
SEMICONDUCTOR-ON-DIAMOND DEVICES AND METHODS OF
FORMING FIELD OF THE INVENTION The present invention
relates to semiconductor devices incorporating
super-hard materials, such as diamond or diamond-like
substances, and methods for making such devices. More
particularly, the present invention relates to the use
of vapor deposition for making semiconductor devices
incorporating diamond materials. BACKGROUND OF THE
INVENTION Diamond and diamond-like substances have
manyproperties, such as wear resistance, thermal
conductivity, electrical resistivity, acoustic
transmission, and corrosion inertness, which make them
desirable for a variety of industrial applications. To
this end, diamond and diamond-like substances have
been incorporated into tools for various purposes such
as saw blades, drill bits, and electronic components
such as surface acoustic wave filters. Methods for
incorporating diamond or diamondlike materials into a
tool can include known processes such as chemical
vapor deposition (CVD) and physical vapor deposition
(PVD). Various CVD techniques have been used in
connection with depositing diamond or diamondlike
materials onto a substrate. Typical CVD techniques use
gas reactants to deposit the diamond or diamond-like
material in a layer, or film. These gases generally
include a small amount (i.e. less than about 5%) of a
carbonaceous material, such as methane, diluted in
hydrogen. A variety of specific CVD processes,
including equipment and conditions, are well known to
those skilled in the art. In forming a layer of
diamond, or diamond-like material on a substrate
usingCVDtechniques, a plurality of diamond grains, or
"seeds," may be first placed upon the substrate
surface. The placement of such seeds may be
accomplished using CVD itself such as by applying a
voltage bias, by polishing with micron-sized diamond,
or by other methods known in the art. These seeds act
as diamond nuclei and facilitate the growth of a
diamond layer outwardly from the substrate as carbon
vapor is deposited thereon. As a result, the growing
side of the diamond layer becomes increasingly coarse
in grain size, and must ultimately be ground and
polished to a smooth finish such as by a mechanical
means, in order to be suitable for many industrial
applications. However, as diamond and diamond-like
substances are among the hardest known materials, such
mechanical grinding and polishing is difficult and
tedious. Moreover, the cost of polishing often exceeds
the cost for making the diamond film itself. In
addition, mechanical polishing inevitably introduces
micro-cracks or 



variations on the diamond surface. Such cracks and
variations are detrimental to certain applications.The
semiconductor industry has recently expanded efforts
in producing semiconductor-oninsulator (SOI) devices.
These devices allow for electrical insulation between
an underlying substrate and any number of useful
semiconductor devices. Typically, these SOI devices
can include insulating layers with poor thermal
conductivity, high degree of thermal expansion
mismatch, and/or difficulties in epitaxial growth of
silicon or other semiconductor materials. In light of
some of these difficulties, various efforts have
explored using diamond as the insulating layer with
some success. However, such devices continue to
benefit from further improvement such as decreasing
manufacturing costs, improving performance, and the
like. As such, SOI devices and methods for making
diamond containing SOI devices which have improved
performance and reduced production costs continues to
be sought. SUMMARY OF THE INVENTION Accordingly, the
present invention provides semiconductor-on-diamond
(SOD) devices and methods for making such devices that
address many of the difficulties mentioned above. As
such, the present devices and methods are capable of
providing SOD devices with improved insulating
properties and which are particularly suitable for use
in insulating semiconductor devices and the like. In
one aspect of the present invention, a SOD device can
include a substrate having an adynamic diamond layer
on the substrate. A device surface of the adynamic
layer can be oriented distal to the substrate.
Further, a semiconductor layer can be coupled to the
device surface of the diamond layer. The semiconductor
layer can be formed directly on the intermediate layer
or formed on an intermediate layer, In an additional
aspect, the semiconductor layer can be coupled using
an intermediate layer such as aluminum nitride,
chromium nitride, silicon, silicon carbide, silicon
nitride, tungsten carbide, gallium nitride,
diamond-like carbon, and composites thereof. In one
detailed aspect, the device surface can have a surface
roughness (Ra) from about 1nm to about 1 mm. As a
general matter, the method of making an SOD device in
accordance with the present invention begins by
providing a mold having an interface surface
configured to inversely match a configuration intended
for a device surface of the diamond SOD device. An
adynamic diamond layer can then be grown on the
diamond interface surface of the mold using a vapor
deposition technique. As diamond growth proceeds, the
adynamic diamond layer receives a growth surface
opposite the device surface, which is then joined to a
substrate or support layer. A semiconductor layer can
also be 



coupled to the device surface.In one embodiment, at
least a portion of the mold can be removed. In some
cases, the mold can be thinned to form either the
semiconductor layer and/or the intermediate layer.
Thus, the mold can be chosen of a material suitable
for incorporation into the final SOD device.
Alternatively, the mold can be completely removed and
a semiconductor layer, and optional intermediate
layer, formed on the exposed diamond device surface.
In still another alternative aspect, a method of
making a SOD device can include providing a mold
having an interface surface. An adynamic diamond layer
can be grown on the interface surface using a vapor
deposition technique, said adynamic diamond layer
having a growth surface opposite the interface
surface. A semiconductor layer can also be coupled to
the growth surface of the adynamic diamond layer.
There has thus been outlined, rather broadly, the more
important features of the invention so that the
detailed description thereof that follows may be
better understood, and so that the present
contribution to the art may be better appreciated.
Other features of the present invention will become
clearer from the following detailed description of the
invention, taken with the accompanying drawings and
claims, or may be learned by the practice of the
invention. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is
a side cross-sectional view of an SOD device in
accordance with an embodiment of the present
invention. FIG. 2 is a side cross-sectional view of
an.SOD device in accordance with an alternative
embodiment of the present invention. FIGs. 3A through
3D show side cross-sectional views illustrating one
method of producing SOD devices in accordance with the
present invention. FIGs. 4A through 4C show side
cross-sectional views illustrating an alternative
method of producing SOD devices in accordance with the
present invention. The above figures are provided for
illustrative purposes only. It should be noted that
actual dimensions of layers and features may differ
from those shown. DETAILED DESCRIPTION Before the
present invention is disclosed and described, it is to
be understood that this invention is not limited to
the particular structures, process steps, or materials
disclosed herein, but is extended to equivalents
thereof as would be recognized by those ordinarily
skilled in the relevant arts. It should also be
understood that terminology employed herein is used
for the purpose of describing 



