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1
METHOD FOR EMBEDDING THIN FILM
SENSOR IN A MATERIAL

This invention was made with United States government
support awarded by the following agencies:

NSF 0134583 and 0330356

The United States government has certain rights in this
invention.

BACKGROUND

1. Field of the Invention

This invention relates to embedded thin film sensors and
methods of embedding thin film sensors.

2. Related Art

Embedding sensors into a mass of material allows the
sensors to sense the value of a parameter of the mass in a way
that often is not possible with surface mounted sensors. Some
material data, such as that relating to the internal thermal and
mechanical properties of the material, can only be collected
by in situ sensors. For example, internal temperature and
strain data is obtained by embedding sensors into a compo-
nent, with information from remote areas being extrapolated
from an array of such sensors.

Moreover, due to the shape, size and/or use of the sensor
and/or the device being sensed, mounting the sensors to the
outside of the mass of the material might not always be
possible. Such material masses include tools, dies, and the
like, such as molds, drill bits, and cutter bits, elements of
machines, such as turbine blades of aero-engines, static com-
ponents of machines and systems, such as pressure vessels
and pipes, and the like.

U.S. Published Patent Application 2004/0184700 to Li et
al., incorporated herein by reference in its entirety, discloses
a number of embedded sensor structures. In FIGS. 3-4B, the
incorporated 700 published patent application illustrates a
number of embodiments of an embedded sensor. In FIGS. 4A
and 4B, the incorporated *700 published patent application
illustrates a method for forming a thin film microelectronic
sensor on a metal substrate and putting an encapsulating
metal layer over the thin film sensor.

The incorporated *700 published patent application dis-
closes a method for embedding a thin-film sensor in a high
temperature metal bulk material. This method calls for a
thin-film sensor to be fabricated on the surface of a metal
substrate. First, an insulating or dielectric layer is deposited
on the surface of the metal substrate. Then, a thin film sensor
is fabricated on this surface using standard photolithographic
processes. The sensor is then coated with an insulating
ceramic layer, coated with a thin seed layer of the metal
matrix material, and electroplated with the same bulk metal
matrix material to further encapsulate the sensor. The sensor
can then be surrounded by the bulk material by casting or by
using any other appropriate, known or later-developed pro-
cess, such that the sensor is placed at the appropriate location
within the fabricated component. The incorporated 700 pub-
lished patent application also describes a number of methods
for embedding fiber optic sensors in a high melting tempera-
ture bulk material and for collecting data from an embedded
sensor.

U.S. Published Patent Application 2007/0092995 to Datta
et al., incorporated herein by reference in its entirety, dis-
closes a method for embedding a device in a metal substrate.
The method outlined in the incorporated *995 published
patent application uses a sacrificial wafer to manufacture the
device. The device is first provided on a sacrificial wafer
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before a high-grade metal substrate is provided over the
device and the sacrificial substrate is removed.

SUMMARY OF EXEMPLARY EMBODIMENTS

While the incorporated *700 and 995 published patent
applications disclose methods for embedding sensors into
high-melting-temperature matrix materials, those disclosed
methods are either impractical or impossible without using
electroplatable materials. For example, the sensors and meth-
ods disclosed in the incorporated *700 and *995 published
patent applications may not be practical or usable with ceram-
ics, i.e., it is difficult at best; if not impossible, to use these
methods to embed a sensor in a ceramic mass. Often, sensors
need to be embedded in non-electroplatable materials such as,
for example, certain metals and ceramics such as, for
example, sapphire or polycrystalline cubic boron nitride.

This invention provides a method for embedding a thin film
sensor and/or device in a non-electroplatable material.

This invention separately provides a method for providing
a ceramic structure around a thin film sensor and/or device.

This invention further provides a method for bonding a
substrate to a cover for embedding microelectronic devices.

This invention separately provides a thin film sensor and/or
device formed and/or provided on a non-electroplatable sub-
strate.

This invention separately provides a method for embed-
ding a thin film sensor and/or device in a ceramic structure.

This invention separately provides a method for bonding a
thin film sensor and/or device to a substrate and/or a cover.

