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(57) ABSTRACT 

A substrate processing apparatus includes a processing 
chamber and a gas supply line, Wherein a natural oxide ?lm 
removing gas including a ?rst gas activated by a second gas 
activated by a plasma discharge is supplied to the processing 
chamber through the gas supply line to remove a natural 
oxide ?lm on a Wafer, and Wherein the ?rst gas and the 
second gas are supplied to the gas supply line along a ?rst 
direction and a second direction and an angle betWeen the 
?rst and the second direction ranges from about 90° to 180°. 
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METHOD AND APPARATUS FOR PROCESSING 
SUBSTRATES 

FIELD OF THE INVENTION 

[0001] The present invention relates to a substrate pro 
cessing apparatus; and, more particularly, to a method and 
apparatus for removing a natural oxide ?lm formed on a 
substrate to be processed in the course of manufacturing, 
e.g., a semiconductor device. 

BACKGROUND OF THE INVENTION 

[0002] In manufacturing a semiconductor device, a batch 
type vertical hot Wall furnace (hereinafter, referred to as a 
heat-treating apparatus) is Widely used to perform a heat 
treatment such as a ?lm formation, an annealing process, an 
oxide ?lm forming process or a diffusion process on silicon 
Wafers (hereinafter, referred to as Wafers). 

[0003] If a Wafer is exposed to air While being transferred 
betWeen processing stages of semiconductor device manu 
facturing processes, a natural oxide ?lm is formed on the 
Wafer due to oxygen or moisture in the air. The natural oxide 
?lm formed on the Wafer is a silicon oxide ?lm having an 
incomplete crystallinity. Thus, a ?lm quality of the natural 
oxide ?lm is inferior to that of a silicon oxide ?lm formed 
through a controlled thermal oxidiZation process. Accord 
ingly, semiconductor devices manufactured by using the 
Wafer having the natural oxide ?lm formed thereon exhibit 
many an adverse effect on their device characteristics as 
folloWs. 

[0004] 1) The presence of a natural oxide ?lm at the region 
of an insulation ?lm of a capacitor on a Wafer results in a 
reduced effective capacitance of the capacitor due to an 
increased distance betWeen electrodes of the capacitor and 
also due to a loW dielectric constant of the natural oxide ?lm. 

[0005] 2) If a gate oxide ?lm is formed on the natural 
oxide ?lm, a leak current increases compared to a case 
Without having a natural oxide ?lm because the natural 
oxide ?lm oxidiZed by oxygen in the ambient atmosphere 
contains a considerable amount of contaminants. Further, 
since the contaminants contained in the natural oxide ?lm 
may diffuse into neighboring layers thereof during a folloW 
ing heat-treatment process, electrical characteristics of a 
device can be deteriorated. 

[0006] 3) The existence of a natural oxide ?lm at a contact 
region betWeen an upper Wiring layer and a loW Wiring layer 
of a semiconductor device having a multilayer structure, an 
electrical contact resistance betWeen the layers are 
increased. 

[0007] 4) In forming a HSG (Hemispherical Grained poly 
Silicon) ?lm on a Wafer so as to increase a dielectric 
constant, the groWth of the HSG ?lm is impeded by the 
presence of a natural oxide ?lm formed on the Wafer. 

[0008] For the reasons as described above, a natural ?lm 
formed on a Wafer is generally removed by cleaning the 
Wafer With a hydrogen ?uoride (hereinafter, HF) before 
being subject to a desired heat-treatment (hereinafter, a main 
treatment) process in a heat treating apparatus. HoWever, if 
the cleaned Wafer is exposed to air While being transferred 
to the heat treating apparatus, a natural oxide ?lm having a 
thickness of 1 to 2 atomic layers can be formed again on the 
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cleaned Wafer. Further, since it is required to reduce a time 
betWeen the ?nish of the cleaning processing and the begin 
ning of the heat-treatment processing as to minimiZe the 
thickness of the natural oxide ?lm Which groWs With time, 
a degree of design freedom of the processing line may be 
limited. Still further, minute trenches of scaled-doWn semi 
conductor devices may not be properly cleaned through the 
HF cleaning process because the HF cleaning is a Wet 
process. 

[0009] Therefore, there has been a demand to develop a 
natural oxide ?lm removing method adopting a dry etching 
principle. As one possible method of such kinds, a natural 
oxide ?lm removing method using a remote plasma cleaning 
technique has been developed. The remote plasma cleaning 
is a technique for removing residual by-products attached to 
the process room by introducing into the processing cham 
ber radicals activated in a remote plasma unit disposed 
outside the processing chamber. 

[0010] HoWever, the natural oxide ?lm removing method 
through the use of the remote plasma cleaning technique has 
certain draWbacks as folloWs. If a natural oxide ?lm remov 
ing gas for dry-etching the natural oxide ?lm is not properly 
activated, plasma damage may occur on the Wafer or an 
etching selectivity may not be obtained, resulting in the 
failure to remove the natural oxide ?lm. Further, When a 
plurality of Wafers are simultaneously processed so as to 
improve a throughput, if the uniformity of natural oxide ?lm 
removing gas is not maintained betWeen the Wafers and 
Within each Wafer, the natural oxide ?lms may not be 
removed uniformly. 

SUMMARY OF THE INVENTION 

[0011] It is, therefore, an object of the present invention to 
provide a substrate processing apparatus capable of uni 
formly removing a natural oxide ?lm formed on each 
substrate to be processed Without causing any plasma dam 
age thereon but With an improved throughput. 

