
-1- PIEZOELECTRIC CRYSTAL RESONATOR This invention relates to piezoelectric
crystal resonators. More particularly, the invention relates to electrode
patterns for piezoelectric crystal resonators operating in air. 5     Prior
to this invention, there have been proposals for piezoelelectric resonators
useful in various measurement tasks. They utilised a sample of
piezoelectric material, having one or two vibrating beams. Thin coatings of
conductive material were deposited in various configurations 10 on the
surfaces of the sample. The coatings formed an electrode pattern connected
to an electrical oscillator circuit which excited the piezoelectric crystal
to vibrate at is resonant frequency. It is also known that the resonant
frequency of the 15 crystal changes when the crystal is subject to various
stimuli.  For example, if the crystal experiences an external force tending
to deform the crystal, its resonant frequency changes and, consequently,
the output frequency of an electrical oscillator connected to the crystal
changes. 20 This change in oscillator frequency can be sensed by
conventional frequency discrimination circuitry to obtain an indication of
the applied force. Single beam quartz crystal flexure mode resonators are
disclosed in U.S. Patent 3,470,400 Weisbord and U.S. 25 Patent 3,479,536 to
Norris. Double beam flexure mode vibrators are disclosed in U.S. Patent
3,238,789 to Erdley    



-2- and U.S. Patent 4,215,570 to EerNisse.  All of the devices disclosed in
these Patents exhibit a high impedance at resonance. Moreover, the
electrode patterns employed with the double beam devices do not effectively
apply 5 a lateral electric field along the entire length of the
piezoelectric crystal beams. For example, the Eernisse Patent discloses an
electrode pattern which applies an electric field to only 44% of the beam
length.  These force transducers are used in a vacuum or sealed chamber
filled 10 with helium or other relatively inert gas.  In some applications,
however, it would be desirable to operate the resonator in air to reduce
the cost of the instrument. It has been found, however, that the resonant
frequency of these prior crystals is sensitive to humidity, which 15 yields
erroneous measurements in air. Accordingly, a novel electrode pattern has
been devised which lowers the crystal's impedance at resonance, effectively
couples a lateral electric field to the crystal along its entire length and
renders the resonance frequency 20 relatiely insensitive to changes in
humidity. It is an object of the present invention to provide a novely
electrode pattern for a piezoelectric crystal resonator. It is another
object of the invention to provide a novel 25 electrode pattern for a
piezcelectric crystal resonator which renders the resonant frequency
insensitive to humidity changes in the environment. It is a further object
of the invention to provide a   



-3- novel piezoelectric crystal force transducer which is insensitive to
humidity changes. It is still another object of the present invention to
provide a method for rendering a piezoelectric crystal 5 resonator
insensitive to humidity changes. It is another object of the invention to
provide an electrode pattern for a piezoelectric crystal resonator so that
the resonator exhibits a low impedance at resonance. It is a further object
of the invention to provide an 10 electrode pattern for a double beam
piezoelectric crystal resonator which effectively couples an electric field
to the crystal over its entire beam length. In accordance with the present
invention we propose a piezoelectric crystal resonator for use as a force
15 transducer comprising: a first elongated beam of piezoelectric material;
a second elongated beam of piezoelectric material substantially parallel to
the first beam; the first and second beams each having a top surface, 20 a
bottom surface and side surfaces connecting the said top and bottom
surfaces; the first and second beams being connected to each other by first
and second end portions of piezoelectric material so as to form a slot
between the first and second 25 beams; a first conductive pad deposited on
the first end portion; a second conductive pad deposited on the first end
portion and insulated from the first conductive pad;  



-4- a first electrode pattern connected to the first conductive pad, the
first electrode pattern comprising conductive strips deposited on the top
and bottom surfaces of the first and second beams, the conductive strips 5
extending longitudinally along substantially the entire length of the top
and bottom surfaces of the first and second beams; a second electrode
pattern connected to the second conductive pad, the second electrode
pattern comprising 10conductive strips deposited on the top and bottom
surfaces of first and second beams, insulated entirely from the first
electrode pattern, and extending longitudinally along substantially the
entire length of the top and bottom surfaces of the first and second beams;
15    a first wraparound electrode pattern, deposited on the side surfaces
of the first and second beams and connecting the portion of the first
electrode pattern deposited on the top surfaces of the first and second
beams with the portion of the first electrode pattern deposited on the 20
bottom surfaces of the first and second beams; and a second wraparound
electrode pattern deposited on the side surfaces of the first and
secondbeams, insulated entirely from the first wraparound electrode patter,
and connecting the portion of the second electrode pattern 25 deposited on
the top surfaces of the first and second beams with the portion of the
second electrode pattern deposited on the bottom surfaces of the first and
second beams. An elongated flexure mode resonator fabricated of 