This invention separately provides a ceramic or other non-
electroplatable structure with an embedded thin film sensor
and/or device.

This invention separately provides a method of manufac-
turing a tool with an embedded sensor near a tool-work inter-
face region of the tool.

This invention separately provides a method of monitoring
thermodynamic phenomena in a tool-work interface of a tool.

It should be appreciated that, while the below-outlined
exemplary embodiments of methods and structure may be
particularly useful to embed one or more thin film sensors
and/or devices in a non-electroplatable material, electroplat-
able materials, if desired, may also be used with the below-
outlined exemplary embodiments. In general, any material
usable with a solid-state bonding process and/or a dynamic
bonding process may be used, at least in part, with the below-
outlined exemplary embodiments.

In various exemplary embodiments of methods and struc-
tures according to this invention, a method for forming a
ceramic or other non-electroplatable structure uses a solid-
state bonding process (e.g., diffusion bonding) and/or a
dynamic bonding process (e.g., brazing) to couple two or
more portions of the structure into a single unit. In various
exemplary embodiments, the structure includes a substrate
and a cover, which are coupled together by a solid-state bond-
ing process (e.g., by diffusion bonding) and/or a dynamic
bonding process (e.g., brazing) under elevated temperature
and/or pressure. In various exemplary embodiments, a thin
film sensor and/or device is provided on the substrate before
the substrate and the cover are coupled together. In various
exemplary embodiments, the thin film sensor and/or device
are provided on the substrate through a photolithography
process. In various exemplary embodiments, the substrate is
diffusion bonded to the cover under elevated temperature
and/or pressure. In various exemplary embodiments, the sub-
strate and the cover are coupled together with a brazing pro-
cess, which includes heating a filler metal or alloy to a melting



US 9,126,271 B2

3

temperature that is below the melting temperature of the
material used to make either of the substrate and/or the cover.
Typically this temperature is at least approximately 450° C.

In various exemplary embodiments of methods and struc-
tures according to this invention, a thin film sensor and/or
device is embedded within a structure through a solid-state
bonding process (e.g., by diffusion bonding) and/or a
dynamic bonding process (e.g., brazing). In various embodi-
ments, the thin film sensor and/or device is a thin film stress
gauge made of palladium-13 wt % chromium (PdCr), which
reacts to changes in pressure by changing its internal resis-
tance in an approximately linear fashion. In various exem-
plary embodiments, the structure is a sapphire structure,
including a sapphire substrate and a sapphire cover. In various
other embodiments, the structure is a polycrystalline cubic
boron nitride structure, including a polycrystalline cubic
boron nitride substrate and a polycrystalline cubic boron
nitride cover. In various embodiments, the thin film sensor
and/or device (e.g., the thin film stress gauge) is provided on
the sapphire or polycrystalline cubic boron nitride substrate
and the sapphire or polycrystalline cubic boron nitride cover
is bonded to the substrate and the thin film sensor and/or
device using a solid-state bonding process (e.g., by diffusion
bonding) and/or using a dynamic bonding process (e.g., by
brazing).

These and other features and advantages of various exem-
plary embodiments of systems and methods according to this
invention are described in, or are apparent from, the following
detailed descriptions of various exemplary embodiments of
various devices, structures and/or methods according to this
invention.

BRIEF DESCRIPTION OF DRAWINGS

Various exemplary embodiments of the systems and meth-
ods according to this invention will be described in detail,
with reference to the following figures, wherein:

FIGS. 1A-1F is schematic view of an exemplary method of
manufacturing an embedded thin film sensor according to this
invention;

FIG. 2 is atop plan view of an exemplary embodiment of a
mask design for forming a thin film sensor according to this
invention;

FIG. 3 is a perspective view of an exemplary embodiment
of'a thin film sensor provided on a substrate according to this
invention;

FIG. 4 is a perspective view of an exemplary embodiment
of a thin film sensor embedded between a substrate and a
cover according to this invention;

FIG. 5 is a cross-sectional view of an interface region
between the thin film sensor and the substrate or cover of FIG.
4 under a first lighting condition;