particular embodiments only and is not intended to be
limiting.It must be noted that, as used in this
specification and the appended claims, the singular
forms "a," and, "the" include plural referents unless
the context clearly dictates otherwise. Thus, for
example, reference to "an intermediate layer" includes
one or more of such layers, reference to "a carbon
source" includes reference to one or more of such
carbon sources, and reference to "a CVD technique"
includes reference to one or more of such CVD
techniques. Definitions In describing and claiming the
present invention, the following terminology will be
used in accordance with the definitions set forth
below. As used herein, "super hard" and
"superabrasive" may be used interchangeably, and refer
to any crystalline, or polycrystalline material, or
mixture of such materials which has a Moh' s hardness
of about 8 or greater. In some aspects, the Moh's
hardness may be about 9.5 or greater. Such materials
include but are not limited to diamond,
polycrystalline diamond (PCD), cubic boron nitride,
polycrystalline cubic boron nitride (PCBN) as well as
other super hard materials known to those skilled in
the art. Super hard materials may be incorporated into
the present invention in a variety of forms including
particles, grits, films, layers, etc. As used herein,
"substrate" refers to a non-diamond surface, to which
various materials can be joined in forming an SOD
device. The substrate may be any shape, thickness, or
material, required in order to achieve a specific
result, and includes but is not limited to metals,
alloys, ceramics, and mixtures thereof. Further, in
some aspects, the substrate, maybe an existing
semiconductor device or wafer, or may be a material
which is capable of being joined to a suitable device.
In some additional aspects, the substrate can be a
material that once bonded to an adynamic diamond
layer, has sufficient integrity to prevent the layer
from changing shape once separated from the mold upon
which it was made. As used herein, "metallic" refers
to any type of material or compound wherein the
majority portion of the material is a metal. As such,
various oxide, nitride, and carbide compounds, as well
as any other material or compound, containing a
greater non-metal portion than metal portion are not
considered to be "non-metallic." Examples of various
metals considered to be particularly useful in the
practice of the present invention include, without
limitation: aluminum, tungsten, molybdenum, tantalum,
zirconium, vanadium, chromium, copper, and alloys
thereof. As used herein, "ceramic" refers to a
non-diamond, non-metallic, material, which is hard,
heat resistant, corrosion resistant, and can be
polished to have a surface roughness (Ra) of less than
about 1 



micrometer. Further, as used herein, "ceramic"
materials may contain at least one element selected
from the group consisting of: Al, Si, Li, Zn, and Ga.
Oxides, nitrides, and various other compounds which
include the above recited elements are well known as
ceramics to those skilled in the art.Additional
materials considered to be "ceramics" as used herein,
such as glass, are known to those skilled in the art.
Examples of specific ceramics useful in the present
invention include without limitation, Si, SiO2,
Si3N4,Al2O3, AlN, BN, TiN, ZrN, GaAs, GaP,
LiTaO3,LiNbO3, ZnO, glass, such as soda glass, etc. As
used herein, "interface surface" refers to the surface
of a mold, or ephemeral mold, or other layer of
material conveying the shape of the mold, upon which
materials used in the fabrication of a diamond layer
or film are deposited. Such materials include diamond
or other superabrasive particles, as well as
peripheral materials used to facilitate diamond layer
growth using a CVDtechnique, such as diamond
nucleation enhancers. The interface surface can be the
immediate surface of the mold or may include an
exposed surface resulting from a thin layer of
material formed thereon which does not significantly
affect the surface contours and roughness of the
original mold surface, and thus conveys the
configuration thereof. Such thin layers can include
nucleation enhancing materials, piezoelectric
materials, and any other material which can be formed
in sufficiently thin layers so as to retain a
substantially identical surface as the original smooth
mold surface. As used herein with respect to a mold,
"outside surface" refers to a surface of the mold
which is not in direct contact with the diamond layer.
As used herein, "adynamic" refers to a type of layer
which is unable to independentlyretain its shape
and/or strength. For example, in the absence of a mold
or support layer, an adynamic diamond layer will tend
to curl or otherwise deform when the mold or support
surface is removed. While a number of reasons may
contribute to the adynamic properties of a layer, in
one aspect, the reason can be the extreme thinness of
the layer. As used herein, "nucleation enhancer"
refers to a material, which increases the quality of a
diamond layer formed from a plurality of diamond
nuclei using a CVD process. In one aspect, the
nucleation enhancer may increase the quality of the
diamond layer by reducing movement or, or immobilizing
diamond nuclei. Examples of nucleation enhancers
include without limitation, metals, and various
metallic compounds, as well as carbides and carbide
forming materials. As used herein with respect to a
nucleation enhancer layer and an intermediate layer,
"thin" refers to the thickness or depth of the layer
being sufficiently small so as to not substantially
interfere with the transfer of the intended
configuration from the interface surface configuration
to the device 



surface. In one aspect, the thickness of the
nucleation enhancer may be less than about 0.1
micrometers. In another aspect, the thickness maybe
less than 10 nanometers. In another aspect, the
thickness may be less than about 5 nanometers. As used
herein, "device surface" refers to the surface of a
diamond layer which contacts a semiconductor or other
electronic device.As used herein, "diamond layer"
refers to any structure, regardless of shape, which
contains diamond-containing materials which can be
incorporated into a SOD device. Thus, for example, a
diamond film partially or entirely covering a surface
is included within the meaning of these terms.
Additionally, a layer of a material, such as metals,
acrylics, or composites, having diamond particles
disbursed therein is included in these terms. As used
herein, "diamond-containing materials" refer to any of
a number of materials which include carbon atoms
bonded with at least a portion of the carbons bonded
in at least some sp3 bonding. Diamond-containing
materials can include, but are not limited to, natural
or synthetic diamond, polycrystalline diamond,
diamond-like carbon, amorphous diamond, and the like.
Most often, the diamond layers of the present
invention are formed as diamond-like carbon and/or
amorphous diamond. As used herein, "vapor deposited"
refers to materials which are formed using vapor
deposition techniques. As used herein, "vapor
deposition" refers to a process of depositing
materials on a substrate through the vapor phase.
Vapor deposition processes can include any process
such as, but not limited to, chemical vapor deposition
(CVD) and physical vapor deposition (PVD). A wide
variety of variations of each vapor deposition method
can be performed by those skilled in the art. Examples
of vapor deposition methods include hot filament CVD,
rf-CVD, laser CVD (LCVD), metal-organic CVD (MOCVD),
sputtering, thermal evaporation PVD, ionized metal PVD
(IMPVD), electronbeam PVD (EBPVD), reactive PVD, and
the like. As used herein, "chemical vapor deposition,"
or "CVD" refers to any method of chemically depositing
diamond or other particles in a vapor form upon a
surface. Various CVD techniques are well known in the
art. As used herein, "CVD passive material" refers to
a material which does not allow substantial deposition
of diamond or other materials using CVD methods
directly to the material. One example of a CVD passive
material with respect to deposition of diamond is
copper. As such, during CVD processes carbon will not
deposit on the copper but only on CVD active materials
such as silicon, 



