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_ _ The present invention provides a heat treatment apparatus 
(73) Asslgnee' NEC CORPORATION capable of forming a uniform thin layer on the substrate 

_ provided with a furnace core pipe, a substrate supporting 
(21) Appl' NO" 10/150’081 boat for supporting a lot of substrates disposed in the furnace 
22 Fl (12 M 20 2002 core pipe and a process gas injector pipe having many 

( ) 1 e ay ’ blowing holes for spouting the process gas toward the 
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to rotate around the normal line passing through one prin 
(62) Division of application NO_ 09/092,091, ?led on Jun cipal face of the substrate as a rotation axis. In the apparatus, 

5, 1998, HOW Pat' No_ 6,413,884 an inert gas injector pipe has the same number of inert gas 
or nitrogen gas blowing holes as the number of process gas 

(30) Foreign Application Priority Data blowing holes and is provided at an approximately sym 
metrical position relative to the center line of the rotation 
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APPARATUS FOR PRODUCING THIN FILMS 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] This application is a division of application Ser. 
No. 09/092,091, ?led Jun. 5, 1998, noW pending, and based 
on Japanese Patent Application No. 9-148126, ?led Jun. 5, 
1997, by Tsuyoshi MORIYAMA. This application claims 
only subject matter disclosed in the parent application and 
therefore presents no neW matter. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a method of pro 
ducing thin ?lms and apparatus, such as, a heat treatment 
apparatus, for producing the same. 

[0004] 2. Description of the Related Art 

[0005] Avertical type diffusion furnace has been used for 
forming diffusion layer ?lms. The conventional vertical type 
diffusion furnace is provided, as main parts, With a furnace 
core cylinder, a substrate supporting boat, a process gas 
injector pipe having a lot of holes and disposed in the 
furnace core cylinder, a purge gas supply tube and a heat 
insulating cylinder. Alot of substrates can be mounted on the 
substrate supporting boat, Which is provided With a mecha 
nism to make the boat to rotate together With the heat 
insulating cylinder around a center axis or line of the heat 
insulating cylinder as a rotation axis. 

[0006] In forming a diffusion layer ?lm on the substrate by 
the use of this conventional vertical type furnace, a process 
gas is supplied from many bloWing holes provided at the 
process gas injector pipe toWard the center line of the 
rotation axis, so that the gas How is made parallel to the 
surface of each substrate. 

[0007] The process gas is supplied on the substrate from 
the process gas injector pipe and is spouted toWard the center 
of the substrate by being spread perpendicular to the spout 
ing direction of the process gas in the conventional vertical 
type diffusion furnace. Since the substrate is rotated by the 
boat rotating mechanism, a small amount of the process gas 
tends to be supplied at the peripheral area of the substrate 
While a large amount of the gas is supplied at the center of 
the substrate. 

[0008] Accordingly, the thin ?lm thus formed has the ?lm 
thickness, Which has a tendency to have a hill-like ?lm 
thickness distribution in Which the ?lm thickness is gradu 
ally increased from the peripheral region to the center of the 
substrate With exhibiting a de?ciency to become large at the 
center of the substrate. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, it is an object of the present invention 
to provide a method for forming thin ?lms capable of 
providing a uniform ?lm thickness on the substrate. 

[0010] It is another object of the present invention to 
provide an apparatus for practicing the method for forming 
the thin ?lm described above. 

[0011] According to one aspect of the present invention, 
there is provided a method of producing a thin ?lm on a 
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substrate disposed in a furnace core pipe, Which comprises 
a step of making the substrate to rotate around a center axis 
in accompany With alloWing a ?rst gas to spout toWard the 
substrate. The center axis is a normal line passing through 
the center of one principal face of the substrate. The ?rst gas 
consists essentially of a process gas. In the method of the 
aspect of the present invention, the thin ?lm is formed on the 
substrate While alloWing a second gas to spout via the center 
axis in the colliding direction to the ?rst gas. The second gas 
consists essentially of an inert gas or nitrogen gas. 

[0012] It is preferable that the second gas spouts along a 
direction approximately opposite to the spout direction of 
the ?rst gas. 

[0013] It is more preferable that the locations for supply 
ing the ?rst gas and the second gas are approximately 
symmetrically positioned With each other With respect to the 
center axis. The ?rst gas is simultaneously supplied With the 
second gas. 

