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MODES

Technical Field
The present invention relates generally to apparatus for making

measurements related to oil and gas exploration.

Background
In drilling wells for oil and gas exploration, understanding the structure

and properties of the associated geological formation provides information to aid
such exploration. Measurements in a borehole are typically performed to attain
this understanding. However, the pressure and temperatures accompanying
measurement tools in the borehole of a well can affect operation of these tools in
the borehole. The usefulness of such measurements may be related to the

precision or quality of the information derived from such measurements.

Brief Description of the Drawings

Figure 1 shows an example of a piezoelectric element having slots to
remove extraneous vibration modes, in accordance with various embodiments.

Figure 2 shows a cross section of the piezoelectric element of Figure 1, in
accordance with various embodiments.

Figure 3 shows another example of a piezoelectric element having slots
to remove extraneous vibration modes, in accordance with various embodiments.

Figure 4 shows a surface of an example piezoelectric element, in
accordance with various embodiments.

Figure 5 shows features of an example method to remove extraneous
vibration modes, in accordance with various embodiments.

Figure 6 shows an example transducer assembly including a piezoelectric
element having slots to remove extraneous vibration modes, in accordance with
various embodiments.

Figure 7 depicts a block diagram of features of an example system
having a tool including a transducer module, in accordance with various

embodiments.
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Figure 8 depicts an example system at a drilling site, where the system
includes a measurement tool having a transducer module, in accordance with

various embodiments.

5 Detailed Description

The following detailed description refers to the accompanying drawings
that show, by way of illustration and not limitation, various embodiments in
which the invention may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice these and other

10  embodiments. Other embodiments may be utilized, and structural, logical, and
electrical changes may be made to these embodiments. The various
embodiments are not necessarily mutually exclusive, as some embodiments can
be combined with one or more other embodiments to form new embodiments.
The following detailed description is, therefore, not to be taken in a limiting

15  sense.

In various embodiments, a piezoelectric element can be processed such
that radial modes of the piezoelectric element are reduced in operation in a
transducer. Typically, for a piezoelectric element structured to operate in the
thickness mode, when it contracts in the thickness, it expands to some degree in

20  the radial direction. With the radial expansion, waves are generated in the
piezoelectric element. In various embodiments, the piezoelectric element can be
adjusted to reduce the operational radial vibration modes during construction for
use in an acoustic transducer. The piezoelectric element can be modified to
break up these radial modes of vibration such that, after an initial pulse, the

25  piezoelectric element quietens down with respect to vibrations much more
quickly than attainable using the same piezoelectric element without the
modifications. Such modifications to the piezoelectric element can be realized
by forming slots in the piezoelectric element. The piezoelectric element can be
realized as a piezoelectric ceramic. The piezoelectric element can be arranged in

30  ahousing constructed for operation at temperatures and pressures associated
with drilling operations in a borehole.

Figure 1 shows an embodiment of an example piezoelectric element 1
having slots 4, 5, 6, and 7. Slots 4, 5, 6, and 7 can be formed in piezoelectric

2
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element 1 such that each slot begins on one surface 14 of piezoelectric element
1, progresses through piezoelectric element 1, and terminates before reaching the
surface of piezoelectric element 1 opposite to surface 14 on which the slot
begins. Slots 4, 5, 6, and 7 can be arranged on the backside of piezoelectric

5 element 1. In addition, slots 4, 5, 6, and 7 can be arranged on the backside 14
such that there is no electrical discontinuity allowing use of a single wire
connection to backside 14. The backside is opposite the surface used as the
sensing element, where the backside is the surface to which a backing material
can be contacted.

10 Backside 14 can be bonded to a backing material such that a wire
connection can be made to backside 14. A notch can be made in the backing
material with a wire electrode soldered or glued with a conductive epoxy to the
backside 14 of the piezoelectric element 1. Other mechanisms for electrically
contacting backside 14 can be implemented. The backing material can be used

15  to arrange piezoelectric element 1 in an appropriate housing. Such a housing
may be selected for operation at temperatures and pressures associated with
drilling operations in a borehole.

