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(57) ABSTRACT 
An oxidation method of oxidizing Surfaces of workpieces 
heated at a predetermined temperature in a vacuum atmo 
Sphere in a processing vessel produces active hydroxyl and 
active oxygen Species. The active hydroxyl and active 
oxygen Species oxidize the Surfaces of the workpieces in a 
processing vessel. Both the intrafilm thickneSS uniformity 
and the characteristics of the oxide film can be improved, 
maintaining oxidation rate on a relatively high level. 

  



Patent Application Publication Dec. 4, 2003 Sheet 1 of 8 US 2003/0224618A1 

EVACUATION 

F G. 

  



Patent Application Publication Dec. 4, 2003 Sheet 2 of 8 US 2003/0224618 A1 

(O.O5A/cm2) 

st 90 

5O 

Li Qo O CONVENTIONAL 
SSS MEBOD METHOD OF THE 
st (O.25C/cm1) PRESENT INVENTION 
- (2.35C/cm) 
O 
> 
O 
O -- 

O. O. O. O OO . 

STRESS TIME (Sec.) 

O.2 - - - - - 

O. 8 O: METHOD OF THE PRESENT INVENTION (MEANOO47mm) 
: CONVENTIONAL METHED (MEAN OO66nm) L - O. 6 

9 E O. 4 

s O. 12 
O 

a 2 O. 
(f) 2 2 O. O8. is so s SE O.O6 

O 
E is O.O4 

H. Sg 
& O.O2 
> 

5 2 2.5 3. 3.5 4. 

SiO2 THICKNESS nm --> 

F G. 3 

  

    

    

  

  



US 2003/0224618A1 

[90]00) : CH 

00|| 

THICKNESS OF SiO2 (nm) 

(GB|Tlde?nS SI WW3LS) 
QOH LEW TV/NO||LNBANOO 

Patent Application Publication 

  

  



US 2003/0224618A1 

- SiO2 THICKNESS (nm) 

  



Patent Application Publication Dec. 4, 2003 Sheet 5 of 8 US 2003/0224618A1 

(A) 

OXIDATION 
O CONDITION 
B TEMPERATURE 
6 : 900C) 

H2 : 600ScCrn 
4 O2 : 200SCCm 
2 

O 

TIME: 60 min 

O 0.5 1 1.5 2 2.5 (Torr) 
O 67 133 200 266 333 (Pa) 

PRESSURE 

OXIDATION 
CONDITION 
TEMPERATURE 

: 850(C) 
H2 : 50ScCm 
O2 : 100s.ccm 
TIME: 3 min 

O 0.1 0.2 O.3 O,4 O.5 0.6 (Torr) 
O 6.7 26.6 39.9 53.2 66.5 79.8 (Pa) 

PRESSURE 

F G. 6 

  



Patent Application Publication Dec. 4, 2003 Sheet 6 of 8 US 2003/0224618A1 

E. W 
10 

62 

E 54 

20 EVACUATION 

12 

8 : 

  

  



Patent Application Publication Dec. 4, 2003 Sheet 7 of 8 US 2003/0224618A1 

70 

60-b 

62<s 
32d 

36 34 98 se 
E 

44 40 14 
-42 26 ? 

22 

F. G. 8 

  



Patent Application Publication Dec. 4, 2003 Sheet 8 of 8 US 2003/0224618A1 

F G. 9 

  



US 2003/0224618 A1 

OXDZING METHOD AND OXDATION SYSTEM 

TECHNICAL FIELD 

0001. The present invention relates to an oxidation 
method of oxidizing Surfaces of workpieces, Such as Semi 
conductor wafers, and an oxidation System. 

BACKGROUND ART 

0002 Generally, a semiconductor wafer, such as a silicon 
Substrate, is Subjected to various processes including a film 
forming process, an etching process, an oxidation process, a 
diffusion proceSS and a modification proceSS when fabricat 
ing a Semiconductor integrated circuit. For example, the 
oxidation proceSS among those processes is used for oxidiz 
ing a Surface of a single-crystal Silicon film or a polysilicon 
film and for oxidizing a metal film. The oxidation process is 
used mainly for forming gate oxide films and insulating 
films for capacitors. 
0.003 Oxidation methods are classified by pressure into 
atmospheric pressure oxidation methods that are carried out 
in an atmospheric atmosphere and Vacuum oxidation meth 
ods that are carried out in a vacuum atmosphere. Oxidation 
methods are classified by oxidizing gas into wet oxidation 
methods including a wet oxidation method disclosed in, for 
example, JP-A No. Hei 3-140453, that use steam generated 
by burning hydrogen in an oxygen atmosphere in an external 
combustor, and dry oxidation methods including a dry 
oxidation method disclosed in, for example, JP-A No. Sho 
57-1232 that Supply only OZone or oxygen into a processing 
vessel. 

0004. In view of quality and characteristics including 
dielectric Strength, corrosion resistance and reliability, an 
insulating film formed by a dry oxidation proceSS is Superior 
to that formed by a wet oxidation process. In view of 
deposition rate and uniformity, generally, an oxide film 
(insulating film) formed by an atmospheric oxidation pro 
ceSS is Satisfactory in oxidation rate but the same is not 
Satisfactory in the intrafilm thickness uniformity of an oxide 
layer formed on the surface of the wafer. On the other hand, 
an oxide film formed by a vacuum oxidation proceSS is 
satisfactory in the intrafilm thickness uniformity of the oxide 
layer but the same is not Satisfactory in oxidation rate. 
0005. Design rules that have been hitherto applied to 
designing Semiconductor integrated circuits have not been 
very Severe the aforesaid various oxidation methods have 
been Selectively used taking into consideration purposes of 
oxide films, process conditions and equipment costs. How 
ever, line width and film thickneSS have been progressively 
decreased and Severer design rules have been applied to 
designing Semiconductor integrated circuits in recent years, 
and design rules requires higher film characteristics and 
higher intrafilm thickness uniformity of films. The conven 
tional oxidation methods are unable to meet Such require 
ments Satisfactorily. 
0006 A wet oxidation system disclosed in, for example, 
JP-A No. Hei 4-18727 Supplies Higas and O gas individu 
ally into a lower region in a vertical quartz processing 
vessel, burns the H gas in a combustion Space defined in a 
quartz cap to produce Steam, makes the Steam flow upward 
along a row of wafers to accomplish an oxidation process. 
0007 Since this prior art oxidation system burns Higas 
in the combustion Space, a lower end region in the proceSS 
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ing vessel has a high Steam concentration, the Steam is 
consumed as the same flows upward and an upper end region 
in the processing vessel has an excessively low Steam 
concentration. Accordingly, the thickness of an oxide film 
formed on the Surface of the wafer is greatly dependent on 
the position where the wafer is held for the oxidation process 
and, in Some cases, the intrafilm thickness uniformity of the 
oxide film is deteriorated. 

