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(57) ABSTRACT 

A structural body has an aluminum nitride sintered body, a 
silicon carbide ?lm formed on a surface of the sintered body, 
and an intermediate layer generated betWeen the sintered 
body and the silicon carbide ?lm. The intermediate layer is 
mainly made of a silicon nitride. Preferably, the intermediate 
layer includes smaller than 5 Wt % of carbon and smaller 
than 5 Wt % of aluminum, and a thickness of the interme 
diate layer is greater than 0.2 pm. 
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STRUCTURAL BODY AND METHOD OF 
PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a structural body 
and a method of producing the same having an excellent heat 
cycle resistivity. 
[0003] 2. Description of Related Art 

[0004] Generally, an electrostatic chuck is used for chuck 
ing a semiconductor Wafer and retaining it in the steps of 
?lm forming such as transfer, exposure, thermal CVD 
(Chemical Vapor Deposition method), plasma CVD, and 
sputtering of the semiconductor Wafer, ?ne Working, Wash 
ing, etching, dicing and so on. As a substrate of the elec 
trostatic chuck mentioned above, and as a substrate of the 
heater, dense ceramics having a high density are used 
recently. Especially in an apparatus for producing semicon 
ductors, halogen corrosive gasses such as ClF3 and so on are 
Widely used as etching gas and cleaning gas. Moreover, in 
order to heat and cool the semiconductor Wafer rapidly While 
it is retained, it is desired that the substrate of the electro 
static chuck has a high heat conductivity. Further, it is 
desired that the substrate of the electrostatic chuck has a 
thermal shock resistivity so as to be fractured due to a rapid 
temperature variation. 

[0005] Dense aluminum nitride has a high corrosive resis 
tivity With respect to the halogen corrosive gas as mentioned 
above. Moreover, the dense aluminum nitride is knoWn as a 
material having a high heat conductivity such as a volume 
resistivity of greater than 108 ohm-cm. In addition, the dense 
aluminum nitride is knoWn as a substance having a high 
thermal shock resistivity. Therefore, it is thought to be 
preferred that the substrate of the electrostatic chuck or the 
heater used for producing semiconductors is formed by an 
aluminum nitride sintered body. 

[0006] As a member having corrosive resistivity eXposed 
to a corrosive gas in the apparatus for producing semicon 
ductors mentioned above, the inventors studied a corrosion 
resistive member in Which a silicon carbide ?lm Was formed 
on a surface of the aluminum nitride substrate by means of 
chemical vapor deposition method. When such a corrosion 
resistive member Was subjected to a heat cycle Was applied 
to the corrosion resistive member. In this case, it Was found 
that cracks or abruptions Were liable to be generated accord 
ing to an increase of heat cycle numbers. If cracks Were 
generated in the corrosion resistive member, AlN substrate 
Was eroded by the corrosive gas, so that the silicon carbide 
?lm Was peeled off. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to provide a 
structural body in Which a silicon carbide ?lm is formed on 
an aluminum nitride sintered body, Which does not generate 
cracks or abruptions of the silicon carbide ?lm When a heat 
cycle is applied to the structural body. 

[0008] According to the invention, a structural body com 
prises an aluminum nitride sintered body, a silicon carbide 
?lm formed on a surface of said aluminum nitride sintered 
body, and an intermediate layer generated betWeen said 
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aluminum nitride sintered body and said silicon carbide ?lm, 
said intermediate layer being mainly made of silicon nitride. 

[0009] Moreover, according to the invention, a method of 
producing the structural body mentioned above, comprises 
the steps of ?oWing hydrogen at a ?lm forming temperature; 
?oWing a gas for a ?rst silicon generation compound includ 
ing at least silicon, chlorine and hydrogen; and ?oWing a gas 
for a second silicon generation compound and a carbon 
generation compound; thereby forming said silicon carbide 
?lm to said aluminum nitride sintered body by means of a 
chemical vapor deposition method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a cross sectional vieW shoWing one 
embodiment of a chemical vapor deposition apparatus for 
forming a silicon carbide ?lm; 

[0011] FIG. 2 is a schematic vieW illustrating one embodi 
ment of a test apparatus for heat cycle test; 

[0012] FIG. 3 depicts an analyZing result of especially 
carbon, nitrogen, aluminum by using X-ray microanalyZer 
for a boundary portion betWeen an aluminum nitride sintered 
body and the silicon carbide ?lm; 

[0013] FIG. 4 shoWs an analyZing result of especially 
silicon and chlorine by using X-ray for the boundary portion 
betWeen the aluminum nitride sintered body and the silicon 
carbide ?lm; 

[0014] FIG. 5 is a photograph taken by a scanning elec 
tron microscope showing a boundary of a structural body 
according to one embodiment of the invention betWeen the 
silicon carbide ?lm and the aluminum nitride sintered body; 

[0015] FIG. 6 is a photograph taken by a scanning elec 
tron microscope illustrating a boundary of a structural body 
according to another embodiment of the invention betWeen 
the silicon carbide ?lm and the aluminum nitride sintered 
body; 
[0016] FIG. 7 is a photograph taken by a scanning elec 
tron microscope depicting a boundary of a structural body 
according to a comparative embodiment betWeen the silicon 
carbide ?lm and the aluminum nitride sintered body; 

[0017] FIG. 8 is a plan vieW shoWing one embodiment of 
a heater in Which the silicon carbide ?lm is used as a 
resistance heating element; 

[0018] FIG. 9 is a perspective vieW illustrating the heater 
shoWn in FIG. 8; 

[0019] FIG. 10 is an enlarged cross sectional vieW of the 
heater shoWn in FIG. 8; 

[0020] FIG. 11a is a plan vieW depicting one embodiment 
of a ceramic heater 31 according to one embodiment of the 
invention and FIG. 11b is a schematic cross sectional vieW 
shoWing the heater shoWn in FIG. 11a; and 