Slots 4, 5, 6, and 7 can be formed in piezoelectric element 1 as cuts in
piezoelectric element 1. These cuts can be implemented such that each cut 4, 5,

20 6, and 7 can be arranged at 90° from an adjacent one of the cuts 4, 5, 6, and 7 on
surface 14 relative to the periphery of piezoelectric element 1. Slots 4, 5, 6, and
7 can be made by cutting at 180 degrees aligned to be directed through the center
of piezoelectric element 1, but with the cut terminated prior to reaching the
center of piezoelectric element 1. Alternatively, cuts 4, 5, 6, and 7 may be made

25  atother angles. Additionally, the number of cuts in piezoelectric element 1 can
include more or less than four cuts. Cuts 4, 5, 6, and 7 in piezoelectric element 1
may be made using various techniques for cutting the selected material for
piezoelectric element 1. For a ceramic piezoelectric element 1, cuts can be made
in the back-side of the ceramic piezoelectric element | using a diamond saw.

30  Other cutting tools and/or material removal methods can be used.

The cuts can be made in various directions into piezoelectric element 1
with appropriate depth and width to reduce the effect of modes of vibration that
are not the preferred thickness mode of piezoelectric element 1. For example,

3
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making deep cuts approximately 0.02 inches wide in various directions into a
ceramic piezoelectric element can reduce the effect of modes of vibration that
are not the preferred thickness mode. The deep cuts can be made such that the
cuts are about 80% through the ceramic at 90° in the back-side of the ceramic,
which can significantly reduce the unwanted modes. The cuts can be made to
different percentages of the thickness of piezoelectric element 1. The cuts can
be made such that surface 14 of piezoelectric element 1 continues to maintain a
single continuous electrode surface so that only one wire can be used to make
electrical contact to the surface. The cuts can be made before an electrode is
applied to surface 14 of piezoelectric element 1 or after the electrode is applied
to surface 14.

Figure 2 shows a cross section of piezoelectric element 1 of Figure 1.
Piezoelectric element 1 has a surface 15 arranged as a sensing element and
surface 14 attachable to a backing. Surface 15 can provide a front side of
piezoelectric element 1 for an electrode surface on piezoelectric element 1,
where the electrode surface on surface 15 can be configured as rings for a
focused transducer. Figure 2 demonstrates that cuts in piezoelectric element 1
from back side 14 do not extend completely to surface 15, but can be made to a
sufficient depth such that the portion of piezoelectric element 1 at which the cut
terminates has a thickness that can be a small fraction of the thickness of
piezoelectric element 1 in portions of piezoelectric element 1 that do not include
cuts. Individual cuts with cross sections 2 and 3 do not connect to each other
such that surface 14 of piezoelectric element 1 can continue to maintain a single
continuous electrode surface so that only one wire can be used to make electrical
contact to the surface.

Each of surfaces 14 and 15 of piezoelectric element 1 can be structured
as flat surfaces on which electrodes can be attached. Operationally, when a
voltage is applied between the electrodes on surfaces 14 and 15, the applied
voltage causes piezoelectric element 1 to expand and contract as a function of
the voltage. By not making the cuts all the way through piezoelectric element 1,
the voltage can be applied to only one wire attachment on surface 14 and only
one wire attachment on surface 15, which can streamline the construction
process for the associated transducer. In various embodiments, while surface 14

4
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has wire connection, surface 15 may have multiple wire connections.

Figure 3 shows an embodiment of an example piezoelectric element 3
having slots 9, 10, 11, and 12 arranged in a different configuration with respect
to slots 4, 5, 6, and 7 of piezoelectric element 1 of Figure 1. Slots 9, 10, 11, and
12 can be formed in piezoelectric element 8 such that each slot begins on one
surface 24 of piezoelectric element 8, progresses through piezoelectric element
8, and terminates before reaching the surface of piezoelectric element 8 opposite
to surface 24 on which the slot begins. Slots 9, 10, 11, and 12 can be arranged
on the backside of piezoelectric element 8. In addition, slots 9, 10, 11, and 12
can be arranged on backside 24 such that there is no electrical discontinuity
allowing use of a single wire connection to backside 24.