0008 Another oxidation system disclosed in, for 
example, JP-A No. Sho 57-1232 arranges a plurality of 
wafers in a horizontal batch-processing reaction tube, Sup 
plies O gas or Supplies O gas and H2 gas Simultaneously 
through one of the opposite ends of the reaction tube into the 
reaction tube., and forms an oxide film in a vacuum atmo 
Sphere. 

0009. However, since this prior art oxidation system 
forms a film in an atmosphere of a relatively high preSSure 
by a hydrogen burning oxidation method, Steam is a prin 
cipal element of reaction, an upper region with respect to the 
flowing direction of gases in the processing vessel and a 
lower region in the processing vessel differ excessively from 
each other in Steam concentration and hence it is possible 
that the intrafilm thickness uniformity of the oxide film is 
deteriorated. 

0010) A third oxidation system disclosed in, for example, 
U.S. Pat. No. 6,037.273 supplies O gas and Higas into the 
processing chamber of a wafer-fed processing vessel pro 
vided with a lamp heating device, makes the Ogas and the 
He gas interact in the vicinity of the Surface of a semicon 
ductor wafer placed in the processing chamber to produce 
Steam, and forms an oxide film by Oxidizing the Surface of 
the wafer with the steam. 

0011. However, this oxidation system supplies O gas 
and H2 gas through gas inlets Spaced a short distance in the 
range of 20 to 30 mm from the wafer into the processing 
chamber, makes the O gas and the H gas interact in the 
vicinity of the Surface of the Semiconductor wafer to pro 
duce Steam, and forms the oxide film in an atmosphere of a 
relatively high process pressure. Thus, it is possible that the 
intrafilm thickness uniformity of the film is deteriorated. 

DISCLOSURE OF THE INVENTION 

0012. The present invention has been made to solve the 
aforesaid problems effectively. Accordingly, it is an object of 
the present invention to provide an oxidation method and an 
oxidation System capable of improving the intrafilm thick 
ness uniformity of the oxide film and the interfilm thickness 
uniformity of oxide films and the characteristics of oxide 
films, maintaining oxidation rate on a relatively high level. 
0013. According to the present invention, an oxidation 
method of oxidizing Surfaces of workpieces heated at a 
predetermined temperature in a vacuum atmosphere created 
within a processing vessel comprises the Steps of producing 
active hydroxyl Species and active oxygen species, and 
oxidizing the Surfaces of the workpieces by the active 
hydroxyl and the active oxygen Species. 
0014. In the oxidation method according to the present 
invention, an oxidative gas and a reductive gas are Supplied 
into the processing vessel by Separate gas Supply Systems, 
respectively, in the Step of producing active hydroxyl and 
active oxygen Species. 
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0.015. In the oxidation method according to the present 
invention, the processing vessel has a predetermined length, 
the workpieces are arrange at predetermined pitches in a 
processing region in the processing Vessel, an oxidative gas 
and a reductive gas are Supplied into the processing vessel 
So as to flow from one end of opposite ends of the processing 
vessel toward the other end of the processing vessel in the 
Step of producing active hydroxyl and active oxygen Spe 
CCS. 

0016. In the oxidation method according to the present 
invention, parts of the processing vessel through which the 
oxidative gas and the reductive gas are Supplied into the 
processing vessel are positioned a predetermined distance 
apart from the processing region of the workpieces in the 
processing vessel. 
0.017. In the oxidation method according to the present 
invention, the predetermined distance is determined Such 
that the oxidative gas and the reductive gas do not affect 
adversely temperature distribution in the processing region 
of the workpieces and the oxidative gas and the reductive 
gas Supplied into the processing vessel can be Satisfactorily 
mixed. 

0.018. The separation of the parts of the processing vessel 
through which the oxidative gas and the reductive gas are 
Supplied into the processing vessel from the processing 
region by the predetermined distance prevents the oxidative 
gas and the reductive gas from adversely affecting tempera 
ture distribution in the processing region in which the 
workpieces are processed and enables the Satisfactory mix 
ing of the oxidative gas and the reductive gas. 
0019. In the oxidation method according to the present 
invention, the predetermined distance is about 100 mm or 
above. 

0020. In the oxidation method according to the present 
invention, the oxidative gas contains one or Some of O, 
NO, NO and NO, and the reductive gas contains one or 
some of H, NH, CH and HC1. 
0021. Both the intrafilm thickness uniformity and the 
characteristics of the oxide film can be improved, maintain 
ing oxidation rate on a relatively high level. 
0022. In the oxidation method according to the present 
invention, the pressure in the vacuum atmosphere is below 
133 Pa (1 Torr). 
0023. In the oxidation method according to the present 
invention, the pressure in the vacuum atmosphere is in the 
range of 6.7 to 67 Pa (0.05 to 0.5 Torr). 
0024. In the oxidation method according to the present 
invention, the predetermined temperature is in the range of 
400 to 1100° C. 