[0021] FIGS. 12a, 12b and 12c are cross sectional vieWs 
respectively illustrating a net-like microstructure Which can 
be used in the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0022] The inventors performed a number of screenings in 
such a manner that various chemical vapor deposition meth 
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ods Were examined, and in such a manner that a microstruc 
ture and a heat cycle test of a corrosion resistive member, in 
Which a silicon carbide ?lm Was formed on an aluminum 
nitride sintered body actually, Were also examined in detail. 
During this screening operations, the inventors found that, if 
the silicon carbide ?lm Was generated under a particular 
condition mentioned beloW, an intermediate layer made of 
mainly silicon nitride Was sometimes generated on a bound 
ary betWeen the sintered body and the silicon carbide ?lm, 
and in this case, a heat cycle resistivity Was extraordinarily 
improved. The present invention Was achieved by these 
?ndings. 

[0023] In this embodiment, it is necessary that a main 
ingredient of the intermediate layer is silicon nitride, and it 
is preferred that an amount of silicon nitride is greater than 
90 Wt %. In the intermediate layer, aluminum originated 
from aluminum nitride sintered body and carbon originated 
from silicon carbide may be included. In this case, it is 
preferred that an amount of aluminum is smaller than 5 Wt 
% and an amount of carbon is smaller than 5 Wt %. 
Moreover, as mentioned beloW, in the case that use is made 
of a chloride gas When the silicon carbide ?lm is generated, 
chlorine is included sometimes as impurities, but it is 
preferred that an amount of chlorine is smaller than 1 Wt %. 

[0024] A reason that the silicon carbide ?lm is not peeled 
off from the sintered body due to a generation of the 
intermediate layer is not clear, but it is estimated as folloWs. 

[0025] That is to say, a thermal stress occurs due to a 
difference of thermal expansion coef?cient betWeen the 
sintered body and the silicon carbide ?lm. Since a thermal 
expansion coefficient of the silicon carbide ?lm is smaller 
than that of the sintered body, a compression stress is 
generated in the silicon carbide ?lm and a tensile stress is 
generated in the sintered body. If the silicon carbide ?lm is 
arranged on the sintered body only in a physical manner 
Without being connected, the silicon carbide ?lm is peeled 
off from the sintered body due to these stresses. HoWever, if 
the intermediate layer according to the invention is gener 
ated, the intermediate layer has a chemical bonding force 
and thus it is likely to be ?rmly connected to both of the 
sintered body and the silicon carbide ?lm. 

[0026] In order to prevent an abruption of the silicon 
carbide ?lm, it is preferred to set a thickness of the inter 
mediate layer to larger than 0.2 pm more preferably larger 
than 2 pm. Moreover, in upper limitation of a thickness of 
the intermediate layer is not generally set. HoWever, it is 
dif?cult to make a thickness of the intermediate layer greater 
than a predetermined value due to an actual producing 
process. From this vieW point, it is preferred to set a 
thickness of the intermediate layer to smaller than 20 pm and 
more preferably to smaller than 10 pm from the vieW point 
of heat cycle resistivity. 

[0027] Amethod of producing the intermediate layer is not 
limited, but it is preferred to use the folloWing methods. That 
is to say, a method of producing the structural body, com 
prises the steps of, When a silicon carbide ?lm is formed to 
the aluminum nitride sintered body by means of a chemical 
vapor deposition method; ?oWing hydrogen at a ?lm form 
ing temperature; ?oWing a gas for a ?rst silicon generation 
compound including at least silicon, chlorine and hydrogen; 
and ?oWing a gas for a second silicon generation compound 
and a carbon generation compound. As the ?rst silicon 
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generation compound, it is preferred to use at least one 
compound selected from the group of SiCl4, SiHCl3, and 
SiH2Cl2. As the second silicon generation compound, it is 
preferred to use at least one compound selected from the 
group of SiCl4, SiHCl3, SiH2Cl2 and SiH4. As the carbon 
generation compound, it is especially preferred to use at 
least one compound selected from the group of CH4, CZH6 
and C3H8. It is preferred that the ?rst silicon generation 
compound is the same as the second silicon generation 
compound, but they may be different With each other. 

[0028] As mentioned above, during the chemical vapor 
deposition step, a gas for the ?rst silicon generation com 
pound including at least hydrogen is introduced prior to a 
gas for the carbon generation compound at a high tempera 
ture. Therefore, a silicon chloride is acted With hydrogen and 
resolved to generate hydrogen chloride. The thus generated 
hydrogen chloride gas functions to corrode and activate a 
surface of the aluminum nitride. Here, silicon atoms are 
bonded to generate silicon nitride, carbon introduced after 
that become further reactable With silicon, and the thus 
generated silicon carbide is likely to be ?rmly connected to 
silicon nitride as a substrate. An introducing period of the 
?rst silicon generation compound including chlorine such as 
silicon tetrachloride i s determined suitably according to a 
?lm generation temperature so as to generate the interme 
diate layer having a desired thickness. It is preferred that the 
?lm generation temperature is set to 1350-1500° C. more 
preferably 1400-1450° C. 

[0029] Heat cycle resistivity of the sintered body and the 
silicon carbide ?lm Was further improved, by making a 
purity of aluminum nitride of the aluminum sintered body to 
greater than 90% more preferably greater than 94%. This is 
because affects of oxides in the sintered body can be 
reduced. Moreover, a relative density of the sintered body is 
preferably set to greater than 94% from the vieW points of 
strength and heat conductivity. 

[0030] As a corrosive substance, it is especially important 
to use a reactive plasma gas used in the apparatus for 
producing semiconductors. As such a reactive plasma gas, 
there are C12, BCl3,ClF3, HCl, HBr and so on, and all of 
them have a strong corrosive property. Among them, the 
structural body according to the invention shoWs an extraor 
dinarily high corrosion resistivity With respect to chloride 
gas. Particularly, in a high temperature region of 600-1000° 
C., it is preferred to use the structural body according to the 
invention as a corrosion resistive member exposed espe 
cially to chloride gas. 

