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(57) ABSTRACT 

A single-wafer-processing type CVD apparatus includes: (a) 
a reaction chamber including: (i) a Susceptor having at least 
one gas discharge hole to flow a gas into the reaction 
chamber via a back Side and a periphery of the wafer into the 
reaction chamber; (ii) a showerhead; (iii) an exhaust duct 
positioned in the vicinity of the showerhead and provided 
circularly along an inner wall of the reaction chamber; and 
(iv) a circular separation plate provided coaxially with the 
exhaust duct to form a clearance with the bottom of the 
exhaust duct; and (b) a temperature-controlling apparatus for 
regulating the temperature of the showerhead. The Separa 
tion plate has a Sealing portion to Seal a periphery of the 
Susceptor and to Separate the reaction chamber from a 
wafer-handling chamber when the Susceptor rises. 
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APPARATUS FOR SINGLE-WAFER-PROCESSING 
TYPE CVD 

BACKGROUND OF THE INVENTION 

0001. This is a divisional application of U.S. patent 
application Ser. No. 10/403,179 filed Mar. 28, 2003 which 
claims the benefit of U.S. Provisional Application No. 
60/372,624, filed Apr. 12, 2002. The disclosure of the above 
applications is herein incorporated by reference in its 
entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to single-wafer-pro 
cessing type CVD (Chemical Vapor Deposition) which 
forms a thin film on a Semiconductor wafer, which is an 
object-to-be-processed. 

DESCRIPTION OF THE RELATED ART 

0003. Due to high integration of a semiconductor appa 
ratus, interconnects using Cu, which has lower electrical 
resistance than Al interconnects which were used in the past, 
have come into use. Additionally, when Cu is used for 
interconnects, it becomes necessary to form a metal film 
such as TiN, TaN, etc., which had not conventionally been 
used before, as a barrier metal for preventing diffusion of 
Cul. In the present circumstances, Sputtering is the favored 
deposition method of forming these barrier metal films. In 
the case of Cu interconnects, after a seed layer of a thin film 
is formed by Sputtering, Cu is deposited by plating. In the 
future, however, further advance of high integration is 
inevitable, and deposition by CVD which has better step 
coverage than PVD (Physical Vapor Deposition or sputter 
ing) will become important. If a metal film whose effects on 
these metal films or a Semiconductor apparatus have not 
been known is deposited using a conventional CVD appa 
ratus, contamination of Semiconductor production lines is 
likely to be caused by metal contamination of the back Side 
or an edge of objects-to-be-processed, lowering yield. To 
Solve Such problems, a Special apparatus for cleaning the 
back Side and the edge of wafers conventionally had become 
required. For this reason, a method of Suppressing deposi 
tion of the back Side and the edge by mechanically clamping 
the edge of Semiconductor waferS has been used. This 
method creates a different Set of problems. Such as damaging 
Semiconductor wafers and generating particles. Addition 
ally, with these metal films, because conventional methods 
cannot be used for cleaning inside a deposition apparatus, it 
is critical not to accumulate the metals inside a reaction 
chamber as much as possible to improve throughput. 

SUMMARY OF THE INVENTION 

0004) To solve the above-mentioned problems, the appa 
ratus which is an embodiment of the present invention 
comprises the following means: 
0005. A single-wafer-processing type CVD apparatus for 
forming a film on a semiconductor wafer, comprising: (a) a 
reaction chamber comprising: (i) a Susceptor disposed 
therein for placing and heating a wafer, wherein at least one 
gas discharge hole is provided in the Susceptor to flow a gas 
into the reaction chamber via a back Side and a periphery of 
the wafer into the reaction chamber, Said Susceptor being 
movable vertically; (ii) a showerhead disposed inside the 
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reaction chamber opposed to and parallel to the Susceptor for 
emitting a jet of reaction gas toward the wafer; (iii) an 
exhaust duct positioned in the vicinity of the showerhead 
and provided circularly along a inner wall of the reaction 
chamber; and (iv) a circular separation plate provided coaxi 
ally with the exhaust duct to form a clearance with a bottom 
of the exhaust duct, Said Separation plate having a Sealing 
portion to Seal a periphery of the Susceptor when the 
Susceptor rises, thereby Separating the reaction chamber 
from a wafer-handling chamber configured to be disposed 
under the reaction chamber; and (b) a temperature-control 
ling apparatus for regulating the temperature of the Show 
erhead at a given temperature. 
0006 According to an embodiment, a sealing portion is 
formed with an O-ring. Additionally, the above-mentioned 
apparatus further can comprise a circular guard ring which 
is disposed for covering a non-deposition area at the periph 
ery of an object-to-be-processed (a Substrate or a wafer) 
along the inner circumference of the Separation plate. The 
circular guard ring is provided at an inner circumference 
portion of the Separation plate, and it can be disposed in Such 
a way that gas flowing out from the gas discharge hole(s) can 
flow out through a clearance between the guard ring and the 
wafer into the reaction chamber. Additionally, a clearance 
between the Separation plate and the bottom of the exhaust 
duct may be adjusted within the range of about 0.1 mm to 
about 5 mm (other ranges and preferable ranges will be 
described later) by changing the thickness of the separation 
plate. According to an embodiment, a temperature-con 
trolled given temperature is within the range of about 50 C. 
to about 400° C. (other ranges and preferable ranges will be 
described later). The guard ring can be disposed in Such a 
way as to cover a non-deposition area of the periphery of the 
object-to-be-processed which is a circular area from the 
wafer edge to about 0.5 mm to about 3 mm inward (other 
ranges and preferable ranges will be described later). The 
temperature controlling mechanism comprises one or more 
heating means disposed in the vicinity of the showerhead, 
one or more cooling means disposed in the vicinity of the 
showerhead, a temperature-measuring means, and a tem 
perature-controlling means which is connected to the heat 
ing means, the cooling means and the temperature measur 
ing means. Furthermore, the apparatus can comprise a 
preSSure-measuring means during deposition, which deter 
mines a pressure in the vicinity of the object-to-be-processed 
by measuring a preSSure inside the exhaust duct by means of 
a calculation using a clearance between the Separation plate 
and the Susceptor and a flow rate of gas as parameters. 
0007 From the viewpoint of the susceptor construction, 
which may have a multiple number of wafer lift pins and in 
which the holes of wafer lift pins are used for gas discharge 
holes, gas discharge from the Susceptor can be achieved 
easily. Gas discharge holes are not limited to the wafer lift 
pin holes, holes provided in the Susceptor other than the gas 
discharge hoes can Serve as the gas discharge holes. 
0008 According to another embodiment, in the above 
mentioned apparatus, gas discharge holes are provided in the 
Susceptor and can be also provided outside a position of 
placing the object-to-be-processed to make gas flow out into 
the reaction chamber through the periphery of the object 
to-be-processed during deposition. In this case, a circum 
ference portion on the inside of the Sealing means of the 
Separation plate bottom can be disposed in Such a position 
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that covers the gas discharge holes. This apparatus may 
further comprise a circular guard ring disposed for covering 
a non-deposition area at the periphery of the object-to-be 
processed along the inner circumference of the Separation 
plate. The circular guard ring can be disposed at the inner 
circumference portion of the Separation plate in Such a way 
that gas flowing out from the gas discharge holes can flow 
out into the reaction chamber through a clearance between 
the guard ring and the wafer. In the above-mentioned 
embodiment, gas discharging from the gas discharge hole(s) 
is discharged not passing through the back Side of the 
object-to-be-processed but to an overlapping portion with 
the Separation plate, and flows out into the reaction chamber 
through the wafer periphery. Also in this embodiment, 
deposition onto unnecessary portions can be effectively 
prevented. 
0009. The present invention can be effectively applied to 
a deposition method. In other words, according to one 
embodiment according to the present invention, a method of 
film deposition comprises the steps of: (a) placing a wafer on 
a Susceptor positioned inside a wafer-handling chamber 
disposed under a reaction chamber included in a single 
wafer-processing type CVD apparatus; (b) positioning the 
wafer inside the reaction chamber by raising the Susceptor; 
(c) when the Susceptor moves to the position, separating the 
reaction chamber and the wafer-handling chamber by mak 
ing closely in contact a periphery of the Susceptor and a 
circular separation plate disposed coaxially with the Suscep 
tor and between the reaction chamber and the wafer-han 
dling chamber; (d) emitting a jet of reaction gas from a 
showerhead disposed inside the reaction chamber onto the 
wafer to be processed; (e) depositing a film on the wafer, (f) 
during the deposition, discharging an inert gas from the 
wafer-handling chamber to the reaction chamber through at 
least one gas discharge hole formed through the Susceptor 
from its bottom to its top, and via a back side of the wafer 
placed on the Susceptor and a periphery of the wafer, (g) 
evacuating the reaction chamber through an exhaust duct, 
which is positioned in the vicinity of the showerhead and is 
provided circularly along an inner wall of the reaction 
chamber; and (h) after the deposition, lowering the Susceptor 
and moving the wafer to the wafer-handling chamber. 
0.010 The above-mentioned method can include a pro 
ceSS of covering a non-deposition area at a wafer periphery 
by a circular guard ring during deposition. Additionally, the 
guard ring may be disposed at the inner circumference 
portion of the Separation plate So that inert gas can be 
discharged to the reaction chamber through the back Side of 
the wafer, the wafer periphery, and a clearance between the 
circular guard ring and the wafer. Furthermore, the Susceptor 
may comprise a multiple number of wafer lift pins which can 
be used as gas discharge holes. When the Susceptor rises, the 
wafer is positioned inside the reaction chamber and the 
reaction chamber and the wafer-handling chamber are sepa 
rated, the inner circumstance portion of the guard ring can 
be contacted with the wafer periphery. Additionally, exhaus 
tion can be performed through a clearance formed between 
the exhaust duct and the Separation plate. The clearance, 
according to an embodiment, can be adjusted within the 
range of about 0.1 mm to about 5 mm (see the other ranges 
above) by changing the thickness of the separation plate. 
Deposition can be performed at a temperature within the 
range of about 50° C. to about 400° C. (including 100° C., 
150 C., 200 C., 300° C., and a range including any of the 
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foregoing). Furthermore, a pressure during deposition can be 
determined by measuring a pressure inside the exhaust duct 
by means of a calculation using a clearance between the 
Separation plate and the Susceptor and a flow rate of reaction 
gas as parameterS. 