0.025 In the oxidation method according to the present 
invention, an additional oxidative gas and an additional 
reductive gas are Supplied additionally into the processing 
vessel So as to flow in an opposite direction of the main 
oxidation gas and the main reductive gas in the Step of 
producing active hydroxyl and active oxygen Species. 
0026. An oxidation system according to the present 
invention comprises: a processing vessel for containing 
Workpieces, a Support means for Supporting workpieces in a 
processing region in the processing Vessel; a heating means 
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for heating workpieces, an evacuation System for evacuating 
the processing vessel; an oxidative gas Supply System for 
Supplying an oxidative gas into the processing vessel; and a 
reductive gas Supply System Separate from the Oxidative gas 
Supply System, for Supplying a reductive gas into the pro 
cessing vessel to produce active hydroxyl and active oxygen 
Species by the interaction of the oxidative gas and the 
reductive gas, wherein Surfaces of workpieces placed in the 
processing region are oxidized by the active hydroxyl and 
the active oxygen species. 
0027. In the oxidation system according to the present 
invention, the oxidative gas Supply System and the reductive 
gas Supply System are connected to one end of the proceSS 
ing vessel to make the oxidative gas and the reductive gas 
flow toward the other end of the processing vessel. 
0028. In the oxidation system according to the present 
invention, the heating means heats both the oxidative gas 
and the reductive gas. 
0029. In the oxidation system according to the present 
invention, the oxidative gas Supply System has an oxidative 
gas Supply nozzle, the reductive gas Supply System has a 
reductive gas Supply nozzle, the oxidative gas Supply nozzle 
and the reductive gas Supply nozzle have outlets positioned 
a predetermined distance apart from the processing region of 
the workpieces. 

0030. In the oxidation system according to the present 
invention, the predetermined distance is determined Such 
that the oxidative gas and the reductive gas do not affect 
adversely temperature distribution in the processing region 
of the workpieces and the oxidative gas and the reductive 
gas can be Satisfactorily mixed. 

0031. The separation of the outlets of the oxidative gas 
Supply nozzle and the reductive gas Supply nozzle from the 
processing region by the predetermined distance prevents 
the oxidative gas and the reductive gas from adversely 
affecting temperature distribution in the processing region in 
which the workpieces are processed and enables the Satis 
factory mixing of the oxidative gas and the reductive gas. 
0032. In the oxidation system according to the present 
invention, the predetermined distance is about 100 mm or 
above. 

0033. In the oxidation system according to the present 
invention, the oxidative gas Supply System has an oxidative 
gas Supply nozzle, the reductive gas Supply System has a 
reductive gas Supply nozzle, and both the nozzles extend 
from one of the opposite ends of the processing vessel 
toward the other end of the processing vessel and have gas 
outlets positioned at the other end of the processing vessel 

0034. In the oxidation system according to the present 
invention, the oxidative gas contains one or Some of O, 
NO, NO and NO, and the reductive gas contains one or 
Some of H, NH, CH and HC1. 
0035) In the oxidation system according to the present 
invention, the oxidative gas Supply System has a Supple 
mentary oxidative gas Supply nozzle, the reductive gas 
Supply System has a Supplementary reductive gas Supply 
nozzle, and the Supplementary oxidative gas Supply nozzle 
and the Supplementary reductive gas Supply nozzle have gas 
outlets disposed at one end of the processing vessel. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0.036 FIG. 1 is a schematic view of an example of an 
oxidation System that carries out a film forming method in 
a preferred embodiment according to the present invention; 
0037 FIG. 2 is a graph showing the failure ratio of SiO, 
films formed by an oxidation method according to the 
present invention and a conventional oxidation method (dry 
oxidation method); 
0038 FIG. 3 is a graph showing the distribution of film 
thickness differences each between a maximum thickneSS 
and a minimum thicknesses of each of SiO films formed by 
an oxidation method according to the present invention and 
those each between a maximum thickness and a minimum 
thickness of each of SiO films formed by a conventional 
oxidation method (external combustion type atmospheric 
wet oxidation method); 
0.039 FIG. 4 is a graph showing the variation of the 
thickness of oxide films with oxidation time; 
0040 FIG. 5 is a graph showing the dependence of the 
thickness and intrafilm thickness uniformity of oxide films 
on process preSSure, 

0041 FIG. 6 is a graph showing thicknesses of oxide 
films in a pressure range including pressures below the 
pressures shown in FIG. 5; 
0.042 FIG. 7 is a schematic view of a oxidation system 
of Single-tube Structure; 
0.043 FIG. 8 is a schematic view of another oxidation 
System of Single-tube Structure; and 
0044 FIG. 9 is a schematic view of a third oxidation 
System of Single-tube Structure. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0.045 An oxidation method and an oxidation system in 
preferred embodiments according to the present invention 
will be described hereinafter with reference to the accom 
panying drawings. 

0.046 FIG. 1 shows an example of an oxidation system 
2 that carries out a film forming method in a preferred 
embodiment according to the present invention. In the 
following description, it is assumed that an oxidative gas is 
oxygen gas (O) and a reductive gas is hydrogen gas (H2). 
0047 The oxidation system 2 has a double-wall vertical 
processing vessel 8 of a predetermined length including an 
inner tube 4 and an outer tube 6. Both the inner tube 4 and 
the outer tube 6 are made of quartz. A quartz wafer boat 10, 
i.e., a Support means for holding workpieces, is placed in a 
processing space in the inner tube 4. A plurality of Semi 
conductor wafers W are held in layers at predetermined 
pitches on the wafer boat 10. The pitches are equal for some 
cases and are different for other cases. 