[0031] The structural body according to the invention can 
be applied to various kinds of products. As such a product, 
the structural body according to the invention can be pref 
erably applied to an electromagnetic radiation transmission 
member. For example, there are electromagnetic radiation 
transmission WindoW, high frequency electrode apparatus, 
tube for generating high frequency plasma, dome for gen 
erating high frequency plasma. Moreover, the structural 
body according to the invention can be applied to a suscepter 
for setting a semiconductor Wafer. Ads such a suscepter, 
there are ceramic electrostatic chuck, ceramics heater, high 
frequency electrode apparatus. Further, the structural body 
according to the invention can be used for a substrate of the 
semiconductor producing apparatus such as shoWer plate, 
lift pin used for supporting semiconductor Wafer, shadoW 
ring, and dummy Wafer. 
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[0032] In the case that the structural body according to the 
invention is applied to the member Which is set in plasma, 
there is an advantage such that a charge-up level of a surface 
of the structural body in plasma can be reduced by means of 
the silicon carbide ?lm. Especially in the case that the 
structural body according to the invention is applied to the 
suscepter set in plasma, it is possible to reduce charge 
generation on a surface of the suscepter since the surface of 
the suscepter is covered With the silicon carbide ?lm having 
a semi-conductive property. 

[0033] Moreover, in another embodiment of the present 
invention, the structural body according to the invention can 
be applied to the electrostatic chuck. 

[0034] Generally, the electrostatic chuck Was produced by 
embedding a metal electrode in the substrate made of an 
aluminum nitride sintered body. In the method mentioned 
above, it is dif?cult to maintain a spacing betWeen the 
electrode and a chucking surface of the sintered body at a 
constant level, and thus there is a draWback such that an 
electrostatic chucking force is liable to be varied in the 
chucking surface. Moreover, since it is necessary to protect 
the metal electrode from corrosive atmospheres, it is nec 
essary to increase a total thickness of the substrate. There 
fore, there is a tendency such that a heat capacity of the 
electrostatic chuck becomes larger. If the heat capacity 
becomes larger, it takes an additional time for heating and 
cooling operations. 

[0035] Contrary to this, the electrostatic chuck can be 
obtained by forming the silicon carbide ?lm on one surface 
of aluminum nitride sintered body according to the inven 
tion, Wherein the silicon carbide ?lm is used as the electro 
static chuck electrode and the sintered body is used as a 
dielectric layer. In this case, it is easy to maintain a thickness 
of the sintered body at a constant level by means of a 
mechanical Working, a chucking force is not varied in the 
chucking surface. Moreover, the silicon carbide ?lm has a 
high durability With respect to corrosive atmospheres and is 
easy to make a thickness of the sintered body thinner as 
compared With the metal electrode. In addition, if the 
sintered body is made thinner, the silicon carbide ?lm has no 
problem as compared With the metal embedded electrode. 
Therefore, it is possible to make a total heat capacity of the 
electrostatic chuck smaller. 

[0036] Hereinafter, experimental results Will be shoWn in 
detail. 

Experiment 1 

[0037] A silicon carbide ?lm Was formed on an aluminum 
nitride sintered body by using a chemical vapor deposition 
(CVD) apparatus shoWn schematically in FIG. 1. A sub 
strate 1 Was set in a furnace. The substrate 1 Was supported 
by a supporting member 5. In this apparatus, a raW material 
supply tube 8 having a front shape of character T Was set. 
The raW material supply tube 8 comprises a base portion 8b 
and a bloWing portion 8a extended breadthWise. A prede 
termined number of gas discharge outlets 9 Were arranged at 
a surface 8c opposed to a substrate of the bloWing portion 
8a. A numeral 6 Was an inner cylindrical member and a 
numeral 7 Was an external heater. 

[0038] A spacing betWeen the surface 8c of the raW 
material supply tube 8 and the substrate 1 Was set to 100 

Apr. 11, 2002 

mm-300 mm. A gas Was fed from the gas discharge outlets 
9 While the raW material supply tube 8 Was rotated. A raW 

material gas for CVD Was fed from the gas discharge outlets 
9, ?oWed in a space 10, encountered to a surface of the 
substrate 1, ?oWed along a surface of the substrate 1, and 
Was fed through gas discharge holes 3 formed in the sup 
porting member 5. 

[0039] Since use Was made of the raW material supply tube 
8 having the shape mentioned above and a gas Was dis 
charged While the raW material supply tube 8 Was rotated, a 
thickness of the silicon carbide ?lm Which covered overall 
surface of the substrate 1 could be maintained at a constant 
level. 

[0040] In this apparatus, at a ?lm generation temperature, 
hydrogen Was ?oWed in the furnace, silicon tetrachloride 
Was supplied after that and then silicon tetrachloride and 
methane Were supplied in addition. After the CVD process, 
the silicon carbide ?lm Was subjected to a grinding opera 
tion, so that a product having a predetermined could be 
obtained. 

[0041] A structural body Was produced according to the 
method mentioned above by using the apparatus shoWn in 
FIG. 1. As the substrate 1, use Was made of a discoid 

aluminum nitride sintered body having a diameter of 250 
mm and a thickness of 20 mm. Apurity of aluminum nitride 

in the sintered body Was 99.5% and a remainder Was made 
of yttria. Respective raW material gases Was introduced 
according to respective conditions shoWn in Table 1, so as to 
form a silicon carbide ?lm. A pressure during a ?lm forma 
tion Was 120 Torr. Athickness of the silicon carbide ?lm Was 

100 pm at a center portion of the ?lm. In a comparative 
example 1, argon Was only ?oWed in the furnace during a 
temperature ascending operation up to 1425° C., and hydro 
gen, silicon tetrachloride, methane Were ?oWed at 1425° C. 
In examples 1, 2, 3 according to the invention, argon Was 
only ?oWed in the furnace during a temperature ascending 
operation up to respective ?lm forming temperatures, hydro 
gen Was only ?oWed for 10 minutes at respective ?lm 
forming temperatures after that, then hydrogen and silicon 
tetrachloride Were ?oWed for 1 minute, and then methane 
Was ?oWed in addition. 