[0014] According to another aspect of the present inven 
tion, there is provided an apparatus for producing thin ?lms, 
Which comprises a furnace core pipe, a substrate supporting 
boat for supporting a lot of substrates disposed in the furnace 
core pipe, a ?rst gas injector pipe having many ?rst bloWing 
holes for spouting the ?rst gas comprising a process gas 
toWard the substrate, the supporting boat having a rotation 
mechanism for alloWing the boat to rotate using a normal 
line passing through the center of a principal face of the 
substrate as a rotation axis, and a second gas injector pipe 
having second bloWing holes for spouting a second gas and 
being provided at an opposite position at Which the second 
gas collides With the ?rst gas on a surface of the substrate. 
The second gas consists essentially of an inert gas or 
nitrogen gas. 

[0015] It is preferable that the ?rst gas injector pipe is 
provided at an approximately symmetrical position against 
the second gas injection pipe relative to the center line of the 
rotation axis. 

[0016] More preferably in the aspect of the present inven 
tion, the ?rst and the second gas injector pipes makes a pair 
of pipes as a ?rst pair of pipes. The apparatus further 
comprises another pair of pipes similar to the ?rst pair of 
pipes as a second pair of pipes. Each of the second pair of 
pipes is provided in a different position from the ?rst pair of 
pipes but has the same position relation relative to the center 
line as the ?rst pair of pipes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is an illustrative vieW shoWing a vertical 
type diffusion furnace as a conventional apparatus for form 
ing thin ?lms; 

[0018] FIG. 2 is a cross sectional vieW taken along the line 
2-2 in FIG. 

[0019] FIG. 3 is an illustrative vieW shoWing the consti 
tution of an apparatus for forming thin ?lms in the example 
according to the present invention; 

[0020] FIG. 4A is a cross sectional vieW taken along the 
line 4A-4A in FIG. 3; 

[0021] FIG. 4B is a cross sectional vieW taken along the 
line 4B-4B in FIG. 4A; 
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[0022] FIG. 4C is a cross sectional vieW taken along the 
line 4C-4C in FIG. 4A; and 

[0023] FIG. 5 is a cross sectional vieW taken along the line 
5-5 in FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] For easy comprehension of the present invention, a 
conventional vertical type furnace and a method for forming 
a diffusion layer using the same Will be described hereinafter 
With reference to FIGS. 1 and 2. 

[0025] Referring to FIG. 1, the major part of the diffusion 
furnace 7 is provided With a core furnace pipe 9 forming an 
outer core. Asubstrate supporting boat 11 is disposed on the 
center axis of the core furnace pipe 9. Aprocess gas injector 
pipe 13 has a lot of holes and is disposed around the 
substrate supporting boat 11 in the core furnace pipe 9. A 
purge gas supply pipe 15 is also disposed for heating an 
atmosphere in the core furnace pipe and keeping the atmo 
sphere at a constant temperature at the periphery of the core 
furnace pipe 9. A heat-insulating cylinder 17 is disposed at 
the bottom of the substrate supporting boat 11. Aplurality of 
substrates 19 can be placed With a given space left therebe 
tWeen on the substrate supporting boat 11. Arotation mecha 
nism (not shoWn) is for alloWing the substrates to rotate 
around the center axis of the heat-insulating cylinder 17 
together With the heat-insulating cylinder 17 and is provided 
for the substrate supporting boat 

[0026] The process gas injector pipe 13 penetrates into the 
furnace through the bottom of the core furnace pipe 9, and 
is elongated to the bottom of the furnace by making a U-turn 
after being elongated to the top of the furnace along the inner 
Wall of the core furnace pipe 9. The process gas injector pipe 
13 has many bloWing holes not shoWn in the ?gure. These 
bloWing holes are disposed so as to supply the process gas 
in parallel relation to the surface of the substrate 19 along 
With supplying the process gas toWard the center line of the 
rotation axis. A diffusion layer ?lm is formed on the sub 
strate 19 With the gas supplied from these bloWing holes. 

[0027] Referring to FIG. 2 corresponding to the cross 
section 2-2 in FIG. 1, a process gas is supplied on the 
substrate 19 by means of the process gas injector pipe 13. 
The process gas is spouted toWard the center of substrate 19 
by being spread perpendicular to the spouting direction of 
the process gas. Because the substrate 19 is rotating by the 
boat rotation mechanism, relatively a small amount of the 
process gas is liable to be supplied at the periphery of the 
substrate 19 While a large amount of the process gas is 
supplied at the center of substrate 19. Accordingly, the ?lm 
thickness of the thin ?lm thus formed has a tendency to have 
a hill-like ?lm thickness distribution in Which the ?lm 
thickness is gradually increased from the peripheral region 
to the center of the substrate 19. 