Slots 9, 10, 11, and 12 can be formed in piezoelectric element 8 as cuts
in piezoelectric element 8. These cuts can be implemented such that each cut 9,
10, 11, and 12 can be arranged with respect an adjacent one of the cuts 9, 10, 11,
and 12 on surface 24 at an angle different from 90° relative to the periphery of
piezoelectric element 8. Cuts 9, 10, 11, and 12 may be made at other angles than
shown in Figure 3. Additionally, the number of cuts in piezoelectric element 8
can include more or less than four cuts. Cuts 9, 10, 11, and 12 in piezoelectric
element 8 may be made using various techniques for cutting the selected
material for piezoelectric element 8. For a ceramic piezoelectric element 1, cuts
can be made in the back-side of the ceramic piezoelectric element 8 using a
diamond saw. Other cutting tools and/or material removal methods can be used.

The cuts can be made in various directions into piezoelectric element 1
with appropriate depth and width to reduce the effect of modes of vibration that
are not the preferred thickness mode of piezoelectric element 8. For example,
making deep cuts approximately 0.02 inches wide in various directions into a
ceramic piezoelectric element can reduce the effect of modes of vibration that
are not the preferred thickness mode. The deep cuts can be made such that the
cuts are about 80% through the ceramic in the back-side of the ceramic, which
can significantly reduce the unwanted modes. The cuts can be made to different
percentages of the thickness of piezoelectric element 8. The cuts can be made
such that surface 24 of piezoelectric element 8 continues to maintain a single
continuous electrode surface so that only one wire can be used to make electrical

5
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contact to the surface.

Figure 4 shows a surface 415 of an example embodiment of a
piezoelectric element 401. Surface 415 is the front surface of piezoelectric
element 401 coupled as a sensing part of a transducer. Surface 415, similar to

5  surface 15 of piezoelectric element 1 Figure 2, can be a continuous surface
without slots unlike surface 14 of piezoelectric element 1 of Figure 2.
Conductive rings 426, 427, 428, and 429 can be disposed on surface 415 to
provide an electrode assembly to surface 415. The individual rings may be
electrically activated so as to produce a planar focused transducer.

10 In various embodiments, a piezoelectric element can be structured such
that unwanted modes are reduced in operation of the piezoelectric element.
Cutting slots in the piezoelectric element provides a method to enable adequate
reduction in unwanted modes without extreme expense of composite methods of
manufacture or dicing the piezoelectric element into small elements. Such

15  methods as taught herein provide a mechanism to construct a transducer with a
piezoelectric element at a lower cost and can improve acoustic properties of the
piezoelectric element. The piezoelectric element can be implemented as a
ceramic piezoelectric element.

Figure 5 shows features of an embodiment of an example method to

20  remove extraneous vibration modes. At 510, a piezoelectric element, having a
first surface and a second surface opposite the first surface, is provided. One of
the first surface or a second surface is a front surface to sense vibrations, while
the other surface of the two surfaces is a back surface. At 520, one of the first
surface or the second surface can be modified such that radial modes of the

25  piezoelectric element are reduced in operation of the piezoelectric element in a
transducer.

The first surface, being a back surface of the piezoelectric element, can
be modified by forming a number of slots in the piezoelectric element from the
first surface towards the second surface such that the slots do not reach the

30  second surface. Forming the number of slots in the piezoelectric element from
the first surface towards the second surface can include making four cuts in the
piezoelectric element such that each cut can be arranged at 90 degrees from an
adjacent one of the cuts on the first surface relative to the periphery of the

6
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piezoelectric element. Other number of cuts can be used at different angles from
adjacent cuts on the first surface relative to the periphery of the piezoelectric
element. Forming the number of slots in the piezoelectric element from the first
surface towards the second surface can include making a first cut in the
piezoelectric element and making a second cut at 180 degrees from the first cut
aligned in a direction through the center of piezoelectric element. In another
approach, forming the number of slots in the piezoelectric element from the first
surface towards the second surface can include making cuts such that each cut
can be arranged with respect an adjacent one of the cuts on the first surface at an
angle different from 90 degrees relative to the periphery of the piezoelectric
element. With angles different from 90 degrees, the cuts can be made such that
none of the cuts are made in alignment to a direction through a center of the first
surface of the piezoelectric element.