diamond, or other known materials. Thus, CVD passive
materials can be "passive" with respect to some
materials and not others. For example, a number of
carbide formers can be successfully deposited onto
copper. As used herein, "inversely correspond" refers
to the inverse relationship between the configuration
of a diamond device surface, and the configuration of
a mold's interface surface from which the device
surface was made, when such surfaces are oriented in
the same direction. In other words, when a device
surface is formed at the interface surface of a mold,
the configuration of eachwill inversely correspond to
the other when the surfaces are separated and faced in
the same direction. In some instances, the inverse
correspondence may result in a mirror image. As used
herein, "nucleation side," "nucleation surface," and
similar terms may be used interchangeably, and refer
to the side or surface of a diamond layer at which
nucleation of diamond particles originated. Otherwise
described, the nucleation surface of a diamond layer
is the side or surface, which was first deposited upon
the interface surface of a mold. In many instances,
the nucleation surface may become the device surface
of the tool. As used herein, "growth side," "grown
side," and "grown surface" may be used interchangeably
and refer to the surface of a superabrasive film or
layer which is grows during a CVD process. As used
herein, "Ra" refers to a measure of the roughness of a
surface as determined by the difference in height
between a peak and a neighboring valley. Further,
"Rmax" is a measure of surface roughness as determined
by the difference in height between the highest peak
on the surface and the lowest valley on the surface.
As used herein with respect to an identified property
or circumstance, "substantially" refers to a degree of
deviation that is sufficiently small so as to not
measurably detract from the identified property or
circumstance. The exact degree of deviation allowable
may in some cases depend on the specific context.
Thus, for example, a source material which has a
composition "substantially" that of a particular
region may deviate in composition or relevant property
by experimental error up to several percent, e.g., 1%
to 3%. Concentrations, amounts, and other numerical
data may be expressed or presented herein in a range
format. It is to be understood that such a range
format is used merely for convenience and brevity and
thus should be interpreted flexibly to include not
only the numerical values explicitly recited as the
limits of the range, but also to include all the
individual numerical values or sub-ranges encompassed
within that range as if each numerical value and
sub-range is explicitly recited. 



As an illustration, a numerical range of "about
1micrometer to about 5 micrometers" should be
interpreted to include not only the explicitly recited
values of about 1 micrometer to about 5 micrometers,
but also include individual values and sub-ranges
within the indicated range. Thus, included in this
numerical range are individual values such as 2, 3,
and 4 and sub-ranges such as from 1-3, from 2-4, and
from 3-5, etc. This same principle applies to ranges
reciting only one numerical value. For example, a
range recited as "less than about 5 micrometers"
should be interpreted to include all values and
sub-ranges between 5 micrometers and 0 micrometers,
including the value of 0 micrometers. Furthermore,
suchan interpretation should apply regardless of the
breadth of the range or the characteristics being
described. The Invention Referring now to FIG. 1, a
semiconductor-on-insulator (SOI) device is shown
generally at 200 in accordance with one embodiment of
the present invention. A substrate 202 can be included
to provide support and/or functional properties to the
SOI device. Any number of materials can be used as a
substrate material. Typically, the substrate can be
formed of a material having desirable properties for a
particular application. For example, in some
embodiments, mechanical strength, thermal expansion,
thermal conductivity, electrical resistivity, and the
like can be important. Several non-limiting examples
of suitable substrate materials include tungsten,
silicon, silicon carbide, silicon nitride, titanium
carbide, titanium nitride, boron nitride, graphite,
other ceramics, glass, molybdenum, zirconium,
tantalum, chromium, aluminum nitride, DLC, and
composites thereof. A substrate comprising tungsten
can provide exceptional mechanical support as well as
low thermal expansion. Similarly, a substrate
comprising silicon can be highly compatible with
incorporation into various semiconductor devices
and/or products. Although many materials can act as a
suitable substrate, materials having a low thermal
coefficient of expansion are preferred. This is at
least partially in consideration of reducing thermal
expansion stresses at the interface between the
substrate and an adjacent material, e.g. DLC, silicon,
gallium nitride, gallium arsenide, etc. An adynamic
diamond layer 204 can also be on the substrate 202.
The adynamic diamond layer can have a device surface
210 distal to the substrate. The adynamic diamond
layer can comprise a diamond-containing material.
Typically, the adynamic layer is grown using a vapor
deposition method, as discussed below in connection
with the methods of the present invention. The
adynamic diamond layer can have a number of special
properties which are advantageous for use in SOD
devices. Generally, the diamond layer can have a
thickness from about 10 nm to about 100 mm, and 



in some cases about 100 nm to about 30 mm. Further,
the diamond layer thicknesses of less than about 10 mm
can be suitable for some applications. In one specific
embodiment, the diamond layer can have a thickness
from about 10 nm to less than 100 mm. Frequently, an
adynamic diamond layer having a thickness of less than
about 30 mm can provide desired insulating affects,
while also minimizing production time and costs. An
additional consideration includes the surface
roughness of the device surface 210. More
specifically, a very smooth device surface can have a
number of desirable effects. Some of these
considerations include: adherence of semiconductor
layers thereto, improved resolution of feature
formation, improved coupling coefficients, and the
like. For example, the methods and devices described
herein focus primarily on SOD devices, exclusive of
any features or semiconductor deviceswhich can be
formed thereon, subsequent to, or in combination with,
the methods described herein. During fabrication of
various devices, the focal depth of a light source can
influence the resolution and minimum feature size,
e.g., line width, etc., achievable using specific
equipment. Focal depth refers to the depth for which
an image is in focus on the surface of a wafer or
other substrate. Thus, at differing depths, an exposed
image can have a deteriorating focus or line edge
acuity. Typical focal depths are in the range of 1 mm
to 2 mm, although ranges outside this are known. In
addition, a rough surface can interfere with this
resolution, especially as the degree of surface
roughness approaches the focal depth of the particular
equipment used. Therefore, as surface roughness of an
exposed surface is reduced, an increase in resolution
and device densities can be achieved. In other words,
in some cases, the surface roughness can be a limiting
factor for device resolutions and densities. In
accordance with the present invention, surface
roughness can be significantly reduced without
polishing expensive layers of diamond or silicon. This
aspect will be discussed in more detail below in
connection with certain methods. As a result, the
primary limitation to achievable resolutions can then
be the equipment used instead of the wafer or
materials exposed. As an example, the device surface
210 can have a surface roughness (Ra) from about 1 run
to about 1 mm, and preferably from about 1 run to
about 20 nm, and most preferably from about 1 nm to
about 10 nm. A semiconductor layer 206 can be coupled
to the device surface 210 of the diamond layer 204.
The semiconductor layer can be directly coupled to the
device surface or can be coupled via an additional
layer. The semiconductor layer can comprise any
material which is suitable for forming electronic
devices, semiconductor devices, or the like. Most
semiconductors are based on silicon, gallium, indium,
and germanium. However, suitable materials for the
semiconductor layer can include, without limitation,
silicon, silicon carbide, gallium arsenide, gallium
nitride, germanium, zinc 