[0028] By considering the problems as hitherto described, 
the preferred embodiment according to the present invention 
Will be described hereinafter With reference to FIGS. 3 to 5. 
The parts having the same names as in the examples shoWn 
in FIG. 1 and FIG. 2 are expressed by the same reference 
numerals in FIG. 3 to FIG. 5. 

[0029] Referring to FIG. 3, a constitution of the major 
part of the vertical type diffusion furnace 23 constitutes an 
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apparatus for forming thin ?lms. The apparatus is provided 
With a furnace core pipe 9, a substrate supporting boat 11 
supporting the substrates, a process gas injector 13, a purge 
gas supply pipe 15 and a heat-insulation cylinder 17 for 
mounting the substrate supporting boat 11. In the apparatus, 
the supporting boat has a rotation mechanism (not shoWn in 
the ?gure) to make the substrates to rotate together With the 
heat-insulation cylinder 17. Its rotation axis is directed along 
the normal line passing through the center of the substrate 
19. These components have the same construction as in the 
conventional examples. 

[0030] The apparatus for forming thin ?lms according to 
the present invention differs from the conventional one in 
that the former has an inert gas injector pipe 25. 

[0031] Referring to FIG. 4A, the inert gas injector pipe 25 
is provided at an approximately symmetrical position 
against the process gas injector pipe 13 relative to the center 
line of the rotation axis. In the similar manner to the process 
gas injector pipe 13, this inert gas injector pipe 25 penetrates 
into the furnace core pipe 9 from its bottom and makes a 
Uturn to be elongated to the bottom after being elongated to 
the top along the inner Wall of the furnace core pipe 9. These 
tWo injector pipes 13 and 25 have the same construction With 
each other. The inert injector pipe 25 and the process gas 
injector pipe 13 may be provided in any different position on 
a concentric circle With a center as a center line, in Which 
position the inert gas and the process gas Will collide With 
each other on the substrate. 

[0032] As shoWn in FIG. 4B and FIG. 4C, the injector 
pipes 13 and 25 have a plurality of gas bloWing holes 27 and 
29. Actually, the diameter of the injector pipes 13 and 25, 
and their con?gurations and number of the bloWing holes 27 
and 29 are identical With each other. The bloWing holes 27 
and 29 are positioned so as to spout a gas onto the surface 
of the substrate 19. The bloWing holes 27 and 29 are so 
constructed as to spout the supplied gas parallel to the 
surface of the substrate 19 toWard the center of the substrate 
19 (see FIGS. 4A, 4B and 4C). 

[0033] The injector pipes 13 and 25 enter the furnace core 
pipe 9 at a position at the bottom-half of the furnace core 
pipe 9, and then the injector pipes 13 and 25 travel upWard 
in an elongated manner to a position at a top-half of the 
furnace core pipe 9. The injector pipes 13 and 25 have a 
U-shaped bend at their respective top-most positions, and 
then the injector pipes 13 and 25 travel doWnWard in an 
elongated manner from the position at the top-half to a 
position at the bottom-half of the furnace core pipe 9. Each 
of the injector pipes 13 and 25 serves as a gas heating 
member in order to heat the gas supplied from these pipes 13 
and 25 at the same temperature as in the furnace core pipe 
9. 

[0034] In the present invention, a glass plate can be used 
for the substrate 19 in place of a Si Wafer. The substrate may 
not be limited to these, as far as a thin ?lm can be formed 
on a surface thereof. 

[0035] For forming a thin ?lm using the apparatus for 
forming thin ?lms according to the examples of the present 
invention, a purge gas, usually nitrogen gas, is supplied to 
the furnace core pipe 9 through the purge gas supply pipe 15 
to purge the furnace core pipe 9. Then, a process gas is 
supplied to the substrate 19 via the process gas injector pipe 
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13. An inert gas or nitrogen gas is supplied onto the substrate 
19 via ihe inert gas injector pipe 25 simultaneously With the 
process gas While allowing the substrate 19 to rotate at a 
rotation speed of 1 to 5 rpm by the rotation mechanism of the 
substrate supporting boat 11. 