piezoelectric material is disclosed below by way of example. It is in the
form of a double ended tuning fork having a top surface, side surfaces and
a bottom surface. An electrode pattern is deposited on those surface so
that the 5  resonant frequency of the crystal is insensitive to humidity
changes.  The resonator can be connected to an oscillator circuit such that
the output frequency of the oscillator circuit follows the resonant
frequency of the crystal. Any compressive or tensile force applied to the
crystal in 10 an axial direction causes the resonant frequency to change
which thereby causes the oscillator output frequency to change.  This
frequency change can be used to measure the force applied to the crystal.
The above resonator will now be described in more detail 15 with reference
to the accompanying drawings in which: Figure 1 shows a top plan view of
the piezoelectric crystal resonator; Figure 2 shows a bottom plan view of
the resonator; and Figure 3 shows a cross sectional view of the resonator
20 taken along line 3-3 in Figure 1. Figures 1 and 2 depict, respectively,
the top and bottom surfaces of a piezoelectric crystal resonator 1. The
resonator includes elongated beams 3 and 5 of rectangular cross section
extending between two wide end portions 9 25 and 11.  The beams 3 and 5 are
substantially parallel and define a slot 7 along a portion of the
resonator. This structure can be made of any suitable piezoelectric
material such as quartz. 



Ends 9 and 11 can be bonded in any well known manner to elements in a
measuring system which undergo movement in response to a parameter to be
measured, for example, force. A compressive or tensile force is imparted to
the 5 resonator which changes its mechanical resonant frequency. This
frequency change can be sensed to indicate the magnitude of the parameter
to be measured. The piezoelectric resonator can be exited to vibrate at its
mechanical resonant frequency by the application of 10 an electric field
across spaced electrodes on the surfaces of the resonator. This field is
supplied by an oscillator circuit connected to the spaced electrodes. The
oscillator frequency follows the mechanical resonant frequency of the
piezoelectric crystal and thus indicates the force 15 imparted to the
crystal. It has been found that the resonant frequency of the crystal is
dependent upon humidity when the crystal vibrates in air.  This humidity
dependency can be reduced by an appropriate electrode pattern. 20
Accordingly, an electrode pattern is formed    7. on the crystal to
minimize the effects of humidity on the resonant frequency. The electrode
pattern comprises a series of conductive strips deposited on the top, side
and 



bottom surfaces of the crystal by any well-known coating procedure, such as
vacuum evaporation or sputtering. Figure 1 shows a pair of conductive pads
13 and 15 formed on end 11 in the same manner as the rest of the electrode
pattern. The conductive pads serve as bonding sites for leads connecting
the resonator with an oscillator 2. The oscillator leads can be bonded to
pads 13 and 15 by any well-known technique, for example, soldering or
thermal compres- sion bonding. Figures 1 and 2 show that each pad. 13 and
15 is the terminus of a separate electrode deposited on the top, side and
bottom surfaces of the piezo- electric crystal. Pad 13 is connected to a
conduc- tive strip 17, which is connected in series with strips 19 and 21.
Strip 17 is also connected in series with strips 23 and 25. Strip 23 is
connected to the upper portion of the resonator by a strip 27 joined to a
laterally extending strip 29. Strip 29 is connected in series with strip
31. Strip 29 also is connected to strip 33 which in turn is connected a
-laterally extending strip 35 which terminates in strip 37. Strip 17 is
connected to a pair of strips 17a and 17b deposited on the side of the
crystal. Strips 17a and 17b connect strip 17 with strip 39 on the bottom of
the crystal. Strip 39 is connected in series with strips 41, 43, 45, 47,
49, 51 and 53 and terminates in strip 55. Strips 55a and 55b are deposited
on an inner surface of slot 7 



and connect strip 55 with strip 67 on the top sur- face of the resonator.
Strip 39 is also connected in series with strips 57, 59, 61 and 63 on the
bottom surface of the crystal. Strips 63a and 63b are deposited on a side
surface of the crystal and connect strip 63 with strip 69 on the top
surface of the crystal. Likewise, strip 25a connects strips 25 and 71. Pad
15 is joined to strip 16 which is con- nected in series with strips 18, 20,
22 and 24. Strip 18 is connected to the upper portion of the crystal by
strip 26. Strip 26 is joined to strip 28 which is connected in series with
strips 30, 32 and 34. Strip 28 also is connected in series to strip 36.
Strips 16a and 16b are deposited on the side surface of the crystal and
connect strip 16 with strip 70 on the bottom surface of the crystal. Strip
20a is deposited on an inner surface of slot 7 and connects strip 20 to
strip 38. Strip 38 is connected in series with strips 40r 42, 44, 46, 48,
50, 52 and 54.  Strips 54a and 54b are deposited on a side surface of the
crystal and connect strip 54 to strip 56 on the top surface of the crystal.
Strip 38 is also connected in series with strips 58, 60, 62 and 64.  Strips
64a and 64b are deposited on an inner surface of slot 7 and connect strip
64 with strip 66 on the top surface of the crystal. Strips 30a and 30b are
deposited on a side surface 