The depth of the slots from the first surface to the second surface can be
selected relative to the thickness of the piezoelectric element as determined
before making the cuts. Forming each slot can include forming each slot to
extend from the first surface towards the second surface to a depth that can be
greater than 50% of the thickness of the piezoelectric element relative to the
thickness of the piezoelectric element prior to forming the slots. The slots can be
formed to a depth that can be equal to or greater than 75% of the thickness of the
piezoelectric element. Other depths can include depths equal to or greater than
85% or depths equal to or greater than 95%. The selected depths may depend on
the applications to which the piezoelectric element can be used.

For operation as a sensor, the piezoelectric element can be coupled with
electrically conductive leads to provide a signal across the piezoelectric element
from the first surface to the second surface. The signal can be provided as a
pulse, a series of pulses, or as any format that can be used to make acoustic
related measurements. The electrically conductive leads can provide a signal
from the piezoelectric element generated by the piezoelectric element in
response to an appropriate stimulus. A number of electrically conductive leads
can be connected to electrodes on the first and second surfaces of the
piezoelectric element. In an embodiment, a single electrode can be formed on
the first surface and conductive electrode rings can be formed on the second
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surface.

The piezoelectric element can be disposed as a transducer in an
appropriate housing depending on the application to which the transducer can be
used. The piezoelectric element can be arranged as a focused transducer in a
housing, where the housing is compatible with operation at temperatures and
pressures associated with drilling in a borehole. In mating the piezoelectric
element to an appropriate housing, the construction process can include bonding
the first surface of the piezoelectric element to a backing material. The backing
material can be bonded to the housing. The piezoelectric element can be
realized as a piezoelectric ceramic.

Figure 6 shows an embodiment of an example apparatus 600 having a
piezoelectric element 601 disposed in a housing 607. Piezoelectric element 601
has a first surface and a second surface opposite the first surface, where the
piezoelectric element can be structured to operate in a thickness mode with one
of the first surface or the second surface having a modification relative to the
other surface such that radial modes of the piezoelectric element are reduced in
operation of the piezoelectric element 601 as part of a transducer. The first
surface of piezoelectric element 601 can be arranged as a front surface 615 to
couple in the transducer as a sensing element and the second surface can be
arranged as a back surface 614 that couples to a backing material 604. Backing
material 604 can be bonded to back surface 614 and backing material 614 can be
bonded to housing 607 to provide stability for piezoelectric element 601.
Piezoelectric element 601 can be realized similar or identical to piezoelectric
elements associated Figures 1-5.

Back surface 614 can include modifications to reduce radial modes of the
piezoelectric element in operation of the piezoelectric element as part of a
transducer. The modifications can include a number of slots disposed in
piezoelectric element 601 from back surface 614 towards front surface 615 such
that the slots do not reach front surface 615. The number of slots in piezoelectric
element 601 from back surface 614 towards front surface 615 can include four
slots in piezoelectric element 601 such that each slot can be arranged at 90
degrees from an adjacent one of the slots on back surface 614 relative to the
periphery of the piezoelectric element. The number of slots in piezoelectric

8
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element 601 from back surface 614 towards front surface 615 can include a first
slot in piezoelectric element 601 and a second slot at 180 degrees from the first
slot aligned to a direction through the center of piezoelectric element 601. In
another configuration, the number of slots in piezoelectric element 601 from
5  back surface 614 towards front surface 615 can include slots in piezoelectric

element 601 such that at least one slot can be arranged with respect to adjacent
slots on back surface 614 at an angle different from 90 degrees relative to the
periphery of piezoelectric element 601. The slots can be arranged such that at
least one of the slots is not arranged aligned to a direction through a center of

10 back surface 614 of piezoelectric element 601. The slots can be arranged such
that none of the slots are arranged in a direction through a center of back surface
614 of piezoelectric element 601.