[0036] The How rate of the inert gas or the nitrogen gas is 
controlled With a mass ?oW controller (not shoWn in the 
?gure). The mass ?oW controller comprises a gas supply 
control member Which is provided at the inlet of the gas 
injector pipes 13 and 25. The gas injector pipes 13 and 25 are 
situated at outside of the furnace core pipe 9. 

[0037] Preferably, the inert gas or the nitrogen gas is 
supplied With the same ?oW rate as that of the process gas 
at a process temperature of 700 to 1000° C. The bloWing rate 
from the bloWing holes 27 is adjusted to 100 to 6000 cc/min. 
While the gas supply rate to be controlled is practically 
determined by the process temperature and by a character 
istic equation, details of the procedure is omitted herein. 

[0038] Referring to FIG. 5, the inert gas injector pipe 25 
has the same con?guration as the process gas injector pipe 
13 and is disposed at the opposite side of the latter pipe 13 
relative to the center of the substrate 19. The process gas and 
the inert gas or the nitrogen gas are supplied preferably With 
the same ?oW rate as the How rate of the process gas at the 
process temperature by the use of the process injector pipe 
13 and the inert gas injector pipe 25. 

[0039] At the center of the substrate 19, the process gas is 
diluted in concentration With the inert gas or the nitrogen gas 
by the procedure described above. The process gas ?oW 
spreads along the direction indicated by an arroW 31 at the 
circumference of the substrate 19, Which is increased by 
taking advantage of the resistance caused by the inert gas or 
nitrogen gas ?oW indicated by an arroW 33. The former 
function of the inert gas or the nitrogen gas serves for 
reducing the ?lm thickness at the center of the substrate 19. 
The latter of the inert gas or the nitrogen gas serves, on the 
other hand, for increasing the ?lm thickness at the circum 
ference of the substrate 19. Uniformity of the ?lm thickness 
of the ?lm on the substrate can be improved by these tWo 
functions of the inert gas or nitrogen gas. 

[0040] NoW descriptions Will be made as regards embodi 
ments for forming a thin ?lm using the apparatus for forming 
thin ?lms according to the examples of the present inven 
tion. 

EXAMPLE 1 

[0041] In example 1, a phosphosilicate glass is formed on 
the substrate 19 as a diffusion layer using the vertical type 
diffusion furnace. The apparatus for forming thin ?lms is the 
same constitution as shoWn in FIGS. 3 and 4A, 4B, and 4C. 
The inner diameters of the injector pipes 13 and 25 Were 5 
mm. The bloWing holes 27 and 29 assume a circle With a 
diameter of 0.1 mm. The number of the bloWing holes Was 
100 that Was the same as the plate number of the substrate 
19. The substrate supporting boat 11 is rotated at the rotation 
speed of 6 rpm. Through the same numbers of the bloWing 
holes 27 and 29 as the plate number of the substrates Were 
used in this example, they should not necessarily be the 
same With each other. The pressure in the furnace is alWays 
kept at one atmosphere. 

[0042] An 8-inch Si Wafer Was used for the substrate 19 
While a mixed gas of a phosphorous compound (POCl3), 
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oxygen and nitrogen Was used for the process gas. The gas 
supplied throughout the inert gas injector pipe 25 Was 
nitrogen. 
[0043] The gases Were supplied at a process temperature 
during diffusion of 850° C. With a feed rate of the bloWing 
gas at 850° C. of 3000 cc/min for 40 minutes. 

[0044] The result shoWed that a ?lm of phosphosilicate 
glass having a mean ?lm thickness of 20 pm With a good 
uniformity of the ?lm thickness Was formed on the Si Wafer. 
The ?lm thickness Was measured at each nine points on the 
substrate and uniformity of the ?lm Was judged by the 
proportion (%) of the difference betWeen the maximum and 
minimum ?lm thickness to the mean ?lm thickness. The 
phosphosilicate glass obtained in Example 1 Was improved 
in uniformity of the thickness by 1.5% as compared With the 
value of 3% obtained in the conventional art in Which no 
nitrogen gas Was supplied. 