[0012] In accordance With a preferred embodiment of the 
present invention, there is provided a substrate processing 
apparatus, including: 

[0013] 
[0014] Wherein a natural oxide ?lm removing gas 

including a ?rst gas activated by a second gas 
activated by a plasma discharge is supplied to the 
processing chamber through the gas supply line to 
remove a natural oxide ?lm on a Wafer, and 

[0015] Wherein the ?rst gas and the second gas are 
supplied to the gas supply line along a ?rst direction 
and a second direction and an angle betWeen the ?rst 
and the second direction ranges from about 90° to 
180°. 

a processing chamber and a gas supply line, 

[0016] In accordance With another preferred embodiment 
of the present invention, there is provided a substrate pro 
cessing apparatus including; 

[0017] a processing chamber in Which a plurality of 
Wafers are processed at a time; 

[0018] a remote plasma unit disposed outside the 
processing chamber for supplying an activated natu 
ral oxide ?lm removing gas to the processing cham 
ber; and 
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[0019] a distribution device Which distributes the 
natural oxide ?lm removing gas to How parallel to 
the Wafers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The above and other objects and features of the 
present invention Will become apparent from the following 
description of preferred embodiments given in conjunction 
With the accompanying draWings, in Which: 

[0021] FIG. 1 is a side cross sectional vieW of a batch type 
natural oxide ?lm removing apparatus in accordance With a 
?rst embodiment of the present invention; 

[0022] FIGS. 2A to 2C explain a natural oxide ?lm 
removing process; 

[0023] FIG. 3 provides a side cross sectional vieW of a 
single Wafer type natural oxide ?lm removing apparatus in 
accordance With a second embodiment of the present inven 
tion; 
[0024] FIGS. 4A to 4C illustrate various locations of a gas 
supply line in accordance With the present invention; 

[0025] FIG. 5 sets forth a side cross sectional vieW of a 
batch type natural oxide ?lm removing apparatus in accor 
dance With a third embodiment of the present invention; 

[0026] FIG. 6 offers a top cross sectional vieW of the 
natural oxide ?lm removing apparatus shoWn in FIG. 5; 

[0027] FIGS. 7A to 7C shoW various types of distribution 
plates in accordance With the present invention; 

[0028] FIG. 8 gives a side cross sectional vieW of a batch 
type natural oxide ?lm removing apparatus in accordance 
With a fourth embodiment of the present invention; and 

[0029] FIG. 9 exhibits a cross sectional vieW of a batch 
type natural oxide ?lm removing apparatus in accordance 
With still another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0030] Preferred embodiments of the present invention 
Will noW be described in detail With reference to the accom 
panying draWings. 
[0031] Referring to FIG. 1, there is illustrated a substrate 
processing apparatus in accordance With a ?rst preferred 
embodiment of the present invention, Which is a natural 
oxide ?lms removing apparatus for removing a natural oxide 
?lm formed on a surface of a semiconductor Wafer by using 
a remote plasma cleaning technique. As shoWn in FIG. 1, 
the natural oxide ?lm removing apparatus 10 is con?gured 
to perform a batch process in Which a plurality of the 
semiconductor Wafers are simultaneously subject to a natu 
ral oxide ?lm removing process. 

[0032] As shoWn in FIG. 1, the natural oxide ?lm remov 
ing apparatus 10 performing a batch process (hereinafter, 
referred to as a batch type natural oxide ?lm removing 
apparatus) includes a process tube 11 forming therein a 
processing chamber 12 in Which the natural oxide ?lm 
removing process is carried out. The process tube 11 is of a 
single-bodied right circular cylinder made of quartZ With 
both ends thereof closed. The process tube 11 is vertically 
installed such that the axial line thereof is perpendicular to 
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the ground. The bottom end of the process tube 11 has a 
turntable 13 rotatably installed thereon for holding a boat 15. 
The turntable 13 is concentric With the bottom end and 
rotated by a rotary actuator 14 installed outside the process 
tube 11 at a loWer surface of the bottom end. 

[0033] As shoWn in FIG. 1, the boat 15 is disposed on the 
turntable 13 in order to accommodate therein a plurality of 
the Wafers 1, Wherein the turntable 13 rotates in unison With 
the boat 15. The boat 15 has an upper and a loWer plate 16, 
17 and support rods 18 (three support rods in this embodi 
ment) vertically arranged therebetWeen. The support rods 18 
have a plurality of vertically arranged Wafer mount groove 
portions 19, such that a number of Wafers can be held 
horiZontally With an identical gap therebetWeen by the 
groove portions 19. The loWer plate 17 of the boat 15 is 
removably ?xed on an upper surface of the turntable 13. The 
Wafers 1 are transferred into the process tube 11 through a 
Wafer transfer opening (not shoWn) formed at a portion of 
the side Wall of the processing chamber 12 by a Wafer 
transfer device (not shoWn) in such a manner that the Wafers 
1 are horiZontally and concentrically inserted into the Wafer 
mount groove portions 19. 

[0034] As shoWn in FIG. 1, an exhaust port 20 is con 
nected to the side Wall of the process tube 11 in such a 
manner that the exhaust port 20 communicates With the 
processing chamber 12, Wherein height of the exhaust port 
20 is approximately identical to that of the process tube 11. 
Connected to the exhaust port 20 is an exhaust line 21 for 
evacuating the process tube 11. 

