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DESCRIPTION

TITLE OF INVENTION
COMPOSITE SUBSTRATE

TECENICAL FIELD
[0001]

This invention relates to a composite substrate suited
for semiconductor device fabrication, comprising an inorganic
ingulating sintered body having a high heat conductivity,
typically silicon nitride, and a single crystal semiconductor

film, typically silicon thin f£ilm, formed on its surface.

BACKGROUND ART
[0002]

Recently, silicon base semiconductor devices are
increasingly improved in performance as their design rule isg
miniaturized. It is then critical how to dissipate heat from
discrete transistors and metal interconnects between
transistors. To address the problem, several measures are
taken wherein after device fabrication, the silicon substrate
on the back surface is thinned to one to several hundreds of
microng, and a large fan is mounted on the chip to promote
heat dissipation, or a water-cooled tube is arranged
therearound.

[0003]

However, even when the silicon substrate is actually
thinned, the region where the device is fabricated extends
several microns from the surface, and the remaining region
gserves as a heat sump and remains less efficient from the
aspect of heat dissipation. Also, S80I wafers used in
high-performance processors or the like have the structure
including an insulating layer of $i0, interposed immediately
below a device active layer, which structure raises a serious

problem from the aspect of heat dissipation because S$i0, has
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a low heat conductivity of 1.38 W/m-K. Further, silicon
gsubstrates suffer a substantial loss in the high-freguency
region due to their dielectric properties, with their use
being limited.

[0004]

The silicon-on-sapphire (SOS) technology using sapphire
gubstrate is considered attractive because of efficient heat
conduction and low losses in the high-frequency region, but
suffers from the following problems. One problem is that
gsince the sapphire substrate 1is transparent in the visible
light region, it is not detected by the optical sgensor used
for the confirmation of a substrate or for the alignment of a
wafer during the device fabrication process. Another problem
is that sapphire substrates are expensive.

{0005]

Exemplary of the substrate which is opaque to wvisible
light, heat conductive and inexpensive are sintered ceramic
bodies such as silicon nitride and aluminum nitride. Since
these materials are obtained by sintering silicon nitride or
aluminum nitride powder together with sintering aids, metal
impurities like Fe and Al in the powder or sintering aids
like alumina themselves become a cause of contamination to
the device fabrication process. These materials are thus
awkward to use.

[0006]

It is noted that Patent Document 1 (JP-A H04-82256)
discloses a substrate having a SiO, film deposited thereon by
CVD method for the purposes of insulation and
anti-contamination. No reference is made to volume

resistivity.

CITATION LIST

Patent Document
{00071
Patent Document 1: JP-A H04-82256



16

15

20

25

30

35

SUMMARY OF INVENTION

Technical Problem
fooo8]

An object of the invention, which has been made under
the above-mentioned circumstances, is to provide a composite
substrate comprising an inorganic insulating gintered bedy
gsubstrate which is opaque to visible light, has high heat
conductivity and a low loss in the high-frequency region, and
is cheap, and a single crystal semiconductor thin f£ilm
deposited thereon, the composite substrate being suppressed

in contamination with metal impurities from the sintered body.

Solution to Problem

[o009]

The inventors have found that the above object is
effectively attained by providing a composite substrate
comprising an inorganic insulating sintered body substrate
having a heat conductivity of at least 5 W/m-K and a volume
resistivity of at least 1x10° Q-cm, a single crystal
semiconductor f£ilm, and optionally, a thin layer of oxide,
nitride or oxynitride disposed between the inorganic
insulating sintered body substrate and the single crystal
semiconductor film.

[0010]

Specifically, the invention provides a composite
substrate as defined below.

{1] A composite substrate comprising an inorganic
insulating sintered body substrate having a heat conductivity

of at least 5 W/m-K and a volume resistivity of at least
1x10° Q-cm, a single crystal semiconductor film, and

optionally, a thin layer disposed between the inorganic
insulating sintered body substrate and the single crystal
semiconductor film, said thin layer being composed of at
least one component selected from among an oxide, nitride,

and oxynitride.
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[2] The composite substrate of [1] wherein said thin layer
is formed to cover the inorganic insulating sintered body
substrate in entirety.

