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High Purity, Siliconized Silicon Carbide Having High Thermat Shock
' Resistance

The manufacture of semiconductor devices such as integrated circuits typically
involves heat treating silic:on wafers in the presence of reactive gases at temperatures of
from about 250 °C to over 1200°C. The temperatures and gas concentrations to which
these wafers are exposed must be carefully controlled, as the ultimate devices often
include circuitry elements less than 1 um in size which are sensitive to minute variations
in the wafer processing environment; _

The semiconductor manufacturing industry has typically used either horizontal
or vertical carriers made of silicon carbide or siliconized silicon carbide as kiln furniture
for the wafers, and these carriers have been designed to hold up to about 50 wafers.
When such conventional carriers are used, the processing steps generally involve fairly
slow ramp rates of between about 10 °C and 30 °C/minute.

- However, because of increasingly strict wafer performance and efficiency

requirements, the industry has been considering adopting Rapid Thermal Processing . -

(RTP) wafer processing techniques. According to US Patent No. 4,978,567 (“Miller™),

. under RTP conditions, the wafers are treated in an environment whose temperature rises

from room temperature to up.to about 1400°C in a period of time on the order of
seconds. Typical RTP ramp rates are on the order of 600-6000 °C/minute. Under such -
extreme processing conditions, the thermal shock resistances of the materials in this
environment are of critical importance.

Miller discloses RTP wafer carriers made of stand-alone CVD silicon carbide,
and carriers made of graphite coated with CVD silicon carbide. However, the cost of
stand-alone CVD silicon carbide is often prohibitive, while carriers made of graphite
coated with CVD silicon carbide suffer from a significant mismatch of coefficients of
thermal expansion (“CTE”) which makes the composite susceptible to thermal shock.

Siliconized silicon carbide has been considered as a candidate material for kiln
furniture in RTP systems. In particular, US Patent No. 5,514,439 (“Sibley”) has
disclosed RTP kiln furniture in which siliconized silicon carbide is the material of

- choice. However, in one test involving a commercially available siliconized silicon

carbide (“Si-SiC”) material commonly used as kiln furniture in conventional wafer
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processing; it was found that this Si-SiC material lost 40% of its flexural strength (from
261 MPa to 158 MPa) when subjected to a thermal quench test in which the temperature
of the environment surrounding the material dropped from 500°C to 0°C nearly

. instantaneously.

The finding that the above-mentioned siliconized silicon carbide does not have

- outstanding thermal shock resistance in RTP environments is not surprising. Torti et al,

in “High Performance Ceramics for Heat Engine Applications”, ASME 84-GT-92,
discusses another siliconized silicon carbide material (NC430) made by a reaction
bonding process which reportedly has high thermal shock resistance. However, Torti et
al. also disclose that this NC-430 material has a Tc value of only 275 °C, which appears
to mean that a significant strength reduction occurs if this material is instantaneously
subjected to a temperature differential of only 275 °C. Weaver et al. in “High Strength
Silicon Carbide For Use In Severe Environments™ (1973) reports that a hot pressed SiC
material comprisiﬁg 95-99% SiC has a poor thermal shock resistance.

Therefore, there exists a strong need for a siliconized silicon carbide material
which has a thermal shock resistance suitable for its use in kiln fumiture designed for
RTP applications. ' '

In addition to the more strict thermal shock requirements, another trend in the
semiconductor manufacturing industry has been the steady decrease in the level of
acceptable metallic contamination in the processed wafers. Accordingly, the industry
has concurrently required the kiln furniture to be made of increasingly higher purity
materials.

As it is known that the “converted graphite” type of silicon carbide has very low
levels of metallic contamination, the art has considered making SiC kiln furniture from
converted graphite materials. The process of making such converted graphite materials
involves exposing a porous graphite body to SiO gas under carefully controlled
conditions which allow a 50% replacement of carbon atoms in the graphite matrix with
silicon atoms and the ultimate production of a stoichiometric beta-SiC body. JP Kokai
Publication No. 1-264969 (1989) (“Tanso™) teaches siliconizing one 30% porous SiC
material made from converted graphite to essentially full density, and using that
siliconized material as a wafer boat in semiconductor wafer processing operations.