[0035] A gas supply port 22 is connected to a portion of 
the side Wall of the process tube 11 opposite to the exhaust 
port 20 in such a manner that the gas supply port 22 
communicates With the processing chamber 12, Wherein the 
height of the gas supply port 22 is approximately same as 
that of the process tube 11. One end of a gas supply line 23 
is connected to a middle portion of the gas supply port 22 in 
such a manner that the gas supply line 23 can horiZontally 
supply gases into the processing chamber 12. The other end 
of the gas supply line 23 is connected to a plasma chamber 
25 in Which plasma 24 is formed. Aplasma generator 26 is 
installed outside the plasma chamber 25 to generate the 
plasma 24 therein. The plasma generator 26 can be any of 
knoWn types including inductively coupling types, such as 
an inductively coupled plasma (ICP) generation apparatus, 
capacitively coupled plasma (CCP) generation apparatus, an 
electron cyclotron resonance (ECR) type plasma generation 
apparatus, and a micro-surface Wave plasma generation 
apparatus. Ahydrogen gas (hereinafter referred to as H2 gas) 
supply source 27 and a nitrogen gas (hereinafter N2 gas) 
supply source 28 are connected to the plasma chamber 25 to 
supply H2 and N2 gases thereto. NH3 gas may also be used 
alone or together With H2 and/or N2 gas. 

[0036] In the gas supply line 23 connecting the plasma 
chamber 25 With the gas supply port 22, one end portion of 
an etching gas input line 29 is inserted and the other end 
thereof is connected to an NF3 gas supply source 30 for 
supplying NF3 gas to be activated. The inserted end portion 
of the etching gas input line 29 (hereinafter referred to as the 
NF3 gas input line) is L-shaped such that an NF3 gas 
injection hole 29a at the end of the NF3 gas input line 29 
faces the plasma chamber 25 along an axial line of the gas 
supply line 23 in order to inject NF3 gas toWard the plasma 
chamber 25. 
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[0037] Outside the process tube 11, a heater unit (not 
shown) including, e.g., a lamp heater for heating the pro 
cessing chamber 12 is installed in such a manner that it does 
not interfere With the Wafer transfer opening, the exhaust 
port 20 and the gas supply port 22. 

[0038] The operation of the batch type natural oxide ?lm 
removing apparatus having the structure described above 
Will noW be illustrated. Referring to FIGS. 2A to 2C, it is 
assumed that a layer, e.g., an insulation layer 6 of a Wafer 1 
is provided With a contact hole 2 and there exists a natural 
oxide ?lm 3 on a bottom surface of the contact hole 2. 

[0039] As shoWn in FIG. 1, a plurality of such Wafers 1 
having natural oxide ?lms 3 thereon are loaded in the boat 
15 by the Wafer transfer device to remove the natural oxide 
?lms. The Wafer transfer opening is then airtightly closed by 
a gate valve (not shoWn). Thereafter the processing chamber 
12 is evacuated through the exhaust line 21 and the turntable 
13 holding the boat 15 is rotated by the rotary actuator 14. 

[0040] Aplasma 24 is created in the plasma chamber 25 by 
the plasma generator 26 With H2 gas and N2 gas (hereafter, 
a mixed gas 31) being supplied to the plasma chamber 25 
from the H2 gas and N2 gas supply sources 27 and 28. Active 
gas species 32 are generated from the mixed gas 31 supplied 
to the plasma chamber 25 by the plasma discharge. 

[0041] In addition, the NF3 gas bloWn from a NF3 gas 
injection hole 29a of the NF3 gas input line 29 is supplied 
toWard the plasma chamber 25 through the gas supply line 
23. Then, the NF3 gas is mixed With and activated by the 
active gas species 32. A natural oxide ?lm removing gas 34 
including the activated NF3 gas, the mixed gas 31 and active 
gas species 32 ?oWs into the processing chamber 12 through 
the gas supply port 22. 

[0042] The natural oxide ?lm removing gas 34 introduced 
into the processing chamber 12 is uniformly diffused across 
the processing chamber 12 to react With the natural oxide 
?lms 3 on the Wafers 1 to thereby form reacted ?lms 4 
containing Si, N, H, F (hereinafter, a surface treated layer) 
as shoWn in FIG. 2B. Since the boat 15 holding the Wafers 
1 is rotated by the turntable 13 during the processing steps 
described above, the natural oxide ?lm removing gas 34 can 
uniformly contact With front surfaces of the Wafers 1. 

[0043] After a predetermined period of time required for 
forming the surface treated ?lms 4 has lapsed, the supply of 
H2, N2 and NF3 gases from their corresponding gas sources 
27, 28 and 30 is stopped and the plasma generator 26 also 
stops its operation. Further, the remaining gas in the pro 
cessing chamber 12 is exhausted through the exhaust line 21. 

[0044] After a predetermined period of time required for 
exhausting the processing chamber 12 has lapsed, the pro 
cessing chamber 12 is heated by the heater unit to a 
predetermined temperature, e.g., 100° C., enabling the sur 
face treated ?lm 4 to be sublimated as shoWn in FIG. 2C. 
Consequently, the natural oxide ?lms 3 formed on the Wafers 
1 are removed and Si surfaces 5 are exposed. A mechanism 
applied to the natural oxide ?lm removing process is as 
folloWs: First, the natural oxide ?lm removing gas including 
H2, N2 and NF3 gases and active gas species thereof reacts 
With the natural oxide ?lm (SiO2) and then forms the surface 
treated ?lm 4, i.e., a polymer containing Si, N, H and F. 
Next, the polymer is sublimated at a temperature of 100 ° C. 
or higher. 
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[0045] After a predetermined period of time required for 
sublimating the surface treated ?lms has lapsed, the heater 
unit stops heating and the remaining gas in the processing 
chamber 12 is exhausted through the exhaust line 21. 

