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SILICON CARBIDE FABRICATION -

FIE F T INT I

The present invention relates to a silicon carbide

- fabrication that is excellent in compactness, corrosion

resistance, strength characteristics, and therefore useful as a
mate_rial used in semiconductor manufacturing, including for
example susceptors, dummy wafers, target materials, or various
j‘igs used in processes such 'a; epitaxial growth,, plasma etching,
CVD process and the like.
BACKGROUND OF THE INVENTTON

Silicon carbide (hereinafter referred te as “SiIC”) is
excellent inmaterial characteristics such as thermal resistance;
wear resistance, and corrosion resistance, which makes it useful
as material for various'_industrial applications. In particular,
an SiC fabricatidh (CVD-SiC fabrication) manufactured by
utilizing a chemical vapor deposition (CVD) method is widely used
in a variety of materials suitable for manufacturing
semiconductors because of its compactness and high pur_ity.

Such a CVD-SiC fabrication is prepared by having SiC
'c_rystal grains -deposite.d on a substrate surface with a gas phase
reaction of gaseous raw materials, and, after forming a solid
coating by grbwing the crystal grains, removing the substrate body.
The material therefore is characterized by its high compactness,
high purity, and high degree of uniformity in the Structure.

As a CVD-SiC fabrication, for example, a CVD self-supported

film structure is disclosed in Japanese Patent Application
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. 2 :
Laid-Open No. 188927/1995, wherein the CVD self-supported film

structure comprising heat resistant ceramicmaterials suchas SiC,

Si3Ng, and fhé lf‘k’é is characterized by having randomly orientated
crystal grains. In this invention,.the crystal grain orientation

is randomized by an additional héat treatment at a temperature
higher than recrystallization temperature, for example between

1,700 to 2,200 °C, so that anisotropy in the mechanical strength

of the CVD self—supported film structure is reduced. Such an
additional step; howe_ver, ﬁakes the mamifacturing procesé more
complicated. -

Additionally, in Japanese Patent Application Laid-Open No.
188408/1996, there disclosed are methods for manufacturing a
CVD-SiC fabrication by building an 'SiC coating on either side of
an SiC substrate prepared by a CVD process, and also by forming
an SiC coating on a substrate, turning it to an SiC substrate by
removing said substrate, and building an additional SiC coating
on both sides of the SiC substrate.

Furthermore, in Japanese Patent Application Laid-Open No.
188468/1996, there disclosed are a method fdr manufacturing a
CVD-SiC fabrication comprising a lamination of three or more of
SicC léYers each having a thickness of 100um or less, and also a._
method for manufactuf:ing a CVD-SiC fabrication employing a
technique whereby an SiC coaﬁing is formed on a substi:ate and then
made to an SiC fabrication by removing said substrate. In the
latter method, a process of building an SiC layer with a CVD method '
and subsequently leveling th_e surface of said SiC layer is

repeated several times to build a lamination of SiC layers, each
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. 3 .
having a thickness of 100um or less, T¢ a desired total thickness

prior to removing the substrate.

The above®mentioned inventions in the Japénese-Pafent
Application Laid-Open Nos. 188408/1996 and 188468/1996 employ,
for the purpose of'preventing cracks or warp occurring on an SicC
fabrication, methods wherein.(a) the growth of an SiC'coating is
" interrupted without bringing it to the deéired thickness in one
process, thereby minimiziné accumulation of internal stress in
the coating, to pi:epare an SiC coating made up witﬁ uniformcrystal
grains and reduced surface roughness, and thereafter an SiC
coating is built dn both top and back sides of said SiC coating
used as a substrate (Japanese Patent Applicatien Léid-Open No.
188408/1996); or (b) a'prpcess of interrupting the formation of
an SiC layer at an earlier stage of growth and leveling the layer
surface is repeated several times (Japanese Patent Application
Laid-Open No. 188468/1966) .

The above-mentioned inventions in the Japanese Patent
Application Laid;Open Nos. 188408/1996 and 188468/1996,
therefore, have such shortcomings as complicating the
. manufacturing process by requiring the CVD growth of an SiC
coating to be interrupted without bringing it to the desired
thickness in one process, or otherwise requiring leveling
treatment of the surface, both adversely affecting the
‘manufacturing'efficieﬂcyu Moreover, strength characteristics or
thermal shock resistance of the product of thes'e.*"inv'e"ntions still

leaves much to be desired.

—_—
- This Sheet Has Be

i



4

SUMMARY QF THFE INVENTTON

The present inv.ento::s have found that, as a result of
research undertaken to solve the above-mentioned prbblems, by
selecting and controllipg the properties of SiC crystal grains
deposited with a CVD process, a CVD-SiC fabrication hafiing
excellent strength and thermal characteristics is made available.