0011 AS described in the above, according to another 
embodiment, in the above-mentioned method, in the process 
of discharging an inert gas, an inert gas can be discharged 
during deposition passing through at least one gas discharge 
hole, which is provided in the Susceptor passing right 
through from the bottom to the top of the susceptor, from the 
wafer-handling chamber via a periphery of the wafer placed 
on the Susceptor and an inner circumference end of the 
Separation plate into the reaction chamber. In this case, by 
disposing a circular guard ring at an inner circumference 
portion of the Separation plate, an inert gas can be discharged 
into the reaction chamber through the wafer periphery and a 
clearance between the circular guard ring and the wafer. 
Because the gas is emitted into the reaction chamber through 
the wafer periphery according to an embodiment without 
emitting the gas to the back Side of the wafer, deposition 
onto unnecessary portions Such as the back Side of the wafer, 
etc. can be effectively prevented. 
0012 For purposes of Summarizing the invention and the 
advantages achieved. Over the prior art, certain objects and 
advantages of the invention have been described above. Of 
course, it is to be understood that not necessarily all Such 
objects or advantages may be achieved in accordance with 
any particular embodiment of the invention. Thus, for 
example, those skilled in the art will recognize that the 
invention may be embodied or carried out in a manner that 
achieves or optimizes one advantage or group of advantages 
as taught herein without necessarily achieving other objects 
or advantages as may be taught or Suggested herein. 
0013 Further aspects, features and advantages of this 
invention will become apparent from the detailed descrip 
tion of the preferred embodiments which follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. These and other features of this invention will now 
be described with reference to the drawings of preferred 
embodiments which are intended to illustrate and not to limit 
the invention. 