sulfide, gallium phosphide, gallium antimonide,
gallium indium arsenide phosphide, aluminum gallium
arsenide, gallium nitride, boron nitride, aluminum
nitride, indium arsenide, indium phosphide, indium
antimonide, indium nitride, and composites thereof. In
one embodiment, the semiconductor layer can comprise
silicon, silicon carbide, gallium arsenide, gallium
nitride, aluminum nitride, or composites of these
materials. In some additional embodiments, non-silicon
based devices can be formed such as those based on
gallium arsenide, gallium nitride, germanium, boron
nitride, aluminum nitride, indium-based materials, and
composites thereof. Other semiconductor materials
which can be used include Al2O , BeO, W, Mo, C-Y2O ,
C-(Y gLa i) O , c- Al2 O27Ns, C-MgAl2O4, t-MgF2,
graphite, and mixtures thereof. However, currently,
most semiconductor devices are silicon based.
Referring now to FIG. 2, the semiconductor layer 206
can be coupled to the device surface 210 using an
intermediate layer 208. The intermediate layer can
provide a number of benefits, such as, butnot limited
to, improved thermal expansion matching, providing
improved lattice matching for epitaxial growth,
providing specific electronic properties, thermal
conduction, and the like. Nonlimiting examples of
suitable material for the intermediate layer can
include aluminum nitride, chromium nitride, silicon,
silicon carbide, silicon nitride, tungsten carbide,
gallium nitride, tungsten carbide, boron nitride, W,
Mo, Ta, Cr, and composites or alloys thereof. In some
embodiments, the intermediate material can comprise
aluminum nitride, chromium nitride, silicon nitride,
tungsten carbide, gallium nitride, and composites
thereof. In yet another additional embodiment, the
intermediate layer can comprise a material selected
from the group consisting of aluminum nitride,
chromium nitride, tungsten carbide, and composites
thereof. Currently, the intermediate layer can be
preferably aluminum nitride. Aluminum nitride can be
beneficial since epitaxial growth of typical
semiconductor materials, e.g., silicon and gallium
based materials, thereon is facilitated with improved
lattice matching. Alternatively, an optional
intermediate layer can comprise an electrically
conductive material. Non-limiting examples of suitable
conductive materials can include copper, aluminum,
tungsten, tantalum, and alloys thereof. This optional
intermediate layer can be included to provide a unique
option of designing semiconductors having positive and
negative electrodes on either side of the insulating
layer. Typically, the intermediate layer can have a
thickness such that the contours and smoothness of the
adynamic layer are substantially unaltered. However,
some variation can occur, common thicknesses can range
from about 50 nm to about 10 mm, and preferably about
400 nm to about 5 mm, 



depending on the specific application and device.
Referring now to FIGs. 3A through 3D, one method for
making an SOD device in accordance with the present
invention is shown. FIG. 3A illustrates a mold 220
having an interface surface 212 configured to
inversely match a configuration intended for a device
surface 210 of the SOI device. The mold used in the
methods of the present invention can be of any
material sufficient to withstand the vapor deposition
and/or other layer formation processes, and allow the
formation of a diamond film, or other intermediate
layer thereon. Additionally, the mold can be designed
to form a single or multiple SOD devices from which
individual final SOD devices can be recovered. As a
general overview of the following discussion, once the
adynamic diamond layer is grown, the mold can be
completely removed or only partially removed. The mold
can comprise almost any suitable material, and in some
cases can comprise a material suitable for use as the
intermediate and/or semiconductor layers. Although
many materials can be used, the mold can comprise
tungsten, silicon, titanium, chromium, zirconium,
molybdenum, tantalum, manganese, carbides of these
metals, ceramics, andcomposites or alloys thereof.
However, in one aspect, the mold may be made of, or
substantially made of, a metallic material. The
metallic material may be a member selected from the
group consisting of aluminum, copper, tungsten,
molybdenum, tantalum, zirconium, vanadium, and
chromium. In another embodiment, the mold maybe made
of, or made substantially of, non-metals, 5 such as
carbides and ceramics, including glass, oxide, and
nitride materials. Examples of carbide materials
include without limitation, tungsten carbide (WC),
silicon carbide (SiC), titanium carbide (TiC),
zirconium carbide (ZrC), and mixtures thereof among
others. Examples of oxide materials include without
limitation, quartz (i.e. crystalline SiO2), corundum
or sapphire (i.e. Al2O ), LiTaO , LiNbO , ZnO, and
mixtures thereof. Examples of nitride materials
include without limitation, silicon o nitride (Si3N4),
aluminum nitride (AlN), boron nitride (BN), titanium
nitride (TiN), zirconium nitride (ZrN), and mixtures
thereof, among others. Examples of glass include all
types of glass including soda glass, etc.
Alternatively, the mold can comprise a material
suitable for use as a semiconductor or intermediate
layer as disclosed earlier. The mold can be polished
to form a very smooth interface surface 212. Polishing
the mold 5 interface surface may be accomplished using
a variety of methods known to those skilled in the
art; however, use of micron or nano-sized diamond
particles during the polishing step can also provide a
good nucleation enhancing layer for vapor deposition
of diamond. The interface surface can be polished to a
surface roughness corresponding to a desired surface
roughness of the device surface 



210. Certain non-metallic materials, such as the
carbide and ceramic materials recited above are 0
particularly well suited for use as a mold in the
present invention because of their hardness and
ability to achieve an extremely smooth interface
surface. A smooth interface surface is particularly
important when making a SOD device that requires a
smooth device surface. In many cases, the interface
surface of a ceramic material maybe polished to have a
surface roughness of less than about 10 mm. In other
instances, the surface roughness can be less than
about 5 mm. Depending on the device, a 5 surface
roughness of less than about 1 mm can provide good
results. In some cases, an ultra smooth surface can be
desirable and may be less than about 20 nm. As line
width resolutions decrease, a surface roughness of
less than 1nm can also be beneficial in providing
improved exposure resolutions and image acuities.
Various methods for polishing the interface surface to
achieve such a degree of smoothness, for example with
diamond or nanodiamond powder or paste, or other
diamond tools are 0 well known to those skilled in the
art. Referring again to FIG. 3A, an adynamic diamond
layer 204 can be grown on the mold 220 using a vapor
deposition technique. Any number of known vapor
deposition techniques can be used to form the adynamic
diamond layer. The most common vapor deposition
techniques include CVD and PVD, although any similar
method can be used if similar properties and results
are obtained.Currently, the preferred diamond growth
method is CVD techniques such as hot filament,
microwave plasma, oxyacetylene flame, and direct
current arc techniques. The reactant gases used during
such techniques may be any which are known in the art
as useful for safely accomplishing diamond layer
fabrication using a selected CVD technique. However,
in one aspect, the gases used in the CVD technique are
a combination of methane and hydrogen gases. The
adynamic diamond layer can have a thickness as
described above. However, in some cases a slightly
thicker layer of diamond can be formed and then the
growth surface can be carefully polished to the
desired thickness. An optional nucleation enhancing
layer can be formed on the interface surface in order
to improve the quality and deposition time of the
diamond layer. Specifically, the diamond layer device
surface can be formed by depositing applicable nuclei,
such as diamond nuclei, on the interface surface of a
mold and then growing the nuclei into a film or layer
using a vapor deposition technique. While ceramics and
other non-metal materials are able to achieve a smooth
interface surface, many of these materials, such as
oxides, are unable to nucleate diamond and retain it
in place very well. Therefore, in order to overcome
such a deficiency, in one aspect of the present
invention, a thin nucleation enhancer layer can be
coated upon the interface surface of the mold. Diamond
nuclei are then placed upon the nucleation enhancer
layer, and the growth of the diamond layer proceeds
via 