[0046] After a predetermined period of time required for 
exhausting the remaining gas has lapsed, the Wafers 1 are 
unloaded from the boat 15 and transferred to a Wafer carrier 
(not shoWn) by the Wafer transfer device through the Wafer 
transfer opening opened by the gate valve. 

[0047] The process steps described above are repeated to 
batch-process a number of Wafers in the batch type oxide 
?lm removing apparatus 10. 

[0048] The inventors of the present invention have found 
that plasma damage may occur on the Wafer or a desired 
etching selectivity may not be obtained if the NF3 gas 33, 
Which greatly contributes to the natural oxide removing 
process, is directly supplied to the processing chamber 12 
Without going through the gas supply line 23 and mixed With 
and activated by the active gas species 32 of the mixed gas 
31 in the processing chamber 12. 

[0049] Since, hoWever, the NF3 gas 33 is injected toWard 
the plasma chamber 25 and indirectly activated by the active 
gas species 32 after being introduced into the gas supply line 
23 and the plasma chamber 25 in accordance With the 
preferred embodiment of the present invention, the plasma 
damage can be prevented and the required etching selectiv 
ity can be obtained. In other Words, since the NF3 gas 33 is 
supplied to the plasma chamber 25 and the supply line 23 
and indirectly activated thereat by the active gas species 32, 
the natural oxide removing gas 34 can be introduced into the 
processing chamber 12 at a controlled decomposition rate of 
the NF3 gas 33, so that the plasma damage on the Wafer can 
be prevented and the desired etching selectivity can be 
achieved. 

[0050] As shoWn in FIG. 1, the degree of decomposition 
reaction of the NF3 gas 33 can be controlled in a Wide range 
by varying the distance L betWeen the NF3 gas injection hole 
29a of the NF3 gas input line 29 and the plasma chamber 25. 
For example, by decreasing the distance L, the amount of 
NF gas entering the plasma chamber 25 is increased so that 
the degree of decomposition or activation of the NF3 gas is 
increased. Conversely, by increasing the distance L, the 
amount of NF3 gas entering the plasma chamber 25 is 
decreased so that the degree of decomposition or activation 
of the NF3 gas is decreased. It is preferable that the distance 
L is determined by an empirical method, e.g., experimenta 
tion or computer simulation by considering several condi 
tions, e.g., a relation betWeen an estimated volume of the 
natural oxide ?lms to be removed and an area of the SiO2 
?lm not to be removed, a supply amount of the mixed gas 
31 or NF3 gas 33, and the like. 

[0051] In accordance With the ?rst preferred embodiment 
of the present invention, folloWing effects can be obtained. 

[0052] 1) Since etching selectivity betWeen the natural 
oxide ?lm and silicon can be 8 by controlling the degree of 
decomposition rate of the NF3 gas, Which greatly contributes 
to the natural oxide ?lm removal, the natural oxide ?lm can 
be removed completely. For example, the natural oxide ?lm 
can be removed With an etching rate equal to or greater than 
3 A/min. 
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[0053] 2) By controlling the degree of the decomposition 
rate of the NF3 gas, plasma damages on, e.g., the Wafer, the 
process tube and the boat can be prevented from occurring. 

[0054] 3) Since the degree of the composition rate of the 
NF3 gas can be controlled in a Wide range by varying the 
distance LbetWeen the NF3 gas injection hole of the NF3 gas 
input line and the plasma chamber, the natural oxide ?lm can 
be removed completely in any processing condition. 

[0055] 4) By supplying the natural oxide ?lm removing 
gas parallel to main surfaces of the Wafers loaded in the boat, 
the natural oxide ?lm removing gas can be uniformly 
distributed across the main surfaces of the Wafers, so the 
natural oxide ?lm can be removed uniformly. 

[0056] 5) By rotating the boat holding the Wafers thereon 
by using the turntable, the natural oxide ?lm removing gas 
can contact With the front surfaces of the Wafers uniformly, 
so that the natural oxide ?lm can be removed uniformly. 

[0057] 6) For example, by disposing CVD ?lm after 
removing the natural oxide ?lm formed after pre-cleaning 
process, adverse effects of the natural oxide ?lm on the CVD 
?lm can be completely prevented, so that the performance 
and reliability of a CVD apparatus can be improved and, 
further, the quality, reliability and yield of the semiconductor 
devices manufactured by the CVD apparatus can also be 
improved. 

[0058] Referring to FIG. 3, there is shoWn a cross sec 
tional vieW of a single Wafer type natural oxide ?lm remov 
ing apparatus in accordance With a second preferred embodi 
ment of the present invention. 

[0059] This embodiment is different from the former 
embodiment in that this embodiment processes Wafers With 
out a boat. In other Words, the natural oxide ?lm removing 
apparatus 10A in accordance With the second preferred 
embodiment includes a process tube 11A con?gured of a 
short right circular cylinder shape to form a processing 
chamber 12A of a loW height. AWafer support 15A, instead 
of a boat, holding tWo Wafers 1 is installed on a turntable 
13A. Reference numeral 35 represents a heater unit formed 
of a lamp. 

[0060] This preferred embodiment has the same effect as 
in the ?rst preferred embodiment. In other Words, by bloW 
ing the NF3 gas 33 to the plasma chamber 25 through the gas 
supply line 23, the NF3 gas can be activated in the gas supply 
line 23 and the plasma chamber 25 by the active gas species 
32 of the mixed gas 31, so that the plasma damage can be 
prevented from occurring on the Wafer 1 and the desired 
etching selectivity can be obtained. 

[0061] Further, it should be apparent to those skilled in the 
art that the present invention is not limited to the preferred 
embodiments described above but can be variously modi?ed 
Without departing from the scope of the present invention. 