FIG. 6 is a cross-sectional view of the interface region
between the thin film sensor and the substrate or cover of FIG.
4 under a second lighting condition;

FIG. 7 is a cross-sectional view of the interface between the
thin film sensor, the substrate and the cover of FIG. 4 showing
the substrate and the cover on opposing sides of the thin film
sensor; and

FIG. 8 is a detailed cross-sectional view of the interface
between the thin film sensor and the substrate or cover of FIG.
4.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

FIGS. 1A-1F show an exemplary embodiment of a method
for embedding a thin film sensor or other desired device in a

20

25

30

35

40

45

50

55

60

65

4

ceramic structure. In the exemplary embodiments of the
method shown in FIGS. 1A-1F, one or more thin film sensors,
such as, for example, thin film strain gauges, or any other
desired device(s), are provided on a substrate. A cover is then
bonded to the substrate using a solid-state bonding process
and/or a dynamic bonding process, thereby embedding the
thin film sensor(s) or other desired device(s) between the
substrate and the cover.

In one exemplary embodiment, the thin film sensor(s) or
other desired device(s) are thin film strain gauges made from
palladium-13 wt % chromium and the substrate and the cover
are each made from sapphire. In another exemplary embodi-
ment, the thin film sensor(s) or other desired device(s) are thin
film strain gauges made from palladium-13 wt % chromium
and the substrate and the cover are each made from polycrys-
talline cubic boron nitride. It should be appreciated that the
below-outlined thin film sensor(s) and/or other device(s) may
be any known or later-developed suitable thin film sensor
and/or other desired device and that the substrate and cover
may be any known or later-developed, similar or dissimilar,
suitable substrate and cover.

In the exemplary method shown in FIGS. 1A-1F, as shown
in FIGS. 1A-1C, a thin film sensor 120 or other desired device
(such as, for example, a thin film strain gauge) is provided on
a substrate 100 (such as, for example, a sapphire or a poly-
crystalline cubic boron nitride substrate) using, for example,
aphotolithography process. According to the exemplary pho-
tolithography process shown in FIG. 1B, a layer 110 of lift-off
resist, such as, for example, LOR-3A (available from Micro-
chem of Newton, Mass.), is provided on the substrate 100. In
one exemplary embodiment the layer 110 of LOR-3A is
spin-coated on or over the substrate 100 by spinning the
substrate at approximately 2500 rpm for approximately 30
seconds. In this exemplary embodiment, the substrate 100 is
then baked on a hotplate at approximately 150° C. for a period
of approximately 12 minutes.

As shown in FIG. 1C, in the exemplary photolithography
process, a layer 112 of positive photoresist, such as for
example, S1813 positive photoresist (available from Rohm &
Haas of Philadelphia, PA), is then provided on top of the layer
110 of lift-oft resist. In one exemplary embodiment, the layer
112 of S1813 positive photoresist is spin-coated on or over the
layer 110. In this exemplary embodiment, the substrate 100 is
then baked in a baking oven at approximately 90° C. for a
period of approximately five minutes. In the exemplary pho-
tolithography process, the substrate 100, the layer 110 of
lift-off resist and the layer 112 of positive photoresist are then
exposed to a masked UV light source (not shown) using, for
example, a Karl Suss standard MJB-3 contact aligner with a
photomask 200 for micro-thin film strain gauges. FIG. 2
shows one exemplary embodiments of such a photomask 200.

After exposing the substrate 100, including the layer 110 of
lift-off resist and the layer 112 of positive photoresist to the
masked UV light source, the substrate 100, including the
exposed area, is developed using a photoresist developer such
as, for example, MF-321 (available from Rohm & Haas of
Philadelphia Pa.), to remove portions of the layer 110 of lift
off resist and portions of the layer 112 of positive photoresist
according to the pattern of the mask 200 used to expose the
layer 110 of lift-off resist and the layer 112 of positive pho-
toresist. As aresult, gaps 111 and 113 are provided in the layer
110 of lift-off resist and the layer 112 of positive photoresist,
respectively.

