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The present invention relat_e's 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
jigs 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 pu: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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CVD process and the |ike. BACKGROUND OF THE | NVENTI ON Silicon
carbide (hereinafter referred to as "SiC') is excellent in nmaterial
characteristics such as thermal resistance; wear resistance, and corrosion
resi stance, which nmakes it useful as material for various industrial
applications. In particular, an SiC fabrication (CVD-SiC fabrication)

manuf actured by utilizing a chem cal,vapor deposition (CVD) nethod is
widely used in a variety of materlaI% sui tabl e for manufacturing

seni conduba b sOprit Aese 18\392t7$’188§pa%&1¢11@%1§1m RVghsplfrsypported fich a
CVD-SiC fabrication is prepared by having SiC crystal grains deposited on
a subst raﬁ’ér‘é%"?‘#%ﬁbéomthshn@%aﬁﬁﬁé-s eANisT mgberbaks sanhes 8iCal s,

and, after formr:ig sakid
SisNg, and the lJ.ke 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 ldyers 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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coating by growing the crystal grains, renoving the substrate body. The
material therefore is characterized by its high conmpactness, high purity,

and high degree of uniformty in the structure. As a CVD-Si C
fabrication, for exanple, a CVD self-supported filnlstructure i s disclosed
in Japanese Patent Application : 2

Lai d- Open No. 188927/1995, wherein the GVD self supported.film structure-:
conprising hgdingesthiakhessrarioOpmt®s laks, stch assHréd 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.
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Si3N4, and the like is characterlzed by having randomy orientated crystal
grdains. tn this invention, the crystal grain orientation is random zed by
an additional heat treatnment at a tenperature- higher than :
recrystallization tenperature, for exanple between 1,700 to 2,200 [err]C
so t hat ani sotropy in the nmechanical styength of the CVD self-supported
filmstructure is reduced. Such an addltional step, however; nekes the
nmanuf acturing process nore cQpplh pddit i onal ly, in Japanese

ENT O
Pat ent Application Laid-Open hare di scl osed are.net hods

for manufacturing g, GYR.SHC ag%me&mg@% m@ $Hhan 3 G RLNg N

ei ther side of bstrate prepare prdcess, al™

formng an, gL, oAt R ArBeS URSTI AR Y %'b'age—fneﬁelgﬂeg' 8r88?§r%rate by

selecting and controlling the properties of SiC crystal grains

deposited with a CVD process, a CVD-SiC fabrication ha&ing
excellent strength and thermal characteristics is made available.
The present invention is developed based on the above findings.
.Accordingly, an.ébject of the present invention is to provide a
CvVD-SiC fabricafion having.excellent strength and thermal
characteristics without requiring complicated processing.

_ The SiC fabrication of the present invention to accomplish
the abo#e-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 aver;;e éréin 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.
DETATILED DESCRIPTTION OF THF INVENTTION
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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renovi ng said substrate, and building an additional SiC coating on both
sides of the Si C substrate. Furthernore, .in Japanese Patent
Application Laid-Cpen No. 188468/1996, there disclosed are a nmethod for
manufacturing a CVD-Si C fabrication conprising a | am nation of three or
more of SiC layers each having a thickness of 100[err]mor |ess, and al so
a nethod for manufacturing a CVD-Si Cq abrication enploying a techni que
whereby an SiC coating is formed on a substrate and then nmade to an SiC

f abri cat ipewcegseennwingssautt s orratinding mhy be asedr imstemeing phecess of
building an SiC layer with a CVD nethod and subsequently leveling the
surface eubsgirats; dn g:;@er ke avaisede Bermatiqnapriingressobanpdratiesi nati on

of SiC l|ayers, each.
it is preferred to use graphite materlal which can be easily

removed by burning off.

In the course wherein SiC ie 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 grains.
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 upwar.d therefrom. The |
particle size .of crystals fluctuates while the SiC coating is
growing. The str.ength ahd thermal characteristics of a CVD-SiC
fabrication, therefore, vary widely depending on the grain |
properties of the Si.C 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
a_nd 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 minutelpolyerys-talline SiC grains and with a low
proportion of columnar grains, it intensifies the phonori
dispersion at the grain boundary to increase the thermal