[0062] For example, the NF3 gas input line can also be 
inserted in the gas supply line 23 as shoWn in FIGS. 4A to 
4C. 

[0063] Referring to FIG. 4A, there is shoWn an NF3 gas 
input line 29A, Which is inserted along the axial line of the 
gas supply line 23 at the end thereof abutting the processing 
chamber 12. 

Mar. 28, 2002 

[0064] An experimental result obtained by using the NF3 
gas line structure shoWn in FIG. 4A Will noW be described 
in terms of the distance L and the etching rate. The experi 
ment Was performed under conditions, Where the microWave 
poWer of the plasma generator 26 Was 1800 W; the How rate 
of the H2 gas, 400 cc/min; the How rate of the N2 gas, 300 
cc/min; ?oW rate of the NF3 1000 cc/min; the pressure in the 
processing chamber 12, 120 Pa; and the temperature of the 
Wafer equal to or less than 40° C. When the distances L 
betWeen the injection hole of NF3 gas input line 29A and the 
plasma chamber 25 Were 205 mm, 227 mm and 268 mm, 
corresponding etching rates Were respectively 3.3 A/min, 
2.5 A/min and 1.7 A/min. Through this experiment, it has 
been found that sufficient etching rate can be obtained and 
that etching rate can be controlled by varying the distance L. 

[0065] Referring to FIG. 4B, there is shoWn an NF3 gas 
input line 29B, Which is inserted in the gas supply line 23 at 
a sloping angle 6). In this preferred embodiment, by varying 
the sloping angle 6), the degree of activation or decompo 
sition rate of the NF3 gas can be adequately controlled in a 
Wide range. 

[0066] Referring to FIG. 4C, there is shoWn an NF3 gas 
input line 29C, Which is connected to the gas supply line 23 
With an axial line thereof being perpendicular to that of the 
gas supply line 23. In this embodiment, the NF3 gas input 
line 29C is not protruded into the gas supply line 23. 

[0067] An experimental result obtained by using the struc 
ture shoWn in FIG. 4C under the same processing condition 
as in FIG. 4A shoWed that the etching rate Was 0.3 A/min 
When the distance L Was 210 mm. HoWever, When the 
injection hole of the NF3 gas input line 29C Was directed 
toWard the processing chamber 12, etching seldom occurred. 
This results from the short activation time, i.e., NF3 gas is 
readily evacuated and thus cannot stay With the activated gas 
species 32 of the H2 gas and the N2 gas for a period long 
enough to exchange suf?cient energy. 

[0068] It should be noted that the substrates to be pro 
cessed can be photomasks, printed circuit substrates, liquid 
crystal panels, compact disks, magnetic disks or the Wafers. 

[0069] ClF3, CF4, C2136 or other halogen gas can be used 
as an etching gas in lieu of the NF3 gas. 

[0070] In accordance With the preferred embodiments 
described above, the natural oxide ?lm can be completely 
removed While preventing plasma damages as described 
above. 

[0071] A third preferred embodiment of the present inven 
tion Will noW be described in detail With reference to FIGS. 
5 and 6. 

[0072] Referring to FIGS. 5 and 6, there are respectively 
illustrated a side and a top cross sectional vieWs of the third 
preferred embodiment. 

[0073] Natural oxide ?lm removing apparatus in accor 
dance With the third preferred embodiment removes natural 
oxide ?lms formed on Wafers by using a remote plasma 
cleaning method. The apparatus is con?gured as shoWn in 
FIGS. 5 and 6 and performs a batch process in Which a 
plurality of Wafers are simultaneously subject to a natural 
oxide ?lm removing process. 

[0074] As shoWn in FIGS. 5 and 6, the batch type natural 
oxide ?lm removing apparatus 40 includes a process tube 41 
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for forming therein a processing chamber 42 in Which 
natural oxide ?lm removing process is performed. The 
process tube 41 is of a hexahedral box shape hermetically 
sealed to maintain vacuum inside and is installed vertically 
in such a manner that its central line is perpendicular to the 
ground. The process tube 41 includes a bottom Wall having 
a boat loading/unloading opening 43. The boat loading/ 
unloading opening 43 is opened and closed by a sealing cap 
44, Which can be vertically moved aWay from and toWard 
the process tube 41 and loWered by a boat elevator (not 
shoWn). Under the sealing cap 44, a rotary actuator 45 is 
installed and its rotor is inserted into the processing chamber 
42 through the sealing cap 44. A turntable 46 is horiZontally 
disposed on an upper end of the rotor to thereby rotate in 
unison thereWith. 

[0075] As shoWn in FIG. 5, a boat 47 for holding a 
plurality of Wafers 1 is installed on the turntable 46 so that 
the boat 47 and the turntable 46 can rotate in unison. The 
boat 47 is made of a ceramic such as quartz, alumina or 
aluminum nitride (AlN) to prevent, e.g., metal contamina 
tion of the Wafers 1. The boat 47 includes an upper plate 47a, 
a loWer plate 47b and several support rods 47c (three, in this 
embodiment) vertically disposed therebetWeen. The support 
rods 47c have a plurality of vertically arranged Wafer mount 
groove portions 47d, such that a number of Wafers 1 can be 
held horiZontally With an identical gap therebetWeen by the 
groove portions 47d. The loWer plate 47b of the boat 47 is 
removably ?xed on an upper surface of the turntable 46. 

[0076] As shoWn in FIGS. 5 and 6, an exhaust port 50 is 
connected to a portion of the side Wall of the process tube 41 
in such a manner that the exhaust port 20 communicates With 
the processing chamber 42, Wherein height of the exhaust 
port 50 is approximately identical to that of the process tube 
41. 