It should be appreciated that the layer 112 of positive
photoresist is shown with an overhang on top of the layer 110
of lift-off resist because many types of lift-off resist, such as
the exemplary lift-off resist LOR-3A, have a higher dissolu-
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tion rate than many types of positive photoresist, such as the
exemplary S1813 positive photoresist, in at least some devel-
opers. In various exemplary embodiments, the type of lift-off
resist used and the type of positive photoresist used may have
the same dissolution rate. In various other exemplary embodi-
ments, a single layer of any known or later-developed photo-
resist may be used.

It should be appreciated that the above-outlined overhang
of the layer 112 of positive photoresist over the layer 110 of
lift-off resist may be advantageous during a later lift-off step.
In various exemplary embodiments, the overhang helps
remove the layer 110 of lift-off resist and any materials pro-
vided on top of it (e.g., the layer 112 of positive photoresist).
For example, a layer provided on top of the layer 112 of
positive photoresist may coat the edges of the gaps 113 in the
layer 112 of positive photoresist but may not coat the edges of
the gaps 111 in the layer 110 of lift-off resist. As such, when
the layer 110 of lift-off resist is removed, the layer 112 of
positive photoresist 112 and any material coating the edges of
the gaps 113 in the layer 112 of positive photoresist will be
removed. In contrast, if the edges of the gaps 111 and the
edges of the gaps 113 are aligned, material that coats the
edges of the gaps 113 in the layer 112 of positive photoresist
may remain after the layer 110 of lift-off resist and the layer
112 of positive photoresist are removed.

In the above-outlined exemplary method, a photolithogra-
phy process is used to provide a template for the thin film
sensor 120 or other desired device on the substrate 100. It
should be appreciated that any known or later-developed
method may be used to provide the thin film sensor 120 or
other desired device on the substrate 100. Such known or
later-developed methods may omit one or more of the above-
outlined steps used to create a template and/or may use one or
more of the steps, or may provide the thin film sensor 120 or
other desired device directly on the substrate 100.

The thin film sensor 120 or other desired device is now
provided on or over the substrate 100. In the above-outlined
exemplary method, a layer 114 of conductive material, such
as, for example a layer of palladium-13 wt % chromium alloy,
is provided at least in the gaps 111 through the gaps 113. It
should be appreciated that, in various other exemplary
embodiments that do not use a photolithography process, the
desired conductive path may be provided on the substrate 100
in a single step. For example, the layer 114 of conductive
material may be drawn, printed or otherwise provided on or
over the substrate 100 without the use of a template.

In the above-outlined exemplary process, the layer 114 of
conductive material is provided at least in the gaps 111
through the gaps 113 by, for example, using a CVC 601 DC
sputtering system to deposit a 400 nm layer of palladium-13
wt % chromium alloy. It should be appreciated that, in various
exemplary embodiments, the layer 114 of conductive mate-
rial may include multiple layers of conductive material. For
example, the layer 114 of conductive material may include a
first layer of pure chromium and a second layer of a chromium
alloy, such as the exemplary layer of palladium-13 wt %
chromium alloy. In various embodiments, an adhesion layer,
such as the first layer of pure chromium, helps bond the layer
114 of conductive material to the substrate 100 and may help
compensate for a surface roughness of the substrate 100.

The layer 110 of lift-off resist, and any layers on top of the
layer 110 of lift off resist (e.g., the layer 112 of positive
photoresist and/or portions of the layer 114 of conductive
material), are then removed using, for example, acetone and/
or MF-321 developer, leaving just the layer 114 of conductive
material on the substrate 100 in the desired shape of the mask
200.
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In the exemplary photolithography process, the layer 114
of conductive material that remains after removing the layer
110 of lift-off resist forms a thin film sensor 120 or other
desired device. A cover 130, which may be a sapphire or
polycrystalline cubic boron nitride cover that is similar in
structure and/or composition to the substrate 100, is then
coupled to the substrate 100 using a solid-state bonding pro-
cess (e.g., diffusion bonding) and/or a dynamic bonding pro-
cess (e.g., brazing) to embed the thin film sensor 120 or other
desired device within the completed structure (i.e., the object
formed by bonding the cover 130 to the substrate 100). It
should be appreciated that this completed structure (i.e., the
combined substrate 100 and cover 130) may itselfbe a part of
another structure. For example, the substrate 100 and the
cover 130 may be encapsulated, cast around or otherwise
provided within another structure of a desired size and shape.