CVD as described herein. A variety of suitable
materials will be recognized by those in skilled in
the art which can serve as a nucleation enhancer. In
one aspect of the present invention, the nucleation
enhancer may be a material selected from the group
consisting of metals, metal alloys, metal compounds,
carbides, carbide formers, and mixtures thereof.
Examples of carbide forming materials include without
limitation, tungsten (W), tantalum (Ta), titanium
(Ti), zirconium (Zr), chromium (Cr), molybdenum (Mo),
silicon (Si), and manganese (Mn). Additionally,
examples of carbides include tungsten carbide (WC),
silicon carbide (SiC), titanium carbide (TiC),
zirconium carbide (ZrC), and mixtures thereof among
others. The nucleation enhancer layer, when used, is a
layer which is thin enough that it does not to
adversely affect the transfer of the intended
configuration from the interface surface to the device
surface. In one aspect, the thickness of the
nucleation enhancer layer may be less than about 0.1
micrometers. In another aspect, the thickness may be
less than about 10 nanometers. In yet another aspect,
the thickness of the nucleation enhancer layer is less
than about 5 nanometers. In a further aspect of the
invention, the thickness of the nucleation enhancer
layer is less than about 3 nanometers. As the
nucleation surface of the diamond layer can be the
device surface of the tool, care should be taken to
ensure that this surface is of the highest quality and
integrity possible. Different degrees of quality may
be achieved during the vapor deposition process, as
required by the particulardevice being fabricated.
Those of ordinary skill in the art will readily
recognized the differing conditions and techniques
which produce a given degree of quality, and will be
able to achieve various degrees of quality without
undue experimentation. Various methods may be employed
to increase the quality of the diamond in the
nucleation surface of the diamond layer which is
created by vapor deposition techniques. For example,
diamond particle quality can be increased by reducing
the methane flow rate, and increasing the total gas
pressure during the early phase of diamond deposition.
Such measures, decrease the decomposition rate of
carbon, and increase the concentration of hydrogen
atoms. Thus a significantly higher percentage of the
carbon will be deposited in a sp3 bonding
configuration, and the quality of the diamond nuclei
formed is increased. Additionally, the nucleation rate
of diamond particles deposited on the diamond
interface surface of the mold or the nucleation
enhancer layer may be increased in order to reduce the
amount of interstitial space between diamond
particles. Examples of ways to increase nucleation
rates include, but are not limited to: applying a
negative bias in an appropriate amount, often about
100 volts, to the diamond interface surface of the
mold; polishing the diamond 



interface surface of the mold with a fine diamond
paste or powder, which may partially remain on the
interface surface; and controlling the composition of
the diamond interface surface such as by ion
implantation of C, Si, Cr, Mn, Ti, V, Zr,W, Mo, Ta,
and the like by PVD or PECVD. Physical vapor
deposition (PVD) processes are typically at lower
temperatures than CVD processes and in some cases can
be below about 200 C such as about 150 C. Other
methods of increasing diamond nucleation will be
readily apparent to those skilled in the art.
Polishing with diamond powder or paste is especially
useful when an ultra-smooth interface surface is
desired. Further, when a fine diamond paste is used to
polish the interface surface, many diamond particles
may become embedded in the diamond interface surface,
and can serve as seeds for increased nucleation rates.
Certain metals, such as iron, nickel, cobalt, and
their alloys, are known to catalyze diamond into
amorphous carbon or graphite at high temperatures
(i.e. greater than 7000C). Thus, by limiting the
amount of such substance in the composition of the
interface surface of the mold, the amount of diamond
which will be catalyzed to graphite is greatly
reduced, and the overall quality of the nucleation
surface is increased. In one more detailed aspect of
the present invention, the interface surface of the
mold can be etched with micro-scratches to enhance
nucleation. One method of introducing such
micro-scratches is to immerse the mold in an acetone
bath containing suspended micron-size diamond
particles. Ultrasonic energy can then be applied to
the mold and/or the fluid. Upon removal of the mold
from the ultrasonic bath, a portion of the
micron-sized diamonds remains on the surface as
diamond growth seeds.In another detailed aspect of the
present invention, nucleation can be optionally
enhanced by applying an electrical current such that a
strong negative bias is created at the mold. An
applied voltage of about 120 volts can increase
nucleation density up to a million fold. In one
aspect, tungsten carbide may be used as the material
for the mold, including the diamond interface surface
thereof. However, by limiting the amount of cobalt
binder contained therein to less than about 4% w/w,
the incidence of diamond catalysis is greatly reduced.
Further, it has been found that binder tree tungsten
carbide materials may be used to greatly reduce
diamond catalysis. Additionally, it has been found
that using ultra fine or sub-micron tungsten carbide
grains creates a very smooth diamond interface surface
which increases diamond nucleation. Additionally, the
smooth micro-configuration of the interface surface is
imparted to the device surface of the diamond layer.
Referring again to FIG. 3A, the device surface 210 can
be produced at the interface surface 



212 of the mold 220 as the diamond layer 204 grows. As
the diamond layer grows, the growth surface becomes
increasingly rough. Once the CVD process is complete,
the growth surface 222 remains exposed and is
typically rough compared to the device surface. As
mentioned above, the adynamic diamond layer is not
self-supporting such that if the mold were removed
leaving only the diamond layer, the layer would curl
or otherwise lose its intended shape, resulting in an
unsuitable surface for use in a SOD device. Typically,
the thickness of the adynamic diamond layer is less
than about 30 mm such as between about 5 mm and about
20 mm, although other thicknesses may be suitable for
particular applications. FIG. 3B illustrates one
embodiment of the present invention. In order to
prevent deformation of the adynamic layer, a substrate
214 can be joined to the growth surface 222 of the
adynamic diamond layer 204 prior to removing the mold
220 or a portion thereof in order to prevent curling
of the adynamic diamond layer. In one aspect of the
present invention, the substrate can bejoined to the
growth surface of the adynamic diamond layer by
brazing. Avariety of brazing alloys maybe suitable for
use in the present invention. Of particular benefit
are braze alloys which include a carbide former such
as Ti, Cr, Si, Zr, Mn, and mixtures thereof. Several
exemplary braze alloys include those of Ag- Cu-Ti,
Ag-Cu-Sn-Ti, Ni-Cr-B-Si, Ni-Cu-Zr-Ti, Cu-Mn, and
mixtures thereof. The brazing alloymay be supplied in
any known form such as a powder or as a thin foil.
Typical brazing temperatures are below about 1000 C
such as about 900 C. Further, the substrate can
preferably comprise a material having a thermal
expansion which is comparable to that of diamond in
order to prevent damage to the adynamic diamond layer
upon cooling from the brazing temperatures. Brazing to
the growth surface of the diamond layer has theadded
advantage in that the growth surface is rough,
increasing the strength of the braze bond between the
diamond layer and the substrate. In some embodiments
of the present invention, it may be desirable to use a
non-carbide forming material for the mold. For
example, when the mold is a non-carbide forming
material such as copper, the diamond layer will
separate from the mold upon cooling. Either before or
after cooling a braze foil may be placed on the growth
surface of the adynamic diamond layer. Subsequently, a
substrate is placed against the braze foil and the
assembly is pressed together under heat, and
optionally vacuum, in order to braze the diamond layer
to the substrate. In this embodiment, the mold is not
attached to the diamond layer and may be easily
removed. Alternatively, the device surface of the
adynamic diamond layer may be placed against a
pressing surface which maybe optionally coated with a
layer of material which prevents bonding of 