0015 FIG. 1 is a cross sectional view of a chamber 
uSeable in the present invention. 
0016 FIG. 2 is a partially enlarged view of FIG. 1. 
0017 FIG. 3 is a view showing a change of the exhaus 
tion clearance by changing the shape of a separation plate in 
an embodiment of the present invention. 
0018 FIG. 4 is a view showing a change of the gap of the 
reaction chamber by changing shapes of a separation plate 
and a guard ring in an embodiment of the present invention. 
0019 FIG. 5 is FIG. 6 of Japanese Patent Application 
2001-361669 (Filing date: Nov. 27, 2001). 
0020 Explanation of symbols used is as follows: 1: 
Upper body; 2: Dispersion plate; 3: Shower plate; 4: Exhaust 
duct; 5: Separation plate; 6: O-ring; 7: Guard ring; 8: 
Susceptor; 9: Hole (susceptor); 10: Hole (shower plate); 11: 
Wafer-handling chamber; 12: Reaction chamber; 13: Gas 
inlet port; 14: Clearance 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0021 AS described in the above, in an embodiment, a 
Single-wafer-processing type CVD apparatus forming a film 
on a Semiconductor wafer, which is an object-to-be-pro 
cessed, one wafer at a time, may comprise: a reaction 
chamber; a Susceptor which is disposed inside the reaction 
chamber and is used for placing thereon the object-to-be 
processed and heating the object-to-be-processed; a show 
erhead disposed opposed to and parallel to the Susceptor, 
which is provided inside the reaction chamber and is used 
for emitting a jet of reaction gas to the object-to-be-pro 
cessed; a temperature controlling mechanism which is used 
for regulating a temperature of the showerhead at a given 
temperature; an elevating means for moving the Susceptor 
up and down; an exhaust duct means which is positioned in 
the vicinity of the showerhead and is provided circularly 
along the inner walls of the reactor, a circular Separation 
plate coaxial with the exhaust duct means, which is disposed 
to form a slight clearance with the bottom of the exhaust 
duct means and to form a slight clearance with the Susceptor, 
and which is a means of completely Separating the reaction 
chamber and the wafer-handling chamber with the lower 
portion Sealing up the periphery of the Susceptor by a Sealing 
means (e.g. an O-ring) when the Susceptor rises by the 
Susceptor elevating means. 
0022. A single-wafer-processing type CVD apparatus 
according to another embodiment of the present invention, 
which forms a film on a Semiconductor wafer, an object-to 
be-processed, one wafer at a time, may comprise: a reaction 
chamber; a Susceptor which is disposed inside the reaction 
chamber and is used for placing thereon the object-to-be 
processed and heating the object-to-be-processed; a show 
erhead disposed opposed to and parallel to the Susceptor, 
which is provided inside the reaction chamber and is used 
for emitting a jet of reaction gas to the object-to-be-pro 
cessed; a temperature controlling mechanism which is used 
for regulating a temperature of the showerhead at a given 
temperature; an elevating means for moving the Susceptor 
up and down; an exhaust duct means which is positioned in 
the vicinity of the showerhead and is provided circularly 
along the inner walls of the reactor; and a circular Separation 
plate coaxial with the exhaust duct means, which is disposed 
to form a slight clearance with the bottom of the exhaust 
duct means and to form a slight clearance with the Susceptor, 
which is a means of completely separating the reaction 
chamber and the wafer-handling chamber with the lower 
portion Sealing up the periphery of the Susceptor by an 
O-ring means when the Susceptor rises by the Susceptor 
elevating means, a means bringing inert gas into the wafer 
handling chamber, which feeds an inert gas from the back 
Side of the object-to-be-processed in a direction from the 
wafer-handling chamber to the reaction chamber during 
deposition through a clearance between the Separation plate 
and the circular guard ring disposed in Such a way that the 
guard ring completely covers a given area of the periphery 
of the object-to-be-processed along the inner circumference 
of the circular separation plate coaxial with the exhaust duct 
means, which is disposed to form a slight clearance with the 
exhaust duct bottom. 

0023. A material used for the guard ring can be the same 
or a different material used for the Separation plate and is not 
particularly limited. For example, a Cu-coated metal mate 
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rial (aluminum alloy, etc.) or ceramic (alumina, etc.) can be 
used for the Separation plate and the guard ring. Addition 
ally, the above-mentioned materials are used for the Sepa 
ration plate and heat-resistant resins Such as polyimide 
materials and polytetrafluoroethylene (PTFE; Product name: 
Teflon) can be used for the guard ring. Either of insulative 
or conductive materials can be used for the guard ring. 
0024 Preferably, a given temperature of the showerhead 
may be within the range of about 50° C. to about 400 C. 
(including 80° C., 100° C., 200° C., 300° C., and a range 
including any of the foregoing). Additionally, a slight clear 
ance between the exhaust duct bottom and the Separation 
plate and a slight clearance between the Separation plate and 
the Susceptor may be within the range of about 0.1 mm to 
about 5 mm (including 0.2 mm, 0.3 mm, 0.4 mm, 0.5 mm, 
0.7 mm, 1.0 mm, 1.5 mm, 2.0 mm, 3 mm, 4 mm, and a range 
including any of the foregoing, preferably within the range 
of about 0.2 mm to about 4mm; further preferably within the 
range of about 0.5 mm to about 2 mm). These clearances can 
be changed by changing the thickness of the Separation 
plate. A Setup position of the Separation plate can be adjusted 
as well. Additionally, although a non-deposition area of the 
object-to-be-processed differS depending on the type of 
Specific processing, in the above, the Size of an object-to 
be-processed (a wafer) (normally, of a diameter of approxi 
mately 200-300 mm), and its use, the area may be a circular 
area from the periphery of the object-to-be-processed to 
about 0.2 mm to about 10 mm inward (including 0.5 mm, 1.0 
mm, 1.5 mm, 2.0 mm, 2.5 mm, 5 mm, and a range including 
any of the foregoing, preferably within the range of about 
0.5 mm to about 3 mm). A circular guard ring may be 
disposed in Such a way as to cover the area. The circular 
guard ring can be disposed as an extension of the Separation 
plate, or it can be disposed Separately from the Separation 
plate, e.g. at a Susceptor portion. 

0025 The apparatus may include a means for determin 
ing a pressure in the vicinity of the object-to-be-processed 
from a pressure measurement inside the exhaust duct by 
means of a calculation using a clearance between the Sepa 
ration plate and the Susceptor and a flow rate of reaction gas 
as parameterS. 

0026 If processing of preventing deposition at the 
periphery of the object-to-be-processed is not required, a 
circular guard ring may not be required. 

0027 Additionally, according to one embodiment of the 
present invention, when the wafer-handling chamber and the 
reaction chamber are completely Separated by the Separation 
plate, multiple gas discharge holes are arranged circularly 
Slightly on the inside of the wafer periphery for letting inert 
gas flow in a direction from the wafer-handling chamber to 
the reaction chamber to prevent deposition, etc. on the back 
Side of the wafer. From these holes, the gas is discharged to 
a portion slightly on the inside of the periphery of the back 
side of the wafer and flows into the reaction chamber by way 
of the wafer periphery. By providing multiple gas discharge 
holes circularly, gas flows out to the reaction chamber from 
the back Side of the wafer through the wafer periphery, and 
a curtain made of a gas Stream like an air curtain can be 
formed, making it possible to completely prevent undesired 
deposition on the back Side, etc. of the wafer. As a result, it 
becomes possible to effectively prevent metal contamina 
tion. 
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0028. There is no particular limitation on positions of 
Setting up gas discharge holes as long as the holes are 
provided in the positions which can effectively prevent 
deposition onto the back Side of the wafer by gas discharge. 
AS an example, the holes can be positioned in a donut-shape 
area which is on the outside of about 72 of the distance 
between the center of the Susceptor and the wafer periphery 
and up to about 5 mm on the inside of the wafer edge. In 
other words, for the apparatus for 300 mm diameter wafers, 
the area may be within about 75 mm to about 145 mm 
(including 85 mm, 95 mm, 105 mm, 115 mm, 125 mm, 135 
mm, and a range including any of the foregoing) from the 
center point of the Susceptor; for the apparatus for 200 mm 
diameter wafers, the area may be within about 50 mm to 
about 95 mm (including 55 mm, 60 mm, 65mm, 70 mm, 75 
mm, 80 mm, 85 mm, 90 mm, and a range including any of 
the foregoing) from the center point of the Susceptor. In an 
embodiment, the area may be about 0.1 mm to about 50 mm 
(including 0.5 mm, 1.0 mm, 5mm, 10 mm, 20 mm, 30 mm, 
40 mm, and a range including any of the foregoing) on the 
inside of the wafer periphery (preferably, about 2 mm to 
about 20 mm). There is no limitation on the number of 
discharge holes. Approximately one to 100 holes (including 
2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, and 
a range including any of the foregoing) can be provided (in 
one embodiment, the number of holes may be approximately 
3 to 10). The arrangement of holes may be equally and 
concentrically with the center of the Susceptor. Circular 
arrangement is preferable. Not limiting to one row, multiple 
rows can be provided. The diameter of the gas discharge 
hole also is not particularly limited; and it may be, for 
example, about 0.2 mm to about 5 mm (including 0.5 mm, 
1.0 mm, 1.5 mm, 2.0 mm, 3 mm, 4 mm, and a range 
including any of the foregoing) According to one embodi 
ment, the diameter may be about 0.5 mm to about 1.5 mm. 
Regarding a shape of the hole, a Section in a circular form 
may be typical. Not limiting to a circular shape, it can be 
formed like a slit. In the case of a slit shape, its width may 
be a length of approximately the above-mentioned diameter 
and its length may not be particularly limited. If it is possible 
from the Susceptor construction viewpoint, for example, one 
Slit can be formed to go half around or to go around by a 
quarter of the circumference (including /16, /s, 4, /3, /2, /1 
of the circumference of the Susceptor at a given distance 
from the center, an a range including any of the foregoing, 
and any combination of the foregoing). 
0029. The construction including gas discharge holes 
differS depending on the process involved; the diameter of a 
gas discharge hole, the number of the holes, their positions, 
etc. can be designed accordingly. For example, if a proceSS 
uses a high pressure inside the reaction chamber, a flow rate 
of gas Supplied from the lower portion of the Susceptor needs 
to be increased, hence the diameter of a hole is enlarged and 
the number of holes is increased. 

