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12 MAY 2000

TITLE OF THE INVENTION

SiC-FORMED MATERIAL AND METHOD FOR MANUFACTURING SAME

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a mater_ial formed from
SiC (SiC-formed material), and more particularly to a
nitrogen-doped n-type CVD-SiC-fort;\ed material of high purity
B-type crystals, useful as a material for heaters and dummy
wafers for semiconductor devices, as well as other applications
such as sceptors, core tubes, and the like.

Description of Background Art

The SiC-formed materials, which are obtained by

' depositing SiC on the surface of a substrate by the CVD (chemical

;ra'por deposition) method, forming a film from the deposited

material (filming), and removing the substrate, have denser
(poreless) properties, have a higher purity, and exhibit more
excellent corrosion resistance and heat resistance than

SiC-formedmaterials produced by a sintering process. Therefore,

some former type SiC-formed materials are used as a material

for heaters and dummy wafers for the manufacture of
semiconductor deviées, and other applications such as sceptors,
core tubes, and the like. However, when this type of SiC-formed
materials are used as heaters for the manufacture of
semiconductor devices, for example, resistivity as low as that
possessed by SiC produced by the sintering process is required

in addition to the above excellent characteristics. When used
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as a material for dummy wafers, lower light transmittance is
required. Thus, SiC-formed materials having satisfactory
characteristics commonly usable as a substrate for
semiconductor manufacturing cannot be obtained by the
conventional SiC f'z.lming method using the CVD technique.

A method of applying the CVD-SiC-formed materials to
heaters by decreasing the resistivity has been known in the art.
International Conference Chemical Vapor Deposition, The
Electro Chemical Soc¢iety, 1975, P749-757 (CVD SiC HEATING
ELEMENTS: ALTERATION OF ELECTRICAL RESISTANCE BY DOPING by H.
Beutler, S. Oesterle and K. K. Yee) discloses a heater produced
by forming a layer of SiC(N) with an SiC(N)/TiN/SiC structure
formed to a thickness of 0.44 um by introducing nitrogen gas:
at a flow rate of 0.4 l/minute at a temperature of 40°C into
the raw material methyl trichlorosilane (MTS) under conditions
of a hydrogen stream of 2.0 1l/minute, a vapor deposition
temperature of 1400°C and one atmosphere. However, because it
is difficult to arbitrarily control fhe ratio of the raw
material MTS concentration and the nitrogen gas concentration,
pores are readily produced inside the film. It is thus
difficult to obtain CVD-SiC of dense (or close) properties,
exhibiting high gas impermeability.

The following method has been proposed as a method of
producing nitrogen-doped CVD-SiC-formed materials by
controlling the amount of nitrogen gas to be introduced together
with raw material gases. Specifically, the method comprises

forming a very thir SiC film on a silicon single crystal
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substrate by introducing monosilane (SiH;) gas and propane gas
as raw material gases, and hydrogen gas as a carrier gas, onto
the substrate heated to 900 to 1,200°C, then introducing

nitfogen gas as a dopant at a flow rate of 1x1072 to 1 cc/minute
together with the ;aw material gases at a flow rate of 0.05-0.3

cc/minute (the ratio of the nitrogen gas to the raw material

gases is, (1x1072 to 1 cc/minute)/(0.05-0.3 cc/mlnute) =

0.01/0.1~1/0.6 = 10 to 167 vol%), to grow an n-type 3C type S:.C

single crystal filmion the substrate. A thin film with a
thickness of 0.5-3 um is grown in one hour (Japanese Patent

Publication 43240/1991). The growth rate of the film thickness

in this method is very slow (0.5-3 pm/hour). The shortest time

for obtaining a film with a thickness of 3 mm, which is a
practically required thickness for a heater in a heating
apparatus, is 1000 hours (3 mm/3 pm/hour). This poses a problem
in terms of productivity.