[0077] A gas supply port 52 is connected to a portion of 
the side Wall of the process tube 41 opposite to the exhaust 
port 50 in such a manner that the gas supply port 52 
communicates With the processing chamber 42, Wherein the 
height of the supply port 52 is approximately same as that of 
the process tube 41. One end of a gas supply line 53 is 
connected to a middle portion of the gas supply port 52 in 
such a manner that the gas supply line 53 can horiZontally 
supply gases into the processing chamber 42. The other end 
of the gas supply line 53 is connected to a remote plasma 
unit 55, Which activates NF3 gas by using a high frequency 
electric poWer Wave and so on. 

[0078] Provided at the end of the gas supply port 52 facing 
toWard the process tube 41 is a distribution plate 57 for 
distributing a natural oxide ?lm removing gas 54 in parallel 
to the Wafers 1. At an upstream of the distribution plate 57, 
a buffer portion 56 for distributing the gas How of the natural 
oxide ?lm removing gas 54 is provided by the distribution 
plate 57. As shoWn in FIG. 7A, the distribution plate 57 has 
a vertical slit forming a gas injection opening 58, so that the 
natural oxide ?lm removing gas can be distributed vertically 
therethrough and be horiZontally introduced into the pro 
cessing chamber 42. The distribution plate 57 is installed in 
such a manner that the distance L betWeen the distribution 
plate 57 and proximal periphery of the Wafer 1 is equal to or 
less than 50 mm. The distribution plate 57 not only serves to 
form the buffer portion 56 but also controls ion or radical 
energy Further, provided at the end portion of the exhaust 
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port 50 facing toWard the processing chamber 42 is a 
conductance plate 59 to uniformly evacuate the processing 
chamber 42 across the height thereof. The conductance plate 
59 is provided With a gas exhaust opening 59a of a vertically 
elongated slit. The distance betWeen the conductance plate 
59 and the proximal periphery of the Wafer 1 loaded in the 
boat 47 is set to be equal to or less than 50 mm. 

[0079] The operation of the batch type natural oxide ?lm 
removing apparatus 40 Will noW be described. 

[0080] Aplurality of Wafers 1 required to be subject to the 
natural oxide ?lm removing process are loaded in the boat 
47 outside the processing chamber 42 by a Wafer transfer 
device (not shoWn) and the boat 47 holding the Wafers 1 is 
transferred to the processing chamber 42 through the boat 
loading/unloading opening 43. As shoWn in FIGS. 5 and 6, 
the processing chamber 42 is airtightly closed by the sealing 
cap 44 and exhausted through an exhaust line 51. The 
turntable 46 holding the boat 47 is turned by the rotary 
actuator 45. 

[0081] Then, the natural oxide ?lm removing gas 54 
including the activated NF3 gas is introduced into the gas 
supply port 52 from the remote plasma unit 55. The natural 
oxide ?lm removing gas 54 introduced into the gas supply 
port 52 is uniformly distributed across the Whole volume of 
the buffer portion 56 and ?oWs into the processing chamber 
42 uniformly across the height thereof through the gas 
injection opening 58 formed of the vertical slit. The How of 
the natural oxide ?lm removing gas 54 is distributed and its 
ion and radical energy are controlled to be reduced by the 
distribution plate 57. In addition, the conductance plate 59 
uniformly distributes along the height thereof the exhausting 
force of the exhaust line 51, so that the natural oxide ?lms 
removing gas 54 can be distributed more uniformly in the 
processing chamber 42. 

[0082] The natural oxide ?lm removing gas 54 introduced 
into the processing chamber 42 contacts the Wafers 1 loaded 
in the boat 47 to react With and remove the natural oxide ?lm 
With the preferable etching selectivity. At this moment, since 
the natural oxide ?lm removing gas 54 is uniformly distrib 
uted in the processing chamber 42 by the distribution plate 
57, the Wafers 1 loaded in the boat 47 can contact equally 
With the natural oxide ?lm removing gas 54 in regardless of 
their position, i.e., height, in the boat 47. Further, since the 
Wafers 1 loaded in the boat 47 are rotated by the turntable 46, 
the natural oxide ?lm removing gas 54 is also uniformly 
distributed across the entire surface of each Wafer. Accord 
ingly, even though the Wafers 1 are disposed in the boat one 
above another, the natural oxide ?lms of the Wafers 1 can be 
entirely and uniformly removed. 

[0083] Further, since the ion and radical energy of the 
natural oxide ?lm removing gas 54 activated by the remote 
plasma unit 55 are controlled to be decreased by the distri 
bution plate 57, the plasma damage can be prevented from 
occurring and the desired etching selectivity can be 
obtained. 

[0084] If the inner side Wall of the processing chamber is 
of a circular shape, the natural oxide ?lm removing gas 54 
?oWs along the inner side Wall. Therefore, it is preferable 
that the inner side Wall is con?gured to be concentric With 
the Wafers and the gap betWeen the inner side Wall and the 
periphery of the Wafers is small. HoWever, the reduced gap 
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between the inner side Wall and the Wafers requires high 
installation accuracy of the boat. 