Tanso further teaches that its essentially non-porous siliconized product made from its
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process can have a density of from 2.9 g/cc to 3.2 g/ce. Since silicon and siliéon carbide
have respective densities of 2.33 g/cc and 3.21 g/cc, respectively, Tanso appears to
disclose siliconized SiC products having from 64 vol% to 99 vol% silicon carbide.
However, the actual enabling technology disclosed by Tanso appears to be limited to
only lower SiC fraction .bodies. In particular, Tanso teaches that the reason for its
successful conversion of graphite to stoichiometric SiC was its decision to limit the
density of the graphite starting body to no more than 1.50 g/cc in order to provide
enough porous passages within the graphite body to allow complete infiltration of the
SiO gas. Since following this suggestion appears to limit the density of the converted
SiC body to only about 2.25 g/cc, Tanso appears not to teach how to make a converted
graphite SiC body having a density of over 2.25 g/cc (or 70.09 vol% SiC), and so does
not further teach a siliconized SiC body having over 70.09 vol% SiC.

One known cdmercial producer of converted graphite for use in semiconductor -

wafer processing offers a porous beta-SiC material made from converted graphite and -

having a density of 2.55 g/cc, or about 80 vol% SiC. However, the .reported room -« -

temperature flexural strength of this material (25 ksi, or about 175 MPa) is relatively -

* low. Typically, a roomn temperature flexural strength of at least about 230 MPa is highly

preferred for commercially useful SiC diffusion components. - Moreover, although it is

- known that siliconizing a porous SiC body typically enhances its strength, a brochure -

- from the above-mentioned producer discourages siliconizing this porous converted: -
graphite product having 80 vol% SiC for fear of thermal expansion mismatch
consequences. In particular, according to the producer’s brochure, the difference in the
coefficients of thermal expansion (“CTE”) between silicon (CTE= 2.5 - 4.5 x 10/ °C)
and silicon carbide (CTE= 4.8 x 10° / °C) is so great that, on cooldown from
siliconization, the SiC contracts much more than the silicon, and this creates stresses of -
the intergrain bonds in the SiC during both cooldown from siliconization and
subsequent thermal cycles. Therefore, it appears this brochure actively discourages the
siliconization of porous converted graphite products having over 71 vol% SiC for fear of -
producing strength-degrading cracks in the composite material. Therefore, there is a
further need for a siliconized silicon carbide material having over 71 vol% silicon”
carbide (preferably over 75 vol% SiC, more preferably at least 80 vol% SiC) which has
both the higher purity and adequate strength needed for conventional wafer carrier
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applications, and preferably the high thermal shock resistance required for RTP
applications of the future.

The present inventors ignored the teachings of the above-mentioned brochure
and successfully siliconized the porous converted graphite SiC product having about 80
vol% SiC. It was found that the siliconized SiC body so produced was eséentially fully
dense and had a room temperature strength (266 MPa) which was &ssentially equivalent

to one commercial Si-SiC material _rou_tine,ly'qsed as kiln furniture in the semiconductor

- processing industry. Therefore, this new siliconized SiC body comprising converted

graphite fulfills the desires of today’s _s_em;'c_c}nductor manufacturers for both the high
purity and acceptable strength. Morbovgr, the commercially adequate room temperature

. strength of this material is surprising in ligﬁt of the warnings provided by the brochure

of the manufacturer of the porous cohvgr_t_ed, graphite SiC material.-

The present inventors further examined the new siliconized material and found

that it was essentially unaffected by a severe thermal shock test. In particular, when.

subjected to the thermal quench test in whjich the temperature of the environment
surrounding the matetial dropped from SOO°C to 0°C nearly instantaneously, the
..-subsequent MOR strength of the material dropped by less than 10%. Therefore, this new .
siliconized SiC body comprising converted graplute fulfills the desires-of tomorrow’s
_sexmconductor manufacturers for both the lugh purity and the h1gh thermal shock’

resistance needed for RTP apphcatlons M_oreover, the superior thermal shock .

resistance of this new material is surprising in light of: _
a) the warnings provided by the brqchilre of the manufacturer of the porous
converted graphite SiC material, particularly as they relate to thermal stresses
produced by siliconization,
b) the failure of conventional Si-SiC products to adequately survive the 500°C
thermal shock test, and .
c) the essential similarity in room temperature strengths and 300°C thermal
shock test performance betivéen the commercial Si-SiC product and the new
. material. | S
It was also found that the material of the present invention possessed a high
temperature (1300°C) flexural st_reggth which was superior to ﬁe commercial

siliconized SiC material.
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Therefore, in accordance with the present mventmn, there is a provided a process
for making a high gth, thermal shock resistant, h:gh purity s111comzed silicon
carbide material, comprising the steps of :

a) providing a porous converted graphite SiC body having at least 71 vol% SiC,

and . '

b) siliconizing the porous converted graphite SiC body to essentially full density

to produce a siliconized silicon carbide composite body.