EXAMPLE 2 

[0045] A Si oxide ?lm Was formed using the same appa 
ratus in Example 1 While an oxidative gas Was used as a 
process gas instead of the phosphorous compound. An 
8-inch silicon (Si) Wafer Was used for the substrate 19 and 
steam Was used for the oxidative gas. Nitrogen gas Was used 
as a feed gas from the inert gas injector pipe 25. The gas Was 
supplied at a process temperature of 950° C. With a gas bloW 
rate at 950° C. of 3000 cc/min for 8 minutes. The interior of 
the furnace Was alWays kept at an atmospheric pressure. 
Consequently, a silicon (Si) oxide ?lm With a good unifor 
mity With a thickness of 20 nm Was obtained. 

[0046] Although the examples in Which a diffusion layer 
?lm or an oxide ?lm Was formed using the vertical type 
diffusion furnace as an apparatus for forming thin ?lms Were 
hitherto described in detail, the kind of the heat treatment 
device and ?lms are by no means limited to the descriptions 
set forth herein. 

[0047] As hitherto described, the inert gas injector pipe 
capable of spouting an inert gas or nitrogen gas Was pro 
vided so that the gas confronts the process gas spouted from 
the conventional process gas injector in the apparatus for 
forming thin ?lms according to the present invention. By 
simultaneously using the tWo kind of gases, it is made 
possible to form thin ?lms on the substrate With uniform ?lm 
thickness. 

[0048] In the preferred embodiment of the present inven 
tion, only one pair of the inert gas injector pipe 25 and the 
process gas injector pipe 13 are provided in the furnace core 
pipe 9. HoWever, a plurality of pairs of the inert gas injector 
pipe 25 and the process gas injector pipe 13 can be provided 
in different positions on a concentric circle in the furnace 
core pipe 9 as far as the process gas can be made uniform on 
a surface of the substrate, such as the Si Wafer. 

What is claimed is: 
1. An apparatus for producing thin ?lms comprising: 

a furnace core pipe; 

a substrate supporting boat for supporting a lot of sub 
strates disposed in said furnace core pipe; 

a ?rst gas injector pipe having many ?rst bloWing holes 
for spouting the ?rst gas comprising a process gas 
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toward the substrate, the supporting boat having a 
rotation mechanism for allowing the boat to rotate 
using a normal line passing through the center of a 
principal face of the substrate as a rotation axis; and 

a second gas injector pipe having second bloWing holes 
for spouting a second gas and being provided at an 
opposite position at Which the second gas collides With 
said ?rst gas on a surface of the substrate, said second 
gas consisting essentially of an inert gas or nitrogen 
gas. 

2. An apparatus according to claim 1, Wherein said ?rst 
gas injector pipe is provided at an approximately symmetri 
cal position against the second gas injection pipe relative to 
the center line of the rotation axis. 

3. An apparatus according to claim 2, said ?rst and said 
second gas injector pipes making a pair of pipes as a ?rst pair 
of pipes, said apparatus further comprising another pair of 
pipes similar to said ?rst pair of pipes as a second pair of 
pipes, each of said second pair of pipes being provide in a 
different position from said ?rst pair of pipes but having the 
same position relation relative to the center line as said ?rst 
pair of pipes. 

4. An apparatus according to claim 2, Wherein the ?rst and 
the second bloWing holes are provided in the ?rst and the 
second gas injectors, respectively, at the positions Where the 
?rst and the second gases are bloWn along the direction in 
confronting relation With each other. 
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5. An apparatus according to claim 4, Wherein said ?rst 
and said second gases are simultaneously supplied With each 
other along the substrate face. 

6. An apparatus according to claim 5, Wherein said ?rst 
gas and said second gas are approximately equal in a 
supplied amount to each other. 

7. An apparatus according to claim 6, further comprising 
gas heating means for supplying said ?rst and second gases, 
respectively, approximately at the same temperature With 
each other. 

8. An apparatus according to claim 6, further comprising 
gas supply control means for supplying said ?rst and second 
gases, respectively, approximately at the same ?oW speed 
With each other. 

9. An apparatus according to claim 6, Wherein said ?rst 
gas contains a component that forms a phosphosilicate glass 
after a reaction. 

10. An apparatus according to claim 6, Wherein said ?rst 
gas contains a component that forms a silicon oxide ?lm as 
a reaction product after a reaction. 

11. An apparatus according to claim 6, Wherein the 
substrate consists essentially of a glass substrate or a silicon 
Wafer and has a surface on Which the thin ?lm is formed 
comprises a glass surface. 