0.048. A cap 12 covers the open lower end of the pro 
cessing vessel 8, and a shaft 16 is extended through the cap 
12. The gap between the cap 12 and the shaft 16 is sealed by 
a magnetic fluid Seal 14, and a rotary table 18 is attached to 
the upper end of the shaft 16. A heat insulating tube 20 is 
placed on the rotary table 18 and the wafer boat 10 is 
mounted on the heat insulating tube 20. The shaft 16 is 

Dec. 4, 2003 

Supported on an arm 24 included in a vertically movable 
boat elevator 22. The shaft 16 can be moved vertically 
together with the cap 12 and the wafer boat 10. The wafer 
boat 10 can be inserted in and taken out of the processing 
vessel 8 through the lower end of the processing vessel 8. 
The wafer boat 10 does not need necessarily to be rotated 
and may be held Stationary. 
0049. A manifold 26 made of, for example, a stainless 
Steel is joined to the open lower end of the processing vessel 
8. An oxidative gas Supply System 28 for Supplying an 
oxidative gas at a controlled flow rate and a reductive gas 
Supply System 30 for Supplying a reductive gas at a con 
trolled flow rate are connected individually to the manifold 
26. 

0050. The oxidative gas supply system 28 includes an 
oxidative gas Supply nozzle 32 penetrating the manifold, and 
a gas Supply line 36 connected to the oxidative gas Supply 
nozzle 32 and provided with a flow controller 34, such as a 
mass flow controller. An oxidative gas Source 30 Storing an 
oxidative gas, Such as oxygen gas in this embodiment, is 
connected to the gas Supply line 36. 
0051. The reductive gas supply system 30 includes a 
reductive gas Supply nozzle 40 penetrating the manifold 26, 
and a gas Supply line 44 connected to the reductive gas 
supply nozzle 40 and provided with a flow controller 42, 
Such as a mass flow controller. A reductive gas Source 46 
Storing a reductive gas, Such as hydrogen gas in this embodi 
ment, is connected to the gas Supply line 44. 
0052 The gas Supply nozzles 32 and 40 have gas outlets 
32a and 40a, respectively. The gas outlets 32a and 4.0a are 
formed in the manifold 26 disposed at one end of the 
processing vessel 8. 
0053. The gases supplied through the gas outlets 32a and 
4.0a of the gas supply nozzles 32 and 40 flow from one end 
to the other end of the processing vessel 8. That is, the gases 
flow upward in the processing Space S, i.e., a wafer pro 
cessing region, in the inner tube 4, Start flowing down from 
a top of the processing vessel 8, flow down through an Space 
between the inner tube 4 and the outer tube 6 and flow out 
of the processing vessel 8. An exhaust port 50 is formed in 
a lower part of the side wall of the outer tube 6. An 
evacuating System 56 including an exhaust line 52 and a 
vacuum pump 54 connected to the exhaust line 52 is 
connected to the exhaust port 50 to evacuate the processing 
vessel 8. The processing Space S, i.e., a wafer processing 
region, is positioned a predetermined distance H1 apart from 
the position of a gas Supply position. More concretely, the 
lower end of the processing space S corresponding to the 
lower end of the wafer boat 10 is positioned a predetermined 
distance H1 apart from the positions of the respective gas 
outlets 32a and 4.0a of the nozzles 32 and 40. A first purpose 
of the distance H1 is to preheat the gases by heat radiated by 
the hot wall of the processing vessel 8 heated by a heater 62 
while the gases flow upward through the distance H1. 
Generally, the processing Space S extending along the wafer 
boat 10 is maintained accurately at a fixed temperature. If 
gases of, for example, a room temperature is Supplied to a 
region in the vicinity of a lower end part of the wafer boat 
10, the temperature of the same region will drop, adversely 
affecting temperature distribution in the processing Space. A 
Second purpose of the distance H1 is to enable the gases to 
mix uniformly while the gases flow upward through the 
distance H1. 
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0.054 The distance H1 is determined such that the oxi 
dative gas and the reductive gas Supplied into the processing 
Space S do not affect adversely to temperature distribution in 
the processing Space S, and mix uniformly. The distance H1 
is, for example 100 mm or above, preferably, 300 mm or 
above. In this embodiment, the distance H1 is about 350 
mm. A heat insulating member 60 is disposed So as to 
Surround the processing vessel 8, and the heater 62, i.e., a 
heating means, is attached to the inner circumference of the 
heat insulating member 60 to heat wafers W placed in the 
processing Space S at a predetermined temperature. 
0055 When, for example, about 150 wafers W of 8 in. 
diameter (about 130 wafers and about 20 dummy wafers) 
Supported on the wafer boat 10 are processed in a batch, the 
inner tube 4 of the processing vessel 8 is about 260 to about 
270 mm in diameter, the outer tube 6 is about 275 to about 
285 mm in diameter and the processing vessel 8 is about 
1280 mm in height. 
0056. When about 25 to 50 wafers w of 12 in. diameter 
supported on the wafer boat 10 are processed in a batch the 
inner tube 4 is about 380 to about 420 mm, the outer tube 6 
is about 440 to about 500 mm in diameter and the processing 
vessel is about 800 mm in height. The height of the wafer 
boat 10 is equal to the height H2 of the processing space S2 
in which the wafers are placed for processing. The height H2 
is dependent on the number of wafers to be processed in a 
batch and is, for example, in the range of about 200 to about 
1000 mm. Those numerical values are given only by way of 
example. 

0057 Shown in FIG. 1 are a sealing member 64, such as 
an O ring, for Sealing the gap between the cap 12 and the 
manifold 26, a Sealing member 66, Such as an O ring, for 
Sealing the gap between the manifold 26 and the lower end 
of the outer tube 6. 

0.058 An oxidizing method according to the present 
invention to be carried out by the aforesaid oxidation System 
will be described. 

0059 A plurality of semiconductor wafers W are Sup 
ported in layers at predetermined pitches on the wafer boat 
10. The boat elevator 22 is moved upward to insert the wafer 
boat 10 through the lower end of the processing vessel 8 in 
the processing vessel 8 and the processing vessel 8 is Sealed 
hermetically. The processing vessel 8 is heated beforehand. 
Films to be oxidized, Such as Single crystal films, polysilicon 
films or metal oxide films, have already formed on Surfaces 
of the semiconductor wafers W, respectively, by the preced 
ing process. In Some cases, Surfaces of Single-crystal wafers 
are oxidized. 