the pressing surface to the diamond layer, such as an
aerosol containing boron nitride. The braze foil may
then be placed against the growth side of the adynamic
diamond layer by carefully flattening the curved
diamond layer followed by pressing the substrate
against the braze foil and brazing the assembly as
described above. Following joining the substrate, a
portion of, or the entire mold can be removed without
damaging the adynamic diamond layer. The device
surface of the diamond maybe polished to remove any
residual graphitic bonds, but is often not required to
achieve the necessary smooth finish. Any such
polishing would be minimal and would be on the order
of angstroms, occasionally on the order of nanometers,
rather than microns. Additionally, the substrate can
bejoined to the growth surface either before or after
coupling the semiconductor layer. Typically, the
substrate can bejoined before coupling of the
semiconductor layer as described above. However, as
discussed herein, if the mold is used to form the
intermediate layer or semiconductor layer, the
substrate can be joined to the growth surface
subsequent to formation of the semiconductor layer and
or devices thereon. The particular choice of order of
forming individual layers can depend on processing
considerations such as convenience, strength of the
layers, pre-existing equipment layout, and the like.
In one aspect, multiple layers of diamond may be
deposited over one another using vapor deposition
techniques while in the mold, or after the initial
diamond layer has been formed and removed from the
mold to form a consolidated layer of desired
thickness. In one aspect, the diamond layer may be
thickened after the deposition of the initial film,
using non-vapor techniques, as are known in the art of
diamond fabrication and consolidation. In another
aspect of the invention, such thickening may take
place while the initial diamond layer is still in the
mold, or after it has been removed (e.g. by
dissolution in acid or KOH).Depending on the specific
embodiment the entire mold can be removed or only a
portion thereof. FIG. 3C illustrates an embodiment
wherein the entire mold is removed to expose the
device surface 210 of the adynamic diamond layer 204.
The mold and/or optional nucleation enhancer layer can
be separated from the diamond layer using any
mechanism suitable for removing the particular
substance from which the mold and nucleation enhancer
layer is fabricated. In one aspect of the present
invention, the mold can be chemically removed from the
diamond, such as by dissolution thereof with acid or a
base solution such as KOH or by plasma etching. In
another aspect, the mold can be physically removed
from the diamond layer, for example by grit blasting
or mechanical polishing. In yet another aspect, the
mold can be removed from the diamond layer using a
heat or cold treatment, such as a furnace for melting
the mold, or liquid nitrogen for freezing and
crumbling 



the mold. In a further aspect, separation of the mold
from the diamond layer due toheating or cooling may be
merely a result of different thermal expansion
properties between the mold material and the diamond
material. In accordance with the embodiment shown in
FIG. 3D, a semiconductor layer 206 can be coupled to
the device surface 210 of the adynamic diamond layer
204. The semiconductor layer can comprise any of the
materials previously discussed or any other material
suitable for construction of a particular device
thereon. In another aspect of the invention, the
semiconductor material can be obtained from a single
crystal ingot in order to control the crystal
orientation, reduce crystal defects, and provide a
high electromechanical coupling factor. The single
crystal ingot can be typically formed from a molten
liquid rather than the vapor phase. Further, the
single crystal ingot typically has a significantly
lower defect content than crystals formed from using
vapor deposition. Also, this eliminates concerns
regarding epitaxial growth of the semiconductor layer
on diamond-containing materials which can be
difficult. Further, additional components can be
formed upon the exposed device surface of the diamond
layer after removal of the mold, and nucleation
enhancer layer if used. The types of devices which can
be fabricated using the process of the present
invention are any device for which an advantage may be
found for incorporating diamond as an insulation
layer. The SOD devices of the present invention can be
incorporated into various electronic devices such as,
but not limited to, logic chips, memory storage, light
emitting diodes, e.g., blue LEDs, microwave
generators, and other semiconductor devices. Those
skilled in the art will recognize the potential
advantages of SOD devices of the present invention and
the methods by which such devices can be incorporated
into various devices such as those mentioned above or
other semiconductor devices. One significant advantage
in many applications which require a very smooth
device surface, is that because little or no device
surface machining is necessary after removing the
mold, the number of variations, microcracksor fissures
which are caused by such machining is substantially
reduced, or eliminated. The reduced incidence of
variations, including microcracks on the device
surface greatly enhances the quality of the final
product. Further, semiconductor devices and or
features can be formed on the semiconductor layer
either simultaneous with steps discussed herein or in
separate steps according to known semiconductor
fabrication techniques. Alternatively, the mold can
also serve as the substrate. In this case, the growth
surface can most likely require polishing prior to
coupling the semiconductor layer. FIGs. 4A through 4C
illustrate another alternative embodiment wherein at
least a portion of 



the mold is left in place to form a layer of the SOD
device. FIG. 4A illustrates an adynamic diamond layer
204 formed on the device surface 212 of a mold 220. A
substrate 214 can be formed or attached as discussed
previously. Alternatively, the substrate can be
attached subsequent to removal of a portion of the
mold. As shown in FIG. 4B, the mold 220 can be thinned
to a predetermined thickness shownby line 218. FIG. 4C
illustrates the SOD device afterremoval of a portion
of the mold. In such instances, the portion of the
mold which remains becomes an integral part of the
finished device. In order to produce a finished
product under these circumstances, in some aspects,
the outside surface of the mold may be polished or
shaped to provide a desired configuration or thickness
therefore, if such work has not been accomplished
prior to the fabrication of the diamond layer. The
mold can be thinned by grinding, polishing, or
chemically etching to the desired thickness. In one
aspect, the thickness of the original mold may be any
thickness or configuration required to produce a
specific device. The predetermined thickness can be
greater than about 1 millimeter and in some aspects
can be greater than about 5 millimeters. In an
additional aspect, the outside surface of the mold can
be polished or shaped to have a configuration required
to produce a specific device, hi a further aspect, the
mold may be polished or shaped into a layer have a
thickness of less than about 1 micrometer. In another
aspect, the thickness may be less than about 0.1
micrometer. In one embodiment, the mold can comprise a
material suitable for use as the semiconductor layer.
In this case, the steps of growing the adynamic
diamond layer and coupling a semiconductor layer are
achieved simultaneously, i.e. the semiconductor layer
is formed out of the mold. Examples of suitable mold
materials which can also serve as the semiconductor
layer include, but are not limited to, silicon,
silicon carbide, gallium arsenide, gallium nitride,
aluminum nitride, and composites thereof. In an
alternative embodiment, the intermediate layer can be
provided by providing a mold of suitable material and
then removing only portions of the mold necessary, as
discussed above, beforecoupling the semiconductor
layer thereto. Optionally, the intermediate layer can
be formed after removal of the mold. Additionally, the
mold can be partially removed to expose at least a
portion of the device surface. Typically, the
substrate can be joined prior to removing a portion of
the mold to aid in providing mechanical support.
However, if only portions of the mold are removed, the
remaining material of the mold can provide sufficient
support in order to allow subsequent joining of the 