resistance, thereby reducing the thermal conductivity and_
- e )
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-3 having a thickness of 100[err]mor less, to a desired total thickness
prifor -to renoving the substrate. The above-nentioned inventions in
t he Japanese Patent Application Laid-Open Nos. 188408/1996 and 188468/ 1996
empl oy, for the purpose of preventing cracks or warp occurring on an Si C
fabrication, methods wherein-(a) the growth of an SiC coating is
interrupted without bringing it to tge desired thickness in one process,
t hereby m nim zing accunul ation of internal stress in
lncreaSLng the strength of the SiC coating formed. The reason why
the thermal conductivity along the direction of the SiC crystal
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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the coating, to prepare an Si C coating nade up with uniformcrystal grains
and reduced surface roughness, and thereafter an SiC coating is built on
both top and back sides of said SiC coating used as a substrate (Japanese
Patent Application Laid-Qpen No. 188408/1996); or (b) a process of
interrupting the formation of an SiC layer at an earlier stage of growh
and leveling the |layer surface is repeated several ti mes (Japanese Patent
Application  Laid-Open No. 188468/1966% e above-nenti oned

i nvent i onsrahntqf@n%&gn@eéepsb%ﬂZ MBp ?Eé@.w%ﬁ &noseﬁuszsg SUBROEY 1996

d 188468/ 1996, theref h h t t th
TRt act UFPAESGHUELRSL By SPERLAT Pt HHE /B GFORER o Lans rian 600 .

The preferred range 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
.eoﬁdﬁctivity of a CVD-SiC fabrication exhibits anisotropy
depending on the crystai form. For example, when the reaction
conditions such as gas concentratioe or pressure have raised the
degree of supersaturation of the raw material gas, the crystal
grows -toward a direction perpendicu'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 fabricetion 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

—_—_—
-
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coating to be interrupted without bringing it to the desired thickness in
oné process, or otherwise requiring leveling treatnent of the surface,

- both adversely affecting the manufacturing efficiency. Moreover, strength
characteristics or thermal shock resistance of the product of these

inventions still - | eaves nuch to be desired. :
4 SUWARY OF THE | NVENTTON The present inventors
have found that, as a result of 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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research undertaken to solve the above-nentioned problens, by selecting
and controlling the properties of SiC crystal grains deposited with a CVD
proceéss, a CVD-Si C fabrication having excellent strength and thermnal
characteristics is nmade available. The present invention is devel oped
based on the above findings. Accordingly,- an object of the present
invention is to provide a CVD-SiC falyication having excellent strength
and thermal characteristics w thout requiring conplicated processing.

The Si C ffatsr achelogerdtedh o gaasdensilAGeRt FOPIWARDHNS AW MAgerial

above-nentioned object is an Si C fabrication prepared with a CVD process
(CVD- Si CYesor RcHPOAYS Vil e witthy BYHFaeey W&é?%ﬁﬁ%dzém rﬁefihwg@ he

thermal conductivity along the
the reactio%i/ tu& gat 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—sectibnal direction,
ﬁeated 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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direction of the SiC crystal growh is between 100 and 300 Wm K, and the
average grain dianmeter of the internal structure is 4 to 12 pm Further,
the ratio of the thermal conductivity along the direction of the SiC
crystal growth to the thermal conductivity in the perpendicular direction
Is preferably set at a range of 1.10 to 1.40. DETAI LED
DESCRTPTTON OF THE | NVENTI ON 0 AND PREFERRED EMBODI MENTS
An Si C fabrication prepared with a CV6 process, i.e. CVD-SiC fabrication,
i s obtained by a gas ophdBeermsktdidifusfivigasdodésy aw materials to have SiC
deposited on a substrate surface and by renoving the substrate body

thereafter. For suchCa= Spbsifacehegt apapacitint @r/ikg-Kr ceramic naterial is
used. Wile - . 3 '
» o0 ="Bulk density (kg/m’)

® Average grain diameter of thelinternal 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 strength (MPa):
The flexural strength was tested in accordance with JIS
R1601-1981, 3-point. bending method.

@ Thermal shock test: ' T
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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I nto anor phous SiC, and then to m nute polycrystalline SiC grains.

Conti nuing the CVD reaction causes the mnute polycrystalline SiC grains
to grow further into a columar crystalline structure to forman SiC
coating. The SiC coating grows on the substrate surface and increases in
t hi ckness upward therefrom The particle size of crystals fluctuates while
the SiC coating is growi ng. The strengtl?2 and thermal characteristics of a
CVD-Si C j&ud cation, therefore, vary widely depending on the grain
properties of the SiC coating deposited and forned on the substrate.