Preferably, step a) is achieved by 1)) providing a porous graphite body, and if)) exposing
the porous graphite body to a reactant in a manner sufficient to produce a porous .
converted graphite SiC body having at least 71 vol% converted graphite SiC.

Also in accordance with the present invention, there is provided a high strength,
thermal shock resistance, high purity siliconized silicon carbide composite material, the
material having at least about 71 vol% converted-graphite silicon carbide matrix having
open porosity, wherein the open porosity of the SiC material is filled with silicon. ..

‘Also in accordance with the present invention, there is provided a semiconductor
manufacturing kiln furniture component, preferably in the form of a component suitable . -
for use in RTP applications, wherein said component comprises the high strength,
thermal shock resistance, high purity siliconized silicon carbide material discussed
above.

; Also in accordance with the present invention, there is 'provided a method of -
using a semiconductor wafer manufacturing kiln furniture component, preferably in the
form of a .component suitable for use in RTP applications, wherein said corﬁponent
comprising the high strength, thermal shock resistance, high purity siliconized silicon
carbide material discussed dbove, 'comprising the steps of :

a) providing a kiln furniture component (preferably in the form of an RTP

component) of the new high strength, thermal shock resistance, high puuty

 siliconized silicon carbide material discussed above, and

b) exposing the component to a reactive gas used in semiconductor

manufactﬁring in an environment having a peak temperature of from about

800°C to 1400°C (from about 1200°C to 1400°C in some embodiments).
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In some RTP embodiments, the_ter_ppera_ture of the environment rises from about room
temperature to the peak temperature at a rate of at least 100 °C/minute (preferably, at
least 600 °C/minute). |

Figure 1 is a photograph of a prior art microstructure of an umsiliconized porous,
converted-graphite SiC body. )

Figure 2 is a pimtogré.ph of a prior art microstructure of a siliconized SiC body
comprising fine and coarse alpha-SiC grains. _

Figure 3 is a photograph of the present invention, a microstructure of a siliconized
converted graphite SiC body.

Figure 4 is a graph comparing the maximum lengths of silicon pockets in the material of -
the present invention and a competitive prior art material.

Figure 5 is a graph comparing the relative areal sizes of silicon pockets in the material of

the present invention and a competitive prior art material.

In one embodiment of making the present invention, a commercially available . -

porous converted graphite material having at least 71 vol%: SiC is siliconized. One
suitable commercially available porous converted graphite SiC material is SUPERSICF, . )
marketed by Poco Graphite, Inc. of Decatur, TX. This material is a porous SiC made of '
converted graphite comprising about 80 vol% beta-SiC. The SiC microstructure of a
-converted graphite body. retains the general look of a g’faphite microstructure and so is:
unique among SiC microstructures and is well-known to the skilled artisan. A
photomicrograph of this material is shown in Figure 1. The microstructure is
characterized by an essential absence of discrete particles. It also has more substantial
necking than comparable conventional porous SiC bodies made from a bimodal mixture
of SiC powders. It further has fewer large reservoirs of silicon pockets than the
comparable bimodal SiC bodies. In general, the absence of coarse SiC particles, the
higher degree of necking, and the relative absence of large silicon pockets makes the
structure of the converted graphite body much more homogeneous than the comparable
recrystallized bimodal SiC bodies. Préferabl_j, the porous graphite starting material has
a total metallic impurity content of less tha:i 10 ppm.

It is believed thét any converted graphite material having an acceptable amount

of continuous porosity to allow for suitable silicon infiltration may also be used as a
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starting material.for siliconization. The porosity of the converted graphite material needs
to be in the Tange of 5 Vo1% and 29 vol%. If the material i less than 5 vol% porosity,
then the porosity is considered to be closed and essentially noinfiltration can be
expected. More preferably, the material has between 5 vol% and 25 vol% porosity, and
75-95 vol% SiC. In thxs range, the degree of porosity typically easily allows the
essentially- complete infiltration of the porosity by silicon, and the vol% of SiC is high
enough to produce a strong compdsite. Most preferably, the material has between 15
vol% and 25 vol% porosity. Typical converted graphite materials contain less than 10
ppm total metallic impurity and less than 0.1 ppm iron impurity.

In another embodiment of making the present invention, a porous converted:
graphite body is first produced. In this embodiment, the porous graphite body is then
converted to a porous stoichiometric SiC body having at least 71 vol% SiC.
Conv;enﬁonal procedures for making converted graphite may be followed. One known
method for making converted graphite is disclosed- in US Patent No. ‘4,900,531, the
specification of which is incorporated by reference.

