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Description

Field of the Invention

[0001] The present invention relates to susceptors made of ceramic material for heating objects to be placed and
processed on placing faces thereof in semiconductor-producing apparatuses, and to the use of such susceptors.

Related Statement

[0002] Ceramic heaters in which a resistance heat-generating element is buried in a susceptor made of a ceramic
material such as silicon nitride have been used for heating semiconductor wafers in semiconductor-producing appara-
tuses. Further, heaters in which a high frequency plasma-generating electrode is buried have been also used in the
semiconductor-producing apparatuses. In such an apparatus, an object to be processed, such as a silicon wafer or a
substrate for a liquid crystal, is placed on a susceptor, and the processed object is lifted with lift pins to release the
supporting of the object after processing, and then conveyed.
[0003] The inventors discovered that when the wafer was placed on the susceptor, was subjected to a given processing
under heating in a plasma environment, and was to be lifted with the lift pins to release the supporting of the object, the
wafer might be positionally deviated by a few or several millimeters on the placing face of the susceptor through the
wafer being absorbed onto the placing face of the susceptor.
[0004] It is therefore an object of the present invention to prevent positional deviation of a wafer through a phenomenon
that the wafer is absorbed onto the placing face of the susceptor when the wafer is supported and processed under
heating on the susceptor and the wafer is released from being supported.
[0005] The document US-A-5 851 298 discloses a susceptor made of a ceramic material for placing and heating an
object to be processed on a placing face thereof in a semiconductor-producing apparatus, comprising a surface layer
having said placing face, a supporting layer integrated via an intermediate layer with the surface layer, a heat-generating
element buried in the supporting layer, and a high frequency plasma-generating electrode buried in the surface layer,
wherein the surface layer consists of AIN, the support layer consists of Al2O3 and the intermediate layer consists of a
mixture of AIN and Al2O3 with the content of AlN decreasing from the border with the surface layer towards the border
with the supporting layer.

Summary of the Invention

[0006] The present invention provides a susceptor made of a ceramic material for placing and heating an object to
be processing, on a placing face thereof in a semiconductor-producing apparatus, as set out in claim 1.
[0007] The present inventors succeeded in preventing the positional deviation of the object due to the absorbing
phenomenon of the object onto the placing face of the susceptor at a time of releasing the supporting of the object
thereon by the provision of the surface layer having a lower volume resistivity on the ceramic susceptor.
[0008] The present invention can be favorably applied particularly to placing and heating the object to be processed
in a plasma environment.
[0009] These and other objects, features and advantages of the invention will be appreciated upon reading of the
following description of the drawings, with the understanding that some modifications, variations and changes of the
invention could be easily made by the skilled person in the art to which the invention pertains.

Brief Description of the Drawing

[0010] For a better understanding of the invention, reference is made to the attached drawing, wherein:

Fig. 1 is a figure for schematically illustrating a susceptor according to one embodiment of the present invention.
The present invention is effective in a case where, as set out in claim 1, a heat-generating element is buried in the
supporting layer, because the object is more likely to be positionally deviated in this case.