Itshould also be appreciated that the thin film sensor 120 or
other desired device may be manufactured or otherwise pro-
vided on the substrate 100 using any known or later-devel-
oped apparatus, system or method. As such, the layer 110 of
lift-off resist, the layer 112 of positive photoresist and the
steps of providing and removing such layers (e.g., the above-
outlined spin-coating processes), may be replaced with any
other suitable known or later-developed processes or steps
usable to provide a thin film sensor or other desired device on
asubstrate. Likewise, the substrate 100 and the cover 130 may
be any known or later-developed similar or dissimilar sub-
strate and cover usable to form a structure which desirably
includes an embedded device.

In various exemplary embodiments, the above-outlined
solid-state bonding process and/or dynamic bonding process
is a diffusion bonding process. The diffusion bonding process
includes applying heat and pressure to the substrate 100 and
the cover 130 to couple the substrate 100 and the cover 130
together. In general, in the diffusion bonding process, heat is
applied to the substrate 100 and the cover 130 to raise their
temperature to between approximately 50% and approxi-
mately 80% of the melting point of the material used to make
the substrate 100 and/or the cover 130 (e.g., sapphire or
polycrystalline cubic boron nitride). The diffusion bonding
step may be performed in a protective atmosphere (e.g., sur-
rounded by an inert gas) or in a vacuum.

In one exemplary embodiment, the substrate 100 and the
cover 130 are each pieces of sapphire and the two pieces of
sapphire are diffusion bonded together at a temperature of
approximately 1050° C. and a pressure of approximately 1
MPa for a time period of approximately 1 hour. In another
exemplary embodiment, the substrate 100 and the cover 130
are each pieces of polycrystalline cubic boron nitride and the
two pieces of polycrystalline cubic boron nitride are diffusion
bonded together by raising the temperature of the substrate
100 and the cover 130 to a temperature of approximately
1200° C. over a time period of approximately 11.5 hours
under a pressure of approximately 1.57 MPa and then lower-
ing the temperature of the substrate 100 and the cover 130 to
an ambient temperature over a time period of approximately
11.5 hours under the same pressure of approximately 1.57
MPa.

In various other embodiments, the above-outlined solid-
state bonding process and/or dynamic bonding process is a
brazing process. The brazing process may include heating a
filler metal or alloy to a melting temperature, typically above
approximately 450° C., which is below the melting point of
the material used to create either the substrate 100 and/or the
cover 130 (e.g., below the melting temperature of sapphire
and/or polycrystalline cubic boron nitride). The melted filler
metal or alloy may then be distributed between the substrate
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100 and the cover 130 by capillary action and/or the filler
metal or alloy may bond to each of the substrate 100 and the
cover 130 at a joint between the substrate 100 and the cover
130.

In various exemplary embodiments, the brazing process is
aided by a flux that helps prevent oxides from forming while
the filler metal or alloy is heated and/or helps spread the filler
metal or alloy to enter the joint between the substrate 100 and
the cover 130. The brazing process may provide a layer of the
filler metal or alloy between the substrate 100 and the cover
130 that is metallurgically linked to each of the substrate 100
and the cover 130, creating a strong bond between the sub-
strate 100 and the cover 130.

As outlined above, FIG. 2 shows an exemplary embodi-
ment of a mask 200 usable to provide an exemplary embodi-
ment of a thin film sensor 120 using the method shown in
FIGS. 1A-1F. FIG. 3 shows a resulting pattern of a thin film
sensor 120 provided on the substrate 100 using the mask 200
shown in FIG. 2. FIG. 3 also shows a diffusion bonding area
116 where an additional amount of palladium-13 wt % chro-
mium alloy, which may not be necessary for the function of
the thin film sensor 120 or other desired device, may be
deposited to aid the above-outlined bonding process. It
should be appreciated that, in various embodiments, the dif-
fusion bonding area 116 may be omitted.