If the converted graphite body is made at a low temperature, it may desirable to
recrystallize the porous SiC body at a temperature of at least 1600 °C prior to
siliconization in order to provide more necking to the body.

The siliconization of the converted graphite material may be undertaken in
accordance with the typical siliconization of porous recrystallized silicon carbide bodies.
Conventional procedures are disclosed in US Patent No. 3,951,587, the specification of
which is inco:pc;rated by reference. For example, in one instance, chunks of solid
semiconductor-grade silicon are placed in a furnace near the porous converted graphite
body, and the tempefature of the furnace is raised past the melting point of the silicon.
The molten silicon then wicks through the porous SiC body and provides complete
siliconization. In other embodiments, the process for siliconization disclosed in US
Patent No. 4,795,673 (“Frechette”) is used. -

Without wishing to be tied to a theory, it is hypothesized ‘that some
recrystallization -of the converted graphite SiC microstructure may occur during
siliconization (thereby enhancing the degree of interparticle SiC bonding (or “necking”™)
and producing a stronger material) if the siliconization proceeds at temperatures above
about 1600 °C. Therefore, in preferred embodiments, the converted graphite is contacted
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with molten silicon at a temperature of at least 1600 °C (preferably at least 1700 °C, and

. more preferably at 1eas§ 1800 °C) in order to promote necking.

Preferably, the siliconized silicon carbide cqﬁxﬁbsite ‘body produced in
accordance with the present invenﬁon comprises a SiC -maﬁix of converted graphite
having porosity which_ig 'essentially filled with silicon, wherem at least 71 vol% of the
body is SiC. Prefm‘ably, at least 75 v_ol% of the body is SiC, more preferably at least
80%. Since the porous converted gréphite starting materialé must also have adequate
porosity to allow for its complete siliconization, in i)refened embodiments, the
composite has between 75 vol% and 95 \}ol% SiC and between 5 vol% and 25 vol%
silicon. One especially preferred embodiment has about 80 vol% converted graphite

- SiC. Typically, silicon essentially fills the porosity of the converted graphite SiC matrix,
" preferably resulting in a composite having no more than 4 vol% final porosity, more
- preferably less than 2 vol% final porosity, more preferably less than 1 vol% final

porosity. In other words,: the composite has a density which is at least 96%, preferably at

- least 98% of theoretical density, more preferably at least 99% of theoretical density.

The SiC _microStructure of the composite retains the general look of the porous
converted graphite SiC - starting material and so is again unique among SiC
microstructures and is well-recognizable to the skilled artisan. -One photomicrograph of
the siliconized -conver;tgd graphite structure is shown in Figure 3. Since the typical
conversion of graphite produces essentially beta-silicon carbide, essentially all (i.e., at
least 90%) of the SiC in this composite is typically beta-silicon carbide. It is known that
beta-SiC is a cubic phése, and that a cubic phase material will generally produce an
isotropic response. In contrast, alpha-SiC is a hexagonal phase and so is expectedly to
produce responses which are more anisotropic. Since it is known that there is a thermal
expansion mismatch between silicon and SiC, the isotropic response of the material of
the present invention to this mismatch may dampen the stresses produced therefrom,
thereby yielding a higher strength. Therefore, in preferred embodiments, the SiC is at
least 90 vol% beta-SiC. Accordingly, in-Som_e embodiments, the converted graphite
SiC comprises at least 90 wt% beta-SiC and the step of siliconizing is performed at a
temperature low enough to prevent substantial conversion of the converted graphite
beta-SiC and the com;iosite body compriées at least 90 vol% beta-SiC.
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Nonetheless; it 1s contemplatcd that higher temperature graphite conversion or
siliconization pmcessé§rhay be used, thereby partially ox’f‘ully converting the beta-SiC
to alpha-SiC. o
Preferably, less than 10 wt% of the SiC is characterized as SiC particles having a

. size greater than 30 microﬁs (more preferably less than 5 wt%). Without wishing to be

tied to a theory, it is belicved that a reason for the superior thermal shock resistance of
this new material may lie in it having chentiélly no coarse SiC particles. In particular,
whereas the SiC fractions of the above-discussed NT-430 and the commercial Si-SiC
materials each possessed about 50 wt% silicon carbide grains having a grain size of
between 10 and 150 um, the new material has essentially no SiC grains more coarse
than 30 microns. It is believed that the significant difference in thermal expansion
coefficients of silicon and SiC grains in these prior art materials causes stress
concentrations around the SiC grains during the cooling of the composite after
siiiconization. However, it is further believed that the spﬁeres of influence of the stress
produced by the more coarse SiC grains is much larger than the spheres produced by the

smaller SiC grains. Simply, the more coarse SiC grains have increased importance in -