The Si C fapyiaaldradrohetR91Ps £58 donRnitiraRibs DefiHedasaniReNteg id
certain physical property of the SiC coating deposited
Vols , ™
*2: Thermal conductivity perpendi;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)
;long 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;'the SiC fabrication in
accofdance with_the present invention is extremely useful as a

material used in semiconductor manufacturing, including for
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and formed on the substrate, wherein the thermal conductivity along the
direction of the SiC crystal growth is within a specific range of 100 to
300 Wnferr] K. When an SiC coating consists of SIC grains rich in mnute
polycrystalline SiC grains and with a low proportion of columar grains,

it intensifies the phonon dispersion at the grain boundary to increase the
thermal resistance, thereby reducing the thermal conductivity and

6 increasing the strength of the SiCc ing forned. The reason why

example susceptors, dummy wafers, target materials, or various
jigs used in processes such as epitaxial growth, plasma etching,

) . P T
CVD process" and the like.
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the thermal conductivity along the direction of the SiC crystal growh is
I|ﬂ\ted-rn—a—specr%re—faﬂge of 100 to 300 Wnierr]Kis as follows: If the
thermal conductivity is |ess than 100 Wnferr]K, it adversely affects the

an;i-th uw "ﬁl& Hrtles required in heating and cooling cycles. On

t he oth Ly hermal conductivity is over 300 Wnierr]K, it

i ncrements direct

i onal ‘nature of grg%f properties to increase ani sotropy
of strength as well as thermal c¢har eristics, nmaking the fabrication

prone tpgﬁﬁgfﬁg_%ggiﬁgb_gg%ornation. The preferred range of the therma
conduct i ween and 250 Wnierr] K Further, the SiC
fabrication of {NanPeasealriBUEDLA HAnUEAGHLES HPubaY ez gl ILREAR AL
structure with an average grain dianmeter of 4 to 12 err?n1 The i nternal
struct ur g @b rade¥Psbtfon (CVD) method, characterized in that it has a
thermal conductivity along the direction 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/m'K.

3. The SiC fabrication according to claim 1, wherein an -

average grain diameter of the internal structure is between 5 to

iy )

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 growthibetween 150 and 250 W/m-
K, an average grain diameter of the intérnal structure between
5 to 8 um, -and the ratio bf the thermal conductivi;y along the
direction of the SiC ;rYstal growth to the thermal conductivity

in the perpendicular direction between 1.10 to 1.40.
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fabrication consists of SiC grains of the SiC coating deposited and forned
on<a substrate surface by a CVD reaction, where the size of such SiC
grains is affecting the strength and thermal characteristics of the

CVD-Si C fabrication. Wen the grain dianeter is small the grain boundary
acts to noderate stress, whereas a larger grain dianeter tends to cause

cl eavage of crystal grains thenselvas as a result of concentrated stress.

Accordingly, the present invention provides for striking a balance between -
the strength and ther nal WWMW ng the average grain
di aneter of the intern | structure that, constltk} CVD-Si C fabrication
to a range of 4RpoS3i% ?%?F}‘Fr"i‘t%‘?“ PRSI Gr S Sﬂj aﬁﬁ?’é?‘c‘?tsl?réss than 4

[errimi tef‘ggl en E{'.l mafs];: %Elsgthh HHLhermal characteristics. The SiC

fabrication is prepared with a CVD process (i.e. CVD-SiC

fabrication) which has a thermal co'nductivity along the direction
of the SiC crystal growth between 100 and 300 W/m*K, and an average
grain diameter of ’t;he internal structure between 4 to 12 um. It
is preferred that the ratio of the thermal conductivity along the
direction of the SiC crystal growth to the thermal conductivity

in the perpendicular direction is in a range of 1.10 to 1.40.

—
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characteristics such as thernal

7 grain dianmeter nore than 12 [err]mcould resulﬁEPhACENHEédSHEEEﬂgtrSG
characteristics such as a flexural
preferred range of the average grain dianeter
when the ratio of the thernal
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SILICON CARBIDE FABRICATION
EIELD OF THE INVENTTON

Addi tionally,
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strength of
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to 1.40, the LpFioperGt *O?' f'he

. The present invention relates to a silicon carbide

fabrication that is excellent in compactness, corrosion

resistance, strength characteristics, and therefore useful as a

material used in semiconductor manufacturing, including for

example susceptors, dummy wafers, target materials, or various

jigs used in processes such as epitaxial'gr‘owth, plasma etching,

CVD process and the like.
BACKGROUND OF THE INVENTION

Silicon carbide (hereinafter referred to as “SiC”) is

excellent inmaterial characterj.stics such as thermal resistance; '

wear resistance, and corrosion resistance,- which makes it useful

as material for various industrial applications. In particular,

an SiC fabrication (CVD-SiC fa_b:;ic_at:i_.oﬁ) 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 purity.

" Such a CVD-SiC fabrication is prepared by having SiC

- crystal grains deposited on a substrate surfece with a gas phase

reaction of gaseous raw materials, and, after forming a solid -

" coating by groWiﬂg the crYs‘tal graihs, removing the substrate body..