[0085] In this embodiment, a distance betWeen periphery 
of the Wafer 1 and the distribution plate 57 and that betWeen 
periphery of the Wafer 1 and the conductance plate 59 are set 
to be equal to or less than 50 mm. Therefore, even though 
the inner side Wall of the processing chamber 42 is not 
con?gured to be of a circular shape and a distance betWeen 
the inner side Wall and the periphery of the Wafers is not 
small, the natural oxide ?lm removing gas 54 can ef?ciently 
How and also can be supplied to the center portions of the 
Wafer 1. Accordingly, the decrease of the etching rate of the 
natural oxide ?lm can be prevented and at the same time 
etching uniformity can be improved. Further, since the gab 
betWeen the inner side Wall and Wafer need not be small, the 
high installation accuracy of the boat is not required. 

[0086] After a predetermined period of time for removing 
the natural oxide ?lms has lapsed, the supply of the natural 
oxide ?lm removing gas 54 from the remote plasma unit 55 
and the rotation of the turntable 46 are stopped. Further, the 
remaining gas in the processing chamber 42 is exhausted 
through the exhaust line 51. 

[0087] After a predetermined period of time for exhaust 
ing the remaining gas has passed, the boat 47 holding the 
processed Wafers 1 is unloaded from the processing chamber 
42 by the descent of the sealing cap 44. The processed 
Wafers 1 are unloaded from the boat 47 by the Wafer transfer 
device. 

[0088] The processing steps described above are repeated 
to batch-process the remaining Wafers to be processed by the 
batch type natural oxide ?lm removing apparatus. 

[0089] In accordance With the above embodiment, folloW 
ing effects can be obtained. 

[0090] 1) Since the natural oxide ?lm removing gas is 
uniformly distributed across the processing chamber 42 by 
the distribution plate, the Wafers loaded in the boat can 
contact uniformly With the natural oxide ?lm removing gas 
in regardless of their position, i.e., height, in the boat. 
Accordingly, even though the Wafers are disposed in the boat 
one above another, the natural oxide ?lms of the Wafers can 
be removed entirely and uniformly. Namely, natural oxide 
?lms formed on a plurality of Wafers in the boat can be 
removed at a time, so throughput can be higher When 
compared to that of the single Wafer type natural oxide ?lm 
removing apparatus. 

[0091] 2) The ion and radical energy of the natural oxide 
?lm removing gas activated in the remote plasma unit are 
controlled to be reduced by the distribution plate. Accord 
ingly, even if the natural oxide ?lm removing gas contacts 
With the Wafers, the plasma damage can be prevented and 
the etching selectivity can be obtained so that the natural 
oxide ?lm can be removed adequately. 

[0092] 3) Since the ion and radical energy of the natural 
oxide ?lm removing gas can be controlled by setting the 
distance betWeen the diffusion plate and the periphery of the 
Wafer Within 50 mm, the etching selectivity betWeen the 
natural oxide ?lm and the silicon can be over 8. Therefore, 
the natural oxide ?lm can be removed completely. For 
example, the natural oxide ?lm can be removed at 3 A/min. 
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[0093] 4) The distance betWeen periphery of the Wafer and 
the distribution plate 57 and betWeen periphery of the Wafer 
and the conductance plate are set to be equal to or less than 
50 mm, even though the inner side Wall of the processing 
chamber is not con?gured to be of a circular shape and the 
gap betWeen the inner Wall and the periphery of the Wafer is 
not small, the natural oxide ?lm removing gas can ef?ciently 
?oW. As a result, the decrease of the removal rate of the 
natural oxide ?lm removing gas can be prevented and 
removal uniformity thereof can be increased. 

[0094] 5) By supplying the natural oxide ?lm removing 
gas parallel to main surfaces of the Wafers loaded on the 
boat, the natural oxide ?lm removing gas can be uniformly 
distributed across the main surfaces of the Wafers, so the 
natural oxide ?lm can be removed uniformly. 

[0095] 6) By rotating the boat holding the Wafers therein 
by using the turntable, the natural oxide ?lm removing gas 
can contact With the front surfaces of the Wafers uniformly, 
so that the natural oxide ?lms can be removed uniformly. 

[0096] 7) For example, by disposing CVD ?lm after 
removing the natural oxide ?lm formed after pre-cleaning 
process, adverse effects of the natural oxide ?lm on the CVD 
?lm can be completely prevented, so that the performance 
and reliability of a CVD apparatus can be improved and, 
further, the quality, reliability and yield of the semiconductor 
devices manufactured by the CVD apparatus can also be 
improved. By supplying the natural oxide ?lm removing gas 
With the How direction thereof parallel to the front surface of 
the Wafer, the natural oxide ?lm removing gas can contact 
uniformly With the front surfaces of the Wafers, so the 
natural oxide ?lms can be removed uniformly. 

[0097] Further, it should be apparent to those skilled in the 
art that the present invention is not limited to the preferred 
embodiments described above but can be variously modi?ed 
Without departing from the scope of the present invention. 

[0098] For instance, a distribution plate 57A shoWn in 
FIG. 7B having a plurality of gas injection openings 58A 
made of circular holes can be used in lieu of the distribution 
plate 57 shoWn in FIG. 7A, Which has the vertical slit as the 
gas injection opening 58. 

[0099] Further, the number of the distribution plate is not 
limited to one. For instance, tWo parallel distribution plates 
57A can be used as shoWn in FIG. 7C. It is also possible to 
install tWo or more distribution plates, e.g., having different 
structures, including the distribution plate 57 With the gas 
injection opening 58 of the vertically extended slit and the 
distribution plate 57 A With the gas injection openings 58A 
of a plurality of holes. In addition, it is also possible to install 
tWo or more distribution plates, Which are not disposed in 
parallel. 

