said conductive layer, and 

applying an electrode layer to Said ferroelectric layer. 
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25. The method of claim 17 further comprising, 
applying a drive transducer to Said resonant portion, Said 

drive transducer converting a first electrical Signal into 
a wave in Said resonant portion, and 

applying a Sense transducer to Said resonant portion, Said 
Sense transducer converting Said wave in Said resonant 
portion into a Second electrical signal. 

26. The method of claim 25 further comprising, 
putting an amplitude control device in electrical Signal 

communication with Said Sense transducer, Said ampli 
tude control device calculating a variance by compar 
ing an amplitude represented by Said Second electrical 
Signal to an amplitude Set point, and 

putting a phase shift device in electrical Signal commu 
nication with Said drive transducer, Said phase shift 
device transmitting a third electrical signal to Said drive 
transducer based on Said variance. 

27. The method of claim 17 wherein said step of applying 
Said resonant portion further comprises applying a film to 
Said resonant portion, Said film having at least one property 
that changes upon exposure to an agent, Said at least one 
property affecting Said oscillation mode of Said resonant 
layer. 

28. The method of claim 27 wherein said step of applying 
Said film further comprises applying Said film to Said reso 
nant portion, Said film comprising a chemical or biological 
receptor. 

29. The method of claim 27 wherein said step of applying 
said film further comprises applying said film to said reso 
nant portion, Said film comprising an antibody and Said 
agent comprises an antigen. 

Dec. 12, 2002 

30. The method of claim 27 wherein said step of applying 
Said film further comprises applying Said film to Said reso 
nant portion, Said film comprising a temperature-Sensitive 
film and Said agent comprises a change in temperature. 

31. A method of manufacturing a resonator with mechani 
cal node reinforcement, Said method comprising, 

applying a Sacrificial layer to a Substrate, Said Sacrificial 
layer being defined by a periphery, and being particu 
larly adapted for an oscillation mode with a nodal point 
located within Said periphery, Said Sacrificial layer 
having a void located Substantially at Said nodal point, 

applying a resonant layer to Said Sacrificial layer and Said 
Substrate, Said resonant layer extending beyond Said 
periphery and contacting Said Substrate at Said Void, 
and 

removing Said Sacrificial layer Such that a gap remains 
between Said Substrate and Said resonant layer. 

32. The method of claim 31, Said Step of applying Said 
Sacrificial layer further comprising applying Said Sacrificial 
layer to Said Substrate, Said Sacrificial layer being adapted for 
an oscillation mode with a plurality of nodal points located 
within Said periphery, Said Sacrificial layer having a plurality 
of voids located substantially at said plurality of nodal 
points. 

33. The method of claim 31 wherein applying a resonant 
layer to Said Sacrificial layer and Said Substrate comprises 
affixing Said resonant layer to Said Sacrificial layer and Said 
Substrate. 