The depth of the slots from back surface 614 to front surface 615 can be

selected relative to the thickness of piezoelectric element 601 as determined

15  before making the slots. Each slot can extend from back surface 614 towards
front surface 615 to a depth that can be greater than 50% of the thickness of
piezoelectric element 601. The slots can be set to a depth that can be equal to or
greater than 75% of the thickness of the piezoelectric element. Other depths can
include depths equal to or greater than 85% or depths equal to or greater than

20 95%. The selected depths may depend on the applications to which piezoelectric
element 601 may be used.

Housing 607 provides a protective housing for operation of piezoelectric
element arranged as a sensor. Backing material 604, bonded to piezoelectric
element 601, can be bonded to housing 607 with epoxy 618. Backing material

25 604 can be bonded to housing 607 without bonding piezoelectric element 601 to
housing 607. Apparatus 600 can be constructed such that a single electrode can
be used on back surface 614 and conductive electrode rings are disposed on front
surface 615. Electrical conductors 611 can be provided through openings 609 in
housing 607 to couple to the electrodes on piezoelectric element 601.

30  Piezoelectric element 601 can be realized as a piezoelectric ceramic.
Piezoelectric element can also be arranged as a focused transducer in housing
607, where housing 607 can be constructed to be compatible with operation at
temperatures and pressures associated with drilling in a borehole.

9
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Figure 7 depicts a block diagram of features of an example embodiment
of a system 700 having a measurement tool 756 including a transducer module
757 for measurements downhole in a well. Transducer module 757 can be
structured with a configuration such that the sensor of transducer module 757 is
a piezoelectric element having two opposing surfaces configured such that one
of the surfaces has a modification relative to the other surface such that radial
modes of the piezoelectric element are reduced in operation of the piezoelectric
element as part of transducer module 757. The piezoelectric element can be
structured to operate in a thickness mode. Transducer module 757 can be
realized as a focused ultrasonic transducer module. Transducer module 757 can
be structured similar to or identical to a configuration associated with any of
Figures 1-6.

System 700 can include a controller 751, a memory 752, an electronic
apparatus 754, and a communications unit 755. Controller 751, memory 752,
and communications unit 755 can be arranged to operate as a processing unit to
control management of measurement tool 756 and to perform operations on data
signals collected by measurement tool 756. A data processing unit can be
distributed among the components of system 700 including electronic apparatus
754. Alternatively, system 700 can include a processing unit 758 to mange
measurement tool 756.

Communications unit 755 can include downhole communications for
communication to the surface at a well from measurement tool 756. Such
downhole communications can include a telemetry system. Communications
unit 755 may use combinations of wired communication technologies and
wireless technologies at frequencies that do not interfere with on-going
measurements.

System 700 can also include a bus 753, where bus 753 provides electrical
conductivity among the components of system 700. Bus 753 can include an
address bus, a data bus, and a control bus, each independently configured. Bus
753 can be realized using a number of different communication mediums that
allows for the distribution of components of system 700. Use of bus 753 can be
regulated by controller 751.

In various embodiments, peripheral devices 759 can include displays,

10
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additional storage memory, and/or other control devices that may operate in
conjunction with controller 751 and/or memory 752. In an embodiment,
controller 751 can be realized as a processor or a group of processors that may
operate independently depending on an assigned function. Peripheral devices
759 can be arranged with a display, as a distributed component on the surface,
that can be used with instructions stored in memory 752 to implement a user
interface to manage the operation of measurement tool 756 and/or components
distributed within system 700. Such a user interface can be operated in
conjunction with communications unit 755 and bus 753.