[0042] With respect to respective structural bodies thus 
prepared, a heat cycle test at a temperature range betWeen 
room temperature and 900° C. Was performed. In this case, 
use Was made of a heat cycle test apparatus shoWn sche 
matically in FIG. 2. Sample pieces each having a rectan 
gular shape of 4 mm><3 mm><50 mm Were cut out from 
respective structural bodies. In this case, the silicon carbide 
?lm Was arranged on a plane de?ned by 4 mm><50 mm. The 
thus prepared sample piece 14 Was supported by a chuck 
member 15 made of Inconel in a space 19 maintained at 
room temperature. A portion betWeen a resistance heating 
furnace 11 and a cylinder 17 Was covered With a closed 
vessel 16, and an argon gas under atmosphere pressure Was 
?oWed in the closed vessel 16. An outer Wall of the resis 
tance heating furnace 11 Was covered With a metal plate in 
a highly hermetic manner. 
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[0043] The sample piece 14 Was inserted into a furnace 
inner space 13 of the resistance heating furnace 11 by 
driving the air pressure cylinder 17. A numeral 12 Was a 
resistance heater. A temperature of the furnace inner space 
13 Was maintained at 900° C. The sample piece 14 Was 
maintained for 1 minute in the furnace inner space 13, and 
then it Was pulled out from the furnace inner space 13 by 
driving the air pressure cylinder 17. An argon gas Was blown 
from a noZZle 18 having a diameter of 2 mm at a rate of 2 
litter/minute and the sample piece 14 Was cooled doWn for 
1 minute. A temperature of the sample piece 14 When it Was 
completely pulled out from the furnace inner space 13 Was 
loWer than 30° C. An argon gas bloWn from the noZZle 18 
Was discharged into an atmosphere through a check valve 
arranged to the closed vessel 16. By using the test apparatus 
as mentioned above, a heat cycle resistive property of the 
sample piece Was examined While an oxidation of the 
aluminum nitride in an argon atmosphere Was prevented. 
These results are shoWn in Table 1. 

TABLE 1 
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betWeen the sintered body and the silicon carbide ?lm. The 
intermediate layer Was analyZed by using EPMA (X-ray 
micro-analyzer). The results are shoWn in FIGS. 3 and 4. A 
composition of the intermediate layer Was 60 Wt % of 
silicon, 35 Wt % of nitrogen, 1 Wt % of carbon, 2 Wt % of 
aluminum and 0.04 Wt % of chlorine. Moreover, the inter 
mediate layer Was measured by using micro-focus X-ray. As 
a result, it Was con?rmed that there Was a silicon nitride 

crystal corresponding to JCPDS card No. 33-1160 in the 
intermediate layer. 

[0046] FIG. 6 shoWs an observation result of the specimen 
according to the example 2. The intermediate layer having a 
thickness of 0.2 pm Was generated. Moreover, FIG. 7 shoWs 
an observation result of the specimen according to the 
comparative example 1. No intermediate layer Was gener 
ated, and the silicon carbide ?lm Was peeled off from the 
aluminum nitride sintered body. 

raW material gas introducing method 
unit: liter/minute 

temperature predetermined results of heat cycle test 

ascending time 10 min. 1 min. time 10 100 1000 10000 5000 

comparative Ar 7.5 7.5 0/5 — — — — 

example 1 H2 17.5 
?lm forming SiCl4 5.2 
temperature CH4 4 
14250 C. 

example 1 Ar 7.5 7.5 7.5 7.5 5/5 5/5 5/5 5/5 5/5 
?lm forming H2 17.5 17.5 17.5 
temperature SiCl4 5.2 5.2 
14250 C. CH4 4 
example 2 Ar 7.5 7.5 7.5 7.5 5/5 5/5 5/5 3/5 0/5 
?lm forming H2 17.5 17.5 17.5 
temperature SiCl4 5.2 5.2 
14000 C. CH4 4 
example 3 Ar 7.5 7.5 7.5 7.5 5/5 5/5 5/5 5/5 5/5 
?lm forming H2 17.5 17.5 17.5 
temperature SiCl4 5.2 5.2 
14500 C. CH4 4 

[0044] In the comparative example 1, all the ?ve sample Experiment 2 
pieces shoW a result such that the ?lm Was peeled off from 
the substrate by at best 10 heat cycles. In the examples 1 and 
3, there Was no abruption of the ?lm even after 50000 heat 
cycles. In the example 2, three sample pieces among ?ve 
sample pieces shoW no abruption of the ?lm after 10000 heat 
cycles. 