The mater:Lal therefore is characterized by its h:.gh compactness,

"~ high pur:.ty, and hJ.gh degree of unlformlty in. the structure

As a CVD—S:LC fabr:.catlon, for example, a CvVD self-supported'

film structure is dJ.sclosed in Japanese Patent Appllcatlon

Th\s is the rep\acement sheet '
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contributing to inproved thermal characteristics as exenplified in
prevention of defects such as cracks occurring during the thermal shocks
caused by a. heating and cooling cycle. A CV/D-SiC fabrication mainly
conprises the cubic crystal system([err]-SiC that takes various forns of
crystal growth, where for exanple an X-ray diffraction shows diffraction
intensity for (111), (200), (220), ard (311) in varied proportions. In.
sonme cases the thermal conductivity of a CVD-Si C fabrication exhibits

ani sotropy 1A4PepdnNRooN 4862 £/ )R what8in e mgff—wégo%%;d rfgiﬁ\t I on

conditions such as ‘gas concentration or pressure have rars egree of

super sat ur a§t Mt tefrel g AW iFR{ 1 d ke P86 arit e SAnRE Rhte BLOVS shONALE 1%,
di rection perpendicular to the substrate,

SisN4, and the like is characterized by having randomly orientated

crystal grains. In this invention, the crystal grain orientation

~e

is randomized by an additional heat 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 i:he CVD self-supported film structure is reduced. Such an

additional step,. _howe_ver, inakes the manufacturing process more

I 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 'coatihg én either side of
an SiC substrate prepa'red by a CVD process, and also by forming
an SiC coating on a substrate, turning it.to an SiC substrate by
removing said subétrate, 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.for manufacturing a
CVD-_SiC”_f_ébJ'r:_iqation cpm_élri_sing a ,lémina_tiqn of three or more of
SiC layers each having a thicknes_s of 100um or less, and also a
method for manufacturing a CVD_-‘SiLC fa’brication émplo_ying a
technique _wher_:é_bY an SiC c_Oat.:.i_.ng_ is formed on a substrate and then

‘made to an SiC fabrication by rémovi;ig said substrate. In the

latter method, a process of building an SiC layer witha CVDmethod

-and subse’quehtiy.--'leveling't_he_surface of said SiC layer is -
repeated several times to bu’ild.'a‘lamiriati_on of siC layers, each -
~ This is the replacement sheet
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résulting In anisotropy in the thermal conductivity to cause a declining
trend in strength or anti-thernal shock properties. A CVD-Si C
fabrication is prepared typically by setting and heating a graphite
material as substrate in the reaction chanber of a CVD equi pnent,

I nt roduci ng a gaseous m xture of a hal ogenated organic silicon conpound
and hydrogen into the reaction chanber3 fornming an SiC coating of a
desired thickness with deposition of SiC on the substrate as produced by
reducti on-haeimpla thickness of 100um or less, to a desired total thickness

prior to removing the substrate.

The above-mentioned inventions in the Japanesé Patent
Application Laid-Open Nos. 188408/1996 and 188468/1996 employ,
for the purpose of preventing cracks or warp occurring on an SiC
fabricatién, methods wherein (a_) the growth of an SiC coating is
-interrupted without bringing it to the desired thickness in one
process, thereby minimizing accumulation of internal stress in
the coating, to pfepare an Sic coatingmade up with uniformcrystal
grains aﬁd reduced surface roughness;-and thereafter an SiC
coating is built on both top and back sides cf'said SiC coating
used as a substrate (Jépanese_Patent Application Laid-Open No.
188408/1996) ; or (b) a process of interrupting the formation of
an SiC_layer'ét an earlier stage of growth and leveling the layer
surface is repeatéd 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,-
théreforé, have such shortcomingé,as complicating the

' manufacturihg process by requiring the CVD growth of an SiC
coating'to be interrﬁpted without bfinging it to the desired
. thickness in one progeés, or'otherwise_requi:ing leveling
'treatmenﬁ'of the Surfacé, both adversely affecting the'
:manﬁfacturixw.—g' ef.'fi-c'iency.' Méréover, s’ﬁféhgth charécteristics or
'thermal shock resn.stance of the product of these 1nventlons Stlll

__leaves much to be deSLred
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deconposition of the hal ogenated organic silicon conpound, and renoving
the graphite substrate thereafter. As a halogenated organic silicon
conpound for the raw material gas, conpounds such as trichloronethyl
silane, trichlorophenyl silane, dichloronethyl silane, dichlorodinethyl
silane, chlorotrimethyl silane, and the |ike may be used. For renoving the
graphite substrate, an appropriate n?thod I's enpl oyed such as slicing off
the graphite material or burning it off by heating it in air, anpbng which

the burn-off procedure is p&gﬁg@@&ﬂaﬁ.ﬁnﬁ_iﬁﬁﬁﬁﬂtnf'ty Additionally, it
is desirable to provide the tfabrication wth a grinding treatnment for
snoot hi ng pur posehe apt&sert e rviii@vak Rhvel Beuld gt e asulStkeshi®t of -
research undertaken to solve the above-mentioned problems, by
selecting and controlling the properties of SiC crystal grains
deposited with a CVD process, a CVD-SiC fabrication having
excellentstrengthandthermalCharacteristicsisnadeavailable.
?he'present invention is developed based on the above findings.
Accordingly, an Objeet of the present invention is to provide a
CVD-SiC fabrication having.excellent strength and thermal
characteristics'ﬁitheut requiring complicated processing.