Figure 8 depicts an embodiment of a system 800 at a drilling site, where
system 800 includes a measurement tool 805 including a transducer module for
measurements downhole in a well. The transducer module can be structured
with a configuration such that the sensor of the transducer module is a
piezoelectric element having two opposing surfaces configured such that one of
the surfaces has a modification relative to the other surface such that radial
modes of the piezoelectric element are reduced in operation of the piezoelectric
element as part of the transducer module. The piezoelectric element can be
structured to operate in a thickness mode. The transducer module can be
realized as a focused ultrasonic transducer module. The transducer module can
be structured similar to or identical to a configuration associated with any of
Figures 1-7, in accordance with the teachings of various embodiments taught
herein.

System 800 can include a drilling rig 802 located at a surface 804 of a
well 806 and a string of drill pipes, that is, drill string 808, connected together so
as to form a drilling string that is lowered through a rotary table 807 into a
wellbore or borehole 812. The drilling rig 802 can provide support for drill
string 808. The drill string 808 can operate to penetrate rotary table 807 for
drilling a borehole 812 through subsurface formations 814. The drill string 808
can include drill pipe 818 and a bottom hole assembly 820 located at the lower
portion of the drill pipe 818.

The bottom hole assembly 820 can include drill collar 815, measurement
tool 805 attached to drill collar 815, and a drill bit 826. The drill bit 826 can
operate to create a borehole 812 by penetrating the surface 804 and subsurface

11
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formations 814. Measurement tool 805 can be structured for an implementation
in the borehole of a well as a MWD system such as a LWD system. The housing
containing measurement tool 805 can include electronics to manage
measurement tool 805 and collect responses from measurement tool 805. Such
electronics can include a processing unit to analyze signals sensed by
measurement tool 805 and provide measurement results to the surface over a
standard communication mechanism for operating a well. Alternatively, the
electronics can include a communications interface to provide signals sensed by
measurement tool 805 to the surface over a standard communication mechanism
for operating a well, where these sensed signals can be analyzed at a processing
unit at the surface.

In various embodiments, measurement tool 805 may be included in a tool
body 870 coupled to a logging cable 874 such as, for example, for wireline
applications. Tool body 870 containing measurement tool 805 can include
electronics to manage measurement tool 805 and collect responses from
measurement tool 805. Such electronics can include a processing unit to
analysis signals sensed by measurement tool 805 and provide measurement
results to the surface over a standard communication mechanism for operating a
well. Alternatively, the electronics can include a communications interface to
provide signals sensed by measurement tool 805 to the surface over a standard
communication mechanism for operating a well, where these collected sensed
signals are analyzed at a processing unit at the surface. Logging cable 874 may
be realized as a wireline (multiple power and communication lines), a mono-
cable (a single conductor), and/or a slick-line (no conductors for power or
communications), or other appropriate structure for use in bore hole 812.

During drilling operations, the drill string 808 can be rotated by the
rotary table 807. In addition to, or alternatively, the bottom hole assembly 820
can also be rotated by a motor (e.g., a mud motor) that is located downhole. The
drill collars 815 can be used to add weight to the drill bit 826. The drill collars
815 also can stiffen the bottom hole assembly 820 to allow the bottom hole
assembly 820 to transfer the added weight to the drill bit 826, and in turn, assist
the drill bit 826 in penetrating the surface 804 and subsurface formations 814.

During drilling operations, a mud pump 832 can pump drilling fluid

12
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(sometimes known by those of skill in the art as “drilling mud”) from a mud pit
834 through a hose 836 into the drill pipe 818 and down to the drill bit 826. The
drilling fluid can flow out from the drill bit 826 and be returned to the surface
804 through an annular area 840 between the drill pipe 818 and the sides of the
borehole 812. The drilling fluid may then be returned to the mud pit 834, where
such fluid is filtered. In some embodiments, the drilling fluid can be used to
cool the drill bit 826, as well as to provide lubrication for the drill bit 826 during
drilling operations. Additionally, the drilling fluid may be used to remove
subsurface formation 814 cuttings created by operating the drill bit 826.
Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that any
arrangement that is calculated to achieve the same purpose may be substituted
for the specific embodiments shown. Various embodiments use permutations
and/or combinations of embodiments described herein. It is to be understood
that the above description is intended to be illustrative, and not restrictive, and
that the phraseology or terminology employed herein is for the purpose of
description. Combinations of the above embodiments and other embodiments

will be apparent to those of skill in the art upon studying the above description.
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CLAIMS

What is claimed is:

1. A method comprising:

providing a piezoelectric element, having a first surface and a second
surface opposite the first surface;

modifying one of the first surface or the second surface such that radial
modes of the piezoelectric element are reduced in operation of the piezoelectric

element in a transducer.