[0045] From the sample piece of the example 1, specimens 
for microscope observation Were cut out, and the thus cut out 
specimens Were further cut out at an angle of 20° With 
respect to a boundary betWeen aluminum nitride and silicon 
carbide. Then, the 20° cut out surface of the specimen Was 
ground and the thus ground cut out surface Was observed by 
scanning electron microscope. The result is shoWn in FIG. 
5. In FIG. 5, a loWer side Was the sintered body and an upper 
side Was the silicon carbide ?lm. Moreover, the intermediate 
layer having a thickness of about 7 pm Was observed 

[0047] As is the same as the experiment 1, respective 
specimens shoWn in Table 2 Were prepared, and the heat 
cycle test Was performed With respect to the thus prepared 
specimens. In this experiment 2, use Was made of propane 
instead of methane used in the experiment 1. Microstruc 
tures of the specimen according to the comparative example 
2 Was same as those of the specimen according to the 
comparative example 1, and microstructures of the speci 
mens according to the examples 4, 5, 6 Were same as those 
of the specimens according to the examples 1, 2, 3. In this 
experiment 2, a thickness of the intermediate layer of the 
example 4 Was 8 pm, that of the example 5 Was 2 pm and 
that of the example 6 Was 12 pm. Moreover, a composition 
of the intermediate layer of the example 4 Was silicon nitride 
as a main ingredient, 3 Wt % of aluminum and 4 Wt % of 
carbon, that of the example 5 Was silicon nitride as a main 
ingredient, 4 Wt % of aluminum and 3 Wt % of carbon, and 
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that of the example 6 Was silicon nitride as a main ingredi 
ent, 2 Wt % of aluminum and 2 Wt % of carbon. 

TABLE 2 
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examples 1, 2, 3. In this experiment 3, a thickness of the 
intermediate layer of the example 7 Was 7 pm, that of the 

raW material gas introducing method 
unit: liter/minute 

temperature predetermined results of heat cycle test 

ascending time 10 min. 1 min. time 10 100 1000 10000 5000 

comparative Ar 7.5 7.5 0/5 — — — — 

example 2 H2 17.5 
?lm forming SiCl4 5.2 
temperature C3H8 1.3 
1425° C. 
example 4 Ar 7.5 7.5 7.5 7.5 5/5 5/5 5/5 5/5 5/5 
?lm forming H2 17.5 17.5 17.5 
temperature SiCl4 5.2 5.2 
1425° C. C3H8 1.3 
example 5 Ar 7.5 7.5 7.5 7.5 5/5 5/5 2/5 1/5 0/5 
?lm forming H2 17.5 17.5 17.5 
temperature SiCl4 5.2 5.2 
1400° C. C3H8 1.3 
example 6 Ar 7.5 7.5 7.5 7.5 5/5 5/5 5/5 5/5 5/5 
?lm forming H2 17.5 17.5 17.5 
temperature SiCl4 5.2 5.2 
1450° C. C3H8 1.3 

Experiment 3 

[0048] As is the same as the experiment 1, respective 
specimens shoWn in Table 3 Were prepared, and the heat 
cycle test Was performed With respect to the thus prepared 
specimens. In this experiment 3, use Was made of silane 

trichloride instead of silicon tetrachloride used in the experi 
ment 1. Microstructures of the specimen according to the 

example 8 Was 1 pm and that of the example 9 Was 10 pm. 

Moreover, a composition of the intermediate layer of the 
example 7 Was silicon nitride as a main ingredient, 2 Wt % 

of aluminum and 3 Wt % of carbon, that of the example 8 
Was silicon nitride as a main ingredient, 1.5 Wt % of 

aluminum and 3 Wt % of carbon, and that of the example 9 
Was silicon nitride as a main ingredient, 2 Wt % of aluminum 

and 2 Wt % of carbon. 

TABLE 3 

raW material gas introducing method 
unit: liter/minute 

temperature predetermined results of heat cycle test 

ascending time 10 min. 1 min. time 10 100 1000 10000 5000 

comparative Ar 7.5 7.5 0/5 — — — — 

example 3 H2 17.5 
?lm forming SiHCl3 5.2 
temperature CH4 4 
1425° C. 
example 7 Ar 7.5 7.5 7.5 7.5 5/5 5/5 5/5 5/5 5/5 
?lm forming H2 17.5 17.5 17.5 
temperature SiHCl3 5.2 5.2 
1425° C. C4 4 
example 8 Ar 7.5 7.5 7.5 7.5 5/5 5/5 3/5 2/5 0/5 
?lm forming H2 17.5 17.5 17.5 
temperature SiHCl3 5.2 5.2 
1400° C. C4 4 
example 9 Ar 7.5 7.5 7.5 7.5 5/5 5/5 5/5 5/5 5/5 
?lm forming H2 17.5 17.5 17.5 
temperature SiHCl3 5.2 5.2 
1450° C. C4 4 

comparative example 3 Was same as those of the specimen 
according to the comparative example 1, and microstruc 
tures of the specimens according to the examples 7, 8, 9 
Were same as those of the specimens according to the 

Experiment 4 
[0049] As is the same as the experiment 1, respective 
specimens Were prepared, and the heat cycle test Was 
performed With respect to the thus prepared specimens. In 
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this experiment 4, ?lm forming temperature, precedent 
introducing time of silicon tetrachloride and precedent intro 
ducing ?oW amount of silicon tetrachloride Were varied as 
shoWn in Table 4. These results are shoWn in Table 4. 

TABLE 4 

SiCl4 SiCl4 precedent thickness heat 
?lm precedent introducing of cycle 

forming introducing ?oW intermediate resistive 
temperature time amount layer number 

(O C.) (minute) (litter/minute) (,urn) (number) 

1400 0 0 0 100 
1350 3 5.2 0.5 1000 
1375 3 5.2 0.2 1000 
1400 1 5.2 0.2 1000 
1400 3 5.2 2 10000 
1425 1 5.2 7 50000 
1425 3 5.2 10 50000 
1450 1 5.2 12 50000 
1450 3 5.2 12 50000 
1500 1 5.2 4 50000 
1500 1 5.2 2 50000 

[0050] In this experiment 4, compositions of the interme 
diate layers according to respective specimens shoWn in 
Table 3 Were silicon nitride as a main ingredient, 1-3 Wt % 
of aluminum, 1-3 Wt % of carbon and 0.02-03 Wt % of 
chlorine. From these results, it Was con?rmed that a thick 
ness of the intermediate layer Was preferable if it Was greater 
than 0.2 pm, more preferable if it Was greater than 2 pm and 
further more preferable if it Was greater than 4 pm. 