Polycrystal CVD-SiC containing a Group III element and
polycrystal CVD-SiC containing a Groﬁp V element have been
proposed (Japanese Patent Application Laid-open No.
252307/1991) in an attempt to provide the CVD-SiC with
characteristics such as a coefficient of thermal expansion,
specific resistance, thermal conductivity, etc. which are
special, according to applications. Change in the specific
resistance when a Group V element (N) is added was shown, but
the results are not necessarily satisfactory when the product
is used as a raw material for heaters for semiconductor

fabrication devices.
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To overcome the above problems in SiC-formed materials
which are used particularly as a substrate for semiconductor
fabrication devices, the present invention has been achieved
by carrying out diversified experiments and investigations.on
the relationship a:nong the reaction conditions, such as the
ratio of concentration of gases introduced into the reactor and
the r__esidence time of the gases, various characteristics of
SiC-formed materials (films) produced, and the deposition raf’e.

An object of tHe present iﬁvention is to provide an n-type
SiC-formed material exhibiting low resistivity and light
transmii:tance, in addition to other superior characteristics
inherently possessed by CVD-SiC, such as Iiigh density
(poreless), high purity, etc., and suitably used as a substrate
for semiconductor fabricating devices, and a method of
manufacturing the SiC-formed material by which the SiC-formed
materials are obtained at a high productivity and improved
deposition rate.

SUMMARY OF THE INVENTION

To achieve the above object, the SiC-formed material of
claim 1 of the present invention is an SiC-formed material
produced by the CVD method using nitrogen gas togethzer with raw
material gases, characterized by possessing a specific gravity
of 3.15 or more, light transmittance of 1.1 to 0.05%, and
resistivity of 3x1073 to 1075 Qm.

The method for manufacturing. the SiC-formed material of
claim 2 of the present invention comprises producing an SiC film

on the surface of a substrate by the CVD method using nitrogen
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gastogetherwithrawnmterialgases,andremovingthesubstrate
to obtain the SiC-formed material, wherein the raw material gas
concentration, in terms of the ratio of the raw material flow
raté (1/min) to the carrier gas flow rate (l/min) introduced
into the CVD reacti:n chamber in which the substrate is located,
is 5-15 vol%, the nitrogen gas concentration, in terms of the
ratio of the nitrogen gas flow rate (1/min) to the raw material
gas flow rate (1/min), is 10-120 vol%, the raw material gas
resident time defindd by the following formula is controlled
to 7-110 seconds, and the deposition rate is controlled to
20-400 pm/hour.

Raw'material gas retardation time (sec) =

{ (Effective reaction volume in the reaction chamber

(1))/(raw material gas flow rate (1/min))}x{(273+20)/

(273 + Reaction temperature (°C))}X60

Other objects, features and advantages of the invention
will hereinafter become more readily apparent from the
following description. ‘

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a schematic diagram showing one embodiment
of the CVD reactor for carrying out the present invention.

Figure 2 is a graph showing an example of the R-T curve
of the SiC-formed material of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

AND PREFERRED EMBODIMENT

The method for manufacturing the SiC-formed material of

the present invention is based on the process of producing an
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SiC film on the surface of a substrate by the CVD method using
nitrogen gas together with raw material gases, and removing the
substrate to obtain the SiC-formed material.

The apparatus for carrying out this method comprises,
as shown in Figure 'i, a reaction chamber (reaction veséel) , a
heating device (not shown) consisting of high frequency coils
and the like for heating the reaction chamber provided inside
or outside ti_hereof : a gas-introducing pipe to introduce t-hé r_'aw
material gas and nitrogen gas for doping into the reaction
chamber, and an exhaust port for discharging gases in the
reaction chamber.

A carrier gas (hydrogen) is bubbled through the raw
material liquid in the raw material tank to produce a mixed gas :
of raw material gas and carrier gas, which is introduced into
a mixer together with nitrogen gas for doping. The mixture of
raw material gas, carrier gas, and nitrogen gas is introduced
into the reaction chamber via the gas-introducing pipe, and used
for formation of SiC filmon a substraté located in the reaction
chamber and heated to a prescribed temperature by the CVD
method.

Silane gases such as methyl trichlorosilane (MTS)
(S1CH3Cl3), or SiHCls;, SiH, and hydrocarbon gas can be used as
raw material gases. As the carrier gas, hydrogen gas or argon
gas is used. The hydrogen gas or argon gas may be used in
combination. As the nitrogen gas for doping, nitrogen gas with
a purity of at least 99.99% or more and an oxygen content of

less than 5 ppm can be used. A graphite material is suitably
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used as the substrate.