The present invention is developed based on the above findings.

.Accordingly, an object of the present invention is to provide a

CvVD-SiC fab'ricat'ion having.excellent strength and thermal
characteristics without requiring complicated processing.

_ The SiC fabrication of the present invention to accomplish
the abové-mentioned object is an SiC fabricatidn prepared with
a CVD process (CVD-SiC fabrication) which is structurally'
characterized in that the thermal conductivity along the
direction of the SiC crystal growth is between 100 and 300 W/m-
K, and the avera.;e -gjré.in diameter of the internal structure is

4 to 12 ym. Further, the ratio of the thermal conductivity along

the direction of the SiC crystal growth to the thermal

cbnductivity in the perpendicular direction is preferably set at

~a range of 1.10 to 1.40.

DETATLED DESCRIPTTON OF THE INVENTION
AND PREFFERRED EMBODIMENTS
An SiC fabrication prepared with a CVD process, i.e.
CVD-SiC fabrication, is obtained by a gas phase reaction of
gaseous raw materials to have SiC deposited on a szbst;_fa{te surface
and by removing the substrate body thereafter. For such a

substrate, graphite material or ceramic material is used. While
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5:
processes such as cutting or grinding may be used in removing the
substrate, in order to avoid deformation or ingress of impurities,
it is preférred*tb use graphite material, which can be easily
removed by burning off.

In the course wherein SiC ié deposited with a CVD process
and grown to form an SiC coating on the surface of a substrate,
SiC kernels are first generated on the substrate surface by a gas
phase reaction of raw material gases. The SiC kernels then grow

' into amorphous Sib, and then to minute polycrystalline SiC gfains .
Continuing the CVD reaction causes the minute polycrystalline SiC
grains to grow further into a columnar crystalline structure to
form an SiC coating. The SiC coating grows on™the substrate
surface and increases in thickness upwa;d ﬁherefrom, The
particle size.of crystals fluctuates while the SiC coating is
growing. The stfength ahd thermal characteristics of a CVD-SiC
fabrication, therefore, vary widely depending on thé grain |
properties of the SiC coating deposited and formed on the
substrate.

The SiC fabrication of the present invention lis defined
as having a certain physical property of the SiC coating deposited
apd formed on the substrate, wherein the thermal conductivity
aldng the direction of the SiC crystal growth is within a specific
range of 100 to 300 W/m'K. When an SiC coating consists of SiC
grains rich in minutélpolyérystalline SiC grains and with a low
proportion of columnar grains, it intensifies the phonoﬁ
dispersion at the grain boundary to increase the thermal

resistance, thereby reducing the thermal conductivity land_
-
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6

increasing the strength of the SiC coating formed. The reasdn why
‘l;he thermal conductivity along the direction of the SiC érystal
growth is limit&d in a specific range of 100 to 300 W/m‘K is as
follows: If the thermal conductivity is less than 100 W/m'K, it
adversely affects the anti-thermal shock properties required in
heating and cooling cycles._.On the other hand, if the thermal
conductivity is over 300 W/m*K, it increments directional nature
of grain properties to increase anisotropy of strength as well
as thermal charaéteristics,'making the fabrication prone to cause
_therrﬁ'al deformation. The preferred range of the thermal
conductivity is between 150 and 250 W/m-K.

Further, the SiC fabrication of the present invention
fequires- to have an internal structure with an average grain
diameter of 4 to 12 pum. The internal structure of a CVD-SiC
fabrication consists of SiC grains of the SiC coating deposited
and formed on a substrate surface by a CVD reactioﬁ, where the
size of such SiC grains is affecting the strength and thermal
characteristics of the CVD-SiC fabrication. When .the grain
diameter is small the grain boundary acts to moderate stress,
whereas a larger grain diameter tends to cause cileavage of crysﬁal
grains therﬁselves as a result of concentrated stress. Accordingly,
the present invention provides for strik_ing a balance between the
strength and thermal characteristics by specifying the average
grain di_arheter of the internal.structure that constitute the
CVD-SiC fabrication to a range of 4 to 12 ym. If an average grain
diameter is less than 4 um it adversely affects thermal