0.030. Using wafer lift pinholes provided in the susceptor 
as gas discharge holes can achieve gas discharge easily (In 
this case, the number of gas discharge holes is changed 
according to the number of lift pins. There are Some cases in 
which the number of holes is three...). In the case in which a 
preSSure inside the reaction chamber is high, as describe in 
the above, gas discharge holes can be provided in addition 
to lift pins, or holes exclusively used for gas discharge can 
be provided Separately. AS long as it is possible to disposed 
in Such a way that gas flows out to the reaction chamber from 
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the back Side of the wafer via the wafer periphery, one gas 
discharge hole can be provided in the center or one hole in 
the center Surrounded by Several holes circularly can be 
provided. 
0031. The gas discharge holes can be provided in an 
embodiment not comprising a circular guard ring. If the 
holes are used along with the circular guard ring, because the 
guard ring covers the wafer periphery, the positions of holes 
are not limited by the above-mentioned structures. For 
example, the holes can be provided in an area on the outside 
of the wafer placed on the Susceptor (e.g. approximately 0 
mm to 5 mm Outside from the periphery, including 0.1 mm, 
0.5 mm, 1 mm, 2 mm, 3 mm, 4 mm, 10 mm, and a range 
including any of the foregoing). In this case, because gas 
flows out into the reaction chamber through a clearance 
between the guard ring and the wafer, unnecessary deposi 
tion onto the back Side of the wafer, etc. can be prevented. 
0032 Gas types are not particularly limited; Ar, He, Kr., 
Ne, N, etc. which are inert gases can be used extensively. 
An amount of gas discharge is not particularly limited if the 
amount can prevent unnecessary deposition. For example, 
an amount may be about 1 sccm to about 2000 sccm 
(including 5 sccm, 10 sccm, 50 sccm, 100 sccm, 500 sccm, 
1000 Scem, 1500 Scem, and a range including any of the 
foregoing). According to one embodiment, an amount is 
about 50 sccm to about 500 sccm). Gas can be brought in 
continuously during deposition, or can be brought in inter 
mittently. Gas can be brought in not only during deposition, 
but also before and after deposition. 
0033 Regarding other structures and requirements, etc. 
in the present invention, those disclosed in Japanese Patent 
Application 2001-361669 (Filing date: Nov. 27, 2001), 
Japanese Patent Application 2000-251455 (Filing date: Aug. 
22, 2000) and U.S. patent application Ser. No. 09/932790 
(Filing date: Aug. 17, 2001) are applicable. These applica 
tions are herein incorporated by reference in their entirety. 
0034) For example, the construction of this application 
can be incorporated in the apparatus shown in FIG. 6 of 
Japanese Patent Application 2001-361669 (Filing date: Nov. 
27, 2001). FIG. 6 of the Application is included in the 
present application for reference wherein that figure is 
referred to as FIG. 5. FIG. 5 shows an embodiment of a 
parallel plate type of plasma CVD apparatus which performs 
Self-cleaning. This apparatus is a parallel plate type of 
plasma CVD apparatus for 300 mm wafer processing, which 
performs remote plasma cleaning. 
0035) Inside a reactor, a susceptor 603 for placing an 
object-to-be-processed 601 Such as a glass or Silicon wafer 
on it is disposed. The susceptor 603 comprises preferably 
ceramic or aluminum alloy, inside which a resistance-heat 
ing type heater is laid. The Susceptor 603 is also used as a 
lower electrode for generating a plasma. In this embodiment, 
the diameter of the Susceptor 603 is 325 mm and the area of 
the Susceptor is 1.17 times larger than the area of the 
object-to-be-processed 601 with a diameter of 300 mm. As 
long as the area of a Susceptor is larger than the area of an 
object-to-be-processed within the range of about 1.08 to 
about 1.38 times (including 1.1 times, 1.2 times, and 1.3 
times, but in Some case, 1.5 times, and a range including any 
of the foregoing), Susceptors with different diameters can be 
also used. A showerhead 604 for emitting a jet of reaction 
gas equally to the object-to-be-processed 601 is disposed on 
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the ceiling of the reactor, parallel and opposed to the 
Susceptor. The showerhead 604 is also used as an upper 
electrode for generating a plasma. In this embodiment, the 
diameter of the showerhead is 380 mm and the area of a 
showerhead is 1.37 times larger than the area of the Suscep 
tor 603. AS long as a showerhead area is larger than an area 
of a susceptor within the range of 1.05 to 1.44 times 
(including 1.1 times, 1.2 times, 1.3 times, and 1.4 times, but 
in Some case, 1.5 times, and a range including any of the 
foregoing), showerheads with different diameters can be 
used. 

0036. On the top of a showerhead 604, an alumina top 
plate 647 is provided. The showerhead 604 is supported by 
an alumina duct means 633 disposed circularly along the 
inner wall Surfaces of the reactor. A circular alumina Sepa 
ration plate 634 is disposed coaxially with the duct means 
633 in Such a way that a slight clearance is formed with the 
bottom of the duct means, and a slight clearance is formed 
with the Susceptor during deposition. By the Separation plate 
634, the reactor is practically Separated into a reaction 
chamber and a WHC (Wafer Handling Chamber). As 
described above, by using an insulating material for all 
components adjacent to the showerhead 604 inside the 
reactor, generating a plasma between the showerhead 604 
and the reaction chamber inner walls can be prevented. AS 
an insulating material for the above-mentioned top plate 
647, the duct means 633 and the separation plate 634, using 
ceramics, which Satisfy requirements including insulation, 
heat resistance, corrosion resistance, plasma resistance, and 
low dust generation, are effective. Other than alumina, 
aluminum nitride (AIN) or magnesia (MgO) can be also 
used. 