In the present invention, the raw material gas
concentration, in terms of the ratio of the raw material flow
rate (l/min) to the carrier gas flow rate (l1/min), introduced
into the reaction‘;hamber is 5-15 vol%, the nitrogen gas
concentration, in terms of the ratio of the nitrogen gas flow
rate (1/min) to the rawmaterial gas flow rate (1/min), is 10-120
vol%, and the raw material gas retardation time is controlled
to7—1108econds,wherein,therawnmterialgasretardationtime
(sec) = {(Effective reaction volume in the reaction chamber
(1))/(raw material gas flow rate (l/min)) }x{(273+20)/(273 +
Reaction temperature (°C))} X60.

As the substrate, a graphite material having an impurity:
content of 20 ppm or less, a coefficient of thermal expansion
of 3.0-4.5x10"%/degree(°C), and a bulk specific gravity of
1.75-1.85 is preferably used. The substrate temperature is
controlled to 1100-1500°C.

The deposition rate is controlied to 20-400 pm/hour by
the abox}e reaction conditions, thereby producing a dense, high
purity (with an impurity content other than N, C, and Si of 150
ppb or less), nitrogen-doped CDV-SiC film having n-type
semiconductor characteristics and other characteristics
defined in claim 1, i.e. a specific gravity of 3.15 or more,
light transmittance of 1.1 to 0.05%, and resistivity of 3x1073
to 107% Qm.

No SiC film meeting the various characteristics of the

present invention can be obtained if the above reaction
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conditions are not satisfied. 1In particular, when the
retardation time of the rawmaterial gases is less than 7 seconds,
the specific gravity of SiC is decreased, which gives rise to
lower closeness. Such an SiC product easily absorbs impurity
gases to cause oxi;;tion resistance and corrosion resistance
to deteriorate. If the retardation time exceeds 110 seconds,
the deposition rate i; retarded.

If the nitrogen gas concentration is less than 10 vol_'%,
the product has both' a high resistivity and high light

transmittance. The resulting film is thus light permeable. If

more than 120 vol%, on the other hand, pores are easy to form

in SiC and the surface of the resulting SiC film tends to be -

uneven.

After film-forming, the SiC film produced outside the
circumference of the substrate graphite is removed by grinding,
and then the substrate graphite is removed by a method such as
air oxidation, mechanical processing, or grinding, thereby
obtaining an SiC-formed material. Tl;xe SiC-formed material
thus obtained is worked into various forms or surface-treated
to make products suitable for the intended application.

EXAMPLES
The present invention will be described in more detail by
examples and comparative examples. These examples illustrate
embodiments of the present invention and should not be construed
as limiting the present invention.
Example 1

A CVD-SiC-formed material was manufactured using a CVD
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reactor shown in Figure 1. The reactor (reaction chamber) was
provided with nozzles for introducing gases and six graphite
disks with a diameter of 8 inches and a thickness of 6 mm. The
noziles were located so that the raw material gases would not
be injected direc;ly onto the substrate. Namely, the side and
upper surface of the reactor were directly exposed to the raw
material gases injected from the nozzles, but the substrate was
exposed to such gases only indirectly.

Methyl trichlbrosilane (MTS) was used as the rawmaterial
gas and hydrogen gas was used as the carrier gas. The feed rate
of the raw material gas was 200 1/min and the MTS concentration
was 7.5 vol%. The filmwas formed for 75 hours under conditions
of a raw material gas flow rate of 140 1l/minute (raw materiai
gas concentration: 70 vol%), raw material gas retardation time
of 36.8 seconds, and reaction temperature of 1,400°C. The
deposition rate was 47 pm/hour.

After the reaction, the graphite substrate was removed
to obtain a CVD-SiC film (test material) with a thickness of
3.5 mm. Film uniformity was evaluated by observation of
external appearance of the resulting SiC-formed material, the
total impurity concentration was analyzed by pﬁrit’y analysis,
the resistivity and light transmittance were measured, the heat
shock resistance test, corrosion resistance test, nitrogen
separation examination, and 1000°C heat test examination were
carried out using the resulting SiC-formed material according
to the following methods.