The SiC fabrication of the present invention_to accoinplish
the above—menticned dbject is an SiC fabrication prepared with
a 'CVD process (CVD-SiC'fabrication) ﬁhich is strueturally
characterized in that the thermal conductivity along the
direction of the SiC crystal growth is between 100 and 300 W/m*
K, and the average grain diameter qf the internal structure is
4 to 12 pum. Further, the ratio of the thermal conductivity along
.the direction of the SiC crystal growth to the thermal |
cpnduct_ivity in the perpendicular direction is preferably set at
a range of-i.lO to-l.40. - |

DETAILED DFSCRIPTTON OF THE INVENTION
AND PREFERRED EMBODTIMENTS

An SlC fabrlcatlon prepared with a CVD process, i.e.
CVD-SicC fabrlcatlon, is obtalned by a gas phase reactlon of
gaseous raw materlals to have S:.C depos:.ted ona substrate surface
and by_remov1ng the substrate body thereafter. For such.a

substrate, graphite'material or_deramic.material is used. While

" This is the feplacement sheet
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The SirC fabrication of the present invention can be prepared by setting
and controlling conditions such as the ratio - of hal ogenated organic
sflicon conmpound as the raw material gas to hydrogen as the reduction
agent, flowrate of the gaseous mxture, tenperature or duration of the
CVD reaction, and the furnace pressure of the CVD equi pnent.

EXAMPLES In the foll ow ng sect%ons, det ai | ed enbodi ment exanpl es of
the present invention are described in parallel with conparative exanpl es.

Exanpl e 1- pRosssséd wpahads catbiagnegrinding may be Asdden téaiviialeshe

hi gh-purity isotropic graphite material (wth ash content of 20 ppm or

| ess) havi sgbatdateeinrorder to avoid deformation or ingress of impurities,
it is preferred to use graphite material, which can be easily
removed by burning off. -

In the course wherein SiC is depésited with a CVD process
and grown to form an SiC coating on the surféce of a substrate,
SiC kernels are first generated on the substrate surface by a gas
phase reaction of raw material gases. The SiC keﬁnels then grow
intoamorphousSiC,andthenfondnutepolycrystallineSngrains.
Continuing the CVD reaction éauses the minute polycrystalline SiC
grains to grow further into.a columnar crystailine structure to
form an SiC éoating; The SiC goating grows on the substrate
sﬁrfaee and increases in thickness upward therefrom. The
particle size of crystals fiuctuates while the SiC coating is
growihg.' The strength and thermal characteristics of a CVD-SiC
fabrication, therefore, vary widely depending'on the grain
properﬁiés of the SiC coating deposited and formed on the
substrate. '

The SiC fabrication of the present inventioplis défined
as having a certain physical pfoperty of thé SiC coating deposited

- and farmed-on the substrate; wherein the thermal.conductivity
along the di}.'ection of the SiC crystal gro_wthl is within a specific |
range of 100 to 300 W/me; When an SiC cogting consists of SiC
grains rich.in.minute poiycrystalline SiC.grain; and with a low
proportion of colﬁmnar grains, it intehsifies the phohon
dispersion at the grain boundary to increase the thermal

resistance, thereby reduCiﬁg the thermal conductivity and

This is the replacement sheet
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of 202 mm and a thickness of 6 nmwas set in a quartz reaction tube of a
CVD equi pnent and heated. Using trichloronethyl silane .

9 for a hal ogenated organic silicon conpound as the raw material gas, a
gaseous mixture with hydrogen was prepared and fed into the reaction tube
at_a rate of 190 L/mn wherein a CVD reaction was perfornmed for 24 hours .
to forman SiC coating on the surfage of the substrate. In doing so, SiC
coatings of varying physical properties were deposited by changing the

t ri chl or ométnieyleasiihgnzhe strength of the SiC coating formed. The reason why

the thermal conductivity along the direction of the SiC crystal
growth is limited 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 charaéteris_tics,'making the fabrication prone to cause
thermal deformation. The preferred range of the thermal
conductivity is between 150 and 250 W/m°K.