Experiment 5 

[0051] In the experiment 5, a purity of aluminum nitride in 
the sintered body Was varied as shoWn in Table 5. Compo 
sitions other than aluminum nitride in the sintered body Were 
sintering agents mainly composed of yttrium, ytterbium, 
oxygen, magnesium, carbon and so on and inevitable impu 
rities. As can be understood from the results shoWn in Table 
5, a purity of aluminum nitride Was preferable if it Was 
greater than 90% and more preferable if it Was greater than 
94%. 

TABLE 5 

purity of aluminum heat cycle resistive 
nitride (%) number (number) 

85 
90 1 0000 
94 50000 
99 50000 
99.5 50000 

Experiment 6 

[0052] As is the same as the experiment 1, specimens Were 
prepared. In this experiment 6, use Was made of a discoid 
substrate having a thickness of 2 mm and a diameter of 200 
mm, Which Was made of the aluminum nitride sintered body 
having a purity of 99.5 %. On the substrate mentioned above, 
the silicon carbide ?lm having a thickness of 50 pm Was 
formed according to the condition of the example 1 in the 
experiment 1. A thickness of the intermediate layer Was 8 
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pm. Compositions other than silicon nitride in the interme 
diate layer Were 2 Wt % of aluminum, 1 Wt % of carbon and 
0.05 Wt % of chlorine. 

[0053] The thus prepared specimen Was exposed in chlo 
rine plasma at 825° C. In this case, a How amount of chlorine 
gas Was 300SCCM, a pressure Was 0.1 Torr, an alternate 
current poWer Was 800 Watt and an exposed time Was 2 
hours. As a result, the silicon carbon ?lm Was not corroded 
at all. 

[0054] Hereinafter, the embodiment, in Which the struc 
tural body according to the invention is applied to the heater 
especially to the heater to Which corrosive gas is exposed, 
Will be explained. 

[0055] At ?rst, the heater, in Which the silicon carbide ?lm 
itself is used as a resistance heating element, Will be 
explained. 
[0056] In the case that a metal resistance heating element 
is embedded in a substrate made of an aluminum nitride 
sintered body, it is necessary to arrange portions of the 
resistance heating element With a spacing so as to prevent a 
contact betWeen these portions in the substrate. Therefore, 
When the heater is vieWed from a heating surface side, a 
temperature of the heating surface positioned just on the 
resistance heating element becomes high, but a temperature 
of the heating surface positioned on a portion in Which the 
resistance heating element is not embedded becomes loW, so 
that a temperature variation on the heating surface is gen 
erated. Moreover, since a heat capacity of the heater 
becomes larger, it is difficult to perform abrupt heating and 
cooling operations, and thus a precise temperature control 
cannot be performed. HoWever, in the case that the resis 
tance heating element is formed by patterning the silicon 
carbide ?lm, since there is no limitations as that of the heater 
in Which the metal resistance heating element is embedded 
in the sintered body, it is possible to eliminate the tempera 
ture variation on the heating surface mentioned above by 
making a spacing of the pattern of the silicon carbide ?lm 
suf?ciently smaller. Moreover, in this case, it is possible to 
perform the abrupt heating and cooling operations. 

[0057] Further, in the case that a pattern made of a metal 
?lm is formed on a surface of the sintered body and the 
pattern generates heat, there is a case such that the metal ?lm 
is gradually peeled off due to a difference of thermal 
expansion coef?cient betWeen the metal ?lm and the sin 
tered body When a heat cycle is applied, or, such that a 
resistance value is varied partially due to an oxidation of the 
metal ?lm. HoWever, if the silicon carbide ?lm pattern 
according to the invention is used as the resistance heating 
element, the resistance heating element is not varied on a 
surface of the substance even after applying a long term heat 
cycle. 

[0058] The inventors produced a heater having a shape as 
shoWn in FIGS. 8-10. FIG. 8 is a plan vieW of a heater 21, 
FIG. 9 is a perspective vieW of the heater 21 and FIG. 10 
is a partially cross sectional vieW of the heater 21. 

[0059] Aplate-like substrate 22 having a dimension of 300 
mm><300 mm><3 mm and made of an aluminum nitride 
sintered body having a purity of 99.5% Was prepared. A 
silicon carbide ?lm having a thickness of about 100 pm Was 
formed on one surface of the substrate 22 according to the 
method shoWn in the experiment 1. An intermediate layer 
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having a thickness of 7 pm Was generated at a boundary 
betWeen the silicon carbide ?lm and the substrate. A main 
ingredient of the intermediate layer Was silicon nitride, and, 
2 Wt % of aluminum, 1 Wt % of carbon, 0.05 Wt % of 
chlorine Were included therein. 

[0060] As shoWn by the planar pattern illustrated in FIGS. 
8 and 9, recesses 24 each having a depth of about 200 pm 
and a Width of 1 mm Were formed by using a diamond cutter 
and a resistance heating clement pattern 23 Was formed. The 
pattern 23 comprised linear portions 23c and connection 
portions 23a' for connecting ends of respective linear por 
tions 23c. A Width of the linear portion 23c Was 1 mm. 
Aluminum nitride Was exposed at a bottom of the recess 24. 
Platinum Wires 26 Were connected to both ends 23a and 23b 
of the pattern 23 respectively and a poWer Was supplied to 
the resistance heating element pattern 23 through the plati 
num Wires 26 so as to generate heat. After a poWer supply 
Was started, a temperature of a surface of the substrate 22 to 
Which no pattern 23 Was formed Was measured by using a 
radiation. As a result, a temperature difference in a region 
positioned Within 8 mm from respective corner portions of 
the substrate Was Within 04° C., and a temperature Was 
increased uniformly in this region. In addition, since a 
resolution of the radiation thermometer Was 0.5 mm, a 
substantial temperature distribution Was not detected on the 
heater surface. 