~ thermal stress situations. The elimination of the larger and potentially more harmful

SiC grains from the siliconized material may reduce the critical sphere of influence of
stress concentration produced by cooling (thereby increasing the mechanical properties -
of the siliconized material) may have been critical to the present invention. .- - '
If the elimination of coarse SiC grains is the reason for the improved thermal

shock resistance of the new material, this finding is surprising in light of the essential -
similarity in the room temperature strengths of the commercial siliconized silicon
carbide material and the new material, and the apparent resistance of the conventional
material to 300°C thermal shock testing. In particular, if coarse SiC particles have a -

- strong effect on room temperature MOR and thermal shock characteristics, then there .
should also have .been significant differential stresses in the siliconized bodies produced

- upon their cooling after siliconization, and these stresses might have been reflected in
differing results in the room temperature and 300°C thermal shock tests as well. That a

‘notable performance difference between these materials appears only in the 500°C

thermal shock test is evidence that the effect is quite subile.
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Also, if the elimination of coarse SiC grains is the reason. for the improved

- thermal shock resiétanc_e. of the new material, this finding is surprising in light of the

well known fact that éo_a_rse grains often act as crack déﬂéctom which' increase the
toughness of the oeramxc body. Since it is known-that'éth_;e.rmal shock resistance is
enhanced by increasing ﬁe toughness of the material, . 1t was considered that the
elimination of the coarse grains could have reduced the toughness of the material and
thereby reduced its thermal shock resistance. ,

Although not particularly desnred the composne may contain additional SiC
particles (for example, present in an amount of between 1 and 33 vol%) which were

- either infiltrated into the porous beta-SiC body prior to siliconization, or infiltrated into
the porous SiC body at the time of siliconization, .

The chemical p_;operties of the composite body -were: measured and are as
follows: The total me,taﬂic_ impurity content of the compogitg material (as measured by
any cdnventi_onal method such as‘_GDMS or slui_'ry ICP) is fypically no more than - 10
ppm, preferably no more than 5 ppm, more preferably no-}rx;lore than 1 ppm. The iron .

. impurity content of the composite material (as measured by GDMS or sturry ICP) is

typically no. more than 1 ppm, preferably no more than 0.5 ppm, more preferably no

- more than 0.1 ppm..'If_hé titanjum impurity content of the composite material (as -

measured by GDMS or slurry ICP) is typically no more than 3_ppm, preferably no more
than 1 ppm. The aluminum impurity content of the composite material (as measured by -

~ GDMS or shurry ICP) is typically no more than 5 ppm, préfeiably no more than 1 ppm,

more preferably no more than 0. 5 ppm. In comparison, 'the conventional siliconized

. SiC material has about 80-100 ppm . total metallic xmpunty and about 1 ppm iron

impurity.

Preferably, the compos1te of the present invention has a thermal conductivity of
at least 85 W/mK at 400°C, and of at least 50 W/mK at 800°C. The superior thermal
conductivity of the material of the present invention at high temperatures is
demonstrated in Table II below, which reveals values whi_c}i are about 10-15% higher
than those of the.commercial siliconized SiC material. It is possible that the somewhat
higher thermal conductivity of the siliconized converted graphite material is the cause of
its superior 500 °C thermal shock resistance. When a material is thermally shocked, its
survival depends in part upon its ability to quickly dissipatg'h.éat, thereby minimizing its
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internal temperature gradients. It is possible that the higher thermal conductivity of the
material of the preseni;imenuon allows it to more qmckl}fand evenly dissipate heat,
thereby minimizing the stress-inducing temperature gradient typically associated with
thermal shock failure. .

However, it is further noted that although the thermal conductivity of the
material of the present invention is 'higher than the commercially available siliconized
material, it is onl'y about 10-15% higher. Therefore, it is hypothesized that the practical
effect of this moderate increase in thermal conduction is subtle and is only revealed
under certain conditions in which the 10-15% difference is critical. For example, while
the 10-15% difference does not appear fo make a difference in the 300 °C thermal shock
test (reported in Table I below), it appears to make a great deal of difference in the 500
°C thermal shock test. To the extent that the apparently similar perfoﬁnance of these

materials in a2 300 °C thermal shock test provides an expectation of similar results in

- higher temperature tests, the superior 500 °C thermal shock resistance of the material of

- the present invention is surprising.