0037 Between the separation plate 634 and the duct 
means 633, an exhaust gap 625 is formed. On the side wall 
of the duct means 633, an exhaust port 620 is provided. The 
exhaust port is connected to a vacuum pump (not shown) via 
a conductance regulating valve 621. On the side wall 602 of 
the WHC made of aluminum alloy, an opening 623 for 
bringing/carrying an object-to-be-processed 601 into/out 
from the WHC is provided. Additionally, on a portion of the 
side wall 602, an inert gas inlet 635 coupled with a means 
for bringing in an inert gas (not shown) is provided. The 
inert gas (preferably Ar or He) brought in from the inert gas 
inlet 635 flows from the WHC to the reaction chamber side 
through a clearance formed between the Separation plate 634 
and the Susceptor 603. By this purging by the inert gas, 
migration of reaction gas or plasma toward the underneath 
of the susceptor 603 can be prevented. The side wall 602, the 
duct means 633, the showerhead 604 and the top plate 647 
are Sealed by a Sealing means Such as an O-ring and are 
completely separated from the atmosphere. Underneath the 
susceptor 603, a wafer-lifting mechanism 632 is provided 
and supports multiple alumina wafer lift pins 624. The wafer 
lift pins 624 pass through the susceptor 603 and hold the 
edge of the object-to-be-processed 601. Mechanically coor 
dinated with an elevating mechanism (not shown) provided 
outside the reactor, the Susceptor and the wafer-lifting 
mechanism move up and down relatively to each other to 
place a semiconductor wafer 601 on the Susceptor 603 or 
Support the wafer in air. 
0.038 Outside the reactor, a remote plasma discharge 
device 613 is disposed, which is coupled with an opening 
616 of the showerhead 604 via a valve 615 through piping 
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614. A cleaning gas Source (not shown) is connected to the 
remote plasma discharge device 613 through piping 612. 
One end of the piping 605 is connected to an opening 611 of 
the piping 614 via a valve 606. The other end of the piping 
605 is connected to a reaction gas Source (not shown). 
Radio-frequency power sources (608, 618) for generating a 
plasma is connected to the top 642 of the showerhead 604 
via a matching circuit 610 through an output cable 609. In 
this embodiment, the Susceptor 603 is grounded. The radio 
frequency (RF) power sources (608, 618) can supply radio 
frequency power of hundreds of kHz to tens of MHz (e.g., 
200 kHz to 40 MHz). Preferably, to improve film quality 
controllability, frequencies of the radio-frequency power 
sources (608, 618) differ. For example, low-frequency RF 
power of less than 2 MHZ and high-frequency RF power of 
at least 2 MHZ may be overlaid. 
0039. This embodiment has a temperature controlling 
mechanism for regulating a temperature of the Surface of the 
showerhead (upper electrode) 604. The temperature control 
ling mechanism comprises: a sheath heater 631 for heating 
the showerhead 604, which is laid inside the showerhead 
604; a thermocouple 630 for measuring a temperature of the 
showerhead 604; bandpass filters (643, 643") for avoiding 
the affect of radio-frequency power connected to the sheath 
heater 631 and the thermocouple 630 during the deposition; 
a Solid State relay (or a thyristor) 644 for controlling power, 
which is connected to the bandpass filter 643"; a temperature 
regulator 645, which is connected to the sheath heater 631 
via the bandpass filter 643" and the Solid state relay 644 and 
to the thermocouple 630 via the bandpass filter 643 respec 
tively; an AC power Source 646 connected to the tempera 
ture regulator 645. When the effect of radio-frequency noise 
is not high, the bandpass filters (643, 643") may not be 
required. 

0040. The object-to-be-processed 601, which is a (0300 
mm glass or Silicon wafer loaded on a vacuum handling 
robot (not shown) in a vacuum load-lock chamber, is carried 
inside a WHC 640 from the opening 623 of the reactor wall 
602. At this time, both the susceptor 603 disposed in the 
WHC 640 and multiple wafer lift pins 624 disposed on the 
wafer-lifting mechanism 632 come down at a low position 
relatively to the wafer by the elevating mechanism (not 
shown) Such as a motor disposed outside the reactor. Mul 
tiple lift pins 624 go up relatively from the surface of the 
susceptor 603 and hold near the edge of the wafer. After that, 
while placing the wafer 601 on its surface, the susceptor 603 
goes up together with the wafer-lifting mechanism 632 up to 
a position at which a distance between the electrodes, which 
was predetermined based on the deposition conditions, is 
achieved. After being controlled at a given flow rate by a 
mass flow controller (not shown), a reaction gas for forming 
a film on the surface of the object-to-be-processed 601 is 
equally brought into a reaction area 641 from the piping 605, 
and then passing through the valve 606, the piping 614, the 
opening 616 of the top plate 647, a gas dispersion plate 607, 
and multiple gas exhaust-nozzles provided in the shower 
head 604. 