2. The method of claim 1, wherein modifying one of the first surface or the
second surface includes forming a number of slots in the piezoelectric element
from the first surface towards the second surface such that the slots do not reach

the second surface.

3. The method of claim 2, wherein forming the number of slots in the
piezoelectric element from the first surface towards the second surface includes
making four cuts in the piezoelectric element such that each cut is arranged at 90
degrees from an adjacent one of the cuts on the first surface relative to the

periphery of the piezoelectric element.

4. The method of claim 2, wherein forming the number of slots in the
piezoelectric element from the first surface towards the second surface includes
making a first cut in the piezoelectric element and making a second cut at 180
degrees from the first cut aligned in a direction through the center of the

piezoelectric element.

5. The method of claim 2, wherein forming the number of slots in the
piezoelectric element from the first surface towards the second surface includes
making cuts such that each cut is arranged with respect an adjacent one of the
cuts on the first surface at an angle different from 90 degrees relative to the

periphery of the piezoelectric element.
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6. The method of claim S5, wherein none of the cuts are made in alignment

to a direction through a center of the first surface of the piezoelectric element.

7. The method of claim 2, wherein forming each slot includes forming each
slot to extend from the first surface towards the second surface to a depth that is
greater than 50% of a thickness of the piezoelectric element relative to the

thickness of the piezoelectric element prior to forming the slots.

8. The method of any of claims 1-7, wherein the method includes forming
a single electrode on the first surface and conductive electrode rings on the

second surface.

9. The method of claim 8, wherein the method includes bonding the first

surface to a backing material.

10. The method of claim 8, wherein the method includes arranging the
piezoelectric element as a focused transducer in a housing compatible with

operation at temperatures and pressures associated with drilling in a borehole.

11.  The method of claim 8, wherein the piezoelectric element includes a

piezoelectric ceramic.

12, An apparatus comprising:

a piezoelectric element operable as part of a transducer, the piezoelectric
element having a first surface and a second surface opposite the first surface, the
piezoelectric element structured to operate in a thickness mode with one of the
first surface or the second surface having a modification relative to the other
surface such that radial modes of the piezoelectric element are reduced in

operation of the piezoelectric element in the transducer.

13. The apparatus of claim 12, wherein the modification includes a number
of slots disposed in the piezoelectric element from the first surface towards the
second surface such that the slots do not reach the second surface.
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14. The apparatus of claim 13, wherein the number of slots in the
piezoelectric element from the first surface towards the second surface includes
four slots in the piezoelectric element such that each slot is arranged at 90
degrees from an adjacent one of the slots on the first surface relative to the

periphery of the piezoelectric element.

15.  The apparatus of claim 13, wherein the number of slots in the
piezoelectric element from the first surface towards the second surface includes a
first slot in the piezoelectric element and a second slot at 180 degrees from the

first slot aligned to a direction through the center of the piezoelectric element.

16.  The apparatus of claim 13, wherein the number of slots in the
piezoelectric element from the first surface towards the second surface includes
slots in the piezoelectric element such that at least one slot is arranged with
respect to adjacent slots on the first surface at an angle different from 90 degrees

relative to the periphery of the piezoelectric element.

17. The apparatus of claim 16, wherein at least one of the slots is not
arranged aligned to a direction through a center of the first surface of the

piezoelectric element.

18. The apparatus of claim 13, wherein each slot extends from the first
surface towards the second surface to a depth that is greater than 50% of a
thickness of the piezoelectric element relative to the thickness of the

piezoelectric element in portions of the piezoelectric element without slots.