[0100] As described above, by varying the shapes and 
siZes of the gas injection openings of the distribution plates 
as Well as the number of the distribution plates installed and 
the installation interval and angle thereof, distribution of the 
natural oxide ?lm removing gas and ion and radical energies 
can be optimally controlled and thus the etching selectivity 
of the natural oxide ?lm removing gas and the removing 
uniformity can be controlled adequately. 

[0101] Furthermore, as shoWn in FIG. 8, the gas supply 
line 53 can be installed to be vertically extended into the 
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processing chamber 42 wherein a plurality of gas injection 
openings 58B can be formed along the gas supply line 53 
inserted in the processing chamber 42. Since the natural 
oxide ?lm removing gas is evenly supplied betWeen the 
Wafers held in the boat 47 and also uniformly contacts With 
the Whole surface of each Wafer, the same effects as in the 
preferred embodiments described above can also be 
obtained in this case. 

[0102] Since the HSG ?lm is not formed Well on the Wafer 
having the natural oXide ?lm thereon, it is necessary to 
remove the natural oXide ?lm before forming the HSG layer. 
HoWever, once the Wafer treated by the natural oXide ?lm 
removing process is eXposed to the ambient air, the HSG 
?lm is not adequately formed even after subjecting the Wafer 
to the HSG ?lm forming process in a substrate processing 
apparatus, e.g., CVD apparatus. Although the reason Why 
the HSG ?lm is not formed is not clearly revealed, it is 
suspected that the by-product is attached on the Wafer When 
the natural oXide ?lm is removed and thereafter reacts With 
certain elements in the ambient air to prevent the HSG ?lm 
from forming. Accordingly, it is preferable that the byprod 
uct is sublimated before the by-product reacts With the 
elements in the ambient air. 

[0103] Referring to FIG. 9, there is shoWn a batch type 
natural oXide ?lm removing apparatus 40A in accordance 
With another preferred embodiment of the present invention, 
Which is capable of sublimating the by-product in the 
processing chamber 42 before the by-product reacts With the 
elements in the ambient air. The apparatus 40A of the instant 
preferred embodiment is different from the apparatus 40 
shoWn in FIG. 6 in that lamp heaters 60 are con?gured to 
heat the processing chamber 42 through irradiation WindoWs 
61. 

[0104] In this preferred embodiment, the processing 
chamber 42 is heated to 80° C. or higher by the irradiation 
of the lamp heaters 60 through the irradiation WindoWs 61 
made of quartZ glass to sublimate the by-product attached on 
the Wafers 1 after the removal of the natural oXide ?lm by 
the natural oXide ?lm removing gas 54. It Was found that the 
HSG ?lm Was formed adequately during the subsequent 
HSG forming process after the aforementioned heat treat 
ment. The natural oXide ?lm removed surface of the Wafer 
can be further stabiliZed by being subject to a hydrogenation 
process. 

[0105] Further, it should be noted other types of heaters, 
e.g., resistive heater or the like, can also be used in lieu of 
the lamp heaters. 

[0106] In the preferred embodiment described, the by 
products has been described as being removed in the pro 
cessing chamber being heated. Since, hoWever, the HSG 
?lm forming process can be accomplished as long as the 
by-product is removed before being exposed to the ambient 
air, the natural oXide ?lm removing process and the by 
product removing process need not be necessarily carried in 
a single chamber. In other Words, the heater unit may be 
installed at a different heat treatment chamber connected to 
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the processing chamber having no heater unit. In that case, 
the natural oXide ?lm is removed in the processing chamber 
?rst and then transferred in vacuum or in the inert gas 
atmosphere to the heat treatment chamber to remove the 
by-product therein. 

[0107] It should be apparent to those skilled in the art that 
the distribution plates described above With respect to FIGS. 
5 to 8 can be also used in the ?rst and the second preferred 
embodiments described With respect to FIGS. 1 and 3. 

[0108] It is also to be understood the present invention can 
be applied to heat treating photomasks, printed circuit board 
or liquid crystal panel, compact disk or magnetic disk as 
Well. 

[0109] While the invention has been shoWn and described 
With respect to the preferred embodiments, it Will be under 
stood by those skilled in the art that various changes and 
modi?cations may be made Without departing from the spirit 
and scope of the invention as de?ned in the folloWing 
claims. 

What is claimed is: 
1. A substrate processing apparatus, comprising: 

a processing chamber and a gas supply line, 

Wherein a natural oXide ?lm removing gas including a 
?rst gas activated by a second gas activated by a plasma 
discharge is supplied to the processing chamber 
through the gas supply line to remove a natural oXide 
?lm on a Wafer, and 

Wherein the ?rst gas and the second gas are supplied to the 
gas supply line along a ?rst direction and a second 
direction and an angle betWeen the ?rst and the second 
direction ranges from about 90° to 180°. 

2. The apparatus of claim 1, Wherein the ?rst gas is NF3 
gas and the second gas includes hydrogen gas and nitrogen 
gas, ammonia gas or a miXture thereof. 

3. The apparatus of claim 1, further comprising a distri 
bution device for distributing the natural oXide ?lm remov 
ing gas to How parallel to the Wafer. 

4. The apparatus of claim 3, Wherein the distribution 
device includes one or more distribution plates, each having 
at least one gas injection opening. 

5. A substrate processing apparatus comprising; 

a processing chamber in Which a plurality of Wafers are 
processed at a time; 

a remote plasma unit disposed outside the processing 
chamber for supplying an activated natural oXide ?lm 
removing gas to the processing chamber; and 

a distribution device Which distributes the natural oXide 
?lm removing gas to How parallel to the Wafers. 

6. The apparatus of claim 5, Wherein the distribution 
device includes one or more distribution plates, each having 
at least one gas injection opening. 

* * * * * 