0041. The reaction gas brought in the reaction area 641 is 
preSSure-controlled and is excited into a plasma by radio 
frequency power of hundreds of kHz to tens of MHz 
supplied by the radio-frequency power sources (608, 618). A 
chemical reaction occurs on the Surface of the object-to-be 
processed 601 and a desired film is formed. During depo 
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sition, inert gas such as Ar or N is brought into the WHC 
640 from the inert gas inlet 635. With this, a pressure inside 
the WHC 640 is changed to positive pressure from the 
reaction area 641, and flowing of the reaction gas into the 
WHC is prevented. As a result, the reaction gas can be used 
efficiently for deposition purposes as well as for averting 
adhering of unnecessary deposits onto the inner walls of the 
WHC 640. A flow rate of the inert gas is controlled appro 
priately according to the reaction gas flow rate or the 
preSSure inside the reaction chamber. 
0042. After deposition processing is completed, the reac 
tion gas and by-products remaining in the reaction area are 
exhausted outside from an exhaust gap 625 through a gas 
path 626 inside the duct 633, then from the exhaust port 620. 
When the deposition processing is completed, the Susceptor 
603 and the wafer-lifting mechanism 632 come down at a 
wafer handling position. AS the Susceptor comes down 
further from that position, the wafer lift pins 624 project 
above the surface of the susceptor 603 relatively to the 
position of the Susceptor and hold the object-to-be-processed 
(semiconductor wafer) 601 in air. After that, the semicon 
ductor wafer 601 is carried out outside a load-lock chamber 
(not shown) by a handling means (not shown) through the 
opening 623. 
0043. After deposition of one to multiple wafers is com 
pleted, Self-cleaning for cleaning deposits adhering to por 
tions exposed to the reaction gases inside the reaction area 
641 is performed. After a flow rate of cleaning gas (for 
example, CF+O, NF+Ar, F+Ar, etc.) is controlled at a 
given flow rate, the cleaning gas is brought into the remote 
plasma discharge device 613 through the piping 612. The 
cleaning gas activated by the remote plasma discharge 
device 613 is brought into the opening 616 of the top plate 
647 of the reactor through the piping 614 via the valve 615. 
The cleaning gas brought into the reactor from the opening 
616 is equally dispersed to the reaction area 641 via the gas 
dispersion plate 607 and multiple gas exhaust-nozzles pro 
vided in the showerhead 604. The cleaning gas introduced 
chemically reacts with the deposits adhering to the inner 
walls of the reaction chamber in the reaction area 641 and 
gasifies the deposits. Gasified deposits are exhausted outside 
from the exhaust gap 625 through the gas path 626 inside the 
duct 633, then from the exhaust port 620. 
0044) The method of improving cleaning efficiency 
according to an embodiment of the present invention is 
described below, but the present invention is not limited 
thereto. In this embodiment, the method includes: a proceSS 
of Selecting a Susceptor in Such a way that a value obtained 
by dividing "a Surface area of the Susceptor” by “a Surface 
area of the object-to-be-processed” is within the range of 
about 1.08 to about 1.38; a process of selecting a shower 
head in Such a way that a value obtained by dividing “a 
surface area of the showerhead' by “a surface area of the 
susceptor” is within the range of about 1.05 to about 1.44; 
a process of controlling a temperature of the showerhead 
within the range of about 200° C. to about 400° C. As to the 
process of limiting a ratio of the Susceptor Surface area to the 
area of the wafer within the range of 1.08 to 1.38, specifi 
cally it is possible to limit a real area by controlling plasma 
generation by covering an extra Susceptor area by a circular 
insulator plate in addition to changing a measurement of the 
Susceptor. The process of controlling a temperature of the 
showerhead within the range of about 200 C. to about 400 
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C., is in this embodiment to Supply power to multiple sheath 
heaters 631 so that the temperature of the temperature 
regulator 645 is changed to a given temperature by respond 
ing to signals sent from the thermocouple 630. The thermo 
couple 630 sends the Signals to the temperature regulator 
645 via the bandpass filter 643 to avoid the effect of 
radio-frequency power during deposition. Responding to the 
Signals, the temperature regulator 645 feeds power to mul 
tiple sheath heaters 631 via the solid state relay 644 for 
regulating power and the bandpass filter 643 for avoiding the 
effect of radio-frequency power during deposition. 

0045. Furthermore, in an embodiment, the method 
includes a process of optimizing Self-cleaning frequencies. 
The proceSS Specifically comprises a process of obtaining a 
ceiling value of cumulative film thickness with which con 
tinuous processing is possible at each temperature of the 
showerhead, which is controlled at 200 C. to 400 C., and 
a process of obtaining the maximum cleaning cycle by 
dividing the ceiling value by a film thickness to be deposited 
on an object-to-be-processed. In this embodiment, the pro 
ceSS of obtaining a ceiling value of cumulative film thick 
neSS with which continuous processing is possible at each 
temperature of the showerhead which is controlled at 200 
C. to 400° C. is specifically to check the maximum number 
of wafers processed by performing deposition processing 
continuously without performing cleaning until unwanted 
films start to exfoliate from the showerhead Surface and dust 
generation is observed. For example, when a plasma Silicon 
oxide film of 0.5 um in thickness is deposited as in the 
above-mentioned experiment, cumulative film thickness 
with which continuous processing is possible is calculated as 
follows: 

0046 Continuously processible cumulative film thick 
ness (um)=0.5 (um)x{Maximum No. of wafers processed 
0047 The single-wafer-processing type CVD apparatus 
forming a film on a Semiconductor wafer, which is an 
object-to-be-processed, one wafer at a time, according to an 
embodiment of the present invention, is described by refer 
ring to figures but is not limited thereto. 
0048 FIG. 1 is a cross sectional view of a chamber. FIG. 
2 is a detailed view of the inside of the chamber. 

0049. After a semiconductor wafer, which is an object 
to-be-processed, is transferred from a vacuum transfer 
chamber (not shown) connected to the chamber to a Sus 
ceptor 8, the Susceptor is raised by a Susceptor elevating 
means (not shown), and a reaction chamber 12 and a 
wafer-handling chamber 11 are completely Separated by a 
Susceptor periphery and an O-ring 6 provided at the lower 
portion of a separation plate 5. In this position, a given area 
of the wafer periphery is covered by a guard ring 7. A given 
area is determined to be within about 0.5 mm to about 3 mm 
in View of contact portions of an apparatus used in a 
post-process. FIG. 1 shows a position in which the Susceptor 
is raised and the reaction chamber and the wafer-handling 
chamber are separated. A process flow of deposition is as 
follows: Reaction gas is Supplied from a gas inlet port 13 
provided at an upper body 1, the reaction gas evenly 
dispersed by a gas dispersion plate 2 and is emitted to a 
semiconductor wafer from a number of holes 10 made in a 
showerhead3. The reaction gas is exhausted passing through 
a clearance 15 between an exhaust duct and the Separation 
plate. The showerhead is controlled at a given temperature 
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by a heating and a cooling means (not shown but similar to 
those shown in FIG. 5). The given temperature is deter 
mined appropriately according to a reaction gas used. The 
given temperature is preferably within about 50 C. to about 
400 C. It is necessary that the temperature may be below 
decomposition temperature particularly owing to physical 
properties of organic metal complexes often used for metal 
film deposition and at the Same time the temperature may be 
above a temperature at which the complexes do not con 
dense by a deposition reaction pressure. The Semiconductor 
wafer is heated to a given temperature by the Susceptor, and 
a metal film is formed. At this time, an inert gas Supplied to 
the wafer-handling chamber is exhausted from holes 9 
provided in the Susceptor passing through a clearance 
between the Semiconductor wafer and the Susceptor, a 
clearance of the guard ring and the exhaust duct 4, prevent 
ing deposition of a metal film on the back Side and a given 
area from the edge of the wafer. A given Susceptor tempera 
ture depends on a reaction gas used, but is preferably about 
80° C. to about 600° C. (in other embodiments, about 100° 
C. to about 400° C.). A distance between the susceptor in the 
reaction chamber and a Semiconductor wafer and a distance 
of the clearance 15 for gas exhaustion can be changed easily 
by changing the thickness of the separation plate (FIG. 3 
and FIG. 4). The distance between the susceptor and the 
shower plate is preferably within the range of about 10 mm 
to about 40 mm (including 20 mm, 30 mm, and a range 
including he foregoing). A distance of the clearance 15 for 
reaction gas exhaustion is preferably within the range of 
about 0.2 mm to about 4 mm. 

0050 AS to a pressure (P1) during a deposition reaction, 
the reaction preSSure in the vicinity of the Semiconductor 
wafer is calculated using the formula described below, in 
which a pressure (P2) inside the exhaust duct is measured, 
conductance (C) is calculated using the clearance 15 as a 
parameter, and Q is calculated using a flow rate of reaction 
gas as a parameter and is controlled using an APC (an 
automatic pressure controller, not shown). 