19. The apparatus of any of claims 13-18, wherein the apparatus includes a
single electrode on the first surface and conductive electrode rings on the second

surface.

20. The apparatus of claim 19, wherein the apparatus includes the first

surface bonded to a backing material.

16
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21. The apparatus of claim 19, wherein the piezoelectric element is arranged
as a focused transducer in a housing, the housing compatible with operation at

temperatures and pressures associated with drilling in a borehole.

S 22.  The apparatus of claim 19, wherein the piezoelectric element includes a

piezoelectric ceramic.

17



WO 2012/141682 PCT/US2011/031967

1/4

A A
6
FIG. 1
15
J |

;147
2 3

FIG. 2

'/8
10 9
24

11 12

FIG. 3



WO 2012/141682 PCT/US2011/031967

2/4

401
N 426

427

415
428

429

FIG. 4

510

Provide a Piezoelectric Element, Having a First Surface and a
Second Surface Opposite the First Surface

520

A 4

Modify One of the First Surface of the Second Surface such
that Radial Modes of the Piezoelectric Element Are Reduced in Operation
of the Piezoelectric Element in a Transducer

FIG. 5



WO 2012/141682 PCT/US2011/031967

3/4

607\7/
4604
61412 %\607
607
FIG. 6
700\ 753
751 759
Controller Peripheral Devices
754
- 756
Electronic Apparatus
Measurement Tool
Bus 757
752
Transducer Module
Memory
755 758
Communications Unit Processing Unit

FIG. 7



WO 2012/141682 PCT/US2011/031967

4/4

~

807~
o

il I—‘I‘l

,806 | il 804

814

FIG. 8



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/031967

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1L41/08 HO1L41/22
ADD.

BO6B1/06

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classificatio

HO1L BO6B HO4R HO3H GOIN

n symbols)

Documentation searched other than minimum documentation to the extent that su

ch documents are included in the fields searched

Electronic data base consulted during the international search (name of data bas:

EPO-Internal, WPI Data, INSPEC, COMPENDEX

e and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 7 036 363 B2 (YOGESWAREN ELAN) 1-4,
2 May 2006 (2006-05-02) 12-15
Y column 4, line 19 - column 5, line 12; 9,10,20,
figures 1-3 21
column 6, line 47 - column 8, line 18;
figure 5
X US 4 156 158 A (WILSON CHARLES R ET AL) 1,2,5-7,
22 May 1979 (1979-05-22) 12,13,
16-18
column 4, line 15 - column 6, line 19;
figures 7-9
X JP 59 202059 A (HITACHI MEDICAL CORP) 1,2,7,8,
15 November 1984 (1984-11-15) 11-13,
18,19,22
Y abstract; figures 3-6 9,10,20,
21
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merr:ts, such combination being obvious to a person skilled
inthe art.

"&" document member of the same patent family

Date of the actual completion of the international search

9 January 2012

Date of mailing of the international search report

26/01/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Kopf, Christian

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/031967

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

paragraphs [0030] - [0033]; figure 8

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 57 132497 A (YOKOGAWA ELECTRIC WORKS 1,2,8,
LTD) 16 August 1982 (1982-08-16) 11-13,
19,22
Y abstract; figures 3, 5, 7 9,10,20,
21
X JP 11 108714 A (MATSUSHITA ELECTRIC IND CO 1,2,12,
LTD) 23 April 1999 (1999-04-23) 13

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2011/031967
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 7036363 B2 02-05-2006 US 2005000279 Al 06-01-2005
US 2006185430 Al 24-08-2006
US 4156158 A 22-05-1979  CA 1107383 Al 18-08-1981
DE 2835367 Al 01-03-1979
FR 2400814 Al 16-03-1979
GB 2004116 A 21-03-1979
JP 54043492 A 06-04-1979
US 4156158 A 22-05-1979
JP 59202059 A 15-11-1984  NONE
JP 57132497 A 16-08-1982  JP 57132497 A 16-08-1982
JP 60031437 B 22-07-1985
JP 11108714 A 23-04-1999  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report