[0011] The reason is not clear, but the present invention is also effective for a case where, as set out in claim 1, a
high frequency plasma-generating electrode is buried in the supporting layer, because the object is more likely deviated
in this case.
[0012] The use temperature of the susceptor is not particularly limited, but not less than 250°C is particularly preferable
for the present invention. No particular upper limit exists, either, but not more than 650°C is preferable.
[0013] The volume resistivity of each of the surface layer and the supporting layer may be appropriately determined
depending upon the chucking response, leakage current, etc. at the use temperature. However, the volume resistivities
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of the surface layer and the supporting layer are not more than 1 � 108Ω·cm and not less than 1 � 108Ω·cm, respectively
in the specified use temperature range.
[0014] The volume resistivity of the supporting layer is preferably not less than 1 � 108Ω·cm, most preferable not less
than 1 � 1010Ω·cm at the use temperature range so as to enhance the plasma-generating efficiency, for example.
[0015] The volume resistivity of the supporting layer is not less than 1000 times as much as that of the surface layer
at the use temperature range.
[0016] The surface layer and the supporting layer of the ceramic susceptor are integrated and preferably made of the
same kind of ceramic materials, so that the surface layer is prevented from being peeled from the supporting layer and
reduction in the flatness of the placing face of the surface layer due to warping of the susceptor is prevented.
[0017] The same kind of the ceramic materials means the ceramic materials of which main components are the same,
while additive(s) may be different between them. Preferably, not less than 80 wt% of the component is the same between
both the layers. The main component is preferably aluminum nitride, silicon nitride, alumina, zirconia or boron nitride,
more preferably aluminum nitride.
[0018] In each of the ceramic materials, a method is known for controlling the volume resistivity itself. Therefore, it is
not described in detail, but the following materials are particularly preferred for aluminum nitride.
[0019] As aluminum nitride having relatively high volume resistivity, aluminum nitride-based sintered bodies composed
mainly of aluminum nitride with an aluminum nitride polycrystal structure and containing not less than 100 ppm and not
more than 500 ppm of lithium or magnesium or a lithium compound or a magnesium compound may be recited, for
example.
[0020] In aluminum nitride, the content of rare earth elements is not less than 150 ppm and not more than 0.5 wt%
when calculated in the form of oxide(s), while the content of impurities excluding the rare earth element(s) is not more
than 900 ppm. The aluminum nitride sintered body preferably has a main peak in a wavelength region of 350 nm to 370
nm of a spectrum with a cathode luminescence. Since this sintered body has a volume resistivity of not less than 1.0 �
106Ω·cm and not more than 1.0 � 012Ω·cm, and the content of metallic impurities is small, it is suitable for the semicon-
ductor-producing apparatus.
[0021] The thickness of the surface layer is not limited, but not less than 10 Pm is preferable, and not less than 1 mm
is particularly preferable. No upper limitation is posed on the thickness of the surface layer, but not more than 20 mm is
preferable.
[0022] The thickness of the supporting layer is not limited, but 3 to 50 mm is particularly preferable.
[0023] The thickness of the surface layer is preferably not more than 1/4 of that of the supporting layer. Further increase
in the thickness of the surface layer relative to that of the supporting layer is unfavorable, because the wafer is likely to
be influenced with the plasma density distribution formed above the wafer.
[0024] According to a preferred embodiment of the present invention, a through hole into which a releasing member
for releasing the placement of the object on the susceptor is opened at the placing face of the susceptor. In this case,
the wafer supported on the placing face of the susceptor is lifted from the lower side with the releasing member, so that
the object is more likely to be positionally deviated.
[0025] No material limitation is not posed upon the heat-generating element or the high frequency plasma-generating
electrode buried in the susceptor. However, metallic molybdenum or a molybdenum alloy is preferred. As the molybdenum
alloy, alloys between molybdenum and tungsten, aluminum or platinum are preferred. No upper limitation is particularly
posed upon the rate of molybdenum on in the molybdenum alloy. It may be increased to 100 wt% (pure metal). The
lower limit for the molybdenum rate is preferably 50 wt%. Besides metallic molybdenum and the molybdenum alloys,
pure metals such as tungsten, aluminum or platinum or alloys thereof are preferred.
[0026] No limitation is posed upon the configuration of the high frequency plasma-generating electrode. The prevent
invention is effective particularly for a case where the electrode is of a net-like shape or in the form of a punched sheet,
because the above-mentioned problems are likely to occur.
[0027] In the present invention, the surface layer is in the form of a planar shape having a certain thickness. For this
purpose, the surface layer may be a film formed on the supporting layer, and preferably the surface layer itself is a
ceramic bulk body.
[0028] The susceptor according to the present invention may be produced by any of the following methods, for example.
(1) A powdery ceramic material for a supporting layer is press molded, a high frequency plasma-generating electrode
and a heat-generating element is placed on the molded body, and the powder for the supporting layer is additionally
charged on the resultant, followed by press molding. Then, a ceramic powder for the surface layer is charged onto the
molded body, followed by press molding. Thereby, a molded body is obtained. This molded body is integrally fired to
obtain a fired body, which is worked into a susceptor.
[0029] (2) A powdery ceramic material for a supporting layer is press molded, a high frequency plasma-generating
electrode and a heat-generating element is placed on the molded body, and the powder for the supporting layer is
additionally charged on the resultant, followed by press molding. A ceramic bulk body for a surface layer is placed on
the molded powder body, and the molded powder body and the bulk body are integrally fired to obtain a fired body,
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which is worked.
[0030] (3) A powdery ceramic material for a supporting layer is press molded, a high frequency plasma-generating
electrode and a heat-generating element is placed on the molded body, and the powder for the supporting layer is
additionally charged on the resultant, followed by press molding. The resultant molded body is integrally fired to obtain
a fired body. A ceramic bulk body for a surface layer is joined to this fired body, and the joined body is worked into a
given shape of a susceptor. The joining method may be soldering, glass bonding, resin bonding or solid phase diffusion.
[0031] Fig. 1 schematically illustrates a susceptor 1 according to one embodiment of the present invention. The
susceptor 1 comprises a supporting layer 2 and a surface layer 3. A wafer 8 is supported on a placing face 4 of the
surface layer 3. Inside the supporting layer 2 are buried a high frequency plasma-generating electrode 9 and a resistance-
heating element 10. A reference numeral 5 denotes a susceptor body. The electrode 9 is connected to an electric power
source 11, while the heat-generating element 10 is connected to an electric power source 12. Through holes 7 are
formed from the placing face 4 to the rear surface of the susceptor body.