substrate later. This alternative can be desirable for
processing convenience or other reasons such as
forming multiple devices in a single process. The
semiconductor layer can be coupled to the device
surface by forming the semiconductor layer on at least
the exposed portions of the device surface.
Alternatively, an intermediate layer can be formed on
the exposed portions of the device surface and then
the semiconductor layer is then formed on the
intermediate layer. In such embodiments, the
semiconductor and/or intermediate layers can be formed
by vapor deposition, brazing, gluing, or other known
methods. In one preferred aspect, these layers can be
formed by vapor deposition. Some SOD devices utilize a
layer of intermediate material. In one aspect of the
present invention, a thin intermediate layer can be
placed in contact with the smooth device surface of
the diamond layer. In one embodiment of the present
invention, an intermediate layer can be placed on the
interface surface prior to growing the diamond layer
thereon. In such embodiments, the intermediate layer
can comprise a material which is suitable for
nucleation and formation of diamond thereon. This can
also be enhanced by forming a nucleation enhancing
layer as discussed previously. By depositing a thin
layer of material the smooth surface and contours of
the mold interface is retained on the deposited
intermediate layer. The mold, or a portion thereof,
can be removed subsequent to the steps of growing the
adynamic diamond layer and/or joining the substrate to
the growth surface. Alternatively, an intermediate
layer can be attached to the device surface of the
diamond layer after the mold is removed. Typically,
the intermediate layer can be sputtered onto the
device surface of the diamond layer or otherwise
grown. Such methods of depositing material on a
diamond surface from a vapor phase are well known to
those skilled in the art such as CVD, PVD, or
sputtering on a heated substrate. Subsequent heat
treatments can be used to produce specific crystal and
lattice structure suitable for a particular
embodiment. In an alternative embodiment of the
present invention, it maybe suitable to use a single
crystal of substantial thickness. Typical single
crystals are grown as ingots which are then cut for
use in various devices. Additionally, in one aspect of
the present invention, the single crystals can be
optionally coated with a carbide former.However, in
accordance with one aspect of the present invention,
these single crystal blanks can be bonded to the
device surface of the diamond layer using an ultra
thin layer ofbonding material. Prior to bonding with
the device surface, the single crystal should be
polished to a smooth finish having a surface roughness
which is comparable to the corresponding device
surface. The surface roughness will depend on the
intended final device. However, in some cases, a
surface roughness of 



less than about one nanometer, preferably less than
about 5 angstroms, canbe suitable. Subsequently, an
ultra thin layer of bonding material may be produced
by forming a layer of bonding material on either the
device surface or the smooth blank surface and then
pressing the two surfaces together in order to reduce
the bonding layer thickness to less than about 1micron
and preferably less than about 10 nanometers (i.e.
only a few molecules thick). The bonding material may
comprise an organic binder such as an epoxy or may be
a reactive metal such as Ti, Si, Zr, Cr, Mo, W, Mn, or
mixtures thereof. In the case of a reactive metal, the
metal may be sputtered on a either the device surface
or the smooth blank surface and then pressed against
the other surface under heat and vacuum conditions. At
these ultra thin thicknesses, the bonding material
ismore stable at higher temperatures. For example,
typical epoxy binders will fail at temperatures above
about 200 0C; however at ultra thin thicknesses the
epoxy remains strong at higher temperatures. Further,
SOD devices do not require the same degree of strength
as in mechanical applications. Therefore, these thin
layers of bonding materials are suitable for SOD
devices. The bonded blank can then be ground and
polished to any desired thickness, e.g. less than
about 2 mm in the case of a SOD device. Alternatively,
the SOD devices of the present invention can be formed
by providing a mold having an interface surface and
growing an adynamic diamond layer on the interface
surface using a vapor deposition technique. A
semiconductor layer can be directly coupled to the
growth surface of the adynamic diamond layer. The mold
can be removed, thinned, or left in place for use as
the substrate. Additionally, an intermediate layer can
be formed on the growth surface. The ' semiconductor
layer can then be formed on the intermediate layer.
Optionally, the growth surface of the diamond layer
can be polished prior to coupling the semiconductor
layer thereto. In order to mass produce the SOD
devices of the present invention, the mold can be a
wafer of sufficient size to produce multiple SOD
devices from a single wafer precursor. Once the
adynamic diamond layer is grown, the semiconductor
layer formed, and the substrate isjoined, the larger
wafer precursor can be subdivided into individual SOD
devices. Frequently, the thermal expansion
coefficients of the diamond layer and the mold are
sufficiently different to cause separation of the
layers. This is typically not a problem over an area a
few millimeters across, however economic mass
production generally requires that such components be
formed on wafers and then cut from the wafers.
Additionally, wafer sizes are commonly up to 6 inches
and newer processes utilize wafersizes of 8 or 12
inches across. Thus, the difference in thermal
expansion becomes a greater problem as the wafer size
increases. Therefore, in accordance with another
aspect of the present invention, small grooves may be 



formed on the interface surface of the mold. The
grooves form a grid wherein each subdivided area
defines a surface corresponding to a single SOD
device. The grooves may be formed by etching, cutting,
or any other known method. As diamond, or intermediate
material, is deposited thereon the grooves act to
anchor the mold and isolate the thermal expansion
differences to each grid area. Thus, as the mold cools
subsequent to the vapor deposition process, the
contraction of the mold is limited by the diamond
deposited in the grooves. For example, a single
crystal piezoelectric LiNdO mold can have up to five
times the thermal contraction of diamond when cooling
from about 900 C depending on the crystallographic
orientation. Although the grooves may be of any depth
and width one current embodiment utilizes grooves
having a width and a depth of about 1 mm to about 10
mm, and preferably about 5 mm. Any suitable method can
be used to form such grooves, e.g., diamond scriber,
chemical etching, etc. One advantage of using this
method wherein the mold is only partially removed (and
incorporated into the final device) is that the depth
of the groove can be chosen to correspond to the
desired thickness of the semiconductor layer or
intermediate layer, although this is not required. For
example, the mold would be made of a suitable
semiconductor material and afterjoining a substrate to
the growth surface of the adynamic layer, the mold can
be polished until the diamond deposited in the grooves
is exposed. In this embodiment, the remaining mold
material is used in the final product. Further, the
degree of exposed diamond can be detected by a rise in
electrical resistance (as diamond is electrically
insulating) across the polishing surface. The
electrical resistance can be measured across the
entire wafer in order to maintain a substantially
uniform thickness. Thus, for example, if the
electrical resistance increases disproportionately on
one side of the wafer, force canbe increase to
increase the polishing and removal rate at the
opposite side of the wafer. As a guide, the uniform
depth of the grooves helps to ensure a uniform
thickness of semiconductormaterial across the entire
wafer precursor. Other components can then be attached
to the semiconductor material and final packaging
materials can be layered thereon. The final devices
can then be separated by cutting using known
techniques to produce the final devices which may then
be incorporated into various products. Although
dimensions can vary, SOD device dimensions can
typically have about 0.5 mm total thickness, wherein
the semiconductor layer and diamond layer are up to
about 30 mm. In another variation of the above method
which utilizes grooves in the ceramic mold, a CVD
diamond-passive material is deposited in the grooves.
Suitable CVD passive materials include any material on
which diamond does not form under CVD conditions such
as copper, silver, SiO2,Al O3,BN, graphite, and
mixtures thereof. Copper is the currently preferred
CVD diamond-passive material. 