Further, the SiC fabrication of the present invention
iequires to have an internal structure wiﬁh an averége gfain
diameter of 4 to 12 pm. The internal structuré of 'a CVD-SiC

- fabrication consists of SiC Qra_;i.ns of the SiC coating deposi'ted
and formed on a substrate surface by a CVD reaction, where the
size of such SiC grains is affecting the strength and thermal
characteristics of the CVD-SiC fabrication. When the grain

_ dia.metgr is small the grain boundary acts to moderate stress,
whereas a largér grain diameter tends to cause cleavage of crystal
grains themselves as aresultof conceﬁtrated stress. Accordingly,
the 'prese-nt inventidn p_rovides- for strikip.g a balance between the
strength and ther:ﬁal characteristics by specifying the average

- grain diamet.er of the _intéi:hal sti'ucture- that coné_i:i,tut_:e the
CVD-SiC fabrication to a range of 4 to 12" um. If. an ax}erage grain
diameter is less thaﬁ 4 ;_mi'-it adversely affects the_rmal

characteristics such as thermal ¢onducti'vity, whereas an average

~ This is the replace sheet
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concentration in the gaseous m xture, the CVD reaction tenperature, and
the pressure of the reaction tube. The substrate was then sliced in half"’
at the radial cross-sectional direction, heated to 650[err]Cin air to
burn off the graphite substrate, and subsequently provided with a grinding
treatment to obtain a disc-shaped CVD-Si C fabrication having a dianmeter of
200 mm and a thickness of 1.2 mm 7 For the Si C fabrications
prepared as in the above, thermal conductivity, average grain dianeter of
the internajraiin débméter ok thaxul2lunstoalgtiesdrte ineastiesd strdngthher mal

shock test was perforned in accordance with test nethods as provided
bel ow. The chagsadtiesrisbiasrmuth asgefhexuml Istrhagtbrafeipssdinag fo®Mpaat i on
conditions for each CVD-SiC fabrication tested, are shown in Table
The preferred range of the average grain diameter is 5 to 8 um.
Additionally,.when the ratio of the thermal conductivity
i along the direction of the SiC crystal growth to the thermal
conductivity in the perpendicular direction is in a range of 1. 16
to 1.40, the property of the SiC grains becomes less anisotropic,
con_tributing 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 cry'stal system B-SiC that
takes various forins-of crystal growth, where for example an X-ray
diffraction shows diffraction intensity for (111), (200), (220),
~and (311) in 'varied proport-ions. In some cases the thermal
con'ductivity of a CVD-SiC fabrication exhibits anisotropy
‘depending on the crystal form. E'or'example, when the reaction
conditions such as gas concentration or preSSure_ ‘have raised the
degree of supersaturation of the raw material gas, the crystal
grows 'toward a direction perpendicular to the s'ubstrate,
resulting .in anisotropy in the thermal conductivity to cause a _
decl:.nlng trend in strength or ant:.-thermal shock properties.
| A CVD-SlC fabr::.catlon is prepared typ:.cally by settlng and .'
.heatJ.ng a graph:.te material as substrate in the react:.on chamber | _
of aCVD equ:.pment, introducing a gaseous m:.xture of a halogenated
organic silicon '~co'mpou.nd and.'hydrogen into the reaction.chamber,
forming an SicC coat:.ng of a desu:ed thickness with deposition of - - - .

- SJ.C on the substrate as produced by reductlon—thermal

" This is the. replacement sheet
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1: [err] Thermal conductivity (Wnferr]K): The thermal conductivity

was cal cul ated from t her nal diffusivity and specific heat capacity
obtained with the Laser Fl ash method as provided in JI'S R1611-1991,
~using the follow ng equat i on: [err] = [err] X Cp X [err]
where, [err]= Thermal conductivity (Wnferr]K)

8

decomposition of the halogenated organic silicon compound and
remov:.ng the graphite substrate thereafter. As a halogenated
organic silicon compound for the raw material gas, compounds such
as trichloromethyl silane, trichlorophenyl silane,
dichloromethyl silane, dichlorodimethyl silane, chlorotrimethyl
silane; and the like may be used. For removing the graphite
substrate, an appropriate method is employed such as slicing off
the g_rap_hite material or burning it off by heating it in air, among
which the burn—off procedure is preferred for its simplicity.
Addltlonally, it is desirable to prov1de the fabrication with a
grlndJ.ng treatment for smoothing purposes after the removal of
the graphite substrate.

The SiC fabrioation 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 oluration' of the CVD reaction, and the
furnace pressure of the CVD equipment.-
.-In ﬁhe followi’ng -sect.i_ons;. detailed embodixhent examples
of the present i’nvenrion are described in parallel with

' comparative examples.