(Example)

(Comparative Example 1)

[0032] Powdery aluminum nitride obtained by a reduction nitriding method was used, and granulated powder was
obtained by adding an acrylic resin binder to the aluminum nitride powder and granulating the mixture with a spray
granulator. A discoid preliminarily molded body having a diameter of 230 mm and a thickness of 30 mm was prepared
by molding the granulated powder. At that time, an electrode 9 and a resistance heat-generating element 10 were buried
in the molded body. The molding pressure was set at 200 kg/cm2 at that time. As the electrode 9, a metal net made of
molybdenum was used. As the metal net, a metal net in which molybdenum wires having a diameter of 0.20 mm were
knitted at a density of 50 wires per inch was used.
[0033] The molded body was sintered, thereby obtaining a susceptor having a diameter of 230 mm and a thickness
of 15 mm. The susceptor was placed in a chamber, and a silicon wafer was placed on the susceptor. The interior of the
chamber was evacuated to vacuum at 10-3 Torr or less, and a fluorine-based gas was introduced into the chamber.
Electric power was fed to the electrode to generate a plasma of the fluorine-based gas. Simultaneously with this, electric
power was supplied to the resistance heat-generating element to heat the silicon wafer to a given temperature. Lift pins
were raised through through holes 7 (three locations) to lift the silicon wafer and release the supporting thereof. One
hundred silicon wafers were subjected to this experiment. Positional deviation of the wafers was confirmed through view
port hole. The number of the wafers having suffered from such positional deviations was counted. Results are shown
in Table 1.

(Example 1)

[0034] A susceptor was produced in the same manner as in Comparative Example 1, provided that an electrode 9
and a resistance heat-generating element 10 were buried in a supporting layer, and a separate surface layer made of
aluminum nitride was produced. The thickness of the surface layer was 1.5 mm.
[0035] A joining surface of the supporting layer and that of the surface layer were finely polished, and then the supporting
layer and the surface layer were joined to each other, while an aqueous solution of yttria was interposed between them
and heating the layers. The thus obtained susceptor was subjected to the same experiments as in Comparative Example
1. Results are shown in Table 2.

Table 1

Wafer temperature (°C) Volume resistivity of AlN (Ω·cm) Number of wafers positionally deviated

100 2�1015 0

200 1�1014 5

250 1�1013 87

650 3�10 8 23

700 1�106 0
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(Example 2)

[0036] A susceptor was produced in the same manner as in Example 1, provided that the volume resistivity of each
of a surface layer and a supporting layer was varied as shown in Table 3.

[0037] As having been described above, according to the susceptor of the present invention, when the wafer is
supported on the susceptor and processed thereon under heating and then the supporting of the wafer is released, the
positional deviation of the wafer from the placing face of the susceptor through adsorption phenomenon can be prevented.
[0038] The invention further consists in use of the susceptor of the invention herein disclosed in manufacture of
semiconductor devices and in semiconductor device manufacturing apparatus including such a susceptor.

Claims

1. A susceptor made of a ceramic material for placing and heating an object to be processed on a placing face thereof
in a semiconductor-producing apparatus, comprising a surface layer (3) having said placing face, a supporting layer
(2) integrated with said surface layer (3), a heat-generating element (10) buried in said supporting layer (2), and a
high frequency plasma-generating electrode (9) buried in said supporting layer (2), wherein in the temperature range
250°C to 650°C the volume resistivities of the surface layer and the supporting layer are not more than 1 � 108Ω·cm
and not less than 1 � 108Ω·cm, respectively, and the volume resistivity of the supporting layer (2) is not less than
1000 times that of the surface layer (3).

2. The susceptor set forth in claim 1, wherein said surface layer (3) and said supporting layer (2) are made of a same
kind of a ceramic material.

3. The susceptor set forth in claim 1 or 2, wherein a through-hole (7) for a releasing member for releasing support of
the object onto the susceptor, is opened at the placing face.

4. Use of a susceptor according to any one of claims 1 to 3, for supporting an object in a semiconductor producing
apparatus.