[3] The composite substrate of [1] or [2] wherein the
inorganic insulating sintered body ig silicon nitride,
aluminum nitride or SiAlON.

[4] The composite substrate of any one of [1] to [3] wherein
the single crystal semiconductor is single crystal silicon.

[5] The composite substrate of any one of [1] to [4]
wherein said thin layer is a film of high purity Si0,, Si\N,,
or SiON wherein 0 < x < 2 and 0 < y < 1.3, deposited by an
electron beam evaporation or chemical vapor deposition method.
[6] The composite substrate of any one of [1] to [4]

wherein said thin layer is of silicon nitride deposited by a
chemical vapor deposition method.

[7] The composite substrate of any one of [1] to [6],
further comprising a layer of polycrystalline or amorphous
silicon on at least the back surface of the composite
substrate.

Advantageous Effects of Invention
[0011]

According to the invention, a cheap composite substrate
which is suppressed in contamination with metal impurities is
provided at a low cost by using an inorganic insulating
sintered body which is opague to visible light, has high heat
conductivity and a low loss in the high-frequency region, and
is cheap.

BRIEF DESCRIPTION OF DRAWING
(00121
FIG. 1 is a diagram showing the construction of a
composite substrate according to one embodiment of the

invention.
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DESCRIPTION OF EMBODIMENTS

{0013]

The substrate used in the practice of the invention is
an inorganic insulating sintered body having a heat
conductivity which is preferably higher than the heat
conductivity (1.5 W/m-K) of Si0,, more preferably at least 5
W/m-K, and even more preferably at least 10 W/m-K. The heat
conductivity is typically up to 2,500 W/m-K, especially up to
2,000 W/m-X although its upper limit is not critical.

[0014]
To suppress a power loss due to dielectric properties,

the substrate should desirably have a volume resgistivity as
high as possible, preferably at least 1x10° Q-cm, and more
preferably at least 1x10° Q-cm. The volume resistivity is
typically up to 1x10” Q-cm, especially up to 1x10" Q-cm
although its upper limit is not critical. Exemplary of the
inorganic insulating sintered body meeting these reguirements
are sintered bodies of silicon nitride, aluminum nitride,
SiAION (Si,N,-Al0,) and the like.

Among these, silicon nitride is most preferred because
of high resistance to chemical liguids used in the device
fabrication process and a low cost of substrate formation.
[0015]

It is noted that the substrate preferably has a
thickness of 100 to 2,000 pm, more preferably 200 to 1,000 pm.
[0016]

Sometimes the sintered body contains metal elements
such as Fe and Al, typically much Al, with a likelihood that
such metal elements may exert detrimental effects when
leached out or diffused during the device fabrication process.

In this regard, provided that the impurity
concentration in a substrate is analyzed by the ICP-MS method,
if the Fe concentration is up to 1x10"” atoms/cm’ and the Al
concentration is up to 1x10" atoms/cm’, then a single crystal
semiconductor film can be formed directly on the substrate

gsurface. If the Fe concentration is from more than the
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indicated value to 1x10°° atoms/cm’ and the Al concentration
ieg from more than the indicated value to 1x10” atoms/cm’,
then the substrate in its entirety is preferably covered with
a thin film of oxide, nitride or oxynitride in order to
prevent these impurities from leaching out. Of course, it is
recommended to form such a thin film even when the Fe
concentration is up to 1x10" atoms/cm’ and the Al
concentration is up to 1x10" atoms/cm’. A single crystal
semiconductor film where a device is to be formed,
specifically a single crystal gilicon film is formed on the
substrate via the thin film, yielding the desired composite
substrate. It is preferred that the thin film be formed so
as to cover the substrate in its entirety.