Measurement of resistivity:
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The SiC-formed material was subjected to surface
processing (removing) to obtain a sheet with a thickness of 3
mm. The sheet was cut into a size of 4 mm x 40 mm, which were
used for the measurement of resistivity.

-

Measurement of light transmittance:

The SiC-formed material was subjected to surface
processing (removing) to obtain a sheet with a thickness of 0.5
mm. Light transmittance inthe near infrared region of 500-3000
nm was measured using self-recording spectrophotometer
(UV-3100 PC) manufactured by Shimazu Cdrp.

Heat shock resistance test:

The SiC-formed material is subjected to surface -

processing (r'emovihs) to obtain a sheet with a thickness of 3

mm. A disk with a diameter of 250 mm is prepared from the f£ilm

and subjected to a 500°C <- -> 1200°C cycle test, one cycle
consisting of maintaining the sample at 1200°C for 10 minutes
in a heater, removing the sample from the heater and quenching
it to 500°C, and again placing it in the- heater at 1200°C. After
20 cycles of this fest, formation of cracks is examined.

Corrosion resistance test:

The SiC-formed material was subjected to surface
processing (removing) to obtain a sheet with a thickness of 3
mm. The sheet was cut into a size of-4 mm x 40 mm, immersed
in a stream of 100% hydrogen chloride (flow rate: 5 1/min) at
1200°C for 15 hours to determine the weight change.

Test for thermal stability of resistance (R-T cycle test):

The SiC-formed material was subjected to surface
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processing (removing) to obtain a sheet with a thickness of 3
mm. The sheet was cut into a size of 4 mm x 40 mm and placed
in a heater under inert gas atmosphere. A resistivity-heating
température-(R—T) characteristic evaluation was repeated 100
times to evaluate Ehe change of the R-T curve. When nitrogen
separates from the formed material, the R-T curve changes every
cycle.

1000°C Heat test:

The SiC-formedqd material was subjected to surface
processing to obtain a film with a thickness of 3 mm. A disk

with a diameter of 250 mm was produced. A plane heater was

fabricated from the SiC-formed material and heated to 1000°C

by causing electric current to flow therethrough, to
investigate temperature distribution (the temperature
difference from 1000°C at each point) all over the heater.

The results obtained using the test material in Example
1 are shown below.

External appearance observation:

The film was uniform with no irregularity on the surface.

Specific gravity:-

The specific gravity was as high as 3.20.

Purity analysis:

The total impurity concentration was as small as 105 ppb,
indicating the material was highly pure.

Measurement of resistivity:

A low resistivity (1.4x107! Qm) was confirmed.

Measurement of light transmittance:
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A low light transmittance value of 0.17% was confirmed.

Heat shock resistance test:

No cracks were observed, indicating strong heat shock

resistance of the test material.

'

Corrosion resistance test:

A small weight decrease of 1.69 wt% was confirmed.

Nitrogen separation test:

Change of the R-T curve at the first, thirtieth, aﬁd
hundredth evaluatiornt of the resistivty-heating temperature
(R-T) characteristic is shown in Figure 2. As shown in Figure
2, almost no change was seen in the R-T curve, indicating that
there was no nitrogen separation from the SiC-formed material. .
The R-T curve of the degree shown in Figure 2 indicates that
there was no change.

1000°C Heat test:

The temperature distribution change at each point was
+0.1%. Therefore, there was almost no change.
Examples 2-11 .

CVD-SiC-formed materials were prepared using the same
CVD reactor as in Example 1 under the conditions shown in Table
1. The deposition rate and the thickness of the resulting SiC
films are shown in Table 1. The same measurement and test as
in Example 1 were carried out using the resulting formed
materials. The results are shown in Tables 2-3. As shown in
Tables 2-3, the tested materials in Examples 2—9 exhibited the
same high purity and excellent characteristics as the test

material in Example 1.