0060. After the wafers W have been loaded into the 
processing vessel 8, power Supplied to the heater 62 is 
increased to heat the waferS W at a predetermined proceSS 
ing temperature and the processing vessel 8 is evacuated by 
the evacuating System 56. 
0061. At the same time, the oxidative gas supply system 
28 Supplies oxygen gas at a controlled flow rate through the 
gas outlet 32a of the oxidative gas Supply nozzle 32 and the 
reductive gas Supply System 30 Supplies hydrogen gas at a 
controlled flow rate through the gas outlet 4.0a of the 
reductive gas Supply nozzle 40 into the processing vessel 8. 
0062). The oxygen gas and the hydrogen gas separately 
Supplied into the processing vessel 8 flow upward in the 
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processing vessel 8, while producing active hydroxyl spe 
cies and active oxygen Species to oxidize Surfaces of the 
wafers W. When oxidizing single-crystal silicon films or 
polysilicon films, the temperature of the wafers W is in the 
range of 400 to 1100 C., preferably, in the range of 400 to 
900 C. taking into consideration the heat resistance of the 
waferS is taken into consideration, the pressure in the 
processing vessel 8 is 133 Pa (1 Torr) or below, preferably, 
in the range of 6.7 Pa (0.05 Torr) to 67 Pa (0.5 Torr) taking 
into consideration concentration distribution. Oxygen gas 
flow rate is in the range of 1 ScCm to 10 Slm and oxygen gas 
flow rate is in the range of 1 Scem to 5 Slm. 
0063 Thus, oxidation rate is maintained on a relatively 
high level and the intrafilm thickness uniformity and the 
quality of an oxide film on each wafer W can be improved 
greatly. Uniformity of plurality of wafers W in film quality 
can be also improved. 
0064. When oxygen gas and hydrogen gas are Supplied 
Separately into a vacuum atmosphere of the processing 
vessel 8, it is considered that the hydrogen gas undergoes the 
following combustion reactions, in which chemical Symbols 
with asterisk (*) indicates an active specie of a Substance 
indicated by the chemical symbol. 

0065. When hydrogen gas (H) and oxygen gas (O) are 
Supplied Separately into the processing vessel 8, active 
oxygen species (O), active hydroxyl species (OH) and 
Steam (H2O) are produced by the burning of hydrogen gas. 
It is inferred that O* and OH* contributes greatly to the 
improvement of he film quality and the intrafilm thickness 
uniformity of the oxide film. That is, since the oxidation 
process is carried out in a vacuum atmosphere of a preSSure 
which is far below a process preSSure of the conventional 
oxidation method, the aforesaid reactions represented by the 
chemical formulas proceeds gradually while oxygen gas and 
hydrogen gas flows upward in the processing vessel 8, 
proper amounts of H2O, O* (active oxygen species) and 
OH* (active hydroxyl species) are supplied to all the wafers 
W regardless of the height of the wafers W. Consequently, 
all the wafers W are subjected uniformly to the oxidation 
process regardless of the height thereof and the film thick 
ness uniformity of the oxide films formed on the wafers W 
can be improved. It is considered that active oxygen Species 
and active hydroxyl species contribute greatly to the oxida 
tion of the wafers W and the life of the active oxygen species 
and active hydroxyl Species is extended by carrying out the 
oxidation method in the vacuum atmosphere of a process 
preSSure considerably lower than that at which the conven 
tional oxidation method is carried out. Therefore, the active 
Species do not become very extinct and active Species 
concentration in the processing Space S is maintained in a 
Substantially uniform manner while the active Species flow 
upward through the processing Space S of the height H2 
contributing to the oxidation reaction. Consequently, the 
thickness uniformity of films respectively formed on the 
wafers W placed at different heights can be improved. 
0066 Moreover, since the life of the oxygen and hydro 
gen Species is extended, active species concentration distri 
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bution over the surface of each wafer W, from the periphery 
edge to the center thereof, is uniform and hence the intrafilm 
thickneSS uniformity and the characteristics of the oxide film 
can be improved greatly. 
0067 Since oxygen gas and hydrogen gas are Supplied 
into the position which is located distance H1 apart from the 
lower end of the processing Space S instead of Supplying the 
Same directly into the processing Space S, the gases mix 
Satisfactorily and are preheated by the heat radiated by the 
hot wall of the processing vessel 8 heated by the heater 62 
while the same flow through the distance H1, which pro 
motes the activation of the gases. 
0068 Silicon films were oxidized by the oxidation 
method of the present invention and a conventional dry 
oxidation method to form silicon dioxide films (SiO films) 
and the characteristics of the Silicon dioxide films were 
examined. The results of the examination will be explained. 
0069 FIG.2 shows the failure ratio of SiO films formed 
by the oxidation method of the present invention and the 
conventional dry oxidation method. Time that was necessary 
to cause 90% of the SiO films to break down by forcibly 
passing a current of 0.05 A/cm through each SiO, films was 
measured. 

0070. As is obvious from FIG. 2, whereas 90% of the 
SiO, films formed by the conventional wet oxidation method 
broke down in about 6 s, time necessary to cause 90% of the 
SiO films formed by the oxidation method of the present 
invention broke down was as long as about 50 s, which 
proved the excellent dielectric strength and reliability and 
satisfactory quality of the SiO films formed by the oxida 
tion method of the present invention. A total amounts of 
charge that was necessary to cause 90% of the SiO films 
formed by the conventional wet oxidation method and the 
SiO, films formed by the oxidation method of the present 
invention broke down were 0.25 C/cm and 2.35 C/cm 
respectively. 