During the CVD process diamond will form at the
interface surface but not on the CVD passive material.
Following the completion of the SOD devices thereon,
the CVD passive material may be removed by acid
dissolution or mechanical force. This variation of the
present invention makes separating the individual
devices from the wafer precursor much less expensive
since no cutting of diamond is required. In yet
another alternative a CVDpassive material is deposited
in a pattern which corresponds to individual SOD
devices without forming grooves in the surface of the
mold. Examples Example 1 A 100 mm diameter by 0.6mm
thick silicon wafer was polished to a surface
roughness of less than 1 mm. The polished surface was
then scratched using a diamond scriber along grid
lines to form scratches about 2 mm deep. The silicon
wafer was then placed in an ultrasonic bath containing
acetone and dispersed micron-sized diamond fines.
After treatment, the silicon wafer had a thin layer of
micron-sized diamond particles remaining on the
polished surface. The silicon wafer was then placed in
a hot filament CVD system having an atmosphere of
1%methane and balance hydrogen at 40 torr. These
conditions were maintained for about 30 hours, during
which a diamond film was deposited to about 30 mm in
thickness. The diamond coated silicon wafer was
removed from the CVD system. A tungsten disk having a
100 mm diameter and 0.5 mm thickness was brazed to the
growth side of the diamond using NICROBRAZ LM at 1005
0C for 12 minutes under a vacuum at 10" 5 torr. The
silicon substrate was then ground to about 1 mm
thickness using diamond deposited in the scratches as
a guide to maintain uniformity of grinding. The
silicon on diamond wafer can then be further processed
to form any number of semiconductor devices thereon.
Example 2 The same process was followed as in Example
1, except the tungsten disk is replaced byPVD
sputtered tungsten. Example 3 A 100mm diameter by
0.6mm thick silicon wafer was polished to a surface
roughness of less than 1 mm. The silicon wafer was
then placed in an ultrasonic bath containing acetone
and dispersed micron-sized diamond fines. After
treatment, the silicon wafer had a thin layer of
micron-sized diamond particles remaining on the
polished surface. The silicon wafer was then placed in
a hot filament CVD system having an atmosphere of
1%methane and balance hydrogen at 40 torr. These
conditions were maintained for about 30 hours, during
which a diamond film was deposited to about 



30 mm in thickness. The diamond coated silicon wafer
was removed from the CVD system. A tungsten disk
having a 100 mm diameter and 0.5 mm thickness was
brazed to the growth side of thediamond using
NICROBRAZ LM at 1005 0C for 12 minutes under a vacuum
at 10 5 torr. The silicon substrate was then
completely removed by dissolving in a hot concentrated
sodium hydroxide solution. The exposed diamond surface
was lightly polished and a 1 mm thick layer of
aluminum nitride was deposited using PVD. The CVD
process included an aluminum target in a nitrogen
atmosphere under vacuum. The deposited aluminum
nitride was found to align preferentially with the
basal plane (0002), i.e. in parallel with a silicon
surface. A semiconductor layer of gallium nitride was
then deposited to form an SOD device. The SOD wafer
can then be further processed to form any number of
semiconductor devices thereon. Example 4 The same
process was followed as in Example 3, except a single
crystal of silicon was deposited on the aluminum
nitride intermediate layer in place of the gallium
nitride layer. Example 5 The same process was followed
as in Example 1, except a gallium arsenide wafer was
used instead of a silicon wafer. Further, a silicon
wafer of the same dimensions was then brazed onto the
CVD diamond. The gallium arsenide layer was then
polished to a thickness of about 5 mm. Of course, it
is to be understood that the above-described
arrangements are only illustrative of the application
of the principles of the present invention. Numerous
modifications and alternative arrangements may be
devised by those skilled in the art without departing
from the spirit and scope of the present invention and
the appended claims are intended to cover such
modifications and arrangements. Thus, while the
present invention has been described above with
particularity and detail in connection with what is
presently deemed to be the most practical and
preferred embodiments of the invention, it will be
apparent to those of ordinary skill in the art that
numerous modifications, including, but not limited to,
variations in size, materials, shape, form, function
and manner of operation, assembly and use may be made
without departing from the principles and concepts set
forth herein.CLAIMS What is claimed is: 1. A
semiconductor-on-diamond device, comprising: a) a
substrate; b) an adynamic diamond layer on the
substrate having a device surface distal to the
substrate; 



c) a semiconductor layer coupled to the device surface
of the diamond layer. 2. The device of claim 1,
wherein said semiconductor layer is coupled using an
intermediate layer comprising a material selected from
the group consisting of aluminum nitride, chromium
nitride, silicon, silicon carbide, silicon nitride,
tungsten carbide, gallium nitride, tungsten carbide,
boron nitride, diamond-like carbon, tungsten,
molybdenum, tantalum, chromium, and composites or
alloys thereof. 3. The device of claim 1, wherein said
semiconductor layer is formed directly on the device
surface of the diamond layer. 4. The device of claim
1, wherein said diamond layer has a thickness from
about 0.1mmto about 30 mm. 5. The device of claim 1,
wherein the substrate comprises a member selected from
the group consisting of tungsten, silicon, silicon
carbide, silicon nitride, titanium carbide, titanium
nitride, boron nitride, graphite, ceramics, glass,
molybdenum, zirconium, tantalum, chromium, aluminum
nitride, DLC, and composites thereof. 6. The device of
claim 1, wherein the device is a light emitting diode.
7. A method of making a semiconductor-on-diamond (SOD)
device comprising the steps of: a) providing a mold
having an interface surface configured to inversely
match a configuration intended for a device surface of
the SOD device; b) growing an adynamic diamond layer
on the mold using a vapor deposition technique, said
adynamic diamond layer having a growth surface
opposite the device surface; c) removing at least a
portion of the mold; and d) coupling a semiconductor
layer to the device surface of the adynamic diamond
layer.8. The method of claim 7, wherein the mold
comprises a member selected from the group consisting
of tungsten, silicon, titanium, chromium, zirconium,
molybdenum, tantalum, manganese, and composites or
alloys thereof. 9. The method of claim 7, further
comprising the step of thinning the mold. 10. The
method of claim 9, wherein step of thinning the mold
forms the semiconductor layer. 11. The method of claim
9, wherein step of thinning the mold forms an
intermediate layer. 12. The method of claim 7, wherein
the step of removing the mold includes exposing at
least a portion of the device surface. 13. The method
of claim 12, wherein the step ofcoupling the
semiconductor layer is accomplished by forming the
semiconductor layer on at least the exposed portions
of the device surface. 



14. The method of claim 12, wherein the step
ofcoupling the semiconductor layer is accomplished by
forming an intermediate layer on the exposed portions
of the device surface and then forming the
semiconductor layer on the intermediate layer. 15. The
method of either claim 9 or 12, further comprising the
step of forming an intermediate layer on the interface
surface of the mold prior to growing the adynamic
diamond layer thereon. 16. The method of claim 7,
further comprising the step ofjoining a substrate to
the growth surface of the adynamic diamond layer. 17.
The method of claim 16, wherein the step of joining
the substrate to the growth surface is accomplished by
brazing with a braze alloy containing a carbide
forming agent. 18. The method or device of either
claim 1 or 7, said device surface having a surface
roughness (Ra) from about 1 nm to about 1 mm. 19. The
method of claim 18, wherein the surface roughness is
less than about 10 nanometers.20. The method of claim
7, wherein the adynamic diamond layer has a thickness
of less than about 30 micrometers. 