- As the substrate, -aj-high-‘purity"'is’otrop-ic qraph:ite
‘material (with ash content of 20 ppm or less) having a diameter
- of 202 mm. and _a"thick'nes_é of 6 mm was set in a quartz reaction

| .« . tube of a CVD'e_quipment' and heated.. U-s':.i.ng" t;'richloromet_h-y'], .silahé '

- This is the replacehient_shee_t_ :
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10 ' [err]= Thermal diffusivity (nferr]/s) Cp=
Specific heat capacity (J/kg-K) _ [err]= Bulk density (kg/nferr])
[eYr] Average grain dianmeter of the internal structure (pn): A scanni ng
el’'ectron m croscope i nage of the test piece was observed at a _
magni fi cation of 3,000, and the grain size at 50% cunul ative area ratio
Is determ ned as the average grain digneter. [err] Flexural strength
(MPa) : The flexural strength was testéd in accordance with JIS

R1601- 1981,f03- pohalopematiewy arghidd. silicer cBrpowald &5oetke 26 material
gas, a gaseous mixture with hydrogen was prepared and fed into
the reaction tube at a rate of 190 L/mln wherein a CVD reaction
was perfoimed for 24 hours to form an SiC coating on the surface
of the substrate. In doing so, SiC coatings of varying physical

| properties were deposited by changing the trichloromethyl silane
concentration iﬁ the gaseous mixture, the CVD reaction
temperature, and the pressure of the reaction tube. The substrate
was then sliced in half at the radial eross-sectional direction,
Aeated to 650°C in air to burn off fhe graphite substrate, and
subsequently provlded with a~grindin§ treatment to obtain a
disc-shaped CVD~SiC fabricafion having a diameter of 200 mm and.
a thickness of 1.2 mm. | '

E‘oi:.the sic fabrications prepared'as in the above, thermal
conductivity, average_grain diameter of the internal_stfucture,
and flexural strength were measured, and a thermal shock test was
performed in accordance with test methods as. prdvided below. The
results obtained, together with the corresponding preparation
COnditione for.eac‘;h CVD-SiC fabrication tested, are shown in Table
1. | | |
® Thermal conductivity (W/m'K):

The - thermal conduct1v1ty was calculated from thermal
dJ.ffusz.v:.ty and spec:.f:.c heat capacity obtained with the Laser
Flash method as prov1ded in J 1s R16ll 1991, us:.ng the following
equation: - -

K=c XCpX p -

o where, K= Thermal conduct1v1ty (W/m K)

- This'is the replace_r‘ﬁ_ent sheet _'
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A-sanpl e piece kept at roomtenperature was placed in an el ectric

furnace nmai ntained at 1,200[err]C under inert atnosphere, t aken out of
the furnace .2 mnutes later, allowed to cool down to 200[err]Cin air,
and then put back to the furnace again. The heati ng cycl e was repeated
for a total of 10 tines while the sanpl e appearance was i nspected after

each cycl e.

10
&= Thermal diffusivity (m?/s)

Cp= Specific heat capacity (J/kg-K)
p= Bulk density (kg/m®)
@ Average grain_diameter of the inte;nal structure (um):
A scanning electron microscope 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 sﬁféngth (MPa) :
! The flexural strength was tested in accordance with JIS
R1601-1981, 3-point. bending method.
@ Thermal sﬁock test:
A sample piece kept at room temperature was placed in an
electricfurnacenaintainedat14200’Cunderinertatmosphere,
' 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 éycle wés repeated for a total of 10 times while the

- sample appearance was inSpected after each cycle.

This is the replacement éheet |
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*3: Thermal conductivity along the direction of SiC crystal growh, I n
Wm K *4: Nunber of heating cycles to produce cracks It is
evident fromthe test results given in Table 1 that the SiC fabrications
i n the enbodi nent exanpl es having a thermal conductivity along the
direction of the SiC crystal growth (denoted in the Table as "B") in the
range of 100 to 300 Wm K, and an avé'rzdge grain dianeter of the internal
structure between 4 and 12 [err]mall exhibit higher flexural strength and
better antNotkelser mal shock property than conparative exanpl es.
Furthernore, when the ratio (B/A) of the thermal conductivity (B)
*1: Trichloromethyl silane concentration in the gas mixture, in
Vol%
*2: Thermal conductivity perpendicular 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 fhe test results given in Table 1 thét
the SiC fabrications in the embodiment examples having a thermal
conductivity along the direction of the SiC crystal growth
(denoted in thé Table as “B”) in the range of 100 to 300 W/m*
K, and an average grain diameter of the intefnal strﬁcture between-
4 and 12 pm ail' exhibit higher. flexural strength .an.d better
lanti-the_rmal .shock property than comparative examples.
Furthermore, when the ratio (B/A) of the thermal conductivity (B) |
‘aléng the direction of: the SiC crystal growth to the thermal
conductivity (A) in the perpendi.c.ular direction is in a.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 a.nd'highly

~ compact CVD;-SiC fabrication, which is"ei«_:e_llent .in. Strength as
well as thermal charactefistiés. Th_us,_ the SiC fabrication in
accordance with the present invention is extrémely useful-as. a

material used in semiconductor manufacturing, including for

This is the replacement sheet
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akong ‘the direction of the SiC crystal growth to the thermal conductivity
(A) in the-perpendicular directionis in a range of 1.10 to 1.40, the

i nprovenent in the anti-thermal shock property . beconmes nore proni nent.