5. Use according to claim 4, wherein the use temperature is 250 to 650°C.

6. Use according to claim 4 or 5, wherein the supported object is heated in a plasma environment.

7. Use according to claim 4, 5 or 6, wherein the susceptor has no electrostatic chucking function.

Table 2

Wafer temperature (°C)
Volume resistivity of surface 

layer (Ω·cm)
Volume resistivity of 

supporting layer (Ω·cm)
Number of wafers 

positionally deviated

200 8�107 1�1014 0

250 1�107 1�1013 0

650 1�105 1�108 0

700 5�104 1�106 0

Table 3

Wafer temperature (°C)
Volume resistivity of surface 

layer (Ω·cm)
Volume resistivity of 

supporting layer (Ω·cm)
Number of wafers 

positionally deviated

200 7�108 1�1015 3

250 1�108 9�1014 0

650 5�106 8�109 0

700 8�105 5�108 0
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Patentansprüche

1. Suszeptor aus einem Keramikmaterial, um einen Gegenstand, der auf eine Platzierungsfläche davon in einer Halb-
leiterherstellungsvorrichtung bearbeitet werden soll, auf diesem zu platzieren und zu erhitzen, wobei der Suszeptor
eine Oberflächenschicht (3) mit der Platzierungsfläche, eine Trägerschicht (2), die einstückig mit der Oberflächen-
schicht (3) ausgebildet ist, ein Wärmeerzeugungselement (10), das in der Trägerschicht (2) vergraben ist, und eine
Hochfrequenzplasmaerzeugungselektrode (9), die in der Trägerschicht (2) vergraben ist, umfasst, wobei der Volu-
menwiderstand der Oberflächenschicht und der Trägerschicht im Temperaturbereich von 250 °C bis 650 °C nicht
mehr als 1�108 Ω·cm bzw. nicht weniger als 1�108 Ω·cm beträgt und der Volumenwiderstand der Trägerschicht
(2) nicht weniger als 1.000-mal höher als jener der Oberflächenschicht (3) ist.

2. Suszeptor nach Anspruch 1, worin die Oberflächenschicht (3) und die Trägerschicht (2) aus derselben Art Kera-
mikmaterial bestehen.

3. Suszeptor nach Anspruch 1 oder 2, worin ein Durchgangsloch (7) in der Platzierungsfläche ein Freigabeelement
geöffnet ist, um den Gegenstand auf den Suszeptor freizugeben.

4. Verwendung eines Suszeptors nach einem der Ansprüche 1 bis 3 zum Tragen eines Gegenstands in einer Halb-
leiterherstellungsvorrichtung.

5. Verwendung nach Anspruch 4, worin die Verwendungstemperatur 250 bis 650 °C beträgt.

6. Verwendung nach Anspruch 4 oder 5, worin der getragene Gegenstand in einer Plasmaumgebung erhitzt wird.

7. Verwendung nach Anspruch 4, 5 oder 6, worin der Suszeptor keine elektrostatische Aufspannungsfunktion aufweist.

Revendications

1. Suscepteur réalisé en un matériau céramique pour placer et chauffer un objet à traiter sur une face de placement
de celui-ci dans un appareil de fabrication de semi-conducteurs, comprenant une couche de surface (3) ayant ladite
face de placement, une couche de support (2) intégrée dans ladite couche de surface (3), un élément générateur
de chaleur (10) noyé dans ladite couche de support (2) et une électrode génératrice de plasma haute fréquence
(9) noyée dans ladite couche de support (2), où dans la plage de température de 250°C à 650°C, les résistivités
volumiques de la couche de surface et de la couche de support ne sont pas supérieures à 1 � 108Ω·cm, et non
inférieures à 1 � 108Ω·cm, respectivement, et la résistivité volumique de la couche de support (2) n’est pas inférieure
à 1000 fois celle de la couche de surface (3).

2. Suscepteur selon la revendication 1, dans lequel ladite couche de surface (3) et ladite couche de support (2) sont
réalisées dans le même type de matériau céramique.

3. Suscepteur selon la revendication 1 ou 2, où un trou traversant (7) pour un élément de libération pour libérer le
support de l’objet sur le suscepteur est ouvert à la face de placement.

4. Utilisation d’un suscepteur selon l’une quelconque des revendications 1 à 3, pour supporter un objet dans un appareil
de fabrication de semi-conducteurs.

5. Utilisation selon la revendication 4, où la température utilisée est de 250 à 650°C.

6. Utilisation selon la revendication 4 ou 5, où l’objet supporté est chauffé dans un environnement de plasma.

7. Utilisation selon la revendication 4, 5 ou 6, où le suscepteur n’a pas de fonction de tournage électrostatique.
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