characteristics such as'‘thermal conductivity, whereas an average
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grain diameter more than 12 um could result in reduced strength
characteristics such as a flexural strength of less than 600 Mpa.
The prefefréd fzﬁge of the average grain diameter is 5 to 8 um.
Additionaily, when the ratio of the thermal conductivity
along the direction of the SiC cfystal growth to the thermal
conductivity in the perpendicular direction is in a range 0of£.1.10
to 1.40, the property of the SiC grains becomes 'less anisotropic,
contributing to improved thermal characteristics as exemplified
in prevention of defects such as cracks occurring during the
thermal shocks caused by a heating and cooling cycle. A CVD-SiC
fabrication mainly comprises the cubic crystal system B-~SiC that
takes various forms of crystal growth, where fof example an X-ray
diffraction shows diffraction intensity for (111), (200), (220),
and (311) in varied proportions. In some cases the thermal
.?oﬁdﬁctivity of a CVD-SiC fabrication exhibits anisotropy
depending on the crystai form. For example, when the reaction
conditions such as gas concentratioﬁ or pressure have raised the
degree of supersaturation of the raw material gas, the crystal
grows -toward a direction perpgridicu‘lar to the substrate,
resultihg in anisotropy in the thermal conductivity to cause a.
declining trerid in strength or anti—the;mal shock properties;
A CVD-SiC fabricétion is prepared typically by setting and
heating a graphite material as substrate in the reaction chamber
of a CVD equipment, introducing a gaseous mixtui:e of a halogenated
organic silicon compound and hydrogen into the reac_tioﬁ chamber,
forming an sic coating of a desired thickness with deposition of

SiC on the substrate as. produced by reduction-thermal

—_—
e S,
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8
decomposition of the halogenated organic silicon compound, and

removing the graphite substrate thereafter. As a halogenated
organic silicon'&ompound for the raw material gas, compounds such
as trichloromethyl silane, trichlorophenyl silane,
dichloromethyl silane, dichlorodiniethyl silane, chlorotrimethyl
silane, and the like may be used. For removing the graphite
substrate, an appropriate method is employed such as slicing off
the graphite material or burning it off by heatiﬁg it inair, amc_mg :
which the burn-off prqcedui:e is preferred for its simplicity.
Additionally, it is desirable to provide the fabrication with a
grinding treatment for smoothing purposes after the removal of
the graphite substrate. T

The SiC fabrication of the present invention can be
prepared by setting and controlling conditions such as the ratio
of halogenated organic silicon compound as the raw material gas
to hydrogen as the reduction agent, flow rate of the gaseous |
mixture, temperature or duration of the CVD reaction, and the
furnace pressure of the CVD equipment.

EXAMPLES

In the following sections, detailed embodiment examples
of the present invention are described in parallel with
comparative examples.

As the substrate, a high-purity isotropic graphite
material (with ash content of 20 ppﬁl ér less) having a diameter
of 202 mm and a thicknesé- of 6 mm was set in a quartz reaction

tube of a CVD equipment and heated. Using trichloromethyl silane
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9
for a halogenated organic silicon compound as the raw material

gas, a gaseous mixture with hydrogen was prepared and fed into
the reaction tuB’éat a rate of 190 L/min wherein a CVD reaction
was performed for 24 hours to form an SiC coating on the surface
of the substrate. In doing so, SiC coatings of varying physical
properties were déposited by changing the trichloromethyl silane
concentration in the gaseous mixture, the CVD reaction
temperature, and the pressure of the reaction tube. The substrate
was then Sliced in half at the radial cross—sec.ti.onal direction,
t;eated to 650°C in air to burn off the graphite substrate, and
subsequently provided with a grinding treatment to obtain a
disc-shaped CVD-SiC fabrication having a diameter of 200 mm and
a thickness of 1.2 mm.

For the SiC fabrications prepared as in the above, thermal
conductivity, average grain diameter of the internal structure,
and f_lexural strength were measured, and a thermal shock test was
performed in accordance with test methods as provided below. The
results obtained, together with the corresponding preparation
conditions for each CVD-SiC fabrication tested, are shown in Table
1. |
® Thermal conductivity (W/m'K):

The thermal conductivity was calculated from thermai
diffusivity and specific heat capacity obtained with the Laser
Flash method as provided in JIS R1611-1991, using the following
equation: '

Kk=a XCpXp

where, £ = Thermal conductivity (W/m-K)
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10
o= Thermal diffusivity (m?/s)

Cp= Specific heat capacity (J/kg-K)
. p="Bulk density (kg/m’)

® Average grain diameter of the internal structure (um):

A scanning electron microscopé image of the test piece was
observed at a magnification of 3,000, and the grain size at
50% cumulative area ratio is determined as the average grain
diameter. |

Flexural stréngth (MPaf:

The flexural strength was tested in accordance with JIS
R1601-1981, 3-point. bending method.