of the crystal and connect strip 30 on the top sur- face of the crystal
with strip 46 on the bottom sur- face of the crystal. Likewise, strip 36a
connects strips 36 and 72, which completes the electrode pattern formed on
the resonator. Figure 3 shows a cross sectional view taken through the
crystal, which demonstrates more clearly how the conductive strips (for
example, strips 54a, 64a 55a and 63a) wrap around the side surfaces of the
crystal and the slot 7 to connect the portions of the electrode pattern on
the top and bottom sur-    faces of the crystal. It should be pointed out
that- Figures 1 and 2 show the wrap around portions of the electrode on the
sides of the crystal as thin strips. While thin strips have been found
suitable, it is preferable when operating in air to widen them so that a
major portion of a strip on the top surface is directly connected to a
corresponding portion of a strip on the bottom surface. For example, strip
16 can be connected to strip 70 by a single wrap around strip which extends
over the side surface of the crystal from point 16a to 16b. It has been
found that the resonant frequency of the crystal is more insensitive to
humidity as more of the side surfaces are covered by the wrap around
strips. It is apparent to persons skilled in the art that what has been
described is a piezoelectric crystal resonator in the form of a double
ended tuning 



fork excited to vibrate at its resonant frequency in a flexure mode by
electrodes deposited on the top, bottom and side surfaces of the crystal.
It has been found that the disclosed electrode pattern renders the
crystal's resonant frequency relatively insensitive to humidity. In fact,
it has been found that humidity sensitivity is reduced by as much as an
order of magnitude compared with prior resonators. It is not certain why
such insensitivity results, but it is theorized that the electrode pattern
more effectively confines the electric field between the electrodes to the
interior of the crystal.  Conse- quently, little of the electric field
passes through the environment surrounding the crystal so that humid- ity
can have little influence on the field and, thus, little influence on the
interaction between the crys- tal and the oscillator. It is also apparent
that the electrode pattern effectively couples a lateral electric field -
to the crystal along the entire length of each beam    on both the top and
bottom surfaces. This is because the entire length of each beam has
adjacent conduc- tive strips, each adjacent strip being connected to a
different conductive pad so that a laterally directed electric field is
present along substan- tially the entire length of each beam just below
both top and bottom surfaces. This results in a lower impedance at
resonance and, along with the 



wraparound electrodes, more effectively confines the electric field to the
crystal. Finally, it is apparent that the pattern of conductive strips on
the top surface of each crystal beam is evenly symmetric with respect to a
longitudinal axis on the top surface of the beam, and the pattern of
conductive strips on the bottom surface of each crystal beam is oddly
symmetric with respect to a longitudinal axis on the bottom surface of the
beam.    11 CLAIMS 1.   A piezoelectric crystal resonator for use as a
force transducer comprising: a first elongated beam of piezoelectric
material; a second elongated beam of piezoelectric material 5
substantially parallel to the first beam; the first and second beams each
having a top surface, a bottom surface and side surfaces connecting the
said top and bottom surfaces; the first and second beams being connected to
each 10 other by first and second end portions of piezoelectric material so
as to form a slot between the first and second beams; a first conductive
pad deposited on the first end portion; a second conductive pad deposited
on the first end 15 portion and insulated from the first conductive pad; a
first electrode pattern connected to the first 



conductive pad, the first electrode pattern comprising conductive strips
deposited on the top and bottom surfaces of the first and second beams, the
conductive strips 20  extending longitudinally along substantially the
entire length of the top and bottom surfaces of the first and second beams;
a second electrode pattern connected to the second conductive pad, the
second electrode pattern comprising conductive strips deposited on the top
and bottom surfaces of first and second beams, insulated entirely from. the
first    electrode pattern, and extending longitudinally along
substantially the entire length of the top and bottom surfaces of the first
and second beams; a first wraparound electrode pattern deposited on the 5
side surfaces of the first and second beams and connecting the portion of
the first electrode pattern deposited on the top surfaces of the first and
second beams with the portion of the first electrode pattern deposited on
the bottom surfaces of the first and second beams; and 10     a second
wraparound electrode pattern deposited on the side surfaces of the first
and second beams, insulated entirely from the first wraparound electrode
pattern, and connecting the portion of the second electrode pattern
deposited on the top surfaces of the first and second 15  beams with the
portion of the second electrode pattern deposited on the bottom surfaces of
the first and second beams. 2.   A piezoelectric crystal resonator
according to claim 



1, wherein the conductive strips deposited on the top 20 surfaces of each
beam are evenly symmetric with respect to a longitudinal axis on the top
surface of the beam,and wherein the conductive strips deposited on the
bottom surfaces of each beam are oddly symmetric with respect to a
longitudinal axis on the top surface of the beam. 25  3.   A piezoelectric
crystal resonator according to claim 1, wherein the resonator is mounted in
air. 4.   A piezoelectric crystal resonator according to    claim 1 or
claim 3, wherein the resonant frequency of said resonator is insensitive to
changes in humidity. 5.   A piezoelectric crystal resonator according to
claim 1 further comprising means for applying a force to the 5
piezoelectric material to change the mechanical resonant frequency of the
resonator. 6.   A piezoelectric crystal resonator constructed and arranged
substantially as hereinbefore described with reference to and as
illustrated in the accompanying 10 drawings.    