0051 AS described in the above, by arranging only the 
showerhead and the Susceptor controlled at given tempera 
tures and the guard ring inside the reaction chamber, mini 
mizing deposition onto an area other than the Semiconductor 
wafer becomes possible. At regular maintenance work, it 
becomes possible to restore the apparatus only by replacing 
a guard ring. In an embodiment, showerhead replacement 
and duct cleaning, which are necessary at maintenance work 
after the apparatus is used for long hours, can be done easily 
with the chamber construction according to the present 
invention. 

0.052 Embodiment 
0.053 An embodiment of the present invention is 
described using Cu film deposition using the reactor shown 
in FIG. 1 as an example. After a semiconductor wafer is 
transferred from an evacuated load-lock chamber (not 
shown) to a Susceptor 8, the Susceptor is raised to a reaction 
position by a Susceptor elevating means. At this time, the 
periphery of the Susceptor is Sealed by an O-ring provided at 
the lower portion of a separation plate 5, and the wafer 
handling chamber 11, and the reaction chamber 12 are 
completely Separated. At this time, the periphery of the 
wafer of 2 mm is completely covered by the guard ring 7. By 
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Supplying Ar from the wafer-handling chamber through 
holes 9 provided in the Susceptor, deposition onto the back 
Side and the edge of the wafer is prevented. After the 
Susceptor is raised into the reaction chamber, 1000 ScCm of 
inert gas is brought in from a gas inlet port 13. While the 
inert gas is emitted onto the wafer from holes 10 provided 
in the showerhead 3 a temperature of which is controlled at 
80 C., the wafer is heated to 150° C. The pressure at this 
time is also controlled by the APC (not shown) at 3 Torr 
which is the same as applied during deposition. After the 
temperature of the wafer is raised for approximately 120 
Sec., the feeding of the inert gas is stopped, and gasified Cu 
source (CupraSelectTM, produced by Schumacher Co.) by a 
vaporizer (not shown) is brought in the reaction reactor by 
Switching over from feeding a carrier gas Ar. The Cu Source 
brought in is emitted onto the wafer from the holes 10 in the 
showerhead 3 by equally being dispersed by a dispersion 
plate 2. The Cu source emitted onto the wafer is exhausted 
through a clearance of 0.5 mm formed concentrically 
between the exhaust duct and the Separation plate 5. At this 
time, from a pressure inside the exhaust duct (P2) measured 
and C and Q calculated using Set conductance and a gas flow 
rate as parameters, the pressure in the vicinity of the wafer 
(P1) is calculated by the formula described below and is 
controlled at 3 Torr by the APC (not shown): P1 =Q/(C(1- 
P2/P1) 
0054 Supplying Cu source is stopped after deposition 
continues for one minute; inside the reaction chamber is 
evacuated; the Susceptor is lowered up to a transfer position. 
After that, the wafer deposited is carried out to the evacuated 
load-lock chamber. Regarding waferS deposited in this way, 
no Cu deposition on the back Side and the edge of the wafers 
is observed. Consequently, without performing Special 
cleaning in a post-process, there is no possibility of metal 
contamination. Additionally, in the deposition according to 
the present invention, deposition on areas other than wafers 
was hardly observed, which tells that a maintenance cycle is 
long. Because a guard ring on which slight deposition was 
observed except the wafer can be replaced easily at main 
tenance, which tells that down time relating to maintenance 
is short. 

0055 Effects 
0056. As described in the above, special cleaning in a 
post-process for preventing contamination becomes unnec 
essary by an embodiment of the present invention. Because 
unnecessary deposition inside the chamber does not occur, 
down time relating to maintenance is reduced and at the 
Same time providing a Stable deposition proceSS apparatus 
becomes possible. Furthermore, in the apparatus according 
to an embodiment of the present invention, because the 
temperature of a showerhead and the temperature of a 
Susceptor can be changed widely, there will be no need for 
a new apparatus when new materials with different physical 
properties, which will become necessary in the future, are 
used, and a cost reduction becomes possible. 
0057. As mentioned before, the entire disclosure of Japa 
nese Patent Application 2001-361669 (Filing date: Nov. 27, 
2001), etc. is herein incorporated by reference. For example, 
Japanese Patent Application 2001-361669 (Filing date: Nov. 
27, 2001) discloses the following contents, which are also 
applicable to this application as necessary: 
0.058 1) A plasma CVD apparatus performing self-clean 
ing, which comprises a reaction chamber, a Susceptor dis 
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posed inside the reaction chamber, which is used for placing 
thereon an object-to-be-processed and heating the object-to 
be-processed and Serves as one of the electrodes for gener 
ating a plasma, a showerhead disposed opposed to and 
parallel to the Susceptor, which is used for emitting a jet of 
reaction gas onto the object-to-be-processed and Serves as 
the other electrode for generating a plasma, a temperature 
controlling mechanism for regulating a temperature of the 
showerhead at a given temperature, a remote plasma dis 
charge device provided outside the reaction chamber, which 
is used for activating cleaning gas remotely, and a radio 
frequency power Supplying means which is electrically 
connected to either of the Susceptor or the showerhead. 
0059 2) A plasma CVD apparatus performing self-clean 
ing, which comprises a reactor, a Susceptor disposed inside 
the reactor, which is used for placing thereon an object-to 
be-processed and heating the object-to-be-processed and 
Serves as one of the electrodes for generating plasma, an 
elevating means for moving the Susceptor up and down, a 
showerhead provided on the ceiling of the reactor and 
disposed opposed to and parallel to the Susceptor, which is 
used for emitting a jet of reaction gas to the object-to-be 
processed and Serves as the other electrode for generating 
plasma, a duct means Supporting the showerhead and posi 
tioned in the vicinity of the showerhead for Supporting, 
which comprises an insulator provided circularly along the 
inner walls of the reactor, an insulator Separation plate 
coaxial with the duct means, which is disposed to form a 
slight clearance with the bottom of the duct means and a 
Slight clearance with the Susceptor during deposition and 
which practically Separates the reactor into a reaction cham 
ber and a wafer-handling chamber (WHC), a means for 
bringing inactive gas into the wafer-handling chamber 
(WHC), which is also used as a means for letting the inactive 
gas flow in a direction from the WHC to the reaction 
chamber through the clearance formed between the insulator 
Separation plate and the Susceptor during deposition, a 
temperature controlling mechanism for regulating a tem 
perature of the showerhead at a given temperature, a remote 
plasma discharge device disposed outside the reactor, which 
is used for activating cleaning gas remotely, and a radio 
frequency power Supplying means electrically connected to 
either of the Susceptor or the showerhead. 
0060 3) The plasma CVD apparatus as described in 1) or 
2) above, wherein a given temperature is within the range of 
200° C. to 400° C. 