0071 Silicon films were oxidized by the oxidation 
method of the present invention and a conventional external 
combustion type atmospheric wet oxidation method to form 
silicon dioxide films (SiO films) and the intrafilm thickness 
uniformity of the SiO films were examined. The results of 
the examination will be explained. 
0.072 FIG. 3 is a graph showing the distribution of film 
thickness differences, each between a maximum thickneSS 
and a minimum thickness of each of SiO films formed by 
the oxidation method of the present invention, and those, 
each between a maximum thickneSS and a minimum thick 
ness of each of SiO films formed by the conventional 
external combustion type atmospheric wet oxidation 
method. Process conditions for the oxidation method of the 
present invention were 850 C. in process temperature, 26.6 
Pa (0.2 Torr) in process pressure, 0.1 Slm in O gas flow rate 
and 0.2 um in H gas flow rate. Process conditions for the 
conventional oxidation method were 850 C. in process 
temperature, 95760 Pa (720 Torr) in process pressure, 0.6 
Slm in O gas flow rate, 0.6 Slm in H2 gas flow rate and 20 
Slm in N gas flow rate. The surfaces of wafers were 
oxidized to form oxide films respectively having thicknesses 
in the range of 1 to 4 nm. 
0073. As is obvious from the graph shown in FIG. 3, 
whereas the thickness difference of the oxide films on each 
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wafer formed by the conventional oxidation method is 
distributed in a wide range regardless of the thickness of the 
oxide film, the thickness difference of the oxide film on each 
wafer formed by the oxidation method of the present inven 
tion is distributed in a narrow range. Thus the intrafilm 
thickness differences of the oxidation films formed by the 
oxidation method of the present invention are considerably 
Small. The mean thickness difference of the oxide films 
formed by the conventional oxidation method was 0.066 mm 
and that of the oxide films formed by the oxidation method 
of the present invention was 0.047 nm, which proved that the 
oxidation method of the present invention improves the 
intrafilm thickneSS uniformity greatly. 
0074. Oxidation rate of the oxidation method of the 
present invention and that of a conventional oxidation 
method that Supplies Steam directly into the processing 
vessel were examined. 

0075 FIG. 4 is a graph showing the relation between 
oxidation time and the thickness of oxide films. Process 
conditions were 850° C. in process temperature, 93 Pa (0.7 
Torr) is process pressure, 100 scem in H gas flow rate and 
600 sccm in O gas flow rate. 
0076 AS is obvious from The graph shown in FIG. 4, the 
thickness of an oxide film formed by the oxidation method 
of the present invention is ten times or above that of an oxide 
film formed by the conventional oxidation method in the 
Same time; that is, the oxidation rate of the oxidation method 
of the present invention is ten times or above that of the 
conventional oxidation method, and hence the oxidation 
method of the present invention increases the throughput of 
the oxidation process accordingly. 
0077. The dependence of the thickness of oxide films on 
process pressure was examined. The result of the examina 
tion will be explained. 
0078 FIG. 5 is a graph showing the dependence of the 
thickness and intrafilm thickness uniformity of oxide films 
formed on the wafer which is located at the Same position in 
the same batch, on process pressure. FIG. 6 is a graph 
showing the dependence of the thickness of oxide films, on 
process pressure in a pressure range including pressures 
below the pressures shown in FIG. 5. In FIG. 5, values 
indicating interfilm thickness uniformity of different wafers 
W are written along with curves indicating the thicknesses 
of oxide films. In the graphs shown in FIGS. 5 and 6, TOP, 
CTR and BTM indicate wafers placed at upper, middle and 
lower positions, respectively, on the wafer boat 10. Process 
conditions for forming the oxide films shown in FIGS. 5 
and 6(A) are 900° C. in process temperature, 600 sccm in H 
gas flow rate, 1200 Scem in O gas flow rate and 60 min in 
processing time. ProceSS conditions for forming the oxide 
films shown in FIG. 6(B) are 850° C. in process tempera 
ture, 50 ScCm in H gas flow rate, 100 Scem in O gas flow 
rate and 3 min in processing time. 
0079. As is obvious from FIG. 5, the lower the process 
pressure is, the better both the intrafilm thickness uniformity 
and the interfilm thickness uniformity. It was found that the 
process pressure must be below 133 Pa (1 Torr) to reduce the 
intrafilm thickneSS uniformity to an appropriate value, Such 
as about +0.8%, that is expected to be achieved by the future 
oxidation processes. 
0080 FIG. 6(A) is a graph showing, for confirming the 
reproducibility of the Oxidation method, the dependence of 
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the thickness of oxide films formed under the same proceSS 
conditions as those mentioned in the foregoing description 
made in connection with FIG. 5, on process pressure, except 
that process conditions for forming the oxide films shown in 
FIG. 6(A) include a process pressure of 67 Pa (0.5 Torr). It 
is known from the comparative examination of the graphs 
shown in FIGS. 5 and 6(A) that modes of variation of the 
thickness of the oxide film with process pressure in FIGS. 
5 and 6(A) are Substantially the same except for a process 
condition of a process pressure of 67 Pa, which proves 
excellent reproducibility of the oxidation method. FIGS. 5 
and 6(A) show the variation of the thickness on the order of 
12 nm of the oxide films with process pressure. FIG. 6(B) 
is a graph showing the variation of the thickness of oxide 
films with proceSS pressure in a proceSS pressure range not 
higher than 67 Pa (0.5 Torr). 
0081) Process conditions shown in FIG. 6(B) are for 
forming oxide films of a desired thickness of 2 nm, which is 
/6 of a desired thickness of 12 nm for the oxide films formed 
under the process conditions shown in FIGS. 5 and 6(A). As 
is obvious from FIG. 6(B), the thicknesses of the oxide films 
are on the order of 2 nm for the process pressure range of 6.7 
Pa (0.05 Torr) to 67 Pa (0.5 Torr) and the thicknesses of the 
oxide films formed on TOP, CTR and BTM are scarcely 
different from each other. 