As noted above, the superior thermal conductivity of the material of the present
invention is demonstrated in Table II below as being about 10-15% higher than that of
the commercially available siliconized SiC. Since SiC has a significantly higher thermal
conductivity than silicon (by almost an order of magnitude), it is clear that the -

. dissipation of heat in these bodies is likely carried out mainly by its conduction through
the SiC phase. However, since each of these materials contains about 80 vol% SiC, the
-difference in thermal conductivity between these two materials can not be explained
'solels; on the basis of any difference in SiC content. Rather, it is believed that the
superior thermal conductivity .of the material of the present invention may be due to the
higher connectivity of its SiC phase (as compared to the conventional SiC material).
Analysis of the material of the present invention revealed that its SiC phase is fairly
continuous throughout its microstructure. In other words,.the “veins” of the SiC phase
are relatively and uniformly thick. In contrast, the commercially available siliconized
SiC material is essentially characterized by coarse SiC particles partially connected to
each other by smaller recrystallized SiC particles which are not as wide as the vein
thickness of the converted graphite material of the present invention. In other words, the
commercial material has a low degree of necidng. Thus, it is possible that heat is more
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easily conducted through the material of the present invention because its uniformly
thick SiC veins do not present as many high resistance necks as the commercially
available material. . | | "

Limited quantitative analysis of the mxcrostructm'es of these two materials
provides information wh‘ich is fairly consistent with this_?'h:ypoﬂlesis. In one analytic -
exercise, the maximum_{length of discrete silicon pocketsi was characterized by 2-D
analysis of a polished microstructure. It is believed that high maximum length values
are characteristic of greater connectivity of silicon poclg_é?ts, and consequently less
connectivity of the SiC phase (which is important to heat conduction). The maximum

length values in the material of the present invention (as ¢c_5)mpared to the siliconized

 commercial material) are presented in Figure'4. This Figure 4 shows that between 65-

75% of the silicon pockets in the present invention have a maxnmum length of less than
10 um. In contrast, no more than 55% of the silicon poickets in the conventional
material have a maximum length of less than 10 um | Therefore, in preferred
embodiments of the present invention, at least 60% of the silicon pockets in the present-
invention material have a maximum length of less than 10 um.

The mechanical Iproperties of the. composite body are as follows: Typically, the
composite has a room temperature 4-point bending strength of at least about 230 MPa,

- preferably at least about 250 MPa. It has a 1300°C 4-point bending strength of at least

about 200, MPa, preferably at least about 220 MPa. Its 500: °C‘ thermal shock resistance -
(as characterized by its room temperature strength me'asure'd'.a_ﬁer being quenched in ice
water from a temperature.of about 500°C) is typically at least. 80% of its pre-test strength
(preferably at least 90%), and is typically at least about 230 ma (preferably at least 250
MPa). ' .
~ Since the porous converted graphite matrix is charécterized by a relatively
homogeneous microstructure (i.e., absence of discrete M¢1es, essentially no coarse
particles and few large silicon pockets), the resulting “convéﬁ_ed graphite” SiC matrix is
also similarly characterized as homogeneous.

Another reason for the superior thermal shock property of the material of the
present invention may lie in its higher degree of homogeneffy. Simply, a composite
material having a more homogeneous structure will be better able to both. conduct heat
and respond to stress than more inhomogeneous materials. In this regard, the material of
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the present invention has been found to have uniformly thlck SiC veins and small silicon
pockets. In contrast; thé commercial siliconized matenal has thin SiC necks and large
silicon pockets. '

Further quantitative analysis of the microstructures of these two materials
provides information which is again fairly consistent with this hypothesis. In another -
analytic exercise, the area of each individual silicon pockets was measured. It is believed
that a tight unimodal distribution of relatively small areas is characteristic of a well
dispersed silicon phase. As shown in Figure 5 below, the area of the average pocket in
the material of the present invention is smaller than that of the commercial siliconized
miaterial. This Figure shows that between 55-65% of the silicon pockets in the present
invention have an area of less than 20 um®. In contrast, about 45% of the silicon pockets
in the conventiox;al material have an area of less than 20 um? . Therefore, in preferred
embodiments of the present invention, at least 50% of the silicon pockets have an area
of less than 20 um®. Moreover, the distribution of pockets appears to be more narrow
(the initial slope is more steep), thereby 1nd1cat1ng a hlgher degree of homogeneity in the * -

material of the present invention.