AS described in the foregoing, the present invention provides an SiC
fabrication, conprising a high purity and highly conpact CVD-Si C
fabrication, which is excellent in strength as well as thermnal _
characteristics. Thus, the SiC fabricdtion in accordance with the present

i nventi on gs renxﬁ_r enel sef ul das a wd et.resri %Iaruggdmégeése ] conduct or
manuf act ur SR 1 ﬁc?‘fr‘b% §i5} Qummy ’ g 1als, or various

jigs used in processes such as epitaxial growth, plasma etching,

CVD process and the like.

| This is the réplade’ment sheet

17 uzcmﬂ

' Date:



13 exarrpl e suseeptors, dummy wafers, target materials, or various jigs
used rla”"’wafsses such as epitaxial growh, plasma . etching, CVD process

and t m[ ][m I Im . THIS SHEET HAS BEEN

o REPLACED
14

1. An SiC fabrication manufactur_:e_d by utilizing a chemical
vapor deposition (CVD) method, characterized in that it has a
thermal conductivity along the direction 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 aldng the direction of the SiC crystal growth
is between 150 to 250 W/mK. | | ' -

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

4. The SiC fabrication according to claim 1,'whefein the
ratio of the thermal conductivity along the direction of the SiC
.crySt'al 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 thét it has a thermal conductivity along
the aireétién of the SicC cfy_stal growth between 150 and 250 W/m-
K, an average grain diameter _of the internal structure between
5 to 8 um, -and the ratio of the thermal conductivity along the

. direction of_lthe SiC crystal growth to the thermal cb’nductivity .

in the perpendicular directién between 1.10 to 1.40.
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VWHAT IS CLAI MED | S: 1. An Si C fabrication manufactured by CVD net hod,
said fabrication having a t hermal conductivity along the direction
of*the SiC crystal growh between 150[err] and 250 Wnk[err], an
internal structure having an average grain diameter between 5[err]

to.8 [err]nferr], and.a ratio of the tigermal conductivity along the
direction of the Si stal _growth to the thermal conductivity

al ong the direction perpendPEE#gPNth’FﬂEDE FABRIGATIQY i on of SiC crystal

growm h between 1.10 to 1.40 .ml cation manufactured by
CVD net hod, said fabricati conductivity along the

direction Of the ﬁ gl%r ¥§b§£c9{:9¥\ﬁ hc&x?::\’ies,q.'ﬁ.glg()&@br ic al:%rlca (12%50 Wk,

an internal structure having rar‘n draneter _ and
12 [err]lm eﬁﬂglﬁeﬁ’@ti& $ird ht Qﬁﬁ”ﬁheﬁﬁé‘ﬁ%&fﬂé&érﬁkeﬂgst Q'él t ion of
the SiC crystal -growth to the thermal conductivity along t :

direction glabptodtion ais tprdpgared with &i Centipitedfs $11¢ecrwb&i31©r0vw h -
bet ween 1 10 and 1. 40.

fabrication) which has a thermal conductivity along the d::.rectlon

of the SiC crystal growth between 100 and 300 W/m*K, and an average
grain diameter of 1';he internal structure between 4 to 12 um. It
is preferred that the ratio of the thermal conductivity along the
. direction of the SiC crystal growth to the th-ermal conductivity

in the perpendicular direction is in a range of 1.10 to 1.40.
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WHAT IS CLATMED IS:
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N

An SiC fabrication manufactured by CVD method, said fabrication having a
thermal conductivity along the direction of the SiC crystal growth between 1507
and 250 W/mK, an internal structure having an average grain diameter between 5 ~
to 8 #m; and a ratio of the thermal conductivity along the direction of the SiC

crystal growth to the thermal conductivity along the direction perpendicular to the
direction of SiC crystal growth between 1.10 to 1.407

An SiC fabrication manufactured by CVD method, said fabrication having a
thermal conductivity along the direction of the SiC crystal grovﬁh between 1507
and 250 W/mk, an internal structure having an average grain diameter between 4
and 12 #m, and a ratio of the thermal conductivity along the direction of the SiC
crystal growth' to the thermal conductivity along the direction perpendicular to the
direction of SiC crystal growth between 1.10 and 1.40.
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