[0017]

Since the thin film of oxide, nitride or oxynitride is
intended to prevent metal impurities in the substrate from
leaching out or diffusing, the thin film must be of high
purity. To this end, means for forming such films is
preferably sputtering, electron beam evaporation or chemical
vapor deposition. Using such means, the concentration of Al
or Fe in the film can be set below the concentration in the
sintered body, typically up to 1x10" atoms/cm’, preferably up
to 1x10" atoms/cm’, and more preferably up to 1x10” atoms/cm’,
which is effective for suppressing contamination with metal
impurities from within the substrate. The thin film preferably

has a volume resistivity of 1x10° to 1x10"™ Q-cm, and more

preferably 1x10" to 1x10"™ Q-cm and a heat conductivity of 2
to 100 W/m-X, and more preferably 5 to 50 W/m-K. Exemplary of
the film species are insulating films of Si0,, Si\N, and SiON,
(wherein 0 < X < 2 and 0 < y < 1.3) which can be formed to a
high purity by the above-mentioned means. Inter alia, silicon
nitride is most preferred when it is taken into account to
maintain the high heat conductivity of the substrate.
[0018]

It is noted that the thin film preferably has a

thickness of 0.01 to 50 pm, more preferably 6.1 to 20 um.
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Also, the single crystal semiconductor film formed on
the substrate surface directly or wvia the thin f£ilm may be a
single crystal silicon film. In most cases, the
semiconductor film is preferably formed to a thickness of
0.01 to 100 pm, more preferably 0.05 to 1 pum. The methods
for forming the single crystal semiconductor film include a
method of bonding a substrate having hydrogen or rare gas
ions implanted therein, flaking and transferring the
implanted layer, like Smart-Cut method, and a method of
bonding a semiconductor layer of Si or SOI and thinning by
mechanical and/or chemical means.

[0019]

Algo, while the substrate is held by an electrostatic
chuck as a general practice in the device fabrication process,
it is difficult to hold silicon nitride by the electrostatic
chuck because the sgilicon nitride itself is insulating.
Therefore, the back side of the substrate must be made
electroconductive or semi-conductive. This state can be
established by a silicon film which allows for holding by an
electrostatic chuck and eliminates the concern of
contamination to the device fabrication line, while the
gsilicon film may be embodied as a single crystal silicon film,

polycrystalline silicon film or amorphous silicon film. The

silicon film preferably has a thickness of 0.01 to 100 pm,

more preferably 0.05 to 10 pum.
[0020]

The composite substrate of the invention is mainly used
in the fabrication of power devices with substantial heat

generation and RF devices using high frequency.

EXAMPLES
foo21]
Examples and Comparative Examples are given below for
illustrating the invention, but the invention is not limited
thereto.
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[o022]
[Example 1]
FIG. 1 shows cne embodiment of the invention. A SiN,

gintered body 11 having an outer diameter of 200 mm and a
thicknegs of 725 um was furnished as the sintered body
substrate. The substrate had a volume resistivity of 1xi0™
3-cm, as measured by the four-probe method. It also had a

heat conductivity of 15 W/m-K, as measured by the laser flash
method. It is noted that a SiN, sintered body substrate
having the same volume resistivity and heat conductivity as
the above substrate was prepared. This substrate was
dissolved in HF aqueous solution, from which a metal impurity
concentration was measured by the ICP-MS method, finding a Fe
concentration of 1x10" atoms/cm’ and an Al concentration of
5x10" atoms/cm’.

Over the entire surface of the substrate, a silicon
nitride £ilm 12 of 1 pm thick was formed by the LP-CVD method.
The silicon nitride film thus formed was measured to have a
volume resistivity of 1x10" Q-cm and a heat conductivity of
13 W/m-K, indicating substantially equivalent physical
properties to the sintered body. The metal impurity
concentration in the film was determined by dissolving the
film in HF aqueous solution and effecting the ICP-MS analysis.
As a result, among metal impurities in the film, the richest
was Fe which was present in a concentration of 1x10" atoms/cm’.
The next richest metal impurity was Al which was present in a
concentration of 1x10™ atoms/cm’. Other metal impurities
were present in concentrations which were below the detection
limit and negligible in the device fabrication process.

A single crystal silicon thin £ilm 13 of 0.3 pm thick
was bonded to one surface of the substrate. In this way, a
composite substrate with the minimized concern of metal
contamination could be prepared using a cheap sintered body
substrate having a high heat conductivity.

On the back surface of the substrate thus prepared, an

amorphous silicon thin film 14 of 1 pm thick was deposited by
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the LP-CVD method. The metal impurity concentration on the
amorphous silicon surface was below the detection limit as
measured by the ICP-MS method, indicating no metal
contamination to the back surface.