0061 4) The plasma CVD apparatus as described in 1) or 
2) above, wherein the temperature controlling mechanism 
comprises one or more heating means, which are arranged 
adjacently to the showerhead, a temperature measuring 
means, and a temperature controlling means, which is 
coupled to the heating means and the temperature measuring 
CS. 

0062 5) The plasma CVD apparatus as described in 4) 
above, wherein the heating means is a sheath heater and the 
temperature means is a thermocouple. 
0063 6) The plasma CVD apparatus as described in 1) or 
2) above, wherein a value obtained by dividing a Surface 
area of the Susceptor by a Surface area of the object-to 
be-processed is within the range of 1.08 to 1.38. 
0064 7) The plasma CVD apparatus as described in 1) or 
2) above, wherein a value obtained by dividing a Surface 

May 12, 2005 

area of the showerhead by a Surface area of the Susceptor 
is within the range of 1.05 to 1.44. 
0065) 8) A method for performing self-cleaning effi 
ciently using the plasma CVD apparatus as described in 1) 
above, which comprises a process for Selecting a Susceptor 
in Such a way that a value obtained by dividing a Surface 
area of the Susceptor by a Surface area of the object-to 
be-processed is within the range of 1.08 to 1.38, a process 
for Selecting a showerhead in Such a way that a value 
obtained by dividing a surface area of the showerhead by 
a Surface area of Said Susceptor is within the range of 1.05 
to 1.44, a process for controlling a temperature of the 
showerhead within the range of 200 C. to 400° C., a process 
for activating cleaning gas using the remote plasma dis 
charge device and bringing active cleaning Species into the 
reaction chamber, a proceSS for generating plasma in a 
reaction area between the Susceptor and the showerhead, and 
a process for controlling pressure inside the reaction cham 
ber. 

0.066 9) The method as described in 8) above, which 
further comprises a proceSS for optimizing Self-cleaning 
frequencies. 

0067. 10) The method as described in 9) above, wherein 
the process for optimizing frequencies of Self-cleaning com 
prises a proceSS for obtaining a ceiling value of cumulative 
film thickness with which continuous processing is possible, 
and a process for obtaining the maximum cleaning cycle by 
dividing the ceiling value by a film thickness to be deposited 
on an object-to-be-processed. 
0068 The present invention is not limited by the forms 
shown in FIGS. 1 to 5 and can be modified. 

What is claimed is: 
1. A Single-wafer-processing type CVD apparatus for 

forming a film on a Semiconductor wafer, comprising: 
a reaction chamber comprising: (i) a Susceptor disposed 

therein for placing and heating a wafer, wherein at least 
one gas discharge hole is provided in the Susceptor to 
flow a gas into the reaction chamber via a back Side and 
a periphery of the wafer into the reaction chamber, Said 
Susceptor being movable vertically; (ii) a showerhead 
disposed inside the reaction chamber opposed to and 
parallel to the Susceptor for emitting a jet of reaction 
gas toward the wafer; (iii) an exhaust duct positioned in 
the vicinity of the showerhead and provided circularly 
along a inner wall of the reaction chamber; and (iv) a 
circular Separation plate provided coaxially with the 
exhaust duct to form a clearance with a bottom of the 
exhaust duct, Said Separation plate having a Sealing 
portion to Seal a periphery of the Susceptor when the 
Susceptor rises, thereby Separating the reaction cham 
ber from a wafer-handling chamber configured to be 
disposed under the reaction chamber; and 

a temperature-controlling apparatus for regulating the 
temperature of the showerhead at a given temperature. 

2. The apparatus as claimed in claim 1, wherein the 
Sealing portion is formed with an O-ring. 

3. The apparatus as claimed in claim 1, further comprising 
a circular guard ring disposed to cover a non-deposition area 
of the periphery of the wafer along an inner circumference 
of the Separation plate. 
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4. The apparatus as claimed in claim 3, wherein the 
circular guard ring is disposed at the inner circumference 
portion of the Separation plate to flow a gas from the at least 
one gas discharge hole to the reaction chamber through a 
clearance formed between the guard ring and the wafer. 

5. The apparatus as claimed in claim 1, wherein Said 
clearance formed between the Separation plate and the 
exhaust duct is adjustable within the range of 0.1 mm to 5 
mm by changing a thickness of the Separation plate. 

6. The apparatus as claimed in claim 1, wherein Said given 
temperature is within the range of 50° C. to 400° C. 

7. The apparatus as claimed in claim 3, wherein the guard 
ring is disposed to position the non-deposition area at the 
periphery of the wafer within the range of 0.5 mm to 3 mm 
from a wafer edge. 

8. The apparatus as claimed in claim 1, wherein the 
temperature-controlling apparatus comprises at least one 
heater disposed near the showerhead, at least one cooling 
device disposed near the showerhead, a temperature detec 
tor, and a temperature controller connected to the heater, the 
cooling device, and the temperature detector. 

9. The apparatus as claimed in claim 1, further comprising 
a pressure detector for determining a pressure near the wafer 
by calculating a pressure inside the exhaust duct by using as 
parameters a clearance between the Separation plate and the 
Susceptor and a flow rate of reaction gas. 

10. The apparatus as claimed in claim 1, wherein the 
Susceptor has multiple wafer lift pins, and the holes of Said 
lift pins are used as gas discharge holes. 

11. The apparatus as claimed in claim 1, wherein the at 
least one hole is a hole or holes made in the Susceptor other 
than wafer lift pins. 

12. A Single-wafer-processing type CVD apparatus for 
forming a film on a Semiconductor wafer, comprising: 
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a reaction chamber comprising: (i) a Susceptor disposed 
therein for placing and heating a wafer, wherein at least 
one gas discharge hole is provided in the Susceptor to 
flow a gas into the reaction chamber via a periphery of 
the wafer into the reaction chamber, Said Susceptor 
being movable vertically; (ii) a showerhead disposed 
inside the reaction chamber opposed to and parallel to 
the Susceptor for emitting a jet of reaction gas toward 
the wafer; (iii) an exhaust duct positioned in the vicin 
ity of the showerhead and provided circularly along a 
inner wall of the reaction chamber; and (iv) a circular 
Separation plate provided coaxially with the exhaust 
duct to form a clearance with a bottom of the exhaust 
duct, Said Separation plate having a Sealing portion to 
Seal a periphery of the Susceptor when the Susceptor 
rises, thereby separating the reaction chamber from a 
wafer-handling chamber configured to be disposed 
under the reaction chamber, Said circular Separation 
plate having an inner circumference inside the Sealing 
portion to cover the at least one gas discharge hole; and 

a temperature-controlling apparatus for regulating the 
temperature of the showerhead at a given temperature. 

13. The apparatus as claimed in claim 12, further com 
prising a circular guard ring disposed along the inner cir 
cumference of the Separation plate for covering a non 
deposition area of the periphery of the wafer, wherein Said 
circular guard ring is provided at the inner circumference 
portion of the separation plate to flow a gas from the at least 
one gas discharge hole into the reaction chamber through a 
clearance between the guard ring and the wafer. 