Thermal shock test: ' oo

A sample piece kept at room temperature was placed in an
electricfurnacenaintainedat14200°Cﬁnderinertatmosphere,
taken out of the furnace 2 minutes later, allowed to cool.down
to 200°C in air, and then put back to the furnace again. The
heating cycle was repeated for a total of 10 times while the

sample appearance was inspected after each cycle.
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Table 1

CVD-8iC fabrication

Preparation conditions Characteristics

Raw material Reaction Pressure - Thermal Average | Flexural Thermal

concentration ! temperature | (Torr) conductivity grain strength | shock test

(Vols) (°C) (W/m*K) diameter (Mpa) . :

A® IB° [B/A (pm)
Example . - '3
1 7.5 1320 760 130 150 1.15 4 700 Excellent
2 7.5 1320 500 145 165 1.14 5 680 Excellent
.3 7.5 1350 760 140 170 1.21 5 680 Excellent
4 7.5 1360 500 160 180 1.13 7 660 Excellent
5 7.5 1360 760 155 | 175 1.13 6 670 Excellent
6 5.0 1360 760 165 190 1.15. 7 660 Excellent
7 7.5 1380 - 760 185 220 1.19 8 - 650 Excellent -
8 7.5 1380 500 190 225 1.18 10 630 Excellent
9 5.0 1380 760 190 230 1.21 9 630 Excellent
10 7.5 1400 760 250 280 1.12 12 600 Excellent
Comparative ’ :
Example -

1 7.5 1160 760 920 120 1.33 2 710 8 times™
2 7.5 1200 760 75 105 1.40 2 715 6 times"
3 7.5 1270 500 85 110 | 1.29 3 705 " |7 times™
4 7.5 1270 760 75 95 1.27 2 715 5 times"*
5 5.0 1270 760 85 | 105 1.23 3 710 7 times'*
6 10.0 1350 760 110 170 1.55 4 480 5 times"?
7 12.5 1380 760 150 | 240 [ 1.60 6 470 5 times"!
8 7.5, 1400 500 270 300 1.11 14 540 Excellent
9. 5.0 1400 760 320 350 1.09 15 520 Excellent
10 7.5 1450 500 370 390 1.05 18 440 Excellent
11 7.5 1450 760 360 380 |.1.06 17 450 Excellent

11
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12
Notes

*1: Trichloromethyl silane concentration in the gas mixture, in
Vols , ™

*2: Thermal conductivity perpendic_:ular to the direction of SiC
crystal growth, in W/m'K

*3: Thermal conductivity along the direction of SiC crystal growth,
in W/m-K

*4: Number of heating cycles to produce cracks

It is evident from the test results given in Table 1 that
the SiC fabricatibns in the embodiment examples having a thermal
conductivity along the direction of the SiC csystal growth
(denoted in the Table as “B”) in the range of 100 to 300 W/m
K, and an average grain diameter of the internal structure between

.4 and 12 pm all exhibit higher flexural strength and better
anti-thermal shock property than comparative examples.
Furthermore, when the ratio (B/A) of the thermal conductivity (B)
:ellong the direction of the SiC crystal growth to the thermal
conductivity (A) in the perpendicular direction is in é range of
1.10 to 1.40, the.improvement in the anti-thermal shock property
becomes more prominent.

As described in the foregoing, the present invention
provides an SiC fabrication, comprising a_high purity and highly
compact CVD-SiC fabrication, which is excellent in strength as
well as thermal characteristics. Thus_," ti‘le SiC fabrication in -
accofdance with_the present invention is extremely useful as a

material used in semiconductor manufacturing, including for
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CVD process" and the like.
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WHAT IS CLAIMED TIS:

14

1. An SiC fabrication manufactured by utilizing a chemical
vaéor deposiﬁiagn(CVD) method, characterized in that it has a
thermal conductivity along the dipection of SiC crystal growth
between 100 and 300 W/m*K, and an average grain diameter of the

internal structure between 4 to 12 um.

2. The SiC fabrication according to claim 1, wherein the

thermal conductivity along the direction of the SiC crystal growth
is between 150 to 250 W/mK.

3. The SiC fabrication according to claim 1, wherein an
average grain diameter of the internal structure is between 5 to
8 um. -

4. The SiC fabrication according to claim 1, whérein the
ratio of the thermal conductivity along the direction of the SiC
crystal growth to the thermal conductivity in the perpendicular
direction is between 1.10 to 1.40.

5. An SiC fabrication manufactured by utilizing a CVD

method characterized in that it has a thermal conductivity along

the direction of the SiC crystal growth between 150 and 250 W/m-*

K, an average grain diameter of the internal structure between

5to 8 um, -and the ratio of the thermal conductivity along the
direction of the SiC crystal growth to the thermal conductivity

in the perpendicular direction between 1.10 to 1.40.
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