[0061] Then, the thus prepared heater Was subjected to a 
heat cycle test in argon atmosphere including 5% of hydro 
gen. One heat cycle Was as folloWs: a temperature of the 
heater Was ascended to 500° C. for 0.5 hour, maintained at 
500° C. for 0.1 hour and descended to room temperature for 
0.5 hour. After 100 heat cycles, a temperature distribution 
Was measured on the heater surface by using the radiation 
thermometer. As a result, an average temperature difference 
Was Within 102° C. and a temperature distribution Was 
Within 104° C., as compared With the heater before the heat 
cycle test. 

[0062] In an apparatus for producing semiconductors, a 
heater in Which a metal resistance heating element Was 
embedded in an aluminum nitride sintered body Was knoWn. 
HoWever, a heater Was not knoWn Which Was used prefer 
ably under a condition such that a heat cycle betWeen room 
temperature and a high temperature region such as 600 
1100° C. Was applied and it Was exposed in a corrosive gas 
especially chlorine corrosive gas. Such a heater Was strongly 
required. 

[0063] According to the invention, a heater Which solved 
all the disadvantages mentioned above could be achieved by 
embedding a resistance heating element in an aluminum 
nitride sintered body, covering overall surface of the sintered 
body, and forming an intermediate layer at a boundary 
betWeen the sintered body and the silicon carbon ?lm. 

[0064] That is to say, the silicon carbide ?lm formed by a 
chemical vapor deposition method has an extraordinarily 
high corrosion resistivity With respect to a chlorine corrosive 
gas in a high temperature region especially in a high 
temperature region of 600-1100° C. In addition, since the 
silicon carbide ?lm is integrated With the aluminum nitride 
sintered body, in Which a resistance heating element is 
embedded, through the intermediate layer, the structural 
body having a strong heat cycle resistivity can be achieved. 
This reason is assumed as folloWs. 
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[0065] That is to say, in the case that the structural body 
according to the invention is used as a suscepter and a heat 
from an external heat source (for example infrared lamp) is 
applied to the suscepter, a heat from the external heat source 
is ?rst introduced to the silicon carbide ?lm by means of a 
heat radiation, and then conducted to the aluminum nitride 
sintered body through the intermediate layer. In this case, all 
the silicon carbide ?lm is heated rapidly at ?rst and a 
temperature is extraordinarily increased. Since a thermal 
expansion coef?cient of the silicon carbide ?lm is greater 
than that of the aluminum nitride sintered body, if both of the 
silicon carbide ?lm and the aluminum nitride sintered body 
are heated, the silicon carbide ?lm is expanded largely as 
compared With the aluminum nitride sintered body and thus 
a compression stress is applied to the silicon carbide ?lm. In 
addition, since a temperature of the silicon carbide ?lm is 
?rst increased rapidly due to a heat radiation for the silicon 
carbide ?lm, an excess compression stress is liable to be 
applied to the silicon carbide ?lm. Therefore, even if taking 
into consideration of a buffer function of the intermediate 
layer according to the invention, an abruptions of the ?lm is 
liable to be generated after the heat cycle is applied. 

[0066] On the other hand, in this case that the silicon 
carbide ?lm is integrated through the intermediate layer, 
With the aluminum nitride sintered body, in Which the 
resistance heating element is embedded, a heat from the 
resistance heating element is conducted through the sintered 
body by means of a heat conduction and reaches to the 
silicon carbide ?lm through the intermediate layer. In this 
case, since a heat capacity of the sintered body is greater 
than that of the silicon carbide ?lm and the silicon carbide 
?lm is thin, When a heat is conducted from the sintered body 
to the silicon carbide ?lm through the intermediate layer 
during a temperature ascending step, a temperature differ 
ence betWeen the silicon carbide ?lm and an outermost 
region of the sintered body is small, and a temperature of the 
silicon carbide ?lm is loWer than that of the sintered body. 
In addition, since a thermal expansion coef?cient of the 
sintered body is smaller than that of the silicon carbide ?lm, 
a difference on a thermal expansion betWeen the sintered 
body and the silicon carbide layer becomes smaller and 
smaller. Therefore, a stress applied near the boundary 
betWeen an outermost region of the sintered body and the 
silicon carbide ?lm during a heating step can be largely 
relieved and further it is dispersed by the intermediate layer. 

[0067] As the resistance heating element Which is embed 
ded in the aluminum nitride sintered body, metal Wire having 
a coil spring shape, metal foil and metal plate are preferably 
used, and they are knoWn in a heater ?led. 

[0068] In this embodiment, it is preferred to use a heater 
in Which the resistance heating element is embedded in the 
aluminum nitride sintered body, at least a part of the 
resistance heating element is made of a conductive net-like 
member and an aluminum nitride is ?lled in a net of the 
net-like member. The heater having the construction men 
tioned above shoWs an extraordinary durability With respect 
to a heat cycle especially betWeen a high temperature region 
on a loW temperature region such as a room temperature 
region. 

[0069] Materials of the net-like member are not limited, 
but it is preferred to use a metal having a high melting point 
When a temperature becomes greater than 600° C. during 
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use. As the metal having a high melting point, use is made 
of tungsten, molybdenum, platinum, rhenium, hafnium and 
an alloy thereof. 

[0070] As a con?guration of the net-like member, it is 
preferred to use the net-like member formed by ?bers or 
Wires. In this case, if a cross section of the ?ber or the Wire 
is circular, it is possible to reduce a stress concentration due 
to thermal expansion. 

[0071] In a preferred embodiment, the net-like member 
should be cut into a slender string like a picture draWn With 
a single stroke of the brush. In this case, since a current is 
?oWed toWard a longitudinal direction of the net-like mem 
ber formed by the slender strips, an unevenness of tempera 
ture distribution due to a current concentration is not liable 
to be generated as compared With the circular net-like 
member. 