FIG. 4 shows a completed structure with the thin film
sensor 120 or other desired device embedded between the
substrate 100 and the cover 130. As shown in FIG. 4, the cover
130 is bonded to the substrate 100, creating a single structure,
which may not be separable using any non-destructive pro-
cess. As also shown in FIG. 4, there is at least a first region
where the cover 130 is bonded to the layer 114 of conductive
material and at least a second region where the cover 130 is
bonded to the substrate 100. The substrate 100 and the cover
130 of the completed structure shown in FIG. 4 may be
bonded together using the above-outlined diffusion bonding
process, the above-outlined brazing process and/or any other
known or later-developed solid-state bonding and/or dynamic
bonding process.

It should be appreciated that other structures can be made
by altering the completed structure shown in FIG. 4. For
example, the structure shown in FIG. 4 may be encapsulated
in another material or the structure shown in FIG. 4 may be
tooled or otherwise formed into a desired shape. In such
exemplary embodiments, the thin film sensor 120 or other
desired device may be located closer to a working edge of the
tool than has been possible with traditional methods of pro-
viding sensors for cutting tools.

Locating a sensor closer to a working edge of a tool, such
as for example the cutting edge of a cutting tool, may help
allow more precise measurements of forces, temperatures and
other desired phenomena in a tool-work interface region. In
many cases these desired phenomena follow complex ther-
modynamic relations that do not allow for indirect measure-
ment and thus cannot be measured using traditional methods.

It should be appreciated that the finished structure may be
particularly useful for various manufacturing processes. In
various exemplary embodiments, the finished structure is par-
ticularly useful for hard milling and turning, precision metal
forming, cutting tools for hard machining, dry machining
and/or friction stir welding of high melting temperature mate-
rials. In such exemplary embodiments, the embedded thin
film sensor 120 or other desired device may be useful to help
monitor and control critical tool conditions, such as, for
example, temperature and strain and may help enable early
detection of potential problems, which may result in reduced
damage to the structure, higher quality use of the structure as
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a tool, less downtime of the structure for repair and/or less
energy consumption involved in using the structure as a tool.

FIG. 5 shows a cross-sectional view of a bonding region
between the layer 114 of conductive material and the sub-
strate 100 and/or the cover 130 under a first lighting condi-
tion, which, in these exemplary embodiments, is a bright-field
condition. FIG. 6 shows a cross-sectional view of the bonding
region between the layer 114 of conductive material and the
substrate 100 and/or the cover 130 under a second lighting
condition, which, in these exemplary embodiments, is a dark-
field condition. FIG. 7 is a cross-sectional view showing a
low-magnification image from a transmission electron micro-
scope showing the substrate 100, the layer of 114 of conduc-
tive material and the cover 130. As shown in FIGS. 5-7, the
substrate 100 and/or the cover 130 show signs of local stress
near the interface with the layer 114 of conductive material,
indicating that chemical bonding has occurred in the bonding
region on either or both sides of the layer 114 of conductive
material.

FIG. 8 shows a high-resolution transmission electron
microscope (HRTEM) image of the interaction between the
layer 114 of conductive material and the substrate 100 and/or
cover 130. In one exemplary embodiment, the substrate 100
and the cover 130 are each made of sapphire, the layer 114 of
conductive material includes palladium-13 wt % chromium
alloy and the orientation relationship between the substrate
100 and the layer 114 of conductive material, and/or the
orientation relationship between the cover 130 and the layer
114 of conductive material is [001] of sapphire/[111] of PdCr.