[0023]

[Example 2]

A Si,N, sintered body as in Example 1 was furnished as
the sintered body substrate.

Over the entire surface of the substrate, a Si0, film
of 1 pm thick was formed by the LP-CVD method. The Si0, film
thus formed was measured to have a volume resistivity of
1x10" Q-cm and a heat conductivity of 1.5 W/m-K. When the
metal impurity concentration in the film was determined by the
same procedure as in Example 1, both Fe and Al were present in
a concentration of 1x10" atoms/cm’. Other metal impurities
were presgsent in concentrations which were below the detection
limit and negligible in the device fabrication process.

As in Example 1, a single crystal silicon thin film of
0.3 pum thick was bonded to one surface of the substrate. In
this way, a composite substrate with no concern of metal
contamination could be prepared using an insulating substrate
having a high heat conductivity.

On the back surface of the substrate thus prepared, a
polysilicon thin film of 1 um thick was deposited by the
LP-CVD method. The metal impurity concentration on the
polysilicon surface was below the detection limit as measured
by the ICP-MS method, indicating no metal contamination to
the back surface.

[0024]
[Example 3]

An AlN sintered body having an outer diameter of 200 mm
and a thickness of 725 um was furnished as the sintered body
substrate. The substrate had a volume resistivity of 1x10”
Q-cm, as measured by the four-probe method. It also had a

heat conductivity of 160 W/m-K, as measured by the laser

flash method. A metal impurity concentration in the
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substrate was measured as in Example 1, finding a Fe
concentration of 5x10” atoms/cm’ and an Al concentration of
1x10"” atoms/cm’.

Over the entire surface of the substrate, as in Example
1, a silicon nitride thin film of 1 pm thick was formed by
the LP-CVD method. The film thus formed had a volume
resistivity, a heat conductivity and metal impurity
concentrations, all equivalent to Example 1.

As in Example 1, a single crystal silicon thin film of
0.3 um thick was bonded to one surface of the substrate. In
this way, a compogite substrate with no concern of metal
contamination could be prepared using an insulating substrate
having a high heat conductivity.

On the back surface of the substrate thus prepared, an
amorphous silicon thin film of 1 pum thick was deposited by
the LP-CVD method. The metal impurity concentration on the
amorphous silicon surface was below the detection limit as
measured by the ICP-MS method, indicating no metal
contamination to the back surface.

[0025]
[Example 4]

A SiAION (Si,N,-Al,0,) sintered body having an outer
diameter of 200 mm and a thickness of 725 pum was furnished as
the sintered body substrate. The substrate had a volume
resistivity of 1x10" Q-cm, as measured by the four-probe
method. It also had a heat conductivity of 45 W/m-K, as
measured by the laser flash methoed. A metal impurity
concentration in the substrate was measured as in Example 1,
finding a Fe concentration of 2x10" atoms/cm’ and an Al
concentration of 1x10” atoms/cm’.

Over the entire surface of the substrate, as in Example
1, a silicon nitride thin film of 2 um was formed by the

LP-CVD method. The film thus formed had a volume resistivity,
a heat conductivity and metal impurity concentrations, all

eguivalent to Example 1.

~-10-



10

15

20

25

30

35

Ag in Example 1, a single crystal silicon thin film of
0.3 pm thick was bonded to one surface of the substrate. In
this way, a composite substrate with no concern of metal
contamination could be prepared using an insulating substrate
having a high heat conductivity.

On the back surface of the substrate thus prepared, an
amorphous silicon thin f£ilm of 1 pum thick was deposited by
the LP-CVD method. The metal impurity concentration on the
amorphous silicon surface was below the detection limit as
measured by the ICP-MS method, indicating no metal
contamination to the back surface.

[0026]
[Comparative Example 1]

A SiN, sintered body substrate having the same volume
registivity and heat conductivity as in Example 1 was
furnished. The substrate was dissolved in HF aqueous
gsolution, from which a metal impurity concentration was
measured by the ICP-MS method, finding a Fe concentration of
1x10" atoms/cm’ and an Al concentration of 5x10" atoms/cn’,
which were substantially higher than the concentrations in
the gilicon nitride film in Example 1. The substrate was not
ready for use in the device fabrication process because it
had metal impurity concentration levels sufficient to cause
contamination of the fabrication line, despite acceptable
values of volume resistivity and heat conductivity.