0082 It is known from FIG. 6(B) that the oxide films can 
be formed in satisfactory thickness uniformity even if the 
oxide films are as thin as 2 nm. It is also known from FIG. 
6(B) that the thickness uniformity can be maintained on a 
high level in the process pressure range of 6.7 Pa (0.05 Torr) 
to 67 Pa (0.5 Torr). 
0.083. It is considered that intrafilm thickness uniformity 
and interfilm thickness uniformity can be improved when 
the proceSS pressure is in the low proceSS pressure range 
because the life of active oxygen Species and active hydro 
gen Species produced in the processing vessel 8 is extended 
Sufficiently when the proceSS pressure is very low. Thus, 
when active oxygen Species and active hydrogen Species 
flow through the processing Space S, active species concen 
tration distributions can be uniform throughout the proceSS 
ing Space S. 
0084. Oxidation rate can be properly changed and con 
trolled by changing the flow rate ratio between H gas and 
O2 gas or by properly mixing an inert gas, Such as nitrogen 
gas, argon gas or helium gas, into H2 gas and O2 gas. 
0085 Although the present invention has been described 
as applied to the oxidation System provided with the pro 
cessing vessel 8 of double-wall construction, the present 
invention is applicable also to a processing System provided 
with a processing vessel of Single-wall construction. In the 
processing System provided with the processing vessel of 
Single-wall construction, gases may be Supplied into the 
processing vessel So as to flow from the upper end of the 
processing vessel toward the lower end of the processing 
vessel as shown in FIG. 7. An oxidation system provided 
with a processing vessel of a Single-wall construction will be 
described by way of example with reference to FIG. 7, in 
which parts like or corresponding to those shown in FIG. 1 
are denoted by the same reference characters and the 
description thereof will be omitted. 
0086) The oxidation system shown in FIG. 7 is provided 
with a processing vessel 8 of Single-wall construction pro 
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vided only with an outer tube 6 and not provided with any 
member corresponding to the inner tube 4 shown in FIG. 1. 
An exhaust port 50 is formed in a manifold 26. An oxidative 
gas Supply System 28 has an oxidative gas Supply nozzle 32 
attached to a top part of the processing vessel 8 and a 
reductive gas Supply System 30 has a reductive gas Supply 
nozzle 40 attached to the top part of the processing vessel 8. 
O gas and H2 gas are Supplied through the respective gas 
outlets 32a and 4.0a of the nozzles 32 and 40, respectively, 
into the processing vessel 8, and flow down through the 
processing vessel 8. The H gas is burnt to oxidize wafers W 
and the gases are discharged through the exhaust port 50 by 
Suction. 

0087 An oxidation system as shown in FIG.8 may be 
used. The oxidation system shown in FIG. 8 is provided 
with a processing vessel 8 of Single-wall construction. An 
exhaust port 70 is formed in a top part of the processing 
vessel 8. An oxidative gas and a reductive gas may be 
Supplied into the processing vessel 8 through the gas outlets 
32a and 4.0a of nozzles 32 and 40 attached to a lower part 
of the processing vessel 8, respectively. 
0088 An oxidation system as shown in FIG.9 may be 
used. The oxidation system shown in FIG. 9 is provided 
with a processing vessel 8 of a single-wall construction. A 
manifold 26 is joined to the lower end of the processing 
vessel 8. Nozzles 32 and 40 extend through the manifold 26 
and along the inner Surface of the processing vessel 8 to the 
upper end of the processing vessel 8 So that the gas outlets 
32a and 4.0a thereof are positioned in a top part of the 
processing vessel. 8. O gas and H2 gas are Supplied through 
the gas outlets 32a and 4.0a into the processing vessel 8. The 
gases are activated as the same flow down through the 
processing vessel 8 and are discharged through an exhaust 
port 50 formed in a lower part of the processing vessel 8. 
0089. In this embodiment, the gases are preheated Suffi 
ciently by heat radiated by a heater 62 and heat radiated by 
the wall of the processing vessel 8 heated by the heater 62 
while the same flow through the nozzles 32 and 43 extended 
along the Side wall of the processing vessel 8. Thus active 
Species of those gases can be more efficiently produced. 
0090 The oxidation system shown in FIG. 9 may be 
provided with an additional oxidative gas Supply nozzle 32b 
and an additional reductive gas Supply nozzle 40b connected 
to the manifold 26 so that the gas outlets 32c and 40c thereof 
opens into a lower end region of a processing space in the 
processing vessel 8. An additional Oxidative gas and an 
additional reductive gas can be additionally Supplied into the 
processing vessel 8 through the additional oxidative gas 
Supply nozzle 32b and the additional reductive gas Supply 
nozzle 40b. 

0091. The additional oxidative gas and the additional 
reductive gas from the gas outlet 32c and 40c flow in an 
opposite direction of the main oxidative gas and the main 
reductive gas from the gas outlets 32a and 40a. 
0092 Although the aforesaid embodiment uses O gas as 
an oxidative gas and uses H gas as a reductive gas, the 
oxidative gas may be one or some of O., NO, NO and NO, 
and the reductive gas may be one or Some of H2, NH, CH 
and HC1. 

0093 Principally, active oxygen species and active 
hydroxyl species produced by the burning of the reductive 
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gas contribute to an oxidation reaction that occurs on the 
Surfaces of the wafers. When gases other than O gas and H2 
gas are used, process conditions including the temperature 
of the wafers and process preSSure may be similar to those 
When OXygen gas and hydrogen gas are used. 
0094. The oxidation method according to the present 
invention is applicable not only to the foregoing batch 
processing oxidation System capable of oxidizing a plurality 
of wafers in a batch, but also to a single-wafer processing 
oxidation System that Supports a Semiconductor wafer on a 
Stage (Support means) placed in a processing vessel and 
processes the Single wafer for oxidation by heating the 
Semiconductor wafer by a heating means, Such as lamps of 
a heater. 