Itshould be appreciated that, in various exemplary embodi-
ments, the substrate 100 and/or the cover 130 may be made of
a conductive material (e.g., the substrate 130 may be a metal
substrate). In such exemplary embodiments, a dielectric or
insulating layer may be provided between the thin film sensor
120 or other desired device and the substrate 100 and/or the
cover 130. For example, in various exemplary embodiments,
afirstdielectric or insulating layer may be provided on or over
the substrate 100 before the thin film sensor 120 or other
desired device is provided on the substrate 100 and/or a sec-
ond dielectric or insulating layer may be provided on or over
the thin film sensor 120 or other desired device and between
the thin film sensor 120 or other desired device and the cover
130. The dielectric or insulating layers may help to prevent
the thin film sensor 120 or other desired device from shorting
out or from electrically connecting to undesired portions of
the structure.

While various exemplary embodiments according to this
invention have been described above, various alternatives,
modifications, variations, improvements and/or substantial
equivalents, whether known or that are or may be presently
unforeseen, may become apparent to those having at least
ordinary skill in the art. Accordingly, the exemplary embodi-
ments according to this invention, as set forth above, are
intended to be illustrative, not limiting of the scope of this
invention. Various changes may be made without departing
from the spirit and scope of this invention. Therefore, this
invention is intended to embrace embodiments beyond those
outlined above, as well as all known or later-developed alter-
natives, modifications, variations, improvements, and/or sub-
stantial equivalents of the exemplary embodiments outlined
above.

The invention claimed is:
1. A method for forming a thin film sensor embedded in a
material, the method comprising:
forming a thin film sensor on or over a surface of a sub-
strate, and
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bonding a cover to the surface of the substrate using a
solid-state bonding process or a dynamic bonding pro-
cess to provide the thin film sensor embedded in the
material,

wherein the material comprises the substrate and the cover,
and further wherein the substrate, the cover, or both is
sapphire, further comprising forming the embedded sen-
sor into a cutting tool adapted for hard machining, dry
machining, friction stir welding, or combinations
thereof.

2. The method of claim 1, wherein the bonding step uses
the dynamic bonding process and further wherein the
dynamic bonding process is brazing comprising heating a
filler metal or alloy at a temperature and distributing the
heated filler metal or alloy between the substrate and the
cover.

3. The method of claim 2, wherein the temperature is below
the melting temperature of at least one of the cover and the
substrate.

4. The method of claim 1, wherein the material does not
comprise an electroplatable material.

5. The method of claim 1, wherein the substrate, the cover,
or both is a non-electroplatable material.

6. The method of claim 1, wherein the substrate, the cover,
or both is a ceramic material.

7. The method of claim 1 wherein the thin film sensor
comprises PdCr.

8. The method of claim 1, wherein the thin film sensor is a
thin film stress gauge adapted to sense strain in the material.

9. The method of claim 1, wherein the thin film sensor is
chemically bonded to the substrate, the cover, or both.

10. The method of claim 1, wherein the bonding step uses
the solid-state bonding process.
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11. The method of claim 10, wherein the solid-state bond-
ing process is diffusion bonding comprising heating the cover
and the substrate at a temperature under pressure for a period
of time.

12. The method of claim 11, wherein the temperature is
between approximately 50% and approximately 80% of the
melting temperature of at least one of the cover and the
substrate.

13. The method of claim 1, wherein the thin film sensor is
deposited directly on the surface of the substrate, and further
wherein the cover is bonded to the surface of the substrate and
to the surface of the deposited thin film sensor using the
solid-state bonding process.

14. The method of claim 13, wherein the substrate is sap-
phire and the cover is sapphire.

15. The method of claim 14, wherein the thin film sensor
comprises PdCr.

16. A method for forming a thin film sensor embedded in a
material, the method comprising:

forming a thin film sensor on or over a surface of a sub-

strate, and

bonding a cover to the surface of the substrate using a

solid-state bonding process or a dynamic bonding pro-
cess to provide the thin film sensor embedded in the
material,

wherein the material comprises the substrate and the cover,

and further wherein the substrate, the cover, or both is
sapphire, further comprising forming the embedded sen-
sor into a drill bit.

17. The method of claim 16, wherein the bonding step uses
the solid-state bonding process.

18. The method of claim 17, wherein the solid-state bond-
ing process is diffusion bonding comprising heating the cover
and the substrate at a temperature under pressure for a period
of time.



	Bibliography
	Abstract
	Drawings
	Description
	Claims