Table 1

Example | Reaction Reaction Raw material gas Nitrogen gas SiC formed material
temp. time
om. Flow Conc. Residence | Flow Conc. Thickness | Deposition
(°C) (hour) :
rate (vol%) {time rate (vols) (mm) rate (um/h)
{1/min) (sec) (1/min)
2 1400 75 200 7.5 36.8 20 10 4.2 ; 56
3 1400 75 200 7.5 36.8 60 30 3.7 49
4 1400 75 200 7.5 36.8 180 90 3.3 44
5 1400 75 200 7.5 36.8 240 120 3.0 40
6 1400 12 1000 7.5 7.4 700 70 4.7 392
7 1400 75 67 7.5 109.8 47 70 1.6 21
8 1400 75 200 5.0 36.8 140 70 2.5 33
9 1400 40 200 15.0 36.8 140 70 3.6 90
10 1500 75 200 7.5 34.7 140 70 4.8 64
11 1150 200 7.5 43.3 140 70 1.8 24

75

v
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Table 2

—

Example | External Total Resistivity | Light Heat shock |Corrosion Specific
appearance |impurities | (x10~2Qm) transmittance |resistance |resistance |gravity
(ppb) (%) (wt loss %)
2 Good 92 30 1.05 No cracks 1.67 3.20
3 Good 104 10 0.40 No cracks T 68 3.20
4 Good 98 1.1 0.15 No cracks 1.80 3.19
5 Good 100 0.8 0.13 No cracks 1.70 3.17
6 Good 138 1.1 0.05 No cfacks 2.40 3.15
7 Good 96 1.7 0.21 No cracks 1.65 3.20
8 Good 99 1.5 0.24 No cracks 1.72 3.20
9 Good 110 1.2 0.16 No cracks 1.83 3.18
10 Good 96 1.7 0.21 No cracks 1.65 3.17
11 Good 138 1,1 0.09 No cracks 2.40 3.19

* Heat shock resistance: The thickness of tested materials in Example 6-8 was

1.5 mm

w3

I
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Table 3
Example |Nitrogen separation test {1000°C Heat test
(Change in the R-T curve) | (Temperature
distribution at each
- point: £%)
2 None 0.3
3 None . 0.2
4 None 0.1
] None 0.1
6 None 0.1
7 None 0.1
8 None 0.1
9 None 0.2
10 None 0.1
11 None 0.1

Comparative Examples 1-8

CVD-SiC-formed materials were prepared using the same
CVD reactor as in Example 1 under the conditions shown in Table
4. The deposition rate and the thickness of the resulting SiC
films are shown in Table 4. The test material of Comparative
Example 7 was prepared by the reaction sintering method
(diameter: 8 inches, thickne;s: 0.5 mm and 3 mm), and the test
material of Comparative Example 8 was prepared from the
SiC-formed material with a diameter of 8 inches and thickness
of 0.5 mm or 3 mm by producing an SiC film with a thickness of
100 pm by the CVD method at 1400°C. The same measurement and
test as in Example 1 were carried out using the resulting formed

materials. The results are shown in Tables 5-6.




Table 4

—

Comp. Reaction |[Reaction |Raw material gas Nitrogen gas SiC formed material
Example | temp. time
(°C.) (hour) Flow Conc. Residence | Flow Conc. Thickness | Deposition
rate (vol%) |time rate (vol%) | (mm) rate (um/h)
(1/min) (sec) (1/min)
1 1400 75 200 7.5 36.8 10 5 4.2 * 56
2 1400 75 200 7.5 36.8 260 130 2.8 37
3 1400 10 1200 7.5 6.1 840 70 4.6 460
4 1400 100 60 7.5 122.6 42 70 1.6 16
5 1400 75 200 4.0 36.8 140 70 2.2 29
6 1400 35 200 17.0 36.8 140 70 3.6 103
7 - - - - - - - - -
8 1400 2.5 200 7.5 36.8 0 - 0.1 40

91
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Table 5

——

Comp. External Total Resistivity |Light Heat shock |[Corrosion Specific
Example | appearance impurities | (x10~4qQm) transmittance |resistance |resistance |gravity
(ppb) (%) (Cracks *) | (wt loss %)

1 Good 103 100 2.3 No cracks 1.72 3.20

2 Irregularity 143 0.8 0.05 - (3) 1.50 3.12

3 Irregularity 380 0.9 0.14 (2) 2.99 3.13

4 Good 108 1.9 0.25 No cracks 1.58 3.20

5 Good 94 1.8 0.27 No cracks 1.60 3.20

6 Irregularity 139 1.3 0.20 (5) 2.81 3.12

7 Irregularity 4000 1 0.05 (2) 6.88 3.10

8 Irregularity 143 1 0.05 (4) peeled . 1.94 3.10

* Heat shock resistance: The thickness of tested materials in Comparative Examples 2, 4, and

5 was 1.5 mm. The number in parentheses indicates the number of times cracks occurred in the

20 cycle test.