[0072] FIG. 11a is a plan vieW shoWing a ceramics heater 
31 according to another embodiment of the invention and 
FIG. 11b is a cross sectional vieW cut along Xb-Xb line in 
FIG. 11a. In the ceramics heater 31, a net-like member 34 
is embedded in a substrate 32 having for example discoid 
shape. 

[0073] At a center portion of the substrate 32, a terminal 
33A Which continues to a rear surface 32b is embedded, and 
at a peripheral portion of the substrate 32, a terminal 33B 
Which continues to the rear surface 32b is embedded. The 
terminal 33A and the terminal 33B are connected through 
the net-like member 34. Anumeral 32a is a heating surface. 
The substrate 32 comprises an aluminum nitride sintered 
body 36 having a discoid shape and a silicon carbide ?lm 35 
Which covers a surface of the sintered body 36. 

[0074] The net-like member 34 is formed by a net having 
a con?guration shoWn in for example FIGS. 12a-12c. It 
should be noted that a ?ne net con?guration of the net-like 
member 34 is not shoWn in FIGS. 11a and 11b due to a siZe 
limitation. The net-like member 34 has a convoluted shape 
in a major plane betWeen the terminals 33A and 33B. The 
terminals 33A and 33B are connected to a poWer supply 
cable not shoWn. 

[0075] FIGS. 12a-12c are cross sectional vieWs respec 
tively shoWing one embodiment of the net-like member. In 
a net-like member 46 shoWn in FIG. 12a, longitudinal Wires 
46b and transversal Wires 46a are knitted in a three-dimen 
sional manner, and both of the longitudinal Wires and the 
transversal Wires Waves. In a net-like member 47 shoWn in 
FIG. 12b, transversal Wires 47a are straight and longitudinal 
Wires 47b are bent. In a net-like member 48 shoWn in FIG. 
12c, longitudinal Wires 48b and transversal Wires 48a are 
knitted in a three-dimensional manner, and both of the 
longitudinal Wires and the transversal Wires Waves. More 
over, the net-like member 48 is Worked by a rolling mill, and 
thus outer surfaces of the longitudinal Wires and transversal 
Wires are aligned along one-dotted chain lines A and B. 

[0076] Hereinafter, an experiment result of the heater in 
Which the resistance heating element is embedded in the 
sintered body Will be explained. 

[0077] Aluminum nitride poWders obtained by a reduction 
nitriding method Were used as raW material poWders. In 
aluminum nitride poWders, contents of Si, Fe, Ca, Mg, K, 
Na, Cr, Mn, Ni, Cu, Zn, W, B, Y Were respectively smaller 
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than 100 ppm, and the other metal components except for 
aluminum Were not detected. A preliminarily formed body 
having a discoid shape Was produced by forming the raW 
material poWders by applying one directional stress thereto. 
A resistance heating element made of molybdenum having 
a coil spring shape Was embedded in the preliminarily 
formed body. The preliminarily formed body Was sintered 
by a hot press method under a pressure of 200 kgf/cm2 at 
1900° C. to obtain an aluminum nitride sintered body. The 
sintered body had a diameter of 250 mm and a thickness of 
20 mm. 

[0078] A silicon carbide ?lm having a thickens of 50 pm 
Was formed on a surface of the sintered body according to 
the condition of the example 1 in the experiment 1. A 
thickness of the intermediate layer Was 7 pm. A chemical 
composition other than silicon nitride in the intermediate 
layer Was 2 Wt % of aluminum, 1 Wt % of carbon and 0.04 
Wt % of chlorine. A silicon Wafer Was set on the heater 
according to this embodiment. As a comparative example 
(D, a heater (D, in Which no silicon carbide ?lm Was formed 
in the sintered body, Was produced. As a comparative 
example @, a heater @, in Which the silicon carbide ?lm 
having a thickness of 50 pm Was formed according to the 
condition of the comparative example 1 in the experiment 1, 
Was produced. 

[0079] Respective heaters Were exposed in a chlorine 
plasma. In this case, a How amount of a chlorine gas Was 
300SCCM, a pressure Was 0.1 Torr, an alternating current 
poWer Was 800 W, and an exposing time Was 2 hours. A 
poWer Was supplied to the resistance heating element of the 
heater and a temperature of the silicon Wafer Was maintained 
at 800° C. As a results, the silicon carbide ?lm Was not 

corroded at all in the example according to the invention HoWever, the substrate Was corroded heavily in the com 

parative example. Moreover, a contamination level of A1 
with respect to the silicon Wafer Was as folloWs. In the heater 
according to the comparative example (D, a contamination 
level Was 1015 atm/cm2. On the other hand, in the heater 
according to the invention, a contamination level Was 1010 
atm/cm2. Since the contamination level of 1010 atm/cm2 Was 
the same as that of the silicon Wafer before processing, a 
plasma heating process could be performed under a condi 
tion of substantially no silicon Wafer contamination in the 
heater according to the invention. 

[0080] Further, since the silicon carbide ?lm has a con 
ductive property, it Was possible to prevent a particle adhe 
sion due to an electrostatic potential Which Was a problem in 
the aluminum nitride sintered body having an insulation 
property. Especially, it Was possible to prevent a generation 
of electrostatic potential completely by connecting the sili 
con carbide ?lm to the ground. 

[0081] With respect to the heater according to the inven 
tion and the heater according to the comparative example 
@, the heat cycle test Was performed as is the same as the 
experiment 1. As a result, in the heater according to the 
invention, the silicon carbide ?lm Was not peeled off even 
after 10000 heat cycles. HoWever, in the heater according to 
the comparative example @, the silicon carbide ?lm Was 
peeled off after 20 heat cycles. 

[0082] As is clearly understood from the above explana 
tions, according to the invention, in the structural body in 
Which the silicon carbide ?lm is formed on a surface of the 