[0027]
[Comparative Example 2]

An A1IN sintered body substrate having the same volume
resistivity and heat conductivity as in Example 3 was
furnished. The substrate was dissolved in HF agqueous
solution, from which a metal impurity concentration was
measured by the ICP-MS wmethod, finding a Fe concentration of
5x10Y atoms/cm’ and an Al concentration of 1x10” atoms/cm’,
which were substantially higher than the concentrations in
the silicon nitride film in Example 3. The substrate was not
ready for use in the device fabrication process because it

had metal impurity concentration levels sufficient to cause

o e
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contamination of the fabrication line, despite acceptable
values of volume resistivity and heat conductivity.

[0028]

[Comparative Example 3]

A SiAlON sintered body substrate having the same volume
resistivity and heat conductivity as in Example 4 was
furnished. The substrate was dissolved in HF agueous
solution, from which a metal impurity concentration was
measured by the ICP-MS method, finding a Fe concentration of
2x10" atoms/cm’ and an Al concentration of 1x10” atoms/cm’,
which were substantially higher than the concentrations in
the silicon nitride film in Example 4. The substrate was not
ready for use in the device fabrication process because it
had metal impurity concentration levels sufficient to cause
contamination of the fabrication line, despite acceptable
values of volume resistivity and heat conductivity.

(00291

It was examined whether or not the wafers prepared in
Examples 1 to 4 and Comparative Examples 1 to 3 could be held
by an electrostatic chuck. The composite substrate was
rested on a base plate which was provided with an electrode
of diameter 300 mm, after which an attractive force was
measured by applying a voltage of 1300 volts thereacross,
pulling the substrate under the applied voltage, and measuring
the force required to remove the substrate from the table by
means of a load cell, the measured value being reported as
the attractive force. The results are shown in Table 1.

Table 1 shows the measured values of attractive force
for the composgite substrates of Examples 1 to 4 and
Comparative Examples 1 to 3 and a silicon wafer of the same
size. As seen from the test results, the composite
substrates of Comparative Examples 1 to 3 where nelither
amorphous silicon nor polysilicon was deposited were not held
by the electrostatic chuck in a substantial sense whereas the
composite substrates of Examples 1 to 4 where amorphous
silicon oxr polysilicon was deposited showed substantially

equivalent attractive forces to the silicon wafer.

-12~



[0030]

Table 1
Substrate type Attractive force (N)
Composite substrate of Example 1 38.4
Composite substrate of Example 2 37.7
Composite substrate of Example 3 39.1
Composite substraﬁe of Example 4 37.6
Composite substrate of Comparative Example 1 3.5
Composite substrate of Comparative Example 2 1.2
Composite substrate of Comparative Example 3 3.7
Silicon wafer 40.9

-13-
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CLAIMS:

1. A composite substrate comprising an inorganic

insulating sintered body substrate having a heat conductivity

of at least 5 W/m-K and a volume resistivity of at least
1x10° Q-cm, a single crystal semiconductor film, and
optionally, a thin layer disposed between the inorganic
insulating sintered body substrate and the single crystal
semiconductor film, said thin layer being composed of at
least one component selected from among an oxide, nitride,
and oxynitride.

2. The composite substrate of claim 1 wherein said thin
layer ig formed to cover the inorganic insulating sintered

body substrate in entirety.

3. The composite substrate of claim 1 or 2 wherein the
inorganic insulating sintered body is silicon nitride,

aluminum nitride or SiA10N.
4. The composite substrate of any one of claims 1 to 3
wherein the single crystal semiconductor is single crystal

silicon.

5. The composite substrate of any one of claims 1 to 4

wherein said thin layer is a film of high purity 8i0O,, SiN,,
or SiON wherein 0 <« x < 2 and 0 < y < 1.3, deposited by an
electron beam evaporation or chemical vapor deposition method.

6. The composite substrate of any one of claims 1 to 4
wherein said thin layer is of silicon nitride deposited by a

chemical vapor deposition method.

7. The composite gubstrate of any one of claims 1 to 6,
further comprising a layer of polycrystalline or amorphous
gilicon on at least the back surface of the composite

substrate.

-14 -