LT
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Table 6
Comp. Nitrogen separation test | 1000°C Heat test
Example (Change in the R-T curve) | (Temperature
' distribution at each
- point: *%)
1 None ' 1.0
2 None 1.1
3 Some amount of nitrogen 0.7
released
4 !None 0.2
5 None 0.4
6 Some amount of nitrogen 0.6
released
7 None 1.2
8 None . 1.0

As shown in Tables 5-6, the test material of Comparative
Example 1 exhibited a high resistivity and exhibited inferior
soaking properties during heating while causing electric
current to flow, due to a low nitrogen gas concentration. The
.test material of Comparative Example 2 produced fil'm with uneven
thickness with irregularity on the surface and eéhibited
inferior heat shock resistance and soaking properties during
heating while causing electric current to flow, due to a high
nitrogen gas concentration. The test material of Comparative
Example 3 produced film with uneven thicknes.s with irregularity
on the surface and exhibited inferior heat shock resistance and

soaking properties during heating while causing electric
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current to flow, due to a low nitrogen gas concentration.

The test materials of Comparative Examples 4 and 5, which
were produced under the conditions of a long residence time or
a l§w concentrati«on of raw material gases, respectively,
exhibited a reduced deposition rate. The test material of
Comparative Example 7, which was produced by the reaction
sintering method, produced a film with uneven thickness and
irregularity on the surface, and exhibited inferior heat sh‘bck
resistance, corrosfon resistance, and soaking properties
during heating while causing electric current to flow. The test
material of Comparative Example 8, w.hich is a CVD-3iC film
produced on the SiC-formed material obtained by the reaction
sintering method, produced a film with uneven thickness and
irregularity on the surface, and exhibited inferior heat shock
resistance and soaking properties during heating while causing
electric current to flow.

As described above, the present invention provides a
nitrogen-doped n-type SiC-formed mate:rial, consisting of high
purity B-type crystals, which exhibits low resistivity and low
light transmittance, in addition to other superior
characteristics inherently possessed by CVD-SiC, such as high
density (poreless), high purity, etc., and is suitably used as
a substrate for semiconductor fabricating devices, and a method
of manufacturing the SiC-formed material by which the
SiC-formed material is obtained at high productivity and
improved deposition rate.

The SiC-formed material of the present invention has a




»

5

20

high purity, with an impurity content other than N, C, and Si
of 150 ppb or less, and releases no nitrogen when éubjected to
repeated heating and cooling. The material thus exhibits

excéptionally superior heat cycle characteristics when used as

-~

a heater.

-
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CLAIMS

1. An SiC-formed material produced by the CVDmethod using
nitrogen gas together with raw material gases, characterized
by possessing a s;ecific gravity of 3.15 or more, light
transmittance of 1.1 tc 0.05%, and resistivity of 3x1072 to 107°
Qm.

2. A method of producing an SiC-formed material
comprising producing an SiC film on the surface of a substrate
by the CVD method using nitrogen gas together with raw material
gases, and removing the substrate to obtain the SiC-formed
material, wherein the raw material gas concentration, in terms
of the ratio of the rawmaterial flow rate (1/min) to the carrierz
gas flow rate (1/min) introduced into the CVD reaction chamber
in which the substrate is located, is 5-15 vol%, the nitrogen
gas concentration, in terms of the ratio of the nitrogen gas
flow rate (1/min) to the raw material gas flow rate (1/min),
is 10-120 vol%, the raw material gas r;‘etardation time defined
by the following formula is controlled to 7-110 seconds, and
the deposition rate is controlled to 20-400 um/hour,

Raw material gas resident time (sec) =
{ (Effective reaction volume in the reaction chamber
(1)) /(raw material gas flow rate (1l/min))}x{(273+20)/

(273 + Reaction temperature (°C))} X60.