Preferably, the composite of the present invention has a thermal expansion -

coefficient of no more than 5 x 10°°C, preferably no more than 4.5 x 10%°C. The

overall thermal expansion coefficient of the material of the present invention is-

significantly lower than that of the commercial siliconized material. See Table II. 'Since =

a lower thermal expansion coefficient would appear to produce less stresses during
thermal cycling, it is believed that the lower thermal expansion coefficient of the
material present invention has a role in its apparehtly superior high temperature
performance properties. ' ' '

Because the composite of the p‘rése'nt' invention has high purity and a good room
temperature strength and a good high temperature strength, it can be suitably used as a
kiln furniture material for conventional semiconductor wafer manufacturing. Such -
components typically include horizontal wafer boats, vertical racks, 'proéess tubes, and
paddles. Because the composite of the present invention also has a superior thermal
shock resistance it appears to be the ideal candidate for use in rapid thermal processing
applications. In such applications, the composite can be the material of construction for
RTP processing such as bell jar chambers and wafer susceptors. In some preferred RTP
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applications, the processing environment is increased at a rate of at least 150 °C/minute,
preferably at least about 600°C/minute. In some RTP app]ications, the processing
environment is cooled at a rate of at least 100°C /minute. In’s some preferred applications
involving fast ramp fumaces the processing enwronment is increased at a rate of
between 40 and 100 "C/numlte preferably between 60 and 100°C/m1nute
EXAMPLE 1

A portion of a commercial wafer boat made of “i:onveﬂed graphite” SiC
material having about 20 vol% porosxty was placed in a sﬂlcomzed SiC channel, and the
channe] was filled with chunks of electronic grade silicon. The boat, silicon and channel
were then placed in an induction furnace and heated to abo_t_1t-1850 °C. After cooling,

: . the siliconized article was then sandblasted to remove excess'silicon.

15

The siliconized article was then: subjected to aé_ battery of - conventional
-mechanical tests, including room temperature 4 point ﬂexur:alistrength, 1300°C 4 point
flexural strength, 300°C thermal shock, 500°C thermal shock. - The thermal shock tests

- were carried out by heating the article to the test temperature in a furnace removing the
" article and immediately quenching it in a pail of about 0°C water within about one

* second of its removal ﬁom the furnace..

Other characteristics of these articles were also measured including thermal

- diffusivity, thermal expansion coefficient. The: thermal _e_xpansmn coefficient : was -

20

25

30

obtained by conventional dilatometry. The thermal d1ffus1v1ty values were measured by
a laser flash technique. The specific heat of the materials was measured by differential .
scanning calorimetry. The thermal conductivity of the méteﬁals was then determined
via the so-obtained thermal diffusivity and specific heat values.

Lastly, the microstructure of the siliconized material was prepared for
quantitative analysis by mounting and polishing small Séctions. A series of image
analysis measurements were performed on two separate sections.

The results of these tests are reported in Tables I and II _below, in Figures 3-5 and
in the text above. '

COMPARATIVE EXAMPLE 1

A sample of siliconized CRYSTAR, a siliconized silicon carbide material

having about 80 vol% SiC and commercially available from Norton Electronics,

14
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Worcester, MasSachusettS, was obtained. This sample was subjected to the same tests as
in Example 1. The ts of the analysis are likewise repdftéd

. As seen in Table 1, this Comparative Example has essentially the same density
and room temperature strength, and 300°C thermal shock resistance as the present

invention, but it has a much worse 500°C thermal shock resistance and a worse 1300 °C
ﬂexural strength.
COMPARATIVE EXAMPLE Il |

A sample of porous SUPERSIC®,a converted graphite silicon carbide material
having about 80 vol% SiC and commercially available from Poco Graphite, Inc. of
Decatur, Texas, was obtained. This sample was subjected to the same tests as in
Example 1. The results of the analysis are reported below in Table 1. The weak
strength of this material is evident in nearly all the mechanical tests.

15
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Density
@500°C Material

PCT/US99/26568

Table I
4-Point 4-point ~ Thermal Thermal
Bend Strength Bend Strength Shock Shock
at22°C’ at 1300°C @300°C -

(o) MPs)  (MP)  (MPa)

(MPa)
‘Bxample1  3.04
(siliconized
converted
graphite) -
CompEx1 3.02
(commercial .

siliconized

“SiC material)
" CompEx2 2.63

unsilconized
converted

graphite)

266 21 294 269
261 194 260 158

208 180 195 77
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Table II
Therinal Conductivity (W/mK)
at at at at

'22°C .400°C 800°C. 1300°C

Material Thermal

' Expansion

Coefficient

Example 1 4.6x10°rC
(siliconized | '
converted
graphite)
Comp.Ex 1 5.1x10%°C.
(commercial '
siliconized
SiC material) _
CompEx2 4.6 x 10%°C
(unsilconized
converted
graphite)