0.095 The workpieces are not limited to semiconductor 
wafers and may be Substrates for LCDS and glass Substrates. 
0.096 AS apparent from the foregoing description, the 
oxidation method and the oxidation System according to the 
present invention exercise the following excellent effects. 
0097 Intrafilm uniformity, interfilm uniformity and film 
quality of oxide films can be improved maintaining oxida 
tion rate on a relatively high level. 

What is claimed is: 
1. An oxidation method of oxidizing Surfaces of work 

pieces heated at a predetermined temperature in a vacuum 
atmosphere within a processing vessel, Said oxidation 
method comprising the Steps of 

producing active hydroxyl and active oxygen Species, and 
Oxidizing the Surfaces of the workpieces by the active 

hydroxyl and the active oxygen Species. 
2. The oxidation method according to claim 1, wherein 
an oxidative gas and a reductive gas are Supplied into the 

processing vessel by Separate gas Supply Systems, 
respectively, in the Step of producing active hydroxyl 
and active oxygen Species. 

3. The oxidation method according to claim 1 or 2, 
wherein 

the processing vessel has a predetermined length, the 
Workpieces are arrange at predetermined pitches in a 
processing region in the processing Vessel, 

an oxidative gas and a reductive gas are Supplied into the 
processing vessel So as to flow from one of opposite 
ends of the processing vessel toward the other of 
opposite ends in the Step of producing active hydroxyl 
and active oxygen Species. 

4. The oxidation method according to claim 3, wherein 
parts of the processing vessel through which the oxidative 

gas and the reductive gas are Supplied into the process 
ing vessel are positioned a predetermined distance apart 
from the processing region of the workpieces in the 
processing vessel. 

5. The oxidation method according to claim 4, wherein 
the predetermined distance is determined Such that the 

oxidative gas and the reductive gas do not affect 
adversely temperature distribution in the processing 
region of the workpieces and the oxidative gas and the 
reductive gas Supplied into the processing vessel can be 
Satisfactorily mixed. 
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6. The oxidation method according to claim 5, wherein 
the predetermined distance is about 100 mm or above. 
7. The oxidation method according to claim 1, wherein 
the oxidative gas contains one or Some of O2, NO, NO 

and NO, and the reductive gas contains one or Some of 
H, NH, CH and HC1. 

8. The oxidation method according to claim 1, wherein the 
pressure of the vacuum atmosphere is below 133 Pa (1 Torr). 

9. The oxidation method according to claim 8, wherein 
the pressure of the vacuum atmosphere is in the range of 

6.7 to 67 Pa (0.05 to 0.5 Torr). 
10. The oxidation method according to claim 1, wherein 
the predetermined temperature is in the range of 400 to 

1100° C. 
11. The oxidation method according to claim 3, wherein 
an additional oxidative gas and an additional reductive 

gas are Supplied additionally into the processing vessel 
So as to flow from in an opposite direction of the 
Oxidative gas and the reductive gas flowing from one 
end toward the other end in the Step of producing active 
hydroxyl and active oxygen Species. 

12. An oxidation System comprising: 
a processing vessel for containing workpieces, 
a Support means for Supporting workpieces in a process 

ing region in the processing vessel; 
a heating means for heating workpieces; 
an evacuation System for evacuating the processing ves 

Sel; 

an oxidative gas Supply System for Supplying an oxidative 
gas into the processing vessel; and 

a reductive gas Supply System Separate from the oxidative 
gas Supply System, for Supplying a reductive gas into 
the processing vessel to produce active hydroxyl and 
active oxygen Species by the interaction of the Oxida 
tive gas and the reductive gas, 

wherein Surfaces of workpieces placed in the processing 
region are oxidized by the active hydroxyl and the 
active oxygen Species. 

13. The oxidation System according to claim 12, wherein 
the Oxidative gas Supply System and the reductive gas 

Supply System are connected to one end of the process 
ing vessel to make the oxidative gas and the reductive 
gas flow toward the other end of the processing vessel. 

14. The oxidation System according to claim 13, wherein 

the heating means heats both the oxidative gas and the 
reductive gas. 

15. The oxidation system according to claim 13 or 14, 
wherein 

the Oxidative gas Supply System has an oxidative gas 
Supply nozzle, the reductive gas Supply System has a 
reductive gas Supply nozzle, the oxidative gas Supply 
nozzle and the reductive gas Supply nozzle have outlets 
positioned a predetermined distance apart from the 
processing region of the workpieces in the processing 
vessel. 
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16. The oxidation System according to claim 15, wherein 
the predetermined distance is determined Such that the 

oxidative gas and the reductive gas do not affect 
adversely temperature distribution in the processing 
region of the workpieces and the oxidative gas and the 
reductive gas can be Satisfactorily mixed. 

17. The oxidation system according to claim 16, wherein 
the predetermined distance is about 100 mm or above. 
18. The oxidation System according to claim 12, wherein 
the Oxidative gas Supply System has an oxidative gas 

Supply nozzle, the reductive gas Supply System has a 
reductive gas Supply nozzle, both the nozzles extend 
from one end of the processing vessel toward the other 
end of the processing vessel and have gas outlets 
positioned at the other end of the processing vessel. 
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19. The oxidation system according to claim 12, wherein 

the oxidative gas contains one or Some of O, NO, NO 
and NO, and the reductive gas contains one or Some of 
H, NH, CH and HC1. 

20. The oxidation system according to claim 18, wherein 

the oxidative gas Supply System has a Supplementary 
Oxidative gas Supply nozzle, the reductive gas Supply 
System has a Supplementary reductive gas Supply 
nozzle, and the Supplementary oxidative gas Supply 
nozzle and the Supplementary reductive gas Supply 
nozzle have gas outlets disposed at one end of the 
processing vessel. 