223 88 53 36

222 80 46 31

172 69 42 30
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We claim:
1. A siliconized silicon carbide-based compbéite comprising at least about 71 vol%
converted-graphite SiC matrix having open porosity, wherein the open porosity of the
matrix is essentially ﬁlled with silicon .
2. The composite of clalm 1 compnsmg at least 75-vol% SiC.
3. The composite of claim 2 comprising betw_een 75 vol% and 95 vol% SiC.
4. The composite of claim 1 having a. density of at least 96% of theoretical density.
5. The composite of claim 1 wherein the SiC matrix is at least 90 wt% beta-silicon
carbide. _ '
6. The composite of claim 1 wherein less than 10 wt% of the SiC matrix comprises SiC
particles greater than 30 microns. |
7. The composite of claim 1 having a total metallic purity content of no more than 10 -
ppm. :
8. The composite of claim 1 wherein the silicon is present as pockets, and at least 60%
of the silicon pockets have a maximum length of Jess than 10 um.
9. The composite of claim 1 wherein the silicon is present as pockets, and at least 50%
of the silicon pockets have an area of less than 20 um®.
10. A semiconductor wafer manufacturing component comprising the composite of
claim 1.
11. The semiconductor wafer manufacturing component of claim 10 selected from the
group consisting of a horizontal wafer boat, a vertical rack, a process tube, and a paddle.
-12. The semiconductor wafer manufacturing component of claim 10 selected from the
group consisting of a bell jar chamber and a wafer susceptor.
13. A method of using a semiconductor manufacturing kiln furniture component,
comprising the steps of : |
a) providing a kiln furniture component wherein said component comprises the
composite of claim 1, and
b) exposing the component to a reactive gas used in semiconductor
. manufacturing in an environment having a peak temperature of from about
800°C to 1400°C. |
14. The method of claim 13 wherein the component has a room températurc flexural

strength of at least 230 MPa.
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15. The method of claim 13 wherein the peak temperature is from about 1200°C to
1400°C. g
16. The method of claim 15 wherein the component has a 1300 °C flexural strength of
at least 200 MPa.

17. The method of _claixﬁ 13 wherein the environment is a fast ramp furnace, and the
exposure includes the step of increasing the temperature of environment at a rate of
between 40 and about 100 °C /minute.

18. The method of claim 13 wherein the kiln furniture component is a bell jar chamber,
and the exposure includes the step of increasing the temperature of environment at a rate
of at least about 150 °C /minute, '

19. The method of claim 18 wherein the component has a 500°C thermal shock
resistance of at least 230 MPa.

20. The method of claim 18 compnsmg the exposure includes the step of reducing the
temperature of environment at a rate of at least 150 °C /minutes.

21. A process for making a high strength, thermal shock: res1stance hlgh purity

| _ | sﬂlcomzed silicon carbide material, compnsnng the stepsof :

a) providing a porous converted graphite SiC body having at least 71 vol% SiC,

and P - _

| b) siliéonizing the porous converted graphite SiC body to esséntially full density

" to produce a siliconized silicon carbide composite body.

22. The process of claim 21, wherein the porous converted graphite body of step a) is
obtained by the step of: exposing a porous graphite body to a reactant in a manner
sufficient to produce a porous converted graphite SiC body having at least 71 vol% SiC.
23. The process of claim 21 wherein the porous graphite body has a total metallic
impurity content of no more than 10 ppm total metallic impurity.
24. The process of claim 21 wherein the converted graphite SiC comprises at least 90
Wt% beta-SiC and the step of siliconizing is performed at a temperature low enough to
prevent substantial conversion of the converted graphite beta-SiC and the composite
body comprises at least 90 vol% beta-SiC.
25. The process of claim 21 wherein the siliconization step produces a composite having

a density of at least 96% of theoretical density.
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26. The process of claim 21 wherein the porous converted graphite SiC body comprises
between 75 vol% and 95 vol% SiC. '

27. The process of claim 21 wherein less than 10 wi% of the SiC matrix of the
converted graphite SiC body comprises SiC grains larger than 30 microns.

28. The process of claim 21 wherein the siliconization is carried out at a temperature of

~ atleast 1600 °C.

29. The process of claim 21 wherein the siliconization is carried out at a temperature of
at least 1700°C.

30. The process of claim 21 further comprising the step of: c) recrystallizing the porous
SiC body at a temperature of at least 1600 °C prior to the siliconization of step b